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ABSTRACT

This report presents data from the 163-Rod Bundle Flow Blockage Task of the 
Full-Length Emergency Cooling Heat Transfer Systems Effects and Separate 
Effects Test Program (FLECHT SEASET). The task consisted of forced and 
g rav ity  reflopding tests u t i l i z in g  e le c t r ic a l  heater rods w ith a cosine ax ia l 
power p ro f i le  to simulate PWR nuclear core fue l rod arrays. These tests were 
designed to determine e ffec ts  of flow blockage and flow bypass on re flood ing 
behavior and to aid In the assessment of computational models In p red ic ting  
the reflood ing behavior of flow blockage In rod bundle arrays.
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GLOSSARY

This glossary explains d e f in i t io n s ,  acronyms, and symbols Included In the text 

which fo llows.

Axial peaking factor - -  ra t io  of the peak-to-average power for a given power 
p ro f i le

Blocked - -  a s itu a t io n  In which the flow area In the rod bundle or single tube
Is purposely obstructed at selected locations so as to r e s t r i c t  the flow

Bottom of core recovery (BOCR) — a condition at the end of the r e f i l l  period
In which the lower plenum Is f i l l e d  w ith Injected ECC water as the water Is

about to flood the core

Carryout rate f ra c t io n  — the f ra c t io n  of the In le t  f looding flow rate which
flows out the rod bundle e x i t  by upflowing steam

Carryover — the process In which the l iq u id  Is carr ied  In a two-phase mixture

out of a control volume, that Is ,  the tes t bundle

Core rod geometry (CRG) — a nominal rod-to-rod p itch  of 12.6 mm (0.496 In . )  
and outside nominal diameter of 9.50 mm (0.374 In . )  representative of various 
nuclear fuel vendors' new fuel assembly geometries (commonly referred to as 
the 17 X 17 or 16 x 16 assemblies)

Cosine ax ia l power p ro f i le  - -  the ax ia l power d is t r ib u t io n  of the heater rods 
In the CRG bundle that contains the maximum (peak) l inea r power at the 
midplane of the active  heated rod length. This ax ia l power p ro f i le  w i l l  be 
used on a l l  FLECHT SEASET tests as a f ixed parameter.

ECC - -  emergency core cooling

Entralnment - -  the process by which l iq u id ,  ty p ic a l ly  In droplet form. Is 
carried In a flowing stream of gas or two-phase mixture.

0040X:1/081283



Fallback — the process whereby the l iq u id  In a two-phase mixture flows 
countercurrent to the gas phase

FLECHT - -  Full-Length Emergency Core Heat Transfer tes t program

FLECHT SEASET — Full-Length Emergency Core Heat Transfer Systems Effects and 
Separate Effects Tests

Loss-of-coolant accident — a break In the pressure boundary In te g r i ty  
re su lt in g  In loss of core cooling water

PHG — Program Management Group

Separation — the process whereby the l iq u id  In a two-phase mixture Is 
separated and detached from the gas phase

S il ico n -co n tro l le d  r e c t i f i e r  (SCR) — a r e c t i f i e r  contro l system used to 

supply dc current to the bundle heater rods

Spacer grids - -  the metal matrix assembly (egg crate design) used to support 
and space the heater rods In a bundle array
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SECTION 1 
SUMMARY

As part of the NRC/EPRI/Westinghouse FLECHT SEASET reflood heat transfer and 
hydraulic test p r o g r a m , a  series of forced flow and gravity feed re­
flooding tests with flow blockage were conducted on a 163-rod bundle whose 
dimensions were typical of current PWR fuel rod arrays. The purpose of this
program was to test the flow blockage configuration which provided the least

( 21favorable heat transfer characteristics In the 21-rod bundle te s ts , '  In 
order to evaluate the additional effect of flow bypass. The 21-rod bundle 
data w i l l  be u t i l ize d  to develop a blockage heat transfer model, and this 
model w i l l  be assessed through comparison and analysis of the 163-rod blocked 
bundle data.

In th is  particular test program, a new f a c i l i t y  was b u i l t  to accept a 163-rod 
(3)bundle whose dimensions are typical of the PWR fuel rod sizes currently

In use by PWR and PWR fuel vendors. This test f a c i l i t y  was very similar to
(41the f a c i l i t y  used In the 161-rod unblocked bundle task. ' The Instrumen­

tation plan was developed such that local thermal-hydraulic parameters could 
be calculated from the experimental data. Also, su ff ic ien t Instrumentation 
was Installed In the test f a c i l i t y  to perform mass and energy balances from 
the data.

1. Conway, C. E., et a l . ,  "PWR FLECHT Separate Effects and Systems Effects 
Test (SEASET) Program Plan," NRC/EPRI/West1nghouse-l, December 1977.

2. Loftus, M. J., et a l . ,  "PWR FLECHT SEASET 21-Rod Bundle Flow Blockage 
Task; Data and Analysis Report," NRC/EPRI/West1nghouse-ll, June 1982.

3. The 161-rod bundle was changed to a 163-rod bundle by substituting two 
heater rods for two thimbles In order to provide better comparison with 
the 21-rod bundle, as discussed In section 3.

4. Loftus, M. J., et a l . ,  "PWR FLECHT SEASET Unblocked Bundle, Forced and 
Gravity Reflood Task Data Report," NRC/EPRI/West1nghouse-7, June 1980.
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The forced re flood tests examined the two-phase flow e ffec ts  of f low blockage 
and bypass on system pressure, rod power, flood ing ra te , coolant subcooling. 
I n i t i a l  clad temperature, and variable flood ing ra te .

Data obtained In tests which met the specified conditions are reported herein. 

Including clad temperature, turnaround and quench times, heat trans fe r c o e f f i ­
c ien ts , mass flow ra tes, mass balance, bundle d i f fe r e n t ia l  pressures and c a l­
culated void fra c t io n s , steam temperatures, thimble temperatures, and housing 
temperatures. A l l  the v a l id  data are ava ilab le  from the NRC Data Bank.

0D40X:1/081283 1-2



SECTION 2 
INTRODUCTION

2-1. BACKGROUND

The flow blockage tasks 1n the FLECHT SEASET program are Intended to provide 

s u f f ic ie n t  data and re su lt ing  analysis such tha t the ex is t ing  Appendix K, 
10CFR50.46, flow blockage and steam cooling ru le  used In PWR safety analyses 

can be reassessed and replaced by a su ita b ly  conservative but more phys ica lly  
r e a l is t ic  safety analysis model.

The Appendix K ru le  requires that any e f fe c t  of fue l rod flow blockage must be 

e x p l ic i t l y  accounted for In safety analysis ca lcu la tions when the core re ­
flooding rate drops below 25 mm/sec (1 In . /s e c ) .  The ru le  also requires that 

a steam cooling ca lcu la tion  be performed In th is  case. To comply w ith  th is  
requirement, PWR vendors have developed semlemplrlcal methods of t re a t in g  fuel 

rod flow blockage and steam cooling. Experimental data on s ing le - and m u lt i -  
rod burst tes t behavior have been corre lated Into a burst c r i te r io n  which 
y ie lds a worst-case planar blockage, given the burst temperature and In terna l 
rod pressure of the average power rod In the hot assembly. The tes t data used 

to establish th is  burst c r i te r io n  Indicate that rod burst Is random and nonco­
planar, and Is d is tr ib u te d  over some ax ia l length w ith in  the hot zone. When 

ca lcu la ting  the flow re d is t r ib u t io n  due to flow blockage, PWR vendors used 
multichannel codes to obtain the blocked channel flow.

Simpler models developed by Gamblll^^^ have also been used fo r flow re d is ­

t r ib u t io n  ca lcu la tions . In I ts  ECCS evaluation model, Westinghouse modeled 
noncoplanar blockage as a series of planar blockages d is tr ib u te d  a x ia l ly  over 
the region of In te re s t,  w ith each plane representing a given percentage of 
blockage. The flow d is t r ib u t io n  e ffe c t  was then calculated from a series of

1. Gamblll, W. R., "Estimate of E ffect of Localized Flow Blockages on PWR 
Clad Temperatures During the Reflood," CONF-730304-4, 1973.

2. Chelemer, H., et a l . ,  "An Improved Thermal-Hydraulic Analysis Method for 
Rod Bundle Cores," Nucl. Eng. Des. 41» 219-229 (1977).
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( 2 )proprie tary  THINC-IV computer runs and corre lated Into a simple ex­
pression for flow re d is t r ib u t io n .  The hot assembly was used as the u n it  c e l l  
in these ca lcu la tions so that the ind iv idua l subchannel flow re d is t r ib u t io n  
e ffec ts  generated by the noncoplanar blockage at a given plane are averaged 
and each subchannel has the same flow reduction. However, i t  should be remem­
bered that the percentage of blockage simulated in these ca lcu la tions was 
derived by examination of noncoplanar m ult irod burst data.

The re su lt in g  flow re d is t r ib u t io n  is then used to ca lcu la te  a hot assembly 
enthalpy r ise  as part of the steam cooling ca lcu la t ion . The re s u lt in g  f lu id  
sink temperature and a rad ia l conduction fue l rod model are then used to pre­
d ic t  the clad peak temperature. Again, the flow re d is t r ib u t io n  or blockage 
e ffec ts  and the steam cooling ca lcu la tion  are only used when the core flooding 

rate drops below 25 mm/sec (1 in . /s e c ) .  Above 25 mm/sec (1 in . /s e c ) ,  the un­
blocked FLECHT heat transfer data are used.

< *1 0  ^  A  \
A review of flow blockage l i t e r a tu r e '  • • • > indicates that there are four 

primary heat transfe r e ffec ts  which need to be examined for both forced and 
g rav ity  re flood ing:

0 Flow re d is t r ib u t io n  e ffec ts  due to blockage and th e ir  e f fe c t  on 
the enthalpy r ise  of the steam behind the blockage. Bypass of 
steam flow could re su lt  in increased superheating of the 
remaining steam flow behind the blockage region. The higher the 
downstream steam temperature, the lower the rod heat f lu x  and 
re su lt in g  heat transfer behind the blockage.

1. Gambill, W. R., "Estimate of E ffec t of Localized Flow Blockages on 
PWR Clad Temperatures During the Reflood," CONF-730304-4, 1973.

2. Davis, P. R., "Experimental Studies of the E ffect of Flow 
Restr ic t ions in a Small Rod Bundle Under Emergency Core Coolant 
In je c t io n  Conditions," Nucl. Technol. 11, 551-556 (1971).

3. Rowe, D. S., et a l . ,  "Experimental Study of Flow and Pressure in Rod 
Bundle Subchannels Containing Blockages," BNWL-1771, September 1973.

4. H a l l ,  P. C., and Duffey, R. B., "A Method of Calculating the E ffect 
of Clad Ballooning on Loss-of-Coolant Accident Temperature 
Transients," Nucl. Sci. Eng. 58. 1-20 (1975).
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0 E ffect of blockage downstream of the blockage zone and the re ­
su lt in g  mixing of the steam and drople t breakup behind the 
blockage. The breakup of the entrained water droplets w i l l  
Increase the l iq u id  surface area so that the drops w i l l  become a 
more e f fe c t ive  heat sink fo r the steam. The breakup should 
desuperheat the steam; th is  would re su lt  In greater rod heat 
transfe r behind the blockage zone In the wake of the blockage.

0 The heat transfer e ffec ts  In the Immediate blockage zone due to 
droplet Impact, breakup, mixing, and cooling due to Increased 
s l ip ,  as well as the Increased steam v e lo c ity  due to blockage 
flow area changes. The drop le t breakup Is a loca lized e ffe c t 
p r im a r i ly  caused by the blockage geometry; I t  w i l l  Influence the 
amount of steam generation which can occur fa r the r downstream of 
the blockage.

0 E ffect of blockage on the upstream region of the blockage zone
due to steam bypass, drople t v e lo c it ie s ,  and sizes

In summary, the flow blockage heat transfe r e ffec ts  are a combination of two 
key thermal-hydraulic phenomena;

0 A flow bypass e f fe c t ,  which reduces the mass flow In the blocked 
region and consequently tends to decrease the heat transfe r

0 A flow blockage e f fe c t ,  which can cause flow acce lera tion ,
droplet breakup, Improved mixing, steam desuperheating, and 
establishment of new boundary layers, and consequently tends to 
Increase the heat transfer

These two e ffec ts  are dependent on blockage geometry and d is t r ib u t io n  and 
counteract each other such that I t  Is not evident which e ffe c t  dominates over 
a range of flow conditions.

The FLECHT SEASET flow blockage tes t program has been coordinated w ith  the 

programs conducted In Germany's FEBA tests^^^ and Japan's SCTF tes ts .
The FEBA tests have been conducted on a 1 x 5 rod bundle and a 5 x 5 rod 
bundle w ith 62 percent and 90 percent blockages, w ith and without flow

1. Ih le ,  P., et a l . ,  "FEBA - Flooding Experiments w ith Blocked Arrays -  Heat 
Transfer In Partly  Blocked 25-Rod Bundle," presented at 19th National Heat 
Transfer Conference, Orlando, FL, July 27, 1980.

2. Adachi, H., "SCTF - Core-1 Test Results," presented at Ninth Water Reactor 
Safety Research Information Meeting, Gaithersburg, MD, October 26-30, 1981
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bypass. The Japanese Slab Core Tests were conducted on e ight f u l l - s iz e  simu­
lated fue l rod bundles arranged In a row w ith two adjacent bundles blocked 
62 percent In a coplanar fashion. The combination of a l l  three programs pro­

vides a comprehensive data base with which to evaluate flow blockage heat 
transfer e f fe c ts .

The FLECHT SEASET flow blockage program Is s p e c i f ic a l ly  oriented to provide 
data and analysis such tha t the steam coo ling /f low  blockage section of the 
Appendix K ru le  can be reassessed and replaced by a conservative but phys­

ic a l ly  based method. Other experiments, such as the Karlsruhe FEBA Tests and 
the Japanese Slab Core Tests, along w ith other smaller experiments w i l l  form, 

w ith the FLECHT SEASET tes ts , a comprehensive flow blockage data base. The 
benefits of rev is ing  the current flow blockage/steam cooling section of the 
Appendix K ru le  to the Industry and NRC are as fo llows:

0 The heat transfe r models for f looding rates less than 25 mm/sec
{1 In ./sec) would be more phys ica lly  based, compared to the 
current a r t i f i c i a l l y  conservative models.

0 I t  Is expected that the re su lt ing  data and analysis w i l l  show
that the heat transfe r of blocked rod arrays Is not degraded 
below that of unblocked arrays fo r flood ing rates typ ica l of 
reactor safety analyses.

I t  Is expected that the current section of the Appendix K ru le  w i l l  be c le a r ly  

shown to be conservative and thus should be modified. The re su lt in g  m o d if i­
cations should give most PWR reactors add it iona l LOCA margin, which w i l l  In ­
crease the u t i l i t i e s '  f l e x i b i l i t y  In u t i l i z a t io n  of th e ir  p a r t icu la r  p lants .

2-2. TASK OBJECTIVES

The primary objectives of the 163-rod bundle tests were twofold:

0 To obtain, evaluate, and analyze thermal hydraulic data using a
163-rod bundle to determine the e ffec ts  of f low blockage and 
flow bypass on the reflood heat transfer

0 To assess an a n a ly t ica l or empirical method fo r use In analyzing 
the blocked bundle heat transfe r data
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The 163-rod blocked bundle task examined the re flood ing phenomenon In a large 

bundle w ith ample flow bypass. The e ffec ts  of blockage on heat transfer can 
be a tt r ib u te d  to two counteracting phenomena: flow depletion In the blockage
zone due to flow bypass and Increased turbulence In the blocked area due to 
the flow disturbance. Bypass flow Is expected to reduce heat transfe r In the 
blocked region because of the coolant deple tion; however, the Increased t u r ­
bulence and possible droplet d is in teg ra t ion  may enhance heat transfe r In the 
blocked zone. Therefore, I t  Is necessary to determine the dominant e ffe c t 
under various thermal-hydraulic conditions fo r a c lear understanding of the 
blockage e ffe c t on heat trans fe r. This tes t series w i l l  study these e ffec ts  
to determine the re la t iv e  Importance of flow bypass and loca l disturbance.
This large-bundle tes t was s p e c i f ic a l ly  designed to maximize the usefulness of 
the small-bundle (21-rod) tes t re su lts .

2-3. TEST FACILITY

The tests performed In the 163-rod bundle task are c la s s i f ie d  as separate 

e ffec ts  tes ts . In th is  case, the bundle Is Isolated from the system and the 

thermal-hydraulic conditions are prescribed at the bundle entrance and e x i t .  

Within the bundle, the dimensions are f u l l  scale (compared to a PWR), w ith  the 
exception of overa ll rad ia l dimension. The low-mass housing used In th is  test 
series was designed to minimize the wall e ffec ts  such that the rods more than 
two rows away from the housing were unaffected by the housing. To preserve 
proper thermal scaling of the FLECHT f a c i l i t y  w ith respect to a PWR, the 
power-to-flow area ra t io  was made to be nearly the same as that of a PWR fuel 
assembly.

The tests In the 163-rod bundle flow blockage task u t i l iz e d  a core rod geom­
e try ,  CRG,^^^ that Is ty p i f ie d  by the Westinghouse 17 x 17 fue l rod design, 

as shown In table 2-1. This CRG Is representative of a l l  current vendors' PWR 
fue l assembly geometries.

1. The CRG Is defined In th is  program as a nominal rod-to-rod p itch  of 12.6 
mm (0.496 In . )  and outside nominal diameter of 9.50 mm (0.374 I n . ) ,  repre­
sentative of various nuclear fue l vendors' new fuel assembly geometries 
and commonly re ferred to as the 17 x 17 or 16 x 16 assemblies.
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TABLE 2-1 
COMPARISON OF PWR VENDORS' FUEL 

ROD GEOMETRIES

Vendor
Rod Diameter 

[mm ( I n . ) ]
Rod Pitch 
[mm ( I n . ) ]

Westinghouse 
Babcock & Wilcox 

Combustion Engineering 
Exxon

9.50 (0.374) 
9.63 (0.379) 
9.70 (0.382) 
9.45 (0.372)

12.6 (0.496)
12.8 (0.502)
12.9 (0.506)
12.6 (0.496)

2-4. REFERENCE REFLOOD TEST CONDITIONS

Most of the tests In the 163-rod bundle tes t matrix were constant forced 
flooding reflood tes ts . The tes t conditions represent typ ica l safety evalu­
ation model assumptions and I n i t i a l  conditions.

The re flood phase of the PWR design basis LOCA trans ien t Is calculated to 

s ta r t  approximately 30 seconds a f te r  In i t ia t io n  of a hypothetical break. At 
th is  time, the lower plenum (which had emptied during the blowdown) has re ­
f i l l e d  to the bottom of the core. The applicable reference assumptions fo r 
the re flood trans ien t for a worst-case analysis of a hypothetical LOCA typ ica l 
of a Westinghouse 17 x 17 four-loop PWR or other PWR vendor p lant are as 
fo l lo w s :

The core hot assembly was simulated In terms of peak linea r 
power and I n i t i a l  temperature at the time of core recovery.

Decay power was ANS + 20 percent, as specified by Appendix K of 
10CFR50.46 and shown In f igu re  2-1.

The I n i t i a l  rod clad temperature Is p r im a r i ly  dependent on the 
fu ll-power l inea r heating rate at the time of the accident and 
the subsequent cooling during the blowdown phase. Typical c a l­
culations y ie ld  an I n i t i a l  clad temperature In the hot assembly 
of 871*C (1600“ F) at core recovery.
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0 Coolant temperature was selected to maintain a constant sub-
cooling to f a c i l i t a t e  the determination of parametric e f fe c ts .

0 Coolant was In jected d i re c t ly  In to  the tes t section lower plenum
for the forced flooding rate tes ts , and Into the bottom of the 
downcomer fo r the g rav ity  re flood tes ts . In je c t io n  In to  the 
bottom of the downcomer was used fo r  be tter tes t f a c i l i t y  pres­
sure c o n t ro l .

0 Upper plenum pressure at the end of blowdown Is approximately
0.14 MPa (20 psia) constant fo r an Ice condenser p la n t,  and 
about 0.28 MPa (40 psia) fo r a dry containment p lan t.

0 The tests were performed w ith  a uniform rad ia l power p r o f i le ,
except fo r one tes t w ith hot and cold simulated channels.

0 The ax ia l power shape b u i l t  In to the heater rod was the modified
cosine w ith a power peak-to-average ra t io  of 1.66, as shown In 
f igu re  2-2.

The use of the 1.66 ax ia l p r o f i le  w i l l  a llow comparisons w ith the 161-rod un­
blocked and the 21-rod bundle tes t data, since the bundle sizes co n s t itu te  the 
primary d iffe rence among these tes ts .

The I n i t i a l l y  proposed reference tes t conditions and range of te s t  conditions 

are l is te d  In tab le 2-2, based on the above reference assumptions.

2-5. GRAVITY REFLOOD TEST DESCRIPTION

The g rav ity  re flood tests were conducted to provide a s imulation o f the con­
d it io n s  expected to occur In re flood ing the core a f te r  a LOCA. Coolant was 
Injected Into the simulated downcomer at scaled flow  rates which are repre­
sentative of the nuclear power p lant a c c u m u l a t o r s . T h e  downcomer was 
attached to the tes t f a c i l i t y  lower plenum by the crossover leg , which was 
designed to provide a pressure loss c o e f f ic ie n t  equivalent to tha t of a reac­
to r lower plenum and core In le t ,  or a value of approximately 11. The system 
pressure was con tro lled  downstream of the te s t  f a c i l i t y  In the simulated 

containment and the reactor coolant system flow resistance (approximately 
32.5) was simulated by a o r i f ic e  p la te  upstream of the simulated containment.

Waring, J. P., et a l . ,  “ PWR FLECHT-SET Phase B1 Data Report," WCAP-8431, 
December 1974.
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TABLE 2-2

REFERENCE AND RANGE OF TEST CONDITIONS FOR 

163-ROD BUNDLE FLOW BLOCKAGE TASK

Parameter
I n i t i a l

Condition
Range of 

Conditions

I n i t i a l  clad temperature 
(1600“ F)

8 7 rc
(500“ F - 1600“ F)

260“ C - 871“ C

Peak power

(0.7 kw /f t)
2.3 kw/m

(0.4 - 1.0 k w /f t )
1.31 - 3.3 kw/m

Upper plenum pressure 
(40 psia)

0.28 MPa 
(20 - 60 psia)

0.14 - 0.42 MPa

Flooding ra te :

0 Constant 25 mm/sec 
(1 In ./sec)

15 - 152 mm/sec 
(0.6 - 6 In ./sec)

0 Variable In steps — 152 to 20 mm/sec 
(6.0 to 0.8 In ./sec)

0 Continuously 
variable

— 36 to 17 mm/sec 
(1.4 to 0.65 In . /s e c )

In je c t io n  rate (g rav ity  
re flood) - variable In steps

— 5.80 to 0.785 kg/sec 
(12.8 to 1.73 lb/sec)

Coolant AT subcooling 

(140“ F)
78“ C
(15“ F - 140'F)

8“ C - 78“ C

0040X;1/060783 2 - 1 0



2-8. TEST MATRIX

The o r ig in a l tes t matrix as developed In the task plan^^^ consisted of 20 
tests grouped In to  seven parametric series. However, p r io r  to the tes t pro­
gram, several modifications and/or additions were made to the te s t m atrix , as 
discussed In the fo llow ing paragraphs. This revised test matrix was sent to 
the PUR fuel manufacturers (Exxon, Combustion Engineering, and Babcock & 
Wilcox) for th e ir  review. This tex t matrix was designed to Investigate the 
e ffec ts  of I n i t i a l  clad temperature, flood ing ra te , pressure, power, subcool­

ing, variable flow, hot/co ld channels, and g ra v ity  re flood .

The two low-flood lng-ra te  tests [10.1 mm/sec (0.4 In . /s e c ) ]  o r ig in a l ly  planned 
to be conducted at pressures of 0.14 and 0.28 MPa (20 and 40 psia) were not 
run because these two tests were expected to be conducted at a high tempera­
ture [above 1093®C (2000*F)), which could cause heater rod d is to r t io n ,  and 
because there were no va lid  re p lica te  tests from the unblocked bundle to pro­
vide data comparisons (va l id  In the sense that there was not any s ig n if ic a n t  

rod bundle d is to r t io n  In the unblocked bundle). These two low-flow tests were 
replaced w ith tests which were expected to be conducted at a low temperature 
[below 982*C (1800“ F)] and fo r which comparable tests  had been run In the un­
blocked bundle. Two of the three ho t/co ld  channel tests were replaced w ith  a 
high-power [3 .2 kw/m (1 k w / f t ) ]  tes t which had a comparable unblocked bundle 

test and a variable forced flow te s t .  This variab le  forced flow tes t was con­

ducted according to the spec if ica tions provided by Exxon Nuclear Company, as 
shown In figu re  2-3.

To provide a good data comparison between the blocked bundle and the unblocked 
bundle, the boundary and I n i t i a l  conditions from the unblocked bundle were 
repeated In the blocked bundle, as much as experimentally possible. The test  

matrix fo r the 163-rod bundle Is shown In table 2-3, along w ith the corres­
ponding 161-rod unblocked bundle tes t numbers. The actual tes t conditions 
achieved In the 163-rod bundle are tabulated In section 5, table 5-1.

1. Hochrelter, L. E., et a l . ,  "PWR FLECHT SEASET 161-Rod Bundle Flow Blockage 
Task: Task Plan Report," NRC/EPRI/Hest1nghouse-6, September 1980.
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TABLE 2-3
163-ROO BLOCKED BUNDLE TEST MATRIX

Test
No.

Pressure
[MPa

(p s ia ) ]

Clad I n i t i a l  
Temperature 

[ “ C (»F)]

Rod Peak 
Power 
[kw/m 

( k w / f t ) ]

Flooding 
Rate 

[mm/sec 
{ In . /s e c ) ]

High-
Speed
Movies

In le t  Flu id 
Temperature 

[ “ C (»F)]

161-Rod 
Bundle Rep­
l ic a te  Test Parameter

01 0.28
(40.1)

263
(505)

2.3
(0.70)

38.6
(1.52)

Yes 52.2
(126)

30518 I n i t i a l  clad
temperature
e ffec t

02 0.27
(39.3)

538
(1000)

2.3
(0.70)

38.6
(1.52)

No 53.3
(128)

30817

03 0.28
(40)

871
(1600)

2.3
(0.70)

33.0-16.5 
(1.30-0.65) 
In 300 sec

No 52.8
(127)

04 0.28
(40)

885
(1625)

2.3
(0.70)

157.5
(6.2)

Yes 52.8
(127)

31701

05 0.27
(39.5)

871
(1600)

2.3
(0.70)

38.6
(1.52)

Yes 52.8
(127)

31203 Flooding 
rate e ffec t

06 0.28
(40.2)

885
(1625)

2.3
(0.70)

24.9
(0.98)

Yes 52.8
(127)

31504

07 0.28
(40)

877
(1610)

2.3
(0.70)

20
(0.81)

Yes 52.8
(127)

31805

08 0.27
(39)

874
(1605)

1.3
(0.4)

15
(0.60)

No 52.8
(127)

34006

roI
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TABLE 2-3 (con t)
163-ROD BLOCKED BUNDLE TEST MATRIX

Matrix
No.

Pressure
[MPa

(ps1a)]

Clad I n i t i a l  
Temperature 

[ “ C (»F)]

Rod Peak 
Power 
[kw/m 

(k w / f t ) ]

Flooding 
Rate 

[mm/sec 
( In . /s e c ) ]

High-
Speed
Movies

In le t  Fluid 
Temperature 

[*C (»F)]

161-Rod 
Bundle Rep­
l ic a te  Test Parameter

09 0.14
(20)

877
(1610)

2.4
(0.72)

26.9
(1.06)

Yes 34
(93)

34209

10 0.134
(19.5)

871
(1600)

1.38
(0.422)

17
(0.65)

No 33
(92)

34711 Pressure
e ffec t

11 0.137
(19.9)

271
(1600)

1.3
(0.40)

28 (1.1) 
for 30sec 
26.9 (1.06) 
onward

No 34

(93)

31922

12 0.411
(59.6)

874
(1605)

2.3
(0.70)

25 (0.98) 
fo r 120 sec
26 (1.04) 
onward

Yes 66.7
(152)

32013

13 0.28
(40)

871
(1600)

3.28
(1.00)

38
(1.5)

Yes 54.4
(130)

34524 Peak
power e ffec t

14 0.273
(39.6)

877
(1610)

1.3
(0.40)

38.6
(1.52)

No 52.2
(126)

31021

15 0.277
(40.2)

877
(1610)

2.3
(0.70)

25 (0.98) 
fo r 60 sec 
27.4 (1.08) 
for 140 sec 
30.0 (1.18) 
onward

Yes 122.2
(252)

32114 Subcooling
e ffe c t
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TABLE 2-3 (c o n t)
163-ROO BLOCKED BUNDLE TEST MATRIX

Matrix
No.

Pressure
[MPa

(ps1a)]

Clad I n i t i a l  
Temperature 

[ “ C (»F)]

Rod Peak 
Power 
[kw/m 

(k w / f t ) ]

Flooding 
Rate 

[mm/sec 
( In . /s e c ) ]

High-
Speed
Movies

In le t  Fluid 
Temperature 

[ “ C ( “ F)]

161-Rod 
Bundle Rep­
l ic a te  Test Parameter

16 0.277
(40.2)

877
(1610)

2.3
(0.70)

160 (6.3) 
for 5 sec 
20 (0.8) 
onward

Yes 52.8
(127)

32333 Stepped 
flow e ffec t

17 0.28
(40)

871/260
(1600/500)

2.3/1.3 
(0 .7 /0 .4)

20
(0.8)

Yes 52.8
(127) —

Hot/cold
channel
e ffec t

In jec t ion
Rate

[kg/sec
lb /se c )]

18 0.28
(40)

871
(1600)

2.3
(0.7)

5.80 (12.8) 
fo r 15 sec 
0.785 (1.73) 
onward

No 51.7
(125)

33436

19 0.14
(20)

871
(1600)

2.3
(0.7)

5.80 (12.8) 
fo r 15 sec 
0.785 (1.73) 
onward

No 31
(88)

Gravity
reflood

ro
I
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SECTION 3

BLOCKAGE CONFIGURATION

3-1. INTRODUCTION

The high In terna l pressure and temperature of fue l rods during a postulated 

PWR LOCA are expected to cause the fue l rods to  swell and bu rs t. The re su l­
t in g  rod deformation, re ferred to as a blockage shape, would reduce the f lu id  

flow area In the rod array. The flow area reduction Is governed by the shapes 
and spa tia l d is t r ib u t io n  of blockage. Therefore, blockage shapes and th e ir  
spa tia l d is t r ib u t io n  were chosen to simulate the thermal-hydraulic conditions 
of the f lu id  flow In the blocked rod array. The spa tia l blockage d is t r ib u t io n  
was chosen to represent re a l is t ic  s itua t ions  and to provide fundamental under­
standing of blockage e ffec ts  on the loca l heat tra ns fe r.  The simulated rod 

swelling represents the blockage ju s t  p r io r  to burst, such that no tearing of 
the cladding, or burst " l ip s , "  are simulated. The I n i t i a l  tes t in g  plans fo r 
the 21-rod bundle had Included a configuration w ith burst l ip s ,  but the burst 

l ip s  were expected to act as f in s  to enhance heat transfer and did not make a 
s ig n if ic a n t  con tr ibu tion  to the flow re s t r ic t io n  because of the small cross- 
sectional area.

The resu lts  of several s ing le - and m u lt lrod  burst tes ts , as well as discus­
sions w ith NRC and EPRI, were used to define the blockage shapes simulated In 
the 21-rod bundle blockage task, as described In paragraph 3-2. The sleeve 
shape used In the 163-rod bundle task was chosen from the blockage con f ig ­
urations used In the 21-rod bundle blockage tes t .^^^  The method of d is ­
t r ib u t in g  the blockage sleeves Is discussed In paragraphs 3-3 and 3-4. A 
geometric s im i la r i t y  between the 21-rod and 163-rod bundles was designed Into 

the 163-rod bundle, as discussed In paragraph 3-5. This s im i la r i t y  was expec­
ted to provide a better basis fo r data analysis and understanding of bypass 

e f fe c ts .

1. Loftus, M. 3 .. et a l . ,  “ PWR FLECHT SEASET 21-Rod Bundle Flow Blockage
Task: Data and Analysis Report," NRC/EPRI/West1nghouse-ll, September 1982.
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3-2. BLOCKAGE SHAPES

Several o u t -o f -p l le  and 1n-p1le burst tests were conducted to aid In the un­
derstanding of rod burst phenomena during a LOCA. O u t-o f-p l le  tests employed 
several heating methods to simulate rod heatup during a re flood lng period.
The heating methods Included a s t i f f  In terna l heater rod (continuous r ig id  
heating element) method, external radiant heating, and d ire c t  resistance 
heating. The external radiant heating and d ire c t  resistance heating are be­
lieved to d is to r t  the thermal response of the clad during I ts  deformation.
The In terna l heater rod may reduce the clad temperature nonuniformity; th is  
reduction Is expected In the real s i tu a t io n  of stacked fuel p e l le ts .  Although 

an o u t-o f -p l le  tes t method Is not Idea l, I t  Is generally agreed that an In te r ­
nal heater method Is most representative of the real s i tu a t io n . Therefore, 
the resu lts  from the tests using In terna l heater rod methods were reviewed In 
the 21-rod bundle flow blockage task to provide a basis for de fin ing blockage 

shapes. The l im ite d  amount of In -p l le  tes t resu lts  were also reviewed.

The ava ilab le  resu lts  from several rod burst tests showed tha t there were two 
d is t in c t iv e  rod swelling patterns, depending on the burst temperature. This 
Is due to the existence of two phases of Z lrca loy , whose material properties 
are qu ite d i f fe re n t  from each other. Z lrca loy Is In the alpha phase at tem­
peratures of less than 830®C (1529®F) and In a mixed phase of alpha and beta 
types between 830“ C and 970»C (1529“ F and 1779*F). Above 970»C (1779*F), 
Z lrcaloy Is In the beta phase. Alpha phase Z lrca loy  has an isotrop ic s tra in  
properties. Therefore, the resu lt ing  deformation of alpha phase Z lrca loy Is 
very sensitive  to minor temperature I r re g u la r i t ie s  In both c ircum ferentia l and 
ax ia l d ire c t io n s . This an isotropic property causes rod bowing. In addition to 
swelling and burst. Although the burst phenomenon In the mixed phase Is not 
well understood, th is  burst range can be treated e sse n tia l ly  as alpha phase 
burst because of the nonlsotroplc property of alpha phase. Beta phase Z l r ­
caloy has an Iso trop ic  s tra in  property which causes somewhat uniform clad 
swelling. Thus the property of alpha phase Z lrca loy Is d if fe re n t  from that of 
beta phase Z lrca loy . This d ifference provides a d if fe re n t  clad swelling

1. Loftus, M. 0 .,  et a l . ,  “ PWR FLECHT SEASET 21-Rod Bundle Flow Blockage
Task; Data and Analysis Report,* NRC/EPRI/Westlnghouse-11, September 1982.
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phenomenon for each phase. That Is ,  alpha phase swelling has a long noncon- 
cen tr ic  shape in contrast to the beta phase swelling of a re la t iv e ly  short 
concentric shape. Therefore, two typ ica l blockage shapes representing alpha 
and beta phase swelling were chosen to be simulated in the 21-rod tes ts . De­
ta i le d  explanations of the choices are given in the 21-rod bundle flow 
blockage task plan.^^^

The 21-rod bundle task was designed to compare the blockage e ffec ts  of the two 
sleeves and screen out the blockage shape which provided the least favorable 

heat transfer cha rac te r is t ics  w ith in  and downstream of the blockage zone. The 
blockage shape which was selected to provide the least favorable heat transfer 

(appendix A) and subsequently used in  the 163-rod bundle was the long, noncon- 
cen tr ic  sleeve, shown in figu re  3-1. The maximum s tra in  was increased from 36 
percent to 44 percent to provide more flow blockage in the 163-rod bundle, and 
therefore more flow bypass.

3-3. NONCOPLANAR BLOCKAGE DISTRIBUTION

A noncoplanar blockage test configuration requires a method to a x ia l ly  d is ­

t r ib u te  the blockage sleeves, as described in the fo llow ing paragraphs. The 
objective was to locate blockage sleeves in  the bundle in such a manner that 

the s ta t is t ic s  of the location coincided w ith the expected deformation and 
bursts of a PWR. The basis of th is  approach was the fo llow ing statement from 

the ORNL multirod burst test re su lts :  "Posttest deformation measurements
showed excellent co rre la t ion  w ith the ax ia l temperature d is t r ib u t io n ,  with

(21deformation being extremely sensitive to small temperature v a r ia t io n s . " '  ’

1. Hochreiter, L. E., et a l . ,  "PWR FLECHT SEASET 21-Rod Bundle Flow Blockage 
Task: Task Plan Report," NRC/EPRI/Westinghouse-5, Harch 1980.

2. Chapman, R. H., "S ign if ica n t Results From Single-Rod and M ult irod Burst 
Tests in Steam With Transient Heating," paper presented at F i f th  Water 
Reactor Safety Research Information Meeting, Gaithersburg, MD, November 
7-10, 1977.
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Burman and Olson^^^ have studied temperature d is t r ib u t io n  on rods In a 
bundle and th e ir  method can be employed to determine the s ta t is t ic s  of burst 
locations In the bundle.

The burst locations so determined were selected without considering the g r id
1 2 )e ffe c t on burst loca tion  which was observed In the German REBEKA tes ts .

I t  was found that rod burst locations were sh if te d  toward the f lu id  f low  d i ­
rec tion  because of the downward f lu id  flow at the time. Burst at the end of 
blowdown may not be affected by f lu id  flow because there Is v i r t u a l l y  no flow . 
During the r e f i l l  and re flood phases, rod bursts would occur at locations 
sh if ted  upward.

Fuel rods In a PWR can burst at any phase of a LOCA trans ien t, depending on 
power d is t r ib u t io n ,  operating l i f e ,  type of break, material strength uncer­
ta in t ie s ,  and the l ik e .  Therefore, the hydraulic e f fe c t  can be Incorporated 

Into the determination of burst locations In several ways. However, the 

primary ob jective In the present study Is loca l heat transfer under a typ ica l 
blockage d is t r ib u t io n ;  such an ob jective can be achieved without considering a 
preburst hydraulic e f fe c t .

To determine burst loca tions . I t  Is assumed that a l l  rods to be deformed have 

the same or s im ila r temperature d is t r ib u t io n .  The ORNL m ult lrod burst tests 
showed that there were no In teractions among rods during burst, so I t  may be 
assumed that each rod In a bundle bursts Independently. Then the characte ris ­
t ic s  of one rod may be used to In fe r the behavior of the rod bundle.

A rod Is divided In to  several sections w ith the same In te rv a l.  Burman and 

Olson computed the p ro b a b i l i ty  tha t a certa in  section {say, the 1-th Incre­
ment) of a fue l rod Is at the highest temperature In the rod, as fo llows:

1. Burman, 0. L . ,  and Olson, C. A., "Temperature and Cladding Burst D is tr ib u ­
tions In a PWR Core During LOCA," Specia lis ts  Meeting on the Behaviour of 
Water Reactor Fuel Elements Under Accident Conditions. Norway, September 
13 1976, p. 73-77.

2. Wiehr, K., et a l . ,  "Fuel Rod Behavior In the R e f i l l  and Flooding Phase of 
a Loss-of-Coolant Accident," CONF-771252-5, December 1977.
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Here and are the standard deviation of local temperature and 
mean temperature at the 1-th Increment, respective ly . I t  can be seen that 
these two cha rac te r is t ics  { a ^  and y^) must be known to compute the 
local p ro b a b i l i ty  of highest temperature. As ORNL showed, th is  h lghest- 
temperature loca tion can be Interpreted as the burst loca tion .

The mean temperature d is t r ib u t io n  required In equation (3-1) Is the ax ia l mean 
temperature of a nuclear fuel rod at the time of rod burst. The standard de­

v ia t io n  of loca l temperature Is Included to account fo r the loca l temperature 
f lu c tu a t io n . Burman and Olson assumed that the f lu c tu a t io n  Is normally 
d is t r ib u te d .

The loca l temperature can be divided Into two components:

I

^loca l = ^ loca l *’ ^ loca l 

where T^q^^i and Tioj-gi are the mean and va r ia t io n  of local temperature, 
respective ly . The mean temperature Is obtained from the ax ia l mean tempera­
ture d is t r ib u t io n .  The local temperature va r ia t io n  Is a function of the 
fo llow ing e f fe c ts :

0 Manufacturing e ffe c t

- -  I n i t i a l  fue l p e l le t  density 
- -  Fuel p e l le t  diameter 
— Fuel enrichment
- -  Manufacturing variables which a f fe c t  fue l dens if Ica t lon

- -  Clad loca l o v a l l ty
- -  Fuel p e l le t  chemical bounding
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0 In -pH e e ffec t

- -  Fuel p e l le t  radia l o f fs e t  w ith in  clad 
— Fuel p e l le t  cracking 
- -  Fuel dens ifIca tlon

Burst p ro b a b i l i t ie s  at each Increment of rod can be computed by equation (3-1) 

w ith the Inputs of and

M u lt ip ly ing  the p ro b a b i l i t ie s  by the to ta l  rod number gives the o re tica l burst 
numbers at the corresponding ax ia l Increments. These numbers are usually  not 

Integers. Therefore, for p rac tica l purpose, these numbers are transformed to 
Integers to s a t is fy  the requirements that the to ta l  burst number Is the same 

as the to ta l  rod number. These Integer numbers Indicate how many sleeves 
should be located at spec if ic  ax ia l Increments. An Increment (1 -th ) Is then 
selected at random. Since I t  Is known from the above ca lcu la t ion  tha t 
rods have bursts at th is  Increment, rods are selected at random. Each of
these selected rods has a sleeve on the 1-th Increment. Then another Incre­
ment and corresponding rods are selected at random. This procedure Is re ­
peated u n t i l  a l l  the ax ia l Increments where bursts occur have been considered.

A computer program was w rit ten  to execute th is  procedure fo r se lection of 
sleeve loca tions. This program, ca lled COFARR (Coolant Flow Area Reduction), 
calculates subchannel blockage w ith given Input s tra in  Information of the 
blockage sleeve. This program and re levant de ta i ls  are described In de ta i l  In 

the 21-rod bundle task plan.^^^

3-4. MEAN AND VARIATION OF LOCAL TEMPERATURE

The mean temperature d is t r ib u t io n  at time of burst and loca l temperature f lu c ­
tuation data were required to compute burst p ro b a b i l i ty  from equation (3 -1).

In add it ion , s tra in  Information was required to compute actual blockage d is ­
t r ib u t io n  and subchannel area. Uestlnghouse received relevant Information to

1. Hochrelter, L. E., et a l . ,  "PWR FLECHT SEASET 21-Rod Bundle Flow Blockage 
Task: Task Plan Report," NRC/EPRI/Westlnghouse-5, March 1980.
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calcu la te a noncoplanar blockage d is t r ib u t io n  from the three other PWR fuel 
venders (Babcock & Wilcox, Combustion Engineering, and Exxon).

Westlnghouse calcu lated a mean temperature d is t r ib u t io n  at the time of burst
as shown In f igu re  3-2 by analyzing a LOCA. Burst was calcu lated to occur at

the end of blowdown. Babcock & Wllcox^^^ calculated an ax ia l temperature
d is t r ib u t io n  fo r I ts  p lant (15 x 15 fu e l)  fo r  a 0.794 m̂  (8.55 f t ^ )
double-ended cold leg break. Babcock & Wilcox also analyzed a plant w ith
17x17 fue l fo r the same accident case. Clad rupture was calculated to occur

(21during blowdown. Combustion Engineering analyzed I ts  16 x 16 fuel
assembly fo r a worst-case temperature d is t r ib u t io n  using LOCA licens ing  anal-

(31ysis codes and Input data. Exxon' ’  also used Us WREM ECCS model to c a l­
culate a mean temperature d is t r ib u t io n  fo r a 15 x 15 fuel assembly at the time 

of rod rupture. Comparisons of the ava ilab le  mean temperature data reveal 
that Westlnghouse and Babcock & Wilcox plants are expected to have the most 

peaked ax ia l temperature d is t r ib u t io n s .  The Westlnghouse temperature d i s t r i ­
bution was chosen to be a reference case. Detailed discussion of th is  anal-

(41ysis can be found In the task p la n . ' '

Manufacturing q u a l i ty  assurance records were reviewed by Burman and Olson to 
determine the r e a l i s t i c  d is t r ib u t io n  for p e l le t  parameters which would have an 

e ffe c t on loca l temperature va r ia t io n ,  such as enrichment (n e g l ig ib le ) .  In ­
i t i a l  density , s in te r in g  ch a ra c te r is t ic s ,  diameter, and surface roughness.
The var ia tions thus obtained were Input In to  Westlnghouse standard design 
codes to determine th e ir  e ffe c t  on operating temperature. Perturbation stud­

ies were analyzed to determine the e ffe c t  of small var ia tions In I n i t i a l  power

1. Personal communication from J. J. Cudlln, Babcock & Wilcox, to H. W. 
Hassle, J r . ,  Westlnghouse, A p r i l  5, 1978.

2. Personal communication from J. H. Holderness, Combustion Engineering, to
H. W. Hassle, J r . ,  Westlnghouse, A p r i l  11, 1978.

3. Personal communication from R. E. Colllngham, Exxon Nuclear, to H. W.
Hodges, USNRC, Ausust 3. 1978.

4. Hochrelter, L. E., et a l . ,  “ PWR FLECHT SEASET 21-Rod Bundle Flow Blockage
Task: Task Plan Report," NRC/EPRl/West1nghouse-5, Harch 1980.
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and temperature on the clad temperature at the time of burst, fo r cases In 
which burst occurred during r e f i l l .  The I n i t i a l  temperature d is t r ib u t io n s  
were then modified to account for these e ffe c ts .  The re su lt ing  responses were 
s t a t i s t i c a l l y  combined to obtain the overa ll temperature uncerta inty ju s t  
p r io r  to the accident due to manufacturing variab les. The re su lt in g  standard 
deviation In temperature was found to be approximately 9.78®C (17.6®F).

Of the various uncerta in ties In p e l le t  temperature due to In -p l le  e f fe c ts ,  
only the standard deviation In p e l le t  temperature due to p e l le t  o f fs e t  was 
analyzed. Using a f i n i t e  d ifference program, the e ffe c t of p e l le t  e cce n tr i­
c i t y  on p e l le t  average temperature during normal operation was ca lcu la ted, 

assuming various degrees of p e l le t  clad e c c e n tr ic i ty .  The re su lt in g  tempera­
ture d is t r ib u t io n  was convoluted w ith that a r is in g  from manufacturing un­

ce r ta in t ie s  and the convoluted sum corrected to account for the temperature 
v a r ia b i l i t y  at burst time for a given temperature v a r ia b i l i t y  at power. This 
va r ia t ion  was determined to be 9.11®C (16.4®F). When s t a t i s t i c a l l y  combined 
with the uncerta in ties due to manufacturing variab les, the to ta l standard de­
v ia t io n  In loca l temperature becomes 13®C (24®F) at the time of blowdown, or 
6.7®C (12*F) at the time of burst.

In summary, the mean temperature d is t r ib u t io n  of Westlnghouse as shown In 

f igu re  3-2 and tab le 3-1 with the correction of g r id  e f fe c t  as shown by Burman 
(appendix B), and a standard deviation of 6.7®C (12“ F) were chosen to calcu­
la te  a noncoplanar blockage d is t r ib u t io n .  With these Inputs, the COFARR code 
calculated the blockage sleeve d is t r ib u t io n  as Indicated In f igu re  3-3. The 
percent flow blockage for each 21-rod bundle Island Is shown In f igu re  3-4 as 
a function of e levation .

3-5. FLOW BYPASS REGION

The large 163-rod bundle was blocked to Investigate the flow bypass effec ts  on 

the re flood heat transfe r In the simulated fue l rod assembly. The arrangement 
of the blockage In the bundle had to be set up so as to not force f lu id  

through the blocked zone. Several methods could be used to produce a su f­
f ic ie n t  bypass area In the bundle. However, the fo llow ing l im ita t io n s  a ffe c t 
how the blockage should be arranged ra d ia l ly ;
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TABLE 3-1

MEAN TEMPERATURE DISTRIBUTION

Axial Height 
[m(1n.)]

Temperature
l “ C(»F)3

Axial Height 
lm (1n.))

Temperature
l “ C(»F)]

1.57 (62) 914 (1678) 1.83 (72) 949 (1741)

1.60 (63) 920 (1688) 1.85 (73) 948 (1738)

1.63 (64) 925 (1697) 1.88 (74) 946 (1735)

1.65 (65) 930 (1706) 1.90 (75) 938 (1721)

1.68 (66) 934 (1713) 1.93 (76) 933 (1712)

1.70 (67) 938 (1720) 1.96 (77) 929 (1705)

1.73 (68) 942 (1727) 1.98 (78) 927 (1701)

1.75 (69) 944 (1732) 2.01 (79) 925 (1698)

1.78 (70) 947 (1736) 2.03 (80) 923 (1693)

1.80 (71) 947 (1737) 2.06 (81) 918 (1684)
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The large bundle has only one symmetry l in e  because of thimble 
loca tions, as shown In figu re  3-3.

The large-bundle test should be linked to the small-bundle test 
(21-rod) to better u t i l i z e  Information.

Lateral symmetry In the blocked bundle fo r the bypass area and 
blockage zone Is desirable In view of possible data sca tte ring  
and computer time for flow ca lcu la t ions .

The blockage zone must be large enough to provide a detectable 
flow f ie ld  d is to r t io n  and a maximum flow depletion In the 
blocked zone.

Thus, the fo llow ing two blockage flow bypass configurations were considered, 

as discussed In the blocked bundle task plan:^^^

0 Block one-half of the bundle
0 Block an Island of rods In the center of the bundle

The f i r s t  con figura tion  has an advantage of d ire c t  data comparison between 

blocked and unblocked subchannels In the same bundle, using the bundle sym­
metry. However, COBRA calcu la tions showed tha t when ha lf of the bundle Is 

blocked, the f lu id  near the wall on the blocked ha lf  of the bundle tends to be 
trapped In the blockage zone. Therefore, the flow In the blockage zone Is 

higher than In the scheme where there Is no w a ll ;  th is  blockage-bypass con­
f ig u ra t io n  Is therefore unacceptable.

In the second con figura tion , the rods are divided In the large bundle In to  two 
21-rod bundle Islands. For th is  con figura tion , the rods In the Islands are 
blocked exactly as In the 21-rod bundle. This blockage configuration has a 
higher bypass area because of the smaller and Isolated blockage zone.

Comparisons of the two blockage configurations were made by ca lcu la t ing  flow 
rates In subchannels by COBRA-IV-I. These resu lts  show that the two 21-rod 
bundle Islands have lower flow rates In the blocked zone, and the flow deple­
t ion  In the zone Is almost comparable to that of the half-bundle blockage.

1. Hochrelter, L. E., et a l . ,  "PWR FLECHT SEASET 161-Rod Bundle Flow Blockage 
Task: Task Plan Report," NRC/EPRI/Uest1nghouse-6, September 1980.
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3-6. BULGE DIRECTIONS FOR NONCONCENTRIC SLEEVES

Data from Westlnghouse multlrod burst tests^^^ showed a thimble e ffe c t  on 
c ircum ferentia l burst location (appendix B). The burst locations were not 
random, and were usually directed away from thimbles. This Indicated that the 

thimbles were good heat sinks, causing nonuniform c ircum ferentia l temperature 
d is t r ib u t io n s  on neighboring rods. I t  must be noted that a burst occurs at 
the ho ttest point of a rod; however, the major flow blockage due to the non- 

concentrlc bulge Is on the opposite side of the burst loca tion .

Observations from the Westlnghouse tests Ind icate that burst can occur toward 

e ither adjacent subchannel or rods. I t  was proposed that bursts be re s tr ic te d  
to occur only toward adjacent subchannels fo r the fo llow ing reasons:

0 Blockage tests were not Intended to Investigate deta iled v a r i ­
ations In a subchannel but to determine average subchannel 
behavior.

0 The additiona l parameter of burst o r ie n ta t io n  makes data 
analysis complicated without an apparent Improvement of 
understanding.

0 There were physical l im ita t io n s  In In s ta l l in g  the blockage 
sleeves on the rods.

The above proposal provided the basis for se lecting  bulge d irec tions  of the 

nonconcentric sleeves In the 21-rod bundle. F irs t  I t  was necessary to f ind  
the hottest subchannel out of the four subchannels surrounding each rod. Then 

the bulge d ire c t ion  was the opposite side of the ho ttest po in t.

Since an e f fo r t  had been made to couple the 21-rod bundle to the 163-rod 

bundle to maximize data u t i l i z a t i o n , ^  I t  was be tter to consider the re la ­
t iv e  location of the 21-rod Island In a fue l assembly In applying the present 
method to the small bundle, as shown In f igu re  3-3. For th is  case I t  was 
stra ightforward to determine the ho ttest subchannel (or subchannels) associ­
ated with each rod, because of the unique d is t r ib u t io n  of the thimbles.

1. Schrelber, R. E., et a l . ,  "Performance of Zircaloy-Clad Fuel Rods During a 
Simulated Loss-of-Coolant Accident - -  M ult lrod Burst Tests," WCAP-7495-L, 
A p r i l  1970.
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The above arguments were used to determine the possible bulge d irec tions In 
the 21-rod bundle, as Indicated by dots In the Island A of f igu re  3-3. The 
bulge d irec t ions  of some rods were determined uniquely; others had several 
possible loca tions . Bulge d irec tions of the rods w ith m u lt ip le  choices could 
be chosen from the possible locations so that the four center subchannels had 
high blockages. The locations of the peripheral rods w ith m u lt ip le  choices 
could be chosen a r b i t r a r i l y  from the possible loca tions. The re su lt in g  bulge 
d irec tions  are shown In the Island 8 of f igu re  3-3.

1. L. E. Hochrelter, et a l . ,  “ PWR FLECHT SEASET 161-Rod Bundle Flow Blockage 
Task: Task Plan Report," NRC/EPRI/West1nghouse-6, September 1980.
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SECTION 4 
SYSTEM DESCRIPTION

4-1. INTRODUCTION

The FLECHT SEASET 163-rod bundle tes t f a c i l i t y  was designed and b u i l t  spe c if­

ic a l ly  fo r conducting flow blockage tests fo llow ing the 21-rod bundle flow
blockage tes t p r o g r a m . A  new tes t f a c i l i t y  was required since the f a c l l -

1 2 )I t y  previously u t i l iz e d  for the 161-rod unblocked bundle tests was being 
u t i l iz e d  to perform natural c irc u la t io n  systems e ffe c t  tes ts . A schematic 
diagram of the f a c i l i t y  Is shown In f igu re  4-1.

The 163-rod blocked bundle test f a c i l i t y ,  l ik e  the 21-rod and 161-rod un­
blocked bundle tes t f a c i l i t i e s ,  was designed w ith the fo llow ing major 
components:

0 A heater rod bundle

0 A low mass housing coupled d i re c t ly  to an upper plenum and a
lower plenum

0 A coolant In jec t ion  system and a steam heating system

0 A phase separation and l iq u id  co l le c t io n  system

0 A downcomer and crossover leg

A ll  the above components were thoroughly Instrumented to measure flow block­
age e ffec ts  w ith in  the bundle and respective boundary conditions at the bundle 
In le t  and o u t le t .

The volumes of the upper and lower plenums, downcomer, crossover leg, and 
steam separator tanks were essen tia l ly  the same as In the 161-rod unblocked

1. Loftus, M. J . ,  et a l . ,  "PWR FLECHT SEASET 21-Rod Bundle Flow Blockage 
Task: Data and Analysis Report," NRC/EPRI/Hest1nghouse-ll, September 1982,

2. Loftus, M. 3 .,  et a l . ,  "PUR FLECHT SEASET Unblocked Bundle, Forced and 
Gravity Reflood Task: Data Report," NRC/EPRI/West1nghouse-7, June 1980.
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bundle f a c i l i t y .  The carryover tank volume was Increased to accommodate addi­
t iona l water capacity.

Both forced f looding and g rav ity  reflood tests were performed In the 163-rod 
blocked bundle tes t f a c i l i t y  s im ila r to those performed In the 21-rod bundle 
tes t f a c i l i t y .

4-2. FORCED REFLOOD TESTS

The forced re flood tests were performed to measure the two-phase flow heat 
transfer e ffec ts  of the flow blockage and flow bypass during forced flow In ­
je c t io n .  These tests u t i l iz e d  a l l  the major f a c i l i t y  components, w ith  the 
exception of the downcomer and the crossover leg.

3
During forced re flood test operation, coolant flow from the 1.52 m (400 gal) 
capacity water supply accumulators entered the tes t section housing through a 

series of hand valves, pneumatically operated con tro l valves, and solenoid 
valves. Coolant flow was measured by a turbine meter located In the In je c t ion  

l in e .  O r if ice  p late flowmeters were used for redundant flow measurement.
Test section pressure was established I n i t i a l l y  by a steam b o ile r  connected to 
the upper plenum of the tes t section. During the reflood tes t run, the bo ile r  
was Isolated from the system and pressure was maintained by a pneumatically 
operated contro l valve located In the exhaust l in e .  Liquid e f f lu e n t leaving 
the tes t section was separated In the upper plenum and collected In a close- 
coupled carryover tank. An entralnment separator located In the exhaust l in e  
was used to separate any remaining entrained l iq u id  In the vapor. Dry steam 
flow leaving the separator was measured by an o r i f i c e  p la te  flowmeter before 
I t  was exhausted to the atmosphere. A more deta iled explanation of forced 
reflood f a c i l i t y  operation Is presented In paragraph 4-26.

4-3. GRAVITY REFLOOD TESTS

The g rav ity  re flood tests were performed to measure the two-phase flow heat 

transfer e ffec ts  of the flow blockage and flow bypass during the PWR-slmulated 
g rav ity  flow In je c t io n .  The PWR accumulator In je c t io n  flow Into the downcomer
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was simulated for the f i r s t  15 seconds and the safety In je c t io n  pump flow was 
simulated the rea fte r.

A downcomer and crossover leg were connected to the tes t section lower plenum. 
Coolant was then Injected Into the tes t section through the downcomer. An 

o r i f ic e  p la te  (beta ra t io  of 0.522) was In s ta l le d  In the exhaust l in e  Imme­
d ia te ly  upstream of the separator fo r  these tests to simulate the PWR hot leg
flow resistance of approximately 32.5. A vent path was also established be­
tween the top of the downcomer and the entralnment separator to prevent over- 
pressurIzatlon In the downcomer. F a c i l i t y  operation was e sse n t ia l ly  the same
as that In forced reflood tes ts .

Since neither the steam generators nor the upper plenum l iq u id  fa llback  are 
simulated, the bundle and downcomer response Is expected to be s im ila r to but 
not exactly the same as that In a systems e ffe c t  te s t .

4-4. FACILITY COMPONENT DESCRIPTION

The various components of the 163-rod blocked bundle tes t f a c i l i t y  are des­
cribed In paragraphs 4-5 through 4-13. Detailed drawings of the various 
components are shown In appendix C. The data acqu is it ion  systems and In s t ru ­

mentation are described In paragraphs 4-14 through 4-26.

4-5. Heater Rod Bundle

As shown by the cross-section In f igu re  4-2, the bundle was composed of 163 
heater rods (101 uninstrumented and 62 Instrumented), 14 thimbles (13 In ­

strumented), 8 so l id  tr iangu la r f i l l e r  rods ( f ig u re  C-1), 8 FLECHT-type grids 

( f ig u re  C-2), and 40 blockage sleeves.

The heater rod design was esse n tia l ly  Iden tica l to the design successfully 
used for configurations E and F In the 21-rod bundle test program. Details of 
the heater rod design are shown In f igu re  C-3. A minor change was Incorpor­

ated by chamfering the rod sheath at the ends to f a c i l i t a t e  In s ta l l in g  the 
0-r1ng seals over the rods. The thermophysical properties of the heater rod 

materials are l is te d  In table 4-1.

0040X:1/081283 4-5



4 5 8 3 B -2

A B C D E F G H  I J K L M N O

1

2

3

4

5

6

7

8 

9

10

11

12

13

14

15
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TABLE 4-1
THERMOPHYSICAL PROPERTIES OF HEATER ROD MATERIALS

Mater ial
Density 

[kg/m^ (1b m/ f t^) ]
Speci f ic  Heat 

[3 /kg -*C  (B tu / lbm -*F ) ]

Thermal 
Conductivity  

[W/ro-«C ( B t u / h r - f t - * F ) ]

Kantha! 2898.70
(180.96)

Boron
n i t r i d e

Stainless

2212.15
(138.1)

8025.25
(501.0)

456.36 +0.45674 T 
for T < 649*C

(0.109 + 0.000059 T 
for T < 1200*F)

4161.68 -  3.843 T 
for 649*C < T < 871*C

(0.994 -  0.00051 T 
for 1200*F < T < 1600"F)

664.86 + 0.0904 T 
for T > 871*C

(0.1588 + 0.000012 T 
for T > 1600“F)

2017.74 -  1396.26 e-0-00245 j  
[0 .48193-0.33492 eO-0013611 j

443.8 + 0.2888 T 
for T < 315“C

(0.106 + 3.833 X 10-5 T 
for T < 599.25"F)

484.4 + 0.1668 T 
for T > 315*0

(0.1157 + 2.2143 X 10‘ 5 T 
for T > 599.25*F)

16.784 + 0.0134 T 
(9 .7  ♦ 0.0043 T)

25.571 -  0.00276 T 
(14.7778 -  0.0008889 T)

14.535 + 0.01308 T 
(8 .4  + 0.0042 T)
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A major Improvement over the 161-rod unblocked bundle heater rod design was 
the Incorporation of larger diameter [1 .0  mm (0.040 I n . ) ]  thermocouples. This 
helped to minimize the p o s s ib i l i t y  of thermocouple damage due to handling and 
thus minimized thermocouple fa i lu re s  during tes t in g . To accommodate th is  
change, the heater element c o l l  diameter and wire diameter were decreased so 
that heater element e le c t r ic a l  Iso la t io n  could be maintained.

As In the 21-rod bundle tes t program, a l l  heater rods were annealed a f te r  
manufacture a t low temperatures [4S0**C (842*^F) fo r 60 hours] to remove the 
residual stresses. The annealing process was believed to reduce premature 
thermocouple fa i lu re  by counteracting grain s truc ture  embrittlement caused by 

cold working of the thermocouples during the manufacturing p r o c e s s . A n  
In frared scan of each heater rod was also performed by Oak Ridge National 
Laboratory (ORNL) to check heater c o l l  In te g r i ty  and density of boron n i t r id e  
Insu la t ion . These two procedures were Incorporated Into the 163-rod blocked 
bundle tes t program, as In the 21-rod bundle tes t program, to e lim inate the 
heater rod fa i lu re s  and thermocouple fa i lu re s  which had occurred In the 161- 

rod unblocked bundle tes ts . An add it iona l problem concerning the low Iso la ­
t io n  resistance In the rod thermocouples was discovered and resolved during 
heater rod Inspection for the 163-rod bundle, as described In appendix 0.
These procedures were successful; heater rod thermocouple fa i lu re s  were 
minimal (approximately 3.5 percent) during the tes t program.

Although one heater rod was found to be defective a f te r  bundle In s ta l la t io n ,  
the cause of the defect Is not believed to have been re la ted to anything de­
tectab le  by ORNL Infrared scan. The rod In question was an uninstrumented 
dual-diameter heater rod located next to a f i l l e r  rod at the outer periphery 
of the bundle ( loca tion  A-10 In f igu re  4-2). The rod exhibited low Iso la t ion  
resistance, which was most l i k e ly  due to moisture penetration at one end where 

the seal plug was found to be de fective . The rod was disconnected for a l l  
matrix tests to preclude the p o s s ib i l i t y  of a catastrophic fa i lu re  which might 
damage other nearby rods or the housing pressure boundary. Since the rod was

1. McCulloch, R. W., et a l . .  Proceedings of the In te rna tiona l Symposium on 
Fuel Rod Simulators - Development and App lica tion . Gatllnburg, TN, October 
1980, pp 435-439.
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located at the periphery of the bundle, the e f fe c t  of disconnecting the rod 

was n e g lig ib le .

The eight tr iangu la r f i l l e r  rods In the bundle were s p l i t  and pin-connected to 

each other midway between grids to accommodate thermal growth, and welded to 
the grids to maintain the proper g r id  loca tion . The f i l l e r  rods reduced the 
amount of excess flow area In the housing and also supported tes t bundle In ­
strumentation leads. The excess flow area was approximately 4.7 percent with 
the f i l l e r s  (9.3 percent without the f i l l e r s ) .  Bundle assembly and f i l l e r  rod 
de ta ils  are shown In figures C-4 and C-1.

The grid  design used In the 163-rod blocked bundle was s im ila r to that u t i l ­
ized In the 161-rod unblocked bundle. In the 163-rod bundle, the g r id  straps 
were lengthened s l ig h t ly  and notched ( f ig u re  C-2, section A-A) to accommodate 
routing of unshielded and s e lf -a sp ira t in g  steam probe thermocouple leads. The 
gr id  design and f i l l e r  rod design are shown In a photograph of the bundle 
during assembly ( f ig u re  4-3).

The 12.0 mm (0.474 In . )  diameter thimbles and steam probes ( f igures  C-5 
through C-9) were modified somewhat from the 161-rod unblocked bundle design. 
The wall thickness was Increased from 0.S6 mm (0.022 In . )  to 0.76 mm (0.030 
In . )  to provide a th icker wall to which to weld the thermocouples. A s p l i t  

c o l la r  was Incorporated to s im p lify  re ten tion  of the thimbles In the upper 
seal p la te . The thimble tube asp ira ting  steam probe which aspirates through 
the bottom of the bundle was redesigned to prevent thermocouple wetting (ap­
pendix E). Increased f l e x i b i l i t y  was provided In the thimble design such that 
a single thimble was capable of containing both an asp ira ting  steam probe and 
several wall thermocouples (f igures C-5 and C-6).

4-6. Flow Blockage Sleeves

The long nonconcentric blockage sleeve was selected fo r use In the 163-rod 

blocked bundle, based on the resu lts  of the 21-rod blocked bundle test 
p r o g r a m . T h i s  sleeve was projected to provide the poorest heat transfer

1. Loftus, M. J . ,  et a l . ,  "PWR FLECHT SEASET 21-Rod Bundle Flow Block'age Task 
Data and Analysis Report," NRC/EPRI/West1nghouse-ll, September 1982.
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Figure 4-3 .  Grid and F i l l e r  Rod in Bundle Assembly
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In the large blocked bundle (appendix A). The s tra in  fo r the blockage sleeve 
u t i l iz e d  In the 163-rod bundle te s t ,  as shown In f igu re  C-10, was 44 percent. 
The sleeves were manufactured by hydroforming (hydraulic expansion) 0.76 mm 

(0.030 In . )  th ick  tubing Into a mold. As w ith the heater rods, the blockage 
sleeves were annealed a f te r  hydroforming to remove residual stresses which 

might cause them to warp under thermal cyc ling .

Sleeves were attached to the rods by applying a weld bead to the heater rod 
sheath through a hole p re d r l l le d  In the sleeve wall at the downstream end.
The weld bead was high enough so that the sleeve could not s l id e  over I t .  
Figure 4-4 shows the blockage sleeves attached to the heater rods.

4-7. Test Section

The low mass housing, together w ith the lower and upper plenum, constitu ted 
the test section ( f ig u re  C-11). The low mass housing ( f ig u re  C-12) was a 
c y l in d r ic a l  vessel w ith a nominal Inside diameter of 0.1937 m (7.625 In . )  and 
a 5.1 ram (0.20 In . )  w a l l ,  constructed of 304 s ta in less steel rated for 0.41 
MPa (60 ps i)  at 815®C (1500®F). The wall thickness was the minimum allowed by 
the ASME pressure vessel code so that the housing would absorb, and hence 
release, the minimum amount of heat compared w ith the rod bundle. The Inside 
diameter of the housing was made as close to the rod bundle outer dimensions 
as possible to minimize excess flow area. The excess flow area was fu r the r 
reduced by the so lid  tr iangu la r f i l l e r s .  Volumetric checks were performed on 

the tes t section w ith the rod bundle In place to determine the flow area, as 
shown In table 4-2. The housing had two commercially manufactured sight 

glasses located 180 degrees apart at the 0.91, 1.83, and 2.74 m (36, 72, and 
108 In . )  elevations for viewing and photographic studies. The s ight glass 
con figuration allowed back lighting fo r photographic studies. The sight 
glasses were f i t t e d  with clamp-on heaters to ra ise the quartz temperature to 
approximately 260®C (500®F); th is  prevented formation of a l iq u id  f i lm  on the 
windows during a tes t run.

To help elim inate thermal buckling and d is to r t io n ,  the tes t section was sup­
ported from the upper plenum to permit the housing to fre e ly  expand downward
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Figure 4-4. Blockage Sleeves Attached to Heater Rod

4-12



TABLE 4-2

163-ROD BUNDLE FLOW AREA

Nominal 
Elevation 
[m ( I n . ) ]

Actual 
Elevation 

[m ( I n . ) ]

Volume
Collected

(ml)
Flow Area 

Im  ( in . ^ ) ]

0-0 30 (0-12) 0.038 (1.5) 4480 0.01534 (23.77)
0.30-0.61 (12-24) 0.599 (23.6) 5000 0.01627 (25.21)
0.61-0.91 (24-36) 0.904 (35.6) 5050 0.01657 (25.68)
0.91-1.22 (36-48) 1.21 (47.6) 4922 0.01615 (25.03)
1.22-1.52 (48-60) 1.52 (59.7) 4933 0.01605 (24.88)
1.52-1.83 (60-72) 1.82 (71.6) 4835 0.01599 (24.79)
1.83-2.13 (72-84) 2.12 (83.6) 4650 0.01525 (23.64)
2.13-2.44 (84-96) 2.43 (95.6) 4927 0.01616 (25.05)
2.44-2.74 (96-108) 2.733 (107.6) 4860 0.01594 (24.71)

2.74-3.05 (108-120) 3.035 (119.5) 4855 0.01606 (24.89)

3.05-3.35 (120-132) 3.343 (131.6) 4690 0.01526 (23.65)

3.35-3.57 (132-140.4) 3.564 (140.3) 3456 0.01564 (24.24)

AVERAGE 0.01588 (24.62)
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as I t  heated up. A la te ra l  support s truc tu re  ( f ig u re  C-13) was Ins ta l led  to 
r e s t r i c t  housing bowing.

The sta in less steel upper plenum (f ig u re  C-14) provided the I n i t i a l  phase
separation fo r the two-phase flow e x it in g  the heater rod bundle, as shown In
f igu re  4-5. The flow expansion from the bundle flow area of approximately 

2 20.0159 m (24.6 In. ) to the upper plenum cross-sectional area of 0.274 
2 2m (424 In. ) decelerated the two-phase flow such that the water droplets 

could no longer be suspended. The water was co llected at the bottom of the 
upper plenum and prevented from flowing back In to  the bundle by the upper 
plenum housing extension ( f ig u re  C-11). A flow hole In the bottom of the 
upper plenum allowed water to drain In to the carryover tank. The two-phase 
flow was fu r the r separated by means of the upper plenum b a f f le .

Flow was Injected In to  the sta in less steel lower plenum ( f ig u re  C-15) and 
entered the housing through the lower plenum housing extension ( f ig u re  C-11), 
which contained 162 9.7 mm (0.38 In . )  diameter holes to provide a uniform flow 
d is t r ib u t io n  Into the rod bundle.

4-8. Carryover Vessel

The function of the carryover vessel was to c o l le c t  l iq u id  which flowed out of 
the bundle and was deentrained In the upper plenum. The vessel was fabricated 
from 0.15 m (6 In . )  diameter carbon steel pipe and f i t t i n g s  ( f ig u re  C-16). I ts  
capacity was Increased by 22 percent over that of the unblocked f a c i l i t y  ves­
se l, which was undersized, to accommodate add it iona l water carryover volume.

4-9. Entralnment Separator

The entralnment (steam) separator was designed to remove any remaining water 
droplets In the two-phase flow e x i t in g  the upper plenum so that a meaningful 
single-phase flow measurement could be obtained by an o r i f ic e  p la te  flowmeter 

located downstream of the separator. The separator was the same vessel u t i l ­

ized In the 161-rod unblocked bundle tes t program (f ig u re  C-17). I t  was fab­
r ica ted from 0.30 m (12 In . )  diameter standard weight carbon steel pipe w ith a 

3 3volume of 0.22 m (7.8 f t  ). The separator u t i l iz e d  cen tr i fug a l action to
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force the heavier moisture against the w a ll .  The water was co llected In a 
drain tank connected to the bottom of the separator. The drain tank was fab­
ricated from 0.76 m (3 In . )  diameter standard weight pipe w ith a volume of

3 3approximately 0.01 m (0.36 f t  ).

4-10. Exhaust Line

Test section e f f lu e n t  discharged to the atmosphere through the exhaust l in e  
p ip ing. A 0.13 m (5 In . )  diameter flanged nozzle penetration on the upper 
plenum provided the attachment point fo r the exhaust l in e  p ip ing. Sandwiched 
between the two mating flanges was a 13 mm (0.5 In . )  th ick  p la te  which served 
as a s tru c tu ra l attachment for an In terna l 0.76 m (3 In . )  diameter b a f f le  pipe 
assembly ( f ig u re  4-5). The b a ff le  served to Improve l iq u id  carryout separa­
t ion  and minimize l iq u id  entralnment In to  the exhaust vapor. A fte r passing 
through the upper plenum b a f f le  pipe, the vapor and remaining water droplets 
were separated In the entralnment separator and the exhaust vapor flowed 
through a 0.10 m (4 In . )  diameter flanged o r i f i c e  section before exhausting to 

the atmosphere through an air-operated backpressure control valve. Piping 
upstream of the o r i f ic e  section was heated w ith  clamp-on s t r ip  heaters to 
assure single-phase steam flow measurement at the o r i f ic e  p la te . Steam probes 
were located In the exhaust l in e  Immediately upstream and downstream of the 
entralnment separator.

Although the exhaust l in e  components were s im ila r  to those used In the 161-rod 
unblocked bundle f a c i l i t y ,  the pip ing size and arrangement was changed to en­
sure adequate flow capacity and avoid re s tra in ts  Imposed by the new f a c i l i t y  
loca tion . Exhaust p ip ing de ta ils  are shown In f igu re  C-18.

4-11. Coolant In je c t io n  System

The coolant In je c t io n  system provided re flood water to quench the heater rod
3

bundle. In b r ie f ,  coolant In jec t ion  water was supplied by two 0.757 m 
(200 ga l) water supply vessels through a series of flowmeters and valves. 
Nitrogen overpressure on the water supply tanks provided the necessary d r iv in g  
head to a t ta in  the required In je c t ion  ra tes. A re c irc u la t io n  pump and Immer­
sion heater vessel were used to bring the water and In je c t ion  pip ing to the
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uniform specified temperature p r io r  to te s t in g .  The two water supply tanks 
and an Immersion heater vessel were ex is t in g  components; p ip ing from these 

components was modified to s u it  f a c i l i t y  requirements.

Constant or stepped In jec t ion  flow was accomplished by the proper sequencing 
of solenoid valves, which were located In a p ip ing manifold arrangement. Flow 
to the tes t section was contro lled by means of an air-operated valve, pro­
grammed through a demand signal from the computer w ith feedback supplied by 
the turb ine flowmeter. Two turbine meters were used for flow measurement, one

whose range was 3.8 X 10“  ̂ to 3.8 X 10"^ m^/sec (0.6 to 60 gal/m ln) fo r
-5 -3forced f looding tes ts , and one whose range was 9.5 X 10 to 9.5 X 10 

m^/sec (1.5 to 150 gal/mln) fo r g ra v ity  re flood tes ts . A 1.27 X 10'^
3

m /sec (200 gal/mln) b id ire c t io n a l turbo-probe was Ins ta l led  In the down­
comer crossover leg fo r g rav ity  re flood tests to measure flow Into the test 
section; however, the meter was found to be defective and could not be re ­
paired p r io r to tes t in g . Instead, flow In to  the tes t section was determined 
from a mass Inventory In the downcomer and the known flooding ra te  In to  the 
downcomer.

4-12. Downcomer and Crossover Leg

The downcomer and crossover leg were connected to the tes t section lower plen­

um fo r g rav ity  reflood tes ts . The downcomer and crossover leg were fabricated 
from 0.13 m (5 In . )  diameter sta in less steel pipe w ith a 90-degree-long radius 
elbow, a spec ia lly  designed spool piece fo r Insertion  of the turbo-probe f low ­
meter, and a f le x ib le  stain less steel expansion jo in t .  The expansion jo in t  
connected the crossover leg to the lower plenum and allowed fo r thermal growth 
of the test section re la t iv e  to the downcomer. The horizonta l crossover leg 
was 2.29 m (90 In . )  long and the v e r t ic a l  downcomer was approximately 6.10 m 
(240 In . ) .  A 0.38 m (1.5 In . )  diameter nozzle located In the elbow of the 
downcomer was used to In je c t the coolant water from the water supply system. 
The downcomer and crossover leg pip ing are shown In figu re  C-19.
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4-13. F a c i l i t y  Heating B o i le r

The bo ile r  was a Relmers E le c tr ic  steam b o i le r  w ith a steam capacity o f ap­

proximately 1.51 X 10"^ kg/sec (125 lb /h r )  at 100*C (212*F). The b o i le r  was 
used to pressurize the f a c i l i t y  and pretest f a c i l i t y  heatup. This was accomp­
lished by valving the bo ile r Into the upper plenum of the tes t section.

A solenoid valve was used to Iso la te  the b o i le r  from the tes t f a c i l i t y  at 
I n i t ia t io n  of te s t in g , at which time the steam generated In the te s t section 
In combination w ith the control valve In the exhaust l in e  was s u f f ic ie n t  to 
maintain f a c i l i t y  pressure. The same bo ile r was used for the 21-rod bundle 
tes t program.

4-14. DATA ACQUISITION AND PROCESSING SYSTEM

Three types of systems monitored the Instrumentation and recorded data on the 
FLECHT SEASET 163-rod blocked bundle tes t f a c i l i t y :  a Computer Data Acqui­

s i t io n  System (CDAS), the Fluke Data Logger, and f iv e  Texas Instruments s t r lp -  
chart pen recorders.

4-15. Computer Data Acquis ition System

The CDAS, the primary data c o l le c t in g  system used on the FLECHT SEASET f a c i l ­
i t y ,  consisted of an SEL 32/77 minicomputer and A/D fro n t end converters. The 
system could monitor, co n tro l,  and record 576 channels of analog Input data 
representing bundle and system temperatures, bundle powers, flows, and abso­

lu te  and d i f fe r e n t ia l  pressures.

The Important con tro l function Included I n i t i a t io n  and contro l of re flood flow 
and bundle power by means of D/A converter and computer contact closure out­
puts, termination of bundle power In the event of a heater rod over temperature 
or bundle overpower condition , and termination of tes t when a l l  thermocouples 
had reached a designated termination temperature.

T yp ica l ly ,  each data channel was recorded once every second u n t i l  f lood, then 
once every half-second for 200 seconds, and then back to once every second
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thereafter to a maximum of 2300 seconds. The computer was capable of storing 
approximately 2500 data scans for each of the 576 analog Input channels.

The computer software had the fo llow ing features:

0 A ca l ib ra t io n  f i l e  to convert raw data Into engineering un its

0 Local as well as remote (at the tes t loop) CRT console display
ca p a b il i t ie s  which provided c r i t i c a l  loop parameters during 
tes t ing , such as hottest rod temperature, test section le ve l,  
flooding ra te , and bundle power

0 A prelim inary data reduction program (OASTP.P) which trans­
ferred the raw data stored on disk to a magnetic tape. In a 
format compatible for entry Into the Control Data Corporation 
7600 computer

0 Posttest data reduction for analyzing and determining Imme­
d ia te ly  whether a test performed according to spe c if ica t ion s .
Among these programs were a system mass balance program 
(MASBAL.B), a data va l ida tion  program (DATVAL.B) which provided 
s ta t is t ic a l  Information on key data channels, and a p r in t /p lo t  
program (PRTPLT.P) which could e ithe r p r in t  or p lo t  any desired 
data channel In engineering un its .

Figure 4-6 shows the hardware Interfaces of the CDAS.

4-16. Fluke Data Logger

The Fluke data logger had 60 channels of analog Input used for monitoring loop 
heatup and to aid In equipment troubleshooting. The un it  served p r im ar i ly  as 
backup to the computer and meters on the operator Instrument and control con­
sole. The Fluke was u t i l iz e d  Infrequently  during the 163-rod blocked bundle 
test program.

4-17. Multlple-Pen S tr lpchart Recorders

Five Texas Instruments s tr lp cha r t recorders were used to record bundle power; 

selected bundle steam probe and heater rod thermocouple readings; reflood tu r ­

bine meter flows; accumulator, separator drain tank, housing, and carryover 

tank leve ls ; and exhaust o r i f ic e  and d i f fe re n t ia l  pressures. These recorders

0040X:1/081283 ^-19



I
roO

MODEM 
COMMUNICATIONS ^  

LINK
CRT CRTCRT

DISK STORAGE 
(80 MEGABYTE)

MAGNETIC
TAPE

800/1600
BPI

LINE PRINTER 
(600 LPM, 

136 COLUMNS)

SEL 32/77 
(1 MEGABYTE 

MEMORY)

A/D CONVERTERS

T/Cs POWER FLOW D/Pi SOLENOIDS POWER FLOW DIGITAL
CONTROL CONTROL INPUTS

Figure 4-6. FLECHT SEASET Computer Hardware Interface for 163-Rod Blocked 
Bundle F a c i l i t y

■(k
cn
00
Ca>
CD



gave the loop operators and tes t d irec to rs  Immediate Information on test prog­
ress and warning In the event of system anomalies. A s ing le recorder Ind ica­
t in g  selected bundle asp ira ting  steam probe temperatures was u t i l iz e d  during 
tes t ing  to Indicate when thermocouples quenched, so that vent l ines to ambient 
could bo closed. The s tr lp ch a r t  recorders were also u t i l iz e d  during f a c i l i t y  

heatup when the computer was not ava ilab le .

4-18. INSTRUMENTATION

The Instrumentation on the 163-rod blocked bundle f a c i l i t y  was designed to 
measure temperature, power, f low , f lu id  le ve l,  and pressure. The temperature 
data were measured by type K, Chromel-Alumel, ungrounded thermocouples using 
66®C (150*f) reference junc tions .

Power Input to the bundle heater rods was measured by H a l l -e f fe c t  watt trans­
ducers, which produced a d ire c t  current e le c t r ic a l  output proportional to 
power Input. The voltage and current Input to the watt transducers was scaled 
down by transformers so that the range of the watt transducers matched the 
bundle power. The scaling fac to r of the transformers was accounted for when 
the raw data {m i l l i v o l t s )  were converted to engineering u n its .

Reflood In jec t ion  flow was measured by turbine meters. The turb ine meter was 
connected to a pream plif ie r and flow rate monitor fo r conversion of turbine 
blade pulses Into flow rate In engineering un its .  C a lib ra tion  of the turbine 
meter by the manufacturer provided for data conversion to volumetric flows fo r 
the turbine meter analog s ignal.

System s ta t ic  and d i f fe re n t ia l  pressures were measured w ith Rosemount model 
1151 pressure transm itte rs . The d i f fe re n t ia l  pressure transm itte rs  measured 
water level In the vessels, bundle pressure drops, and pressure drops across 
o r i f ic e  sections and other system components.

Standard thermocouple ca l ib ra t io n  table en tr ies and the corresponding coef­

f ic ie n ts  were used to compute the temperature values. A l l  other channel c a l i ­
bration f i le s  were s t ra ig h t - l in e  In terpo la tions of c a l ib ra t io n  data. The 
slope. In tercept, and zero for the least-squares f i t  of a s tra ig h t l ine  to the
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equipment c a l ib ra t io n  data were computed fo r each channel and entered In to  I ts  
c a l ib ra t io n  f i l e .  The CDAS software used th is  s t ra ig h t - l in e  formula to con­
vert m i l l i v o l t s  to engineering un its .

4-19. Loop Instrumentation

Figure 4-7 shows schematically the forced and g ra v ity  reflood tes t loop In ­
strumentation arrangement. Forty-seven computer channels were assigned to the 
co l le c t io n  of temperature, flow, and pressure data throughout the loop, exclu­
sive of the Instrumentation found In the upper and lower plenums and bundle.

The loop Instrumentation, as l is te d  In table 4-3 s ta r t in g  at channel 503, 
Included 11 f lu id  and vapor thermocouples, 19 wall thermocouples, 3 turbine 
meters, 11 d i f fe re n t ia l  pressure c e l ls ,  and 3 absolute pressure c e l ls .

The 11 f lu id  thermocouples were placed In the water supply systems (channels 
534 and 535), the In je c t ion  l in e  (channel 536), the exhaust l in e  (channel 
533), the carryover tank (channel 522), the steam separator (channel 526), the 
steam separator drain tank (channel 524), and In g ra v ity  reflood tes ts ,  the 
downcomer (channel 538) and the crossover leg (channel 537). The f lu id  
thermocouples were u t i l i z e d  to measure the temperature of e ither stored or 
Injected flow. Two thermocouples (channels 528 and 530) were u t i l iz e d  In 
asp ira ting  steam probes placed In the elbows of the exhaust l in e  on e ithe r 
side of the steam separator. These steam probes were designed to measure 
vapor nonequlllbrlum In the test section e x i t  and the desuperheating e f fe c t  of 
the steam separator. This steam probe was s im ila r to that used In the 21-rod 

bundle tes t series.

The 19 wall thermocouples monitored by the computer were placed on the ca rry ­
over tank (channel 523), steam separator (channel 527), steam separator drain 
tank (channel 525), exhaust l in e  (channels 529, 531, and 532), and housing, 
and In g rav ity  re flood tes ts , the crossover leg (channel 539). This In s t ru ­
mentation was u t i l i z e d  to control the heatup period such that I n i t i a l  compo­

nent wall temperatures were at saturation and to estimate the heat release 

from the f lu id  to the loop components during the te s t .  Nine housing wall 
thermocouples (channels 503-511) and three housing Insu la tion  thermocouples
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TABLE 4-3

BUNDLE INSTRUMENTATION LOCATIONS AND COMPUTER CHANNELS

1 BUNDLE HEATER ROD TEMPERATURE H R - T / C 1 2 . 0 0 5 J
2 BUNDLE HEATER ROD TEMPERATURE H R - T / C 1 2 . 0 0 7B
3 BUNDLE HEATER ROD TEMPERATURE H R - T / C 1 2 . 0 0 9G
A BUNDLE HEATER ROD TEMPERATURE H R - T / C 2 4 . 0 0 3 J
5 BUNDLE HEATER ROD TEMPERATURE H R - T / C 2 4 . 0 0 7B
6 BUNDLE HEATER ROD TEMPERATURE H R - T / C 2 4 . 0 0 lOH
7 BUNDLE HEATER ROD TEMPERATURE H R - T / C 3 9 . 0 0 4 J
8 BUNDLE HEATER ROD TEMPERATURE H R - T / C 3 9 . 0 0 9C
9 BUNDLE HEATER ROD TEMPERATURE H R - T / C 3 9 . 0 0 9G

10 BUNDLE HEATER ROD TEMPERATURE H R - T / C 3 9 . 0 0 12F
11 BUNDLE HEATER ROD TEMPERATURE H R - T / C 4 8 . 0 0 3 J
12 BUNDLE HEATER ROD TEMPERATURE H R - T / C 4 8 . 0 0 7H
13 BUNDLE HEATER ROD TEMPERATURE H R - T / C 4 8 . 0 0 8K
lA BUNDLE HEATER ROD TEMPERATURE H R - T / C 4 8 . 0 0 8N
15 BUNDLE HEATER ROD TEMPERATURE H R - T / C 4 8 . 0 0 9L
16 BUNDLE HEATER ROD TEMPERATURE H R - T / C 4 8 . 0 0 6E
17 BUNDLE HEATER ROD TEMPERATURE H R - T / C 4 8 . 0 0 12D
18 BUNDLE HEATER ROD TEMPERATURE H R - T / C 6 0 . 0 0 3H
19 BUNDLE HEATER ROD TEMPERATURE H R - T / C 6 0 . 0 0 4 J
2 0 BUNDLE HEATER ROD TEMPERATURE H R - T / C 6 0 . 0 0 5E
21 BUNDLE HEATER ROD TEMPERATURE H R - T /C 6 0 . 0 0 7G
22 BUNDLE HEATER ROD TEMPERATURE H R - T / C 6 0 . 0 0 8D
23 BUNDLE HEATER ROD TEMPERATURE H R - T / C 6 0 . 0 0 8K
2A BUNDLE HEATER ROD TEMPERATURE H R - T / C 6 0 . 0 0 9G
25 BUNDLE HEATER ROD TEMPERATURE H R - T / C 6 0 . 0 0 111
26 BUNDLE HEATER ROD TEMPERATURE H R - T / C 6 0 . 0 0 12F
27 BUNDLE HEATER ROD TEMPERATURE H R - T / C 6 0 . 0 0 12L
2 8 BUNDLE HEATER ROD TEMPERATURE H R - T /C 6 7 . 0 0 21
29 BUNDLE HEATER ROD TEMPERATURE H R - T / C 6 7 . 0 0 3H
30 BUNDLE HEATER ROD TEMPERATURE H R - T / C 6 7 . 0 0 3 J
31 BUNDLE HEATER ROD TEMPERATURE H R - T / C 6 7 . 0 0 3K
32 BUNDLE HEATER ROD TEMPERATURE H R - T / C 6 7 . 0 0 4 J
33 BUNDLE HEATER ROD TEMPERATURE H R - T / C 6 7 . 0 0 5E
3A BUNDLE HEATER ROD TEMPERATURE H R - T / C 6 7 . 0 0 5F
35 BUNDLE HEATER ROD TEMPERATURE H R - T / C 6 7 . 0 0 5H
36 BUNDLE HEATER ROD TEMPERATURE H R - T / C 6 7 . 0 0 5H
37 BUNDLE HEATER ROD TEMPERATURE H R - T / C 6 7 . 0 0 51
38 BUNDLE HEATER ROD TEMPERATURE H R - T / C 6 7 . 0 0 5M
39 BUNDLE HEATER ROD TEMPERATURE H R - T / C 6 7 . 0 0 6D
AO BUNDLE HEATER ROD TEMPERATURE H R - T / C 6 7 . 0 0 7B
Al BUNDLE HEATER ROD TEMPERATURE H R - T / C 6 7 . 0 0 7D
A2 BUNDLE HEATER ROD TEMPERATURE H R - T / C 6 7 . 0 0 7G
A3 BUNDLE HEATER ROD TEMPERATURE H R - T / C 6 7 . 0 0 7K
AA BUNDLE HEATER ROD TEMPERATURE H R - T / C 6 7 . 0 0 8E
A5 BUNDLE HEATER ROD TEMPERATURE H R - T / C 6 7 . 0 0 8G
A6 BUNDLE HEATER ROD TEMPERATURE H R - T / C 6 7 . 0 0 9G
A7 BUNDLE HEATER ROD TEMPERATURE H R - T /C 6 7 . 0 0 9K
A8 BUNDLE HEATER ROD TEMPERATURE H R - T / C 6 7 . 0 0 111
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TABLE 4-3 (c o n t)

BUNDLE INSTRUMENTATION LOCATIONS AND COMPUTER CHANNELS

A9 BUNDLE HEATER ROD TEMPERATURE H R - T / C 6 7 . 0 0 I I K
5 0 BUNDLE HEATER ROD TEMPERATURE H R - T /C 6 9 . 0 0 6 J
51 BUNDLE HEATER ROD TEMPERATURE H R - T / C 6 9 . 0 0 9F
52 BUNDLE HEATER ROD TEMPERATURE H R - T / C 6 9 . 0 0 9H
53 BUNDLE HEATER ROD TEMPERATURE H R - T / C 6 9 . 0 0 12F
5 4 BUNDLE HEATER ROD TEMPERATURE H R - T /C 6 9 . 0 0 5 J
55 BUNDLE HEATER ROD TEMPERATURE H R - T / C 6 9 . 0 0 I I J
56 BUNDLE HEATER ROD TEMPERATURE H R - T / C 6 9 . 0 0 13H
57 BUNDLE HEATER ROD TEMPERATURE H R - T / C 7 0 . 0 0 3K
58 BUNDLE HEATER ROD TEMPERATURE H R - T /C 7 0 . 0 0 6L
59 BUNDLE HEATER ROD TEMPERATURE H R - T /C 7 0 . 0 0 7G
6 0 BUNDLE HEATER ROD TEMPERATURE H R - T / C 7 0 . 0 0 l i e
61 BUNDLE HEATER ROD TEMPERATURE H R - T / C 7 0 . 0 0 13G
62 BUNDLE HEATER ROD TEMPERATURE H R - T / C 7 1 . 0 0 7F
6 3 BUNDLE HEATER ROD TEMPERATURE H R - T /C 7 1 . 0 0 l O J
6 4 BUNDLE HEATER ROD TEMPERATURE H R - T /C 7 1 . 0 0 4G
65 BUNDLE HEATER ROD TEMPERATURE H R - T / C 7 1 . 0 0 l i e
66 BUNDLE HEATER ROD TEMPERATURE H R - T / C 7 2 . 0 0 7M
67 BUNDLE HEATER ROD TEMPERATURE H R - T /C 7 2 . 0 0 21
68 BUNDLE HEATER ROD TEMPERATURE H R - T /C 7 2 . 0 0 3H
69 BUNDLE HEATER ROD TEMPERATURE H R - T / C 7 2 . 0 0 3 J
70 BUNDLE HEATER ROD TEMPERATURE H R - T /C 7 2 . 0 0 5D
71 BUNDLE HEATER ROD TEMPERATURE H R - T /C 7 2 . 0 0 5H
72 BUNDLE HEATER ROD TEMPERATURE H R - T /C 7 2 . 0 0 51
73 BUNDLE HEATER ROD TEMPERATURE H R - T /C 7 2 . 0 0 5M
74 BUNDLE HEATER ROD TEMPERATURE H R - T /C 7 2 . 0 0 6 J
75 BUNDLE HEATER ROD TEMPERATURE H R - T /C 7 2 . 0 0 6L
76 BUNDLE HEATER ROD TEMPERATURE H R - T /C 7 2 . 0 0 9D
77 BUNDLE HEATER ROD TEMPERATURE H R - T /C 7 2 . 0 0 9K
78 BUNDLE HEATER ROD TEMPERATURE H R - T /C 7 2 . 0 0 9M
79 BUNDLE HEATER ROD TEMPERATURE H R - T /C 7 2 . 0 0 101
8 0 BUNDLE HEATER ROD TEMPERATURE H R - T /C 7 2 . 0 0 H E
81 BUNDLE HEATER ROD TEMPERATURE H R - T /C 7 2 . 0 0 12L
82 BUNDLE HEATER ROD TEMPERATURE H R - T /C 7 3 . 0 0 5L
8 3 BUNDLE HEATER ROD TEMPERATURE H R - T /C 7 3 . 0 0 7B
84 BUNDLE HEATER ROD TEMPERATURE H R - T /C 7 3 . 0 0 7D
85 BUNDLE HEATER ROD TEMPERATURE H R - T /C 7 3 . 0 0 8K
86 BUNDLE HEATER ROD TEMPERATURE H R - T /C 7 3 . 0 0 8N
87 BUNDLE HEATER ROD TEMPERATURE H R - T /C 7 3 . 0 0 I I F
8 8 BUNDLE HEATER ROD TEMPERATURE H R - T /C 7 3 . 0 0 3K
89 BUNDLE HEATER ROD TEMPERATURE H R - T /C 7 3 . 0 0 4 J
9 0 BUNDLE HEATER ROD TEMPERATURE H R - T /C 7 3 . 0 0 7K
91 BUNDLE HEATER ROD TEMPERATURE H R - T /C 7 3 . 0 0 9D
92 BUNDLE HEATER ROD TEMPERATURE H R - T /C 7 3 . 0 0 12D
9 3 BUNDLE HEATER ROD TEMPERATURE H R - T /C 7 3 . 0 0 4G
94 BUNDLE HEATER ROD TEMPERATURE H R - T /C 7 3 . 0 0 l i e
95 BUNDLE HEATER ROD TEMPERATURE H R - T /C 7 3 . 0 0 I I J
96 BUNDLE HEATER ROD TEMPERATURE H R - T /C 7 4 . 0 0 7M
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97 BUNDLE HEATER ROD TEMPERATURE H R - T / C 7A.OO 8H
98 BUNDLE HEATER ROD TEMPERATURE H R - T / C 7 4 . 0 0 3 J
99 BUNDLE HEATER ROD TEMPERATURE H R - T / C 7 4 . 0 0 5H

100 BUNDLE HEATER ROD TEMPERATURE H R - T /C 7 4 . 0 0 5 J
101 BUNDLE HEATER ROD TEMPERATURE H R - T / C 7 4 . 0 0 5M
102 BUNDLE HEATER ROD TEMPERATURE H R - T / C 7 4 . 0 0 6G
103 BUNDLE HEATER ROD TEMPERATURE H R - T /C 7 4 . 0 0 6L
lOA BUNDLE HEATER ROD TEMPERATURE H R - T /C 7 4 . 0 0 9D
105 BUNDLE HEATER ROD TEMPERATURE H R - T / C 7 4 . 0 0 9E
106 BUNDLE HEATER ROD TEMPERATURE H R - T / C 7 4 . 0 0 9 J
107 BUNDLE HEATER ROD TEMPERATURE H R - T / C 7 4 . 0 0 H E
108 BUNDLE HEATER ROD TEMPERATURE H R - T /C 7 4 . 0 0 13G
109 BUNDLE HEATER ROD TEMPERATURE H R - T /C 7 4 . 0 0 13H
110 BUNDLE HEATER ROD TEMPERATURE H R - T /C 7 4 . 0 0 4G
111 BUNDLE HEATER ROD TEMPERATURE H R - T /C 7 5 . 0 0 8H
112 BUNDLE HEATER ROD TEMPERATURE H R - T / C 7 5 . 0 0 9C
113 BUNDLE HEATER ROD TEMPERATURE H R - T /C 7 5 . 0 0 I I F
l l A BUNDLE HEATER ROD TEMPERATURE H R - T /C 7 5 . 0 0 12D
115 BUNDLE HEATER ROD TEMPERATURE H R - T / C 7 5 . 0 0 3K
116 BUNDLE HEATER ROD TEMPERATURE H R - T /C 7 5 . 0 0 4 J
117 BUNDLE HEATER ROD t e m p e r a t u r e H R - T /C 7 5 . 0 0 6E
118 BUNDLE HEATER ROD TEMPERATURE H R - T /C 7 5 . 0 0 6H
119 BUNDLE HEATER ROD TEMPERATURE H R - T /C 7 5 . 0 0 7K
120 BUNDLE HEATER ROD TEMPERATURE H R - T /C 7 5 . 0 0 8 J
121 BUNDLE HEATER ROD TEMPERATURE H R - T /C 7 5 . 0 0 9D
122 BUNDLE HEATER ROD TEMPERATURE H R - T /C 7 5 . 0 0 9L
123 BUNDLE HEATER ROD TEMPERATURE H R - T /C 7 5 . 0 0 9M
12A BUNDLE HEATER ROD TEMPERATURE H R - T /C 7 5 . 0 0 4G
125 BUNDLE HEATER ROD TEMPERATURE H R - T /C 7 5 . 0 0 5M
126 BUNDLE HEATER ROD TEMPERATURE H R - T /C 7 5 . 0 0 6D
127 BUNDLE HEATER ROD TEMPERATURE H R - T /C 7 5 . 0 0 l i e
128 BUNDLE HEATER ROD TEMPERATURE H R - T /C 7 5 . 0 0 I I J
129 BUNDLE HEATER ROD TEMPERATURE H R - T /C 7 5 . 0 0 12L
130 BUNDLE HEATER ROD TEMPERATURE H R - T /C 6 0 . 0 0 51
131 BUNDLE HEATER ROD TEMPERATURE H R - T /C 7 6 . 0 0 6G
132 BUNDLE HEATER ROD TEMPERATURE H R - T /C 7 6 . 0 0 8K
133 BUNDLE HEATER ROD TEMPERATURE H R - T /C 7 6 . 0 0 101
13A BUNDLE HEATER ROD TEMPERATURE H R - T /C 7 6 . 0 0 I I H
135 BUNDLE HEATER ROD TEMPERATURE H R - T /C 7 6 . 0 0 12D
136 BUNDLE HEATER ROD TEMPERATURE H R - T /C 7 6 . 0 0 21
137 BUNDLE HEATER ROD TEMPERATURE H R - T /C 7 6 . 0 0 3H
138 BUNDLE HEATER ROD TEMPERATURE H R - T /C 7 6 . 0 0 5D
139 BUNDLE HEATER ROD TEMPERATURE H R - T /C 7 6 . 0 0 51
lAO BUNDLE HEATER ROD TEMPERATURE H R - T /C 7 6 . 0 0 5 J
l A l BUNDLE HEATER ROD TEMPERATURE H R - T /C 7 6 . 0 0 6 J
1A2 BUNDLE HEATER ROD TEMPERATURE H R - T /C 7 6 . 0 0 8 J
1A3 BUNDLE HEATER ROD TEMPERATURE H R - T /C 7 6 . 0 0 9D
lAA BUNDLE HEATER ROD TEMPERATURE H R - T /C 7 6 . 0 0 H E
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145 BUNDLE HEATER ROD TEMPERATURE H R - T / C 7 6 . 0 0 13G
146 BUNDLE HEATER ROD TEMPERATURE H R - T / C 7 7 . 0 0 6L
147 BUNDLE HEATER ROD TEMPERATURE H R - T / C 7 7 . 0 0 7D
148 BUNDLE HEATER ROD TEMPERATURE H R - T / C 7 7 . 0 0 8E
149 BUNDLE HEATER ROD TEMPERATURE H R - T / C 7 7 . 0 0 8H
150 BUNDLE HEATER ROD TEMPERATURE H R - T / C 7 7 . 0 0 9C
151 BUNDLE HEATER ROD TEMPERATURE H R - T / C 7 7 . 0 0 9K
152 BUNDLE HEATER ROD TEMPERATURE H R - T / C 7 7 . 0 0 I I G
153 BUNDLE HEATER ROD TEMPERATURE H R - T / C 7 7 . 0 0 121
154 BUNDLE HEATER ROD TEMPERATURE H R - T / C 7 7 . 0 0 3 J
155 BUNDLE HEATER ROD TEMPERATURE H R - T / C 7 7 . 0 0 5D
156 BUNDLE HEATER ROD TEMPERATURE H R - T / C 7 7 . 0 0 5H
157 BUNDLE HEATER ROD TEMPERATURE H R - T / C 4 8 . 0 0 8E
158 BUNDLE HEATER ROD TEMPERATURE H R - T / C 7 7 . 0 0 6G
159 BUNDLE HEATER ROD TEMPERATURE H R - T / C 7 7 . 0 0 6H
1 60 BUNDLE HEATER ROD TEMPERATURE H R - T / C 7 7 . 0 0 7H
161 BUNDLE HEATER ROD TEMPERATURE H R - T / C 7 7 . 0 0 8D
162 BUNDLE HEATER ROD TEMPERATURE H R - T / C 7 7 . 0 0 8 J
163 BUNDLE HEATER ROD TEMPERATURE H R - T / C 7 7 . 0 0 9D
164 BUNDLE HEATER ROD TEMPERATURE H R - T / C 7 7 . 0 0 9E
165 BUNDLE HEATER ROD TEMPERATURE H R - T / C 7 7 . 0 0 9 J
166 BUNDLE HEATER ROD TEMPERATURE H R - T / C 7 7 . 0 0 9M
167 BUNDLE HEATER ROD TEMPERATURE H R - T / C 7 7 . 0 0 4G
168 BUNDLE HEATER ROD TEMPERATURE H R - T / C 7 7 . 0 0 6D
169 BUNDLE HEATER ROD TEMPERATURE H R - T / C 7 7 . 0 0 l i e
170 BUNDLE HEATER ROD TEMPERATURE H R - T / C 7 7 . 0 0 I I J
171 BUNDLE HEATER ROD TEMPERATURE H R - T / C 7 8 . 0 0 7M
172 BUNDLE HEATER ROD TEMPERATURE H R - T / C 7 8 . 0 0 9H
173 BUNDLE HEATER ROD TEMPERATURE H R - T / C 7 8 . 0 0 I I F
174 BUNDLE HEATER ROD TEMPERATURE H R - T / C 7 8 . 0 0 8H
175 BUNDLE HEATER ROD TEMPERATURE H R - T / C 7 8 . 0 0 8N
176 BUNDLE HEATER ROD TEMPERATURE H R - T / C 7 8 . 0 0 9F
177 BUNDLE HEATER ROD TEMPERATURE H R - T / C 7 8 . 0 0 9K
178 BUNDLE HEATER ROD TEMPERATURE H R - T / C 7 8 . 0 0 lOH
179 BUNDLE HEATER ROD TEMPERATURE H R - T / C 7 8 . 0 0 I I H
18 0 BUNDLE HEATER ROD TEMPERATURE H R - T / C 7 8 . 0 0 121
181 BUNDLE HEATER ROD TEMPERATURE H R - T / C 7 8 . 0 0 21
182 BUNDLE HEATER ROD TEMPERATURE H R - T / C 7 8 . 0 0 3H
183 BUNDLE HEATER ROD TEMPERATURE H R - T / C 7 8 . 0 0 3K
184 BUNDLE HEATER ROD TEMPERATURE H R - T / C 7 8 . 0 0 5D
185 BUNDLE HEATER ROD TEMPERATURE H R - T / C 7 8 . 0 0 5E
186 BUNDLE HEATER ROD TEMPERATURE H R - T / C 7 8 . 0 0 5F
187 BUNDLE HEATER ROD TEMPERATURE H R - T / C 7 8 . 0 0 6 J
188 BUNDLE HEATER ROD TEMPERATURE H R - T / C 7 8 . 0 0 6L
189 BUNDLE HEATER ROD TEMPERATURE H R - T / C 7 8 . 0 0 7E
1 90 BUNDLE HEATER ROD TEMPERATURE H R - T / C 7 8 . 0 0 7H
191 BUNDLE HEATER ROD TEMPERATURE H R - T / C 7 8 . 0 0 7K
192 BUNDLE HEATER ROD TEMPERATURE H R - T / C 7 8 . 0 0 8 J
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193 BUNDLE HEATER ROD TEMPERATURE H R - T / C 7 8 . 0 0 9D
19A BUNDLE HEATER ROD TEMPERATURE H R - T / C 7 8 . 0 0 9E
195 BUNDLE HEATER ROD TEMPERATURE H R - T / C 7 8 . 0 0 9 J
196 BUNDLE HEATER ROD TEMPERATURE H R - T / C 7 8 . 0 0 9L
197 BUNDLE HEATER ROD TEMPERATURE H R - T / C 7 8 . 0 0 I I K
198 BUNDLE HEATER ROD TEMPERATURE H R - T / C 7 8 . 0 0 12L
199 BUNDLE HEATER ROD TEMPERATURE H R - T / C 7 8 . 0 0 13G
2 0 0 BUNDLE HEATER ROD TEMPERATURE H R - T / C 7 8 . 0 0 I I J
201 BUNDLE HEATER ROD TEMPERATURE H R - T /C 7 9 . 0 0 5L
2 0 2 BUNDLE HEATER ROD TEMPERATURE H R - T / C 7 9 . 0 0 6G
2 0 3 BUNDLE HEATER ROD TEMPERATURE H R - T / C 7 9 . 0 0 7D
20A BUNDLE HEATER ROD TEMPERATURE H R - T / C 7 9 . 0 0 8E
2 0 5 BUNDLE HEATER ROD TEMPERATURE H R - T /C 7 9 . 0 0 8G
2 0 6 BUNDLE HEATER ROD TEMPERATURE H R - T / C 7 9 . 0 0 8K
2 0 7 BUNDLE HEATER ROD TEMPERATURE H R - T / C 7 9 . 0 0 9C
2 0 8 BUNDLE HEATER ROD TEMPERATURE H R - T /C 7 9 . 0 0 9F
2 0 9 BUNDLE HEATER ROD TEMPERATURE H R - T /C 7 9 . 0 0 9G
2 1 0 BUNDLE HEATER ROD TEMPERATURE H R - T / C 7 9 . 0 0 9K
211 BUNDLE HEATER ROD TEMPERATURE H R - T / C 7 9 . 0 0 lOH
2 1 2 BUNDLE HEATER ROD TEMPERATURE H R - T / C 7 9 . 0 0 I I G
2 1 3 BUNDLE HEATER ROD TEMPERATURE H R - T / C 7 9 . 0 0 I I H
21A BUNDLE HEATER ROD TEMPERATURE H R - T / C 7 9 . 0 0 12D
2 1 5 BUNDLE HEATER ROD TEMPERATURE H R - T / C 7 9 . 0 0 12F
2 1 6 BUNDLE HEATER ROD TEMPERATURE H R - T / C 7 9 . 0 0 121
2 1 7 BUNDLE HEATER ROD TEMPERATURE H R - T / C 7 9 . 0 0 5F
2 1 8 BUNDLE HEATER ROD TEMPERATURE H R - T / C 7 9 . 0 0 6E
2 1 9 BUNDLE HEATER ROD TEMPERATURE H R - T / C 7 9 . 0 0 9L
2 2 0 BUNDLE HEATER ROD TEMPERATURE H R - T / C 7 9 . 0 0 111
2 21 BUNDLE HEATER ROD TEMPERATURE H R - T / C 7 9 . 0 0 13H
2 2 2 BUNDLE HEATER ROD TEMPERATURE H R - T / C 7 9 . 0 0 6D
2 2 3 BUNDLE HEATER ROD TEMPERATURE H R - T / C 7 9 . 0 0 l i e
I l k BUNDLE HEATER ROD TEMPERATURE H R - T / C 8 0 . 0 0 7M
2 2 5 BUNDLE HEATER ROD TEMPERATURE H R - T / C 8 0 . 0 0 9H
2 2 6 BUNDLE HEATER ROD TEMPERATURE H R - T / C 6 0 . 0 0 H E
2 2 7 BUNDLE HEATER ROD TEMPERATURE H R - T / C 8 0 . 0 0 7F
2 2 8 BUNDLE HEATER ROD TEMPERATURE H R - T / C 8 0 . 0 0 9F
2 2 9 BUNDLE HEATER ROD TEMPERATURE H R - T / C 8 0 . 0 0 l O J
2 3 0 BUNDLE HEATER ROD TEMPERATURE H R - T / C 8 0 . 0 0 21
2 31 BUNDLE HEATER ROD TEMPERATURE H R - T / C 8 0 . 0 0 3H
2 3 2 BUNDLE HEATER ROD TEMPERATURE H R - T / C 8 0 . 0 0 3 J
2 3 3 BUNDLE HEATER ROD TEMPERATURE H R - T / C 8 0 . 0 0 5F
23A BUNDLE HEATER ROD TEMPERATURE H R - T / C 8 0 . 0 0 5H
2 3 5 BUNDLE HEATER ROD TEMPERATURE H R - T / C 8 0 . 0 0 5M
2 3 6 BUNDLE HEATER ROD TEMPERATURE H R - T / C 8 0 . 0 0 6H
2 3 7 BUNDLE HEATER ROD TEMPERATURE H R - T / C 8 0 . 0 0 6 J
2 3 8 BUNDLE HEATER ROD TEMPERATURE H R - T / C 8 0 . 0 0 7E
2 3 9 BUNDLE HEATER ROD TEMPERATURE H R - T / C 8 0 . 0 0 7G
2A0 BUNDLE HEATER ROD TEMPERATURE H R - T / C 8 0 . 0 0 8D
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241 BUNDLE HEATER ROD TEMPERATURE H R - T / C 8 0 . 0 0 9D
2 4 2 BUNDLE HEATER ROD TEMPERATURE H R - T / C 8 0 . 0 0 9E
2 4 3 BUNDLE HEATER ROD TEMPERATURE H R - T / C 8 0 . 0 0 9 J
2 4 4 BUNDLE HEATER ROD TEMPERATURE H R - T /C 8 0 . 0 0 9M
2 4 5 BUNDLE HEATER ROD TEMPERATURE H R - T /C 8 0 . 0 0 101
2 4 6 BUNDLE HEATER ROD TEMPERATURE H R - T /C 8 0 . 0 0 I I K
2 4 7 BUNDLE HEATER ROD TEMPERATURE H R - T /C 8 0 . 0 0 12L
2 4 8 BUNDLE HEATER ROD TEMPERATURE H R - T /C 8 0 . 0 0 13H
2 4 9 BUNDLE HEATER ROD TEMPERATURE H R - T / C 8 1 . 0 0 5E
2 5 0 BUNDLE HEATER ROD TEMPERATURE H R - T /C 8 1 . 0 0 5L
2 51 BUNDLE HEATER ROD TEMPERATURE H R - T /C 8 1 . 0 0 6L
2 5 2 BUNDLE HEATER ROD TEMPERATURE H R - T / C 8 1 . 0 0 7D
2 5 3 BUNDLE HEATER ROD TEMPERATURE H R - T /C 8 1 . 0 0 7F
2 5 4 BUNDLE HEATER ROD TEMPERATURE H R - T / C 8 1 . 0 0 8G
2 5 5 BUNDLE HEATER ROD TEMPERATURE H R - T /C 8 1 . 0 0 8N
2 5 6 BUNDLE HEATER ROD TEMPERATURE H R - T /C 8 1 . 0 0 l O J
2 5 7 BUNDLE HEATER ROD TEMPERATURE H R - T / C 8 1 . 0 0 I I G
2 5 8 BUNDLE HEATER ROD TEMPERATURE H R - T / C 8 1 . 0 0 111
2 5 9 BUNDLE HEATER ROD TEMPERATURE H R - T / C 8 1 . 0 0 121
2 6 0 BUNDLE HEATER ROD TEMPERATURE H R - T / C 8 4 . 0 0 9H
261 BUNDLE HEATER ROD TEMPERATURE H R - T /C 8 4 . 0 0 4G
2 6 2 BUNDLE HEATER ROD TEMPERATURE H R - T / C 8 4 . 0 0 4 J
2 6 3 BUNDLE HEATER ROD TEMPERATURE H R - T / C 8 4 . 0 0 5M
2 6 4 BUNDLE HEATER ROD TEMPERATURE H R - T /C 8 4 . 0 0 7E
2 6 5 BUNDLE HEATER ROD TEMPERATURE H R - T /C 8 4 . 0 0 7G
2 6 6 BUNDLE HEATER ROD TEMPERATURE H R - T /C 8 4 . 0 0 7K
2 6 7 BUNDLE HEATER ROD TEMPERATURE H R - T /C 8 4 . 0 0 9L
2 6 8 BUNDLE HEATER ROD TEMPERATURE H R - T /C 8 4 . 0 0 H E
2 6 9 BUNDLE HEATER ROD TEMPERATURE H R - T /C 8 4 . 0 0 121
2 7 0 BUNDLE HEATER ROD TEMPERATURE H R - T /C 8 4 . 0 0 13G
2 71 BUNDLE HEATER ROD TEMPERATURE H R - T /C 8 6 . 0 0 7D
2 7 2 BUNDLE HEATER ROD TEMPERATURE H R - T /C 8 6 . 0 0 8G
2 7 3 BUNDLE HEATER ROD TEMPERATURE H R - T /C 8 6 . 0 0 9C
2 7 4 BUNDLE HEATER ROD TEMPERATURE H R - T /C 8 6 . 0 0 lOH
2 7 5 BUNDLE HEATER ROD TEMPERATURE H R - T /C 8 6 . 0 0 I I J
2 7 6 BUNDLE HEATER ROD TEMPERATURE H R - T / C 8 6 . 0 0 21
2 7 7 BUNDLE HEATER ROD TEMPERATURE H R - T /C 8 6 . 0 0 3H
2 7 8 BUNDLE HEATER ROD TEMPERATURE H R - T /C 8 6 . 0 0 5E
2 7 9 BUNDLE HEATER ROD TEMPERATURE H R - T /C 8 6 . 0 0 5F
2 8 0 BUNDLE HEATER ROD TEMPERATURE H R - T /C 8 6 . 0 0 51
2 81 BUNDLE HEATER ROD TEMPERATURE H R - T /C 8 6 . 0 0 6D
2 8 2 BUNDLE HEATER ROD TEMPERATURE H R - T /C 8 6 . 0 0 6H
2 8 3 BUNDLE HEATER ROD TEMPERATURE H R - T / C 8 6 . 0 0 7F
2 8 4 BUNDLE HEATER ROD TEMPERATURE H R - T /C 8 6 . 0 0 7H
2 85 BUNDLE HEATER ROD TEMPERATURE H R - T /C 8 6 . 0 0 8N
2 8 6 BUNDLE HEATER ROD TEMPERATURE H R - T /C 8 6 . 0 0 9E
2 8 7 BUNDLE HEATER ROD TEMPERATURE H R - T /C 8 6 . 0 0 9F
2 8 8 BUNDLE HEATER ROD TEMPERATURE H R - T /C 8 6 . 0 0 9H
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2 8 9 BUNDLE HEATER ROD TEMPERATURE H R - T / C 8 6 . 0 0 9 J
2 9 0 BUNDLE HEATER ROD TEMPERATURE H R - T / C 8 6 . 0 0 9M
291 BUNDLE HEATER ROD TEMPERATURE H R - T / C 8 6 . 0 0 101
2 9 2 BUNDLE HEATER ROD TEMPERATURE H R - T / C 8 6 . 0 0 l O J
2 9 3 BUNDLE HEATER ROD TEMPERATURE H R - T / C 8 6 . 0 0 l i e
2 9 4 BUNDLE HEATER ROD TEMPERATURE H R - T / C 8 6 . 0 0 l l G
2 9 5 BUNDLE HEATER ROD TEMPERATURE H R - T / C 8 6 . 0 0 3H
2 9 6 BUNDLE HEATER ROD TEMPERATURE H R - T /C 8 6 . 0 0 3H
2 9 7 BUNDLE HEATER ROD TEMPERATURE H R - T / C 9 0 . 0 0 21
2 9 8 BUNDLE HEATER ROD TEMPERATURE H R - T / C 9 0 . 0 0 3H
2 9 9 BUNDLE HEATER ROD TEMPERATURE H R - T / C 9 0 . 0 0 3K
3 0 0 BUNDLE HEATER ROD TEMPERATURE H R - T / C 9 0 . 0 0 4G
301 BUNDLE HEATER ROD TEMPERATURE H R - T / C 9 0 . 0 0 4 J
3 0 2 BUNDLE HEATER ROD TEMPERATURE H R - T / C 9 0 . 0 0 5F
3 0 3 BUNDLE HEATER ROD TEMPERATURE H R - T / C 9 0 . 0 0 51
3 0 4 BUNDLE HEATER ROD TEMPERATURE H R - T / C 9 0 . 0 0 6D
3 0 5 BUNDLE HEATER ROD TEMPERATURE H R - T / C 9 0 . 0 0 6E
3 0 6 BUNDLE HEATER ROD TEMPERATURE H R - T / C 9 0 . 0 0 6G
3 0 7 BUNDLE HEATER ROD TEMPERATURE H R - T / C 9 0 . 0 0 6H
3 0 8 BUNDLE HEATER ROD TEMPERATURE H R - T / C 9 0 . 0 0 6 J
3 0 9 BUNDLE HEATER ROD TEMPERATURE H R - T /C 9 0 . 0 0 7D
3 1 0 BUNDLE HEATER ROD TEMPERATURE H R - T / C 9 0 . 0 0 7E
311 BUNDLE HEATER ROD TEMPERATURE H R - T / C 9 0 . 0 0 7F
3 1 2 BUNDLE HEATER ROD TEMPERATURE H R - T / C 9 0 . 0 0 7G
3 1 3 BUNDLE HEATER ROD TEMPERATURE H R - T / C 9 0 . 0 0 7 k

3 1 4 BUNDLE HEATER ROD TEMPERATURE H R - T / C 9 0 . 0 0 8E
3 1 5 BUNDLE HEATER ROD TEMPERATURE H R - T / C 9 0 . 0 0 8G
3 1 6 BUNDLE HEATER ROD TEMPERATURE H R - T / C 9 0 . 0 0 8 J
3 1 7 BUNDLE HEATER ROD TEMPERATURE H R - T /C 9 0 . 0 0 9C
3 1 8 BUNDLE HEATER ROD TEMPERATURE H R - T / C 9 0 . 0 0 9E
3 1 9 BUNDLE HEATER ROD TEMPERATURE H R - T / C 9 0 . 0 0 9G
3 2 0 BUNDLE HEATER ROD t e m p e r a t u r e H R - T / C 9 0 . 0 0 9H
321 BUNDLE HEATER ROD TEMPERATURE H R - T / C 9 0 . 0 0 9 J
3 2 2 BUNDLE HEATER ROD TEMPERATURE H R - T / C 9 0 . 0 0 9K
3 2 3 BUNDLE HEATER ROD TEMPERATURE H R - T / C 9 0 . 0 0 lOH
3 2 4 BUNDLE HEATER ROD TEMPERATURE H R - T /C 9 0 . 0 0 l O J
3 2 5 BUNDLE HEATER ROD TEMPERATURE H R - T / C 9 0 . 0 0 H E
3 2 6 BUNDLE HEATER ROD TEMPERATURE H R - T / C 9 0 . 0 0 I I F
3 2 7 BUNDLE HEATER ROD TEMPERATURE H R - T /C 9 0 . 0 0 I I G
3 2 8 BUNDLE HEATER ROD TEMPERATURE H R - T / C 9 0 . 0 0 I I H
3 2 9 BUNDLE HEATER ROD TEMPERATURE H R - T / C 9 0 . 0 0 H I
3 3 0 BUNDLE HEATER ROD TEMPERATURE H R - T / C 9 0 . 0 0 12D
331 BUNDLE HEATER ROD TEMPERATURE H R - T / C 9 0 . 0 0 121
3 3 2 BUNDLE HEATER ROD TEMPERATURE H R - T / C 9 6 . 0 0 3K
3 3 3 BUNDLE HEATER ROD TEMPERATURE H R - T / C 9 6 . 0 0 4G
3 3 4 BUNDLE HEATER ROD TEMPERATURE H R - T / C 9 6 . 0 0 5D
3 3 5 BUNDLE HEATER ROD TEMPERATURE H R - T /C 9 6 . 0 0 5F
3 3 6 BUNDLE HEATER ROD TEMPERATURE H R - T / C 9 6 . 0 0 51
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3 37 BUNDLE HEATER ROD TEMPERATURE H R - T /C 9 6 . 0 0 5L
33 8 BUNDLE HEATER ROD TEMPERATURE H R - T /C 9 6 . 0 0 6D
3 3 9 BUNDLE HEATER ROD TEMPERATURE H R - T /C 9 6 . 0 0 6G
3 4 0 BUNDLE HEATER ROD TEMPERATURE H R - T /C 9 6 . 0 0 6L
341 BUNDLE HEATER ROD TEMPERATURE H R - T /C 9 6 . 0 0 7D
34 2 BUNDLE HEATER ROD TEMPERATURE H R - T /C 9 6 . 0 0 7E
34 3 BUNDLE HEATER ROD TEMPERATURE H R - T /C 9 6 . 0 0 7F
34 4 BUNDLE HEATER ROD TEMPERATURE H R - T /C 9 6 . 0 0 7G
345 BUNDLE HEATER ROD TEMPERATURE H R - T /C 9 6 . 0 0 7H
34 6 BUNDLE HEATER ROD TEMPERATURE H R - T /C 9 6 . 0 0 7K
34 7 BUNDLE HEATER ROD TEMPERATURE H R - T /C 9 6 . 0 0 7M
34 8 BUNDLE HEATER ROD TEMPERATURE H R - T /C 9 6 . 0 0 8D
34 9 BUNDLE HEATER ROD TEMPERATURE H R - T /C 9 6 . 0 0 8E
3 5 0 BUNDLE HEATER ROD TEMPERATURE H R - T /C 9 6 . 0 0 8N
351 BUNDLE HEATER ROD TEMPERATURE H R - T /C 9 6 . 0 0 9E
3 5 2 BUNDLE HEATER ROD TEMPERATURE H R - T /C 9 6 . 0 0 9H
35 3 BUNDLE HEATER ROD TEMPERATURE H R - T /C 9 6 . 0 0 9 J
35 4 BUNDLE HEATER ROD TEMPERATURE H R - T /C 9 6 . 0 0 9K
355 BUNDLE h e a t e r ROD TEMPERATURE H R - T /C 9 6 . 0 0 9L
35 6 BUNDLE HEATER ROD TEMPERATURE H R - T /C 9 6 . 0 0 9M
3 5 7 BUNDLE HEATER ROD TEMPERATURE H R - T /C 9 6 . 0 0 lOH
35 8 BUNDLE HEATER ROD TEMPERATURE H R - T /C 9 6 . 0 0 101
3 5 9 BUNDLE HEATER ROD TEMPERATURE H R - T /C 9 6 . 0 0 l O J
3 6 0 BUNDLE HEATER ROD TEMPERATURE H R - T /C 9 6 . 0 0 l i e
361 BUNDLE HEATER ROD TEMPERATURE H R - T /C 9 6 . 0 0 I I F
3 62 BUNDLE HEATER ROD TEMPERATURE H R - T /C 9 6 . 0 0 I I J
36 3 BUNDLE HEATER ROD TEMPERATURE H R - T /C 9 6 . 0 0 12D
3 6 4 BUNDLE HEATER ROD TEMPERATURE H R - T /C 9 6 . 0 0 121
3 65 BUNDLE HEATER ROD TEMPERATURE H R - T /C 9 6 . 0 0 13G
3 6 6 BUNDLE HEATER ROD TEMPERATURE H R - T /C 1 0 2 . 0 0 5 J
3 6 7 BUNDLE HEATER ROD TEMPERATURE H R - T /C 1 0 2 . 0 0 6E
3 6 8 BUNDLE HEATER ROD TEMPERATURE H R - T /C 1 0 2 . 0 0 7B
3 6 9 BUNDLE HEATER ROD TEMPERATURE H R - T /C 1 0 2 . 0 0 7H
3 7 0 BUNDLE HEATER ROD TEMPERATURE H R - T /C 1 0 2 . 0 0 8D
371 BUNDLE HEATER ROD TEMPERATURE H R - T /C 1 0 2 . 0 0 8G
3 7 2 BUNDLE HEATER ROD TEMPERATURE H R - T /C 1 0 2 . 0 0 8 J
3 7 3 BUNDLE HEATER ROD TEMPERATURE H R - T /C 1 0 2 . 0 0 9L
3 7 4 BUNDLE HEATER ROD TEMPERATURE H R - T /C 1 0 2 . 0 0 I I H
3 75 BUNDLE HEATER ROD TEMPERATURE H R - T /C 1 0 2 . 0 0 I I K
37 6 BUNDLE HEATER ROD TEMPERATURE H R - T /C 1 0 2 . 0 0 12F
3 7 7 BUNDLE HEATER ROD TEMPERATURE H R - T /C 1 1 1 . 0 0 3 J
3 7 8 BUNDLE HEATER ROD TEMPERATURE H R - T /C 1 1 1 . 0 0 4 J
37 9 BUNDLE HEATER ROD TEMPERATURE H R - T /C 1 1 1 . 0 0 5E
3 8 0 BUNDLE HEATER ROD TEMPERATURE H R - T /C 1 1 1 . 0 0 5F
381 BUNDLE HEATER ROD TEMPERATURE H R - T /C 1 1 1 . 0 0 5H
3 8 2 BUNDLE HEATER ROD TEMPERATURE H R - T /C 1 1 1 . 0 0 6G
3 8 3 BUNDLE HEATER ROD TEMPERATURE H R - T /C 1 1 1 . 0 0 7E
3 8 4 BUNDLE HEATER ROD TEMPERATURE H R - T /C 1 1 1 . 0 0 7F
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3 85 BUNDLE HEATER ROD TEMPERATURE H R - T /C 1 1 1 . 0 0 8D
3 8 6 BUNDLE HEATER ROD TEMPERATURE H R - T /C 1 1 1 . 0 0 8E
3 8 7 BUNDLE HEATER ROD TEMPERATURE HR - T /C 1 1 1 . 0 0 8H
3 8 8 BUNDLE HEATER ROD TEMPERATURE HR - T /C 1 1 1 . 0 0 8K
3 8 9 BUNDLE HEATER ROD TEMPERATURE HR - T /C 1 1 1 . 0 0 9C
3 9 0 BUNDLE HEATER ROD TEMPERATURE HR - T /C 1 1 1 . 0 0 9E
391 BUNDLE HEATER ROD TEMPERATURE HR - T /C 1 1 1 . 0 0 9F
3 9 2 BUNDLE HEATER ROD TEMPERATURE HR - T /C 1 1 1 . 0 0 9G
3 9 3 BUNDLE HEATER ROD TEMPERATURE H R - T /C 1 1 1 . 0 0 9 J
3 9 4 BUNDLE HEATER ROD TEMPERATURE H R - T /C 1 1 1 . 0 0 I I F
39 5 BUNDLE HEATER ROD TEMPERATURE H R - T /C 1 1 1 . 0 0 111
3 9 6 BUNDLE HEATER ROD TEMPERATURE H R - T /C 1 1 1 . 0 0 I I J
39 7 BUNDLE HEATER ROD TEMPERATURE H R - T /C 1 1 1 . 0 0 I I K
39 8 BUNDLE HEATER ROD TEMPERATURE H R - T /C 1 1 1 . 0 0 121
39 9 BUNDLE HEATER ROD TEMPERATURE H R - T /C 1 1 1 . 0 0 13G
4 0 0 BUNDLE HEATER ROD TEMPERATURE H R- T /C 1 1 1 . 0 0 13H
401 BUNDLE HEATER ROD TEMPERATURE H R - T /C 1 2 0 . 0 0 3K
4 0 2 BUNDLE HEATER ROD TEMPERATURE H R - T /C 1 2 0 . 0 0 5D
4 0 3 BUNDLE HEATER ROD TEMPERATURE H R- T /C 1 2 0 . 0 0 5 J
4 0 4 BUNDLE HEATER ROD TEMPERATURE H R- T /C 1 2 0 . 0 0 5L
4 05 BUNDLE HEATER ROD TEMPERATURE H R - T /C 1 2 0 . 0 0 5M
4 0 6 BUNDLE HEATER ROD TEMPERATURE H R - T /C 1 2 0 . 0 0 6D
4 0 7 BUNDLE HEATER ROD TEMPERATURE H R - T /C 1 2 0 . 0 0 6L
4 0 8 BUNDLE HEATER ROD TEMPERATURE H R - T /C 1 2 0 . 0 0 7B
4 0 9 BUNDLE HEATER ROD TEMPERATURE H R - T /C 1 2 0 . 0 0 7F
4 1 0 BUNDLE HEATER ROD TEMPERATURE H R - T /C 1 2 0 . 0 0 7G
411 BUNDLE HEATER ROD TEMPERATURE H R - T /C 1 2 0 . 0 0 7H
4 1 2 BUNDLE HEATER ROD TEMPERATURE H R - T /C 1 2 0 . 0 0 8D
4 1 3 BUNDLE HEATER ROD TEMPERATURE H R - T /C 1 2 0 . 0 0 8E
4 1 4 BUNDLE HEATER ROD TEMPERATURE H R - T /C 1 2 0 . 0 0 8G
4 1 5 BUNDLE HEATER ROD TEMPERATURE H R - T /C 1 2 0 . 0 0 8H
4 1 6 BUNDLE HEATER ROD TEMPERATURE H R - T /C 1 2 0 . 0 0 8 J
4 1 7 BUNDLE HEATER ROD TEMPERATURE H R - T /C 1 2 0 . 0 0 8K
4 1 8 BUNDLE HEATER ROD TEMPERATURE H R - T /C 1 2 0 . 0 0 8N
4 1 9 BUNDLE HEATER ROD TEMPERATURE H R - T /C 1 2 0 . 0 0 9F
4 2 0 BUNDLE HEATER ROD TEMPERATURE H R - T /C 1 2 0 . 0 0 9K
4 21 BUNDLE HEATER ROD TEMPERATURE H R - T /C 1 2 0 . 0 0 9M
4 2 2 BUNDLE HEATER ROD TEMPERATURE H R - T /C 1 2 0 . 0 0 lOH
4 2 3 BUNDLE HEATER ROD TEMPERATURE H R - T /C 1 2 0 . 0 0 101
4 2 4 BUNDLE HEATER ROD TEMPERATURE H R - T /C 1 2 0 . 0 0 I I G
4 25 BUNDLE HEATER ROD TEMPERATURE H R - T /C 1 2 0 . 0 0 I I H
4 2 6 BUNDLE HEATER ROD TEMPERATURE H R - T /C 1 2 0 . 0 0 I I K
4 2 7 BUNDLE HEATER ROD TEMPERATURE H R - T /C 1 2 0 . 0 0 12F
4 2 8 BUNDLE HEATER ROD TEMPERATURE H R - T /C 1 2 0 . 0 0 13H
4 2 9 BUNDLE HEATER ROD TEMPERATURE H R - T /C 1 3 2 . 0 0 6H
4 3 0 BUNDLE HEATER ROD TEMPERATURE H R - T /C 1 3 2 . 0 0 6 J
431 BUNDLE HEATER ROD TEMPERATURE HR - T /C 1 3 2 . 0 0 9G
4 3 2 BUNDLE HEATER ROD TEMPERATURE HR - T /C 1 3 2 . 0 0 H E
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A33 BUNDLE HEATER ROD TEMPERATURE H R - T / C 1 3 2 , 0 0 I I G
A34 BUNDLE HEATER ROD TEMPERATURE H R - T / C 1 3 2 . 0 0 111
A35 BUNDLE HEATER ROD TEMPERATURE H R - T / C 1 3 2 . 0 0 I I K
A36 BUNDLE HEATER ROD TEMPERATURE H R - T / C 1 3 8 . 0 0 5 J
A37 BUNDLE HEATER ROD TEMPERATURE H R - T / C 1 3 8 . 0 0 7B
A38 BUNDLE HEATER ROD TEMPERATURE H R - T / C 1 3 8 . 0 0 8 J
A39 BUNDLE HEATER ROD TEMPERATURE H R - T / C 1 3 8 . 0 0 9F
AAO BUNDLE HEATER ROD t e m p e r a t u r e H R - T / C 1 3 8 . 0 0 12F
AAl BUNDLE ASPIRATING STEAM PROBE VAPOR TEMPERATURE A S P - T / C 3 9 . 0 0 IOC
AA2 BUNDLE ASPIRATING s t e a m PROBE VAPOR TEMPERATURE A S P - T / C 4 8 . 0 0 13F
AA3 BUNDLE ASPIRATING STEAM PROBE VAPOR TEMPERATURE A S P - T / C 6 0 . 0 0 41
AAA BUNDLE ASPIRATING s t e a m PROBE VAPOR TEMPERATURE A S P - T / C 7 2 . 0 0 71

^ A 5 BUNDLE ASPIRATING STEAM PROBE VAPOR t e m p e r a t u r e A S P - T / C 7 2 . 0 0 lOL
AA6 BUNDLE ASPIRATING STEAM PROBE VAPOR TEMPERATURE A S P - T / C 7 8 . 0 0 7L
AA7 BUNDLE ASPIRATING STEAM PROBE VAPOR TEMPERATURE A S P - T / C 7 8 . 0 0 4F
AA8 BUNDLE ASPIRATING s t e a m PROBE VAPOR TEMPERATURE A S P - T / C 9 0 . 0 0 7C
AA9 BUNDLE ASPIRATING STEAM PROBE VAPOR t e m p e r a t u r e A S P - T / C 9 0 . 0 0 131
A50 BUNDLE ASPIRATING s t e a m PROBE v a p o r TEMPERATURE A S P - T / C 9 6 . 0 0 4F
A51 BUNDLE ASPIRATING STEAM PROBE VAPOR t e m p e r a t u r e A S P - T / C 9 6 . 0 0 lOL
A52 BUNDLE ASPIRATING s t e a m PROBE VAPOR t e m p e r a t u r e A S P - T / C 1 1 1 . 0 0 71
A53 BUNDLE ASPIRATING s t e a m PROBE VAPOR TEMPERATURE A S P - T / C 1 1 1 . 0 0 lOF
ASA BUNDLE a s p i r a t i n g s t e a m PROBE VAPOR TEMPERATURE A S P - T / C 1 2 0 . 0 0 7C
ASS BUNDLE ASPIRATING s t e a m PROBE VAPOR TEMPERATURE A S P - T / C 1 2 0 . 0 0 131
AS6 BUNDLE ASPIRATING s t e a m PROBE VAPOR TEMPERATURE A S P - T / C 1 3 2 . 0 0 lOF
AS7 BUNDLE ASPIRATING s t e a m PROBE VAPOR t e m p e r a t u r e A S P - T / C 1 3 8 . 0 0 5K
AS8 BUNDLE BARE FLUID VAPOR t e m p e r a t u r e B F - T / C 5 8 . 0 0 L/M
AS9 BUNDLE BARE FLUID v a p o r t e m p e r a t u r e B F - T / C 5 8 . 0 0 J / K
A60 BUNDLE BARE FLUID VAPOR TEMPERATURE B F - T / C 5 8 . 0 0 F/G
A61 BUNDLE BARE FLUID VAPOR TEMPERATURE B F - T / C 5 8 . 0 0 H / I
A62 BUNDLE BARE FLUID VAPOR TEMPERATURE B F - T / C 7 8 . 0 0 L/M
A63 BUNDLE BARE FLUID VAPOR TEMPERATURE B F - T / C 7 8 . 0 0 H / I
A6A BUNDLE BARE FLUID VAPOR TEMPERATURE B F - T / C 7 8 . 0 0 J / K
A6S BUNDLE BARE FLUID VAPOR TEMPERATURE B F - T / C 7 8 . 0 0 F /G
A66 BUNDLE BARE FLUID VAPOR TEMPERATURE B F - T / C 7 8 . 0 0 I / J
A67 BUNDLE BARE FLUID v a p o r TEMPERATURE B F - T / C 7 8 . 0 0 H / I
A68 BUNDLE BARE FLUID VAPOR TEMPERATURE B F - T / C 7 8 . 0 0 G/H
A69 BUNDLE BARE FLUID v a p o r TEMPERATURE B F - T / C 7 8 . 0 0 J / K
A70 BUNDLE BARE FLUID v a p o r t e m p e r a t u r e B F - T / C 9 6 . 0 0 J / K
A71 BUNDLE STE.AN PROEE VAPOR t e m p e r a t u r e S P - T / C 9 6 . 0 0 L/M
A72 BUNDLE s t e a m  PROBE VAPOR TEMPERATURE S P - T / C 9 6 . 0 0 H / I
^ 7 3 BUNDLE s t e a m  PROBE v a p o r TEMPERATURE S P - T / C 9 6 . 0 0 J / K
A7A BUNDLE STEAM PROBE v a p o r TEMPERATURE S P - T / C 9 6 . 0 0 I / J
A7S BUNDLE s t e a m  p r o b e VAPOR TEMPERATURE S P - T / C 9 6 . 0 0 H / I
A76 BUNDLE BAP.E FLUID VAPOR TEMPERATURE B F - T / C 1 2 0 . 0 0 H / I
A77 BUNDLE s t e a m  p r o b e v a p o r TEMPERATURE S P - T / C 1 2 0 . 0 0 J / K
A78 BUNDLE STEAM PROBE VAPOR TEMPERATURE S P - T / C 1 2 0 . 0 0 L/M
A79 BUNDLE STEAM PROBE VAPOR TEMPERATURE S P - T / C 1 2 0 . 0 0 J / K
A80 BUNDLE s t e a m  p r o b e v a p o r t e m p e r a t u r e S P - T / C 1 2 0 . 0 0 I / J
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481 BUNDLE STEAM PROBE VAPOR TEMPERATURE S P - T / C 1 2 0 . 0 0 H / I
4 82 BUNDLE THIMBLE WALL TEMPERATURE T H - T / C 4 8 . 0 0 41
4 8 3 BUNDLE THIMBLE WALL TEMPERATURE T H - T / C 4 8 . 0 0 7L
4 8 4 BUNDLE THIMBLE WALL TEMPERATURE T H - T /C 6 0 . 0 0 7L
4 8 5 BUNDLE THIMBLE WALL TEMPERATURE T H - T /C 7 2 . 0 0 5K
4 8 6 BUNDLE THIMBLE WALL TEMPERATURE T H - T /C 7 2 . 0 0 IOC
4 8 7 BUNDLE THIMBLE WALL TEMPERATURE T H - T /C 7 2 . 0 0 13F
4 88 BUNDLE THIMBLE WALL TEMPERATURE T H - T /C 7 8 . 0 0 5K
4 8 9 BUNDLE THIMBLE WALL TEMPERATURE T H - T /C 7 8 . 0 0 IOC
4 9 0 BUNDLE THIMBLE WALL TEMPERATURE T H - T / C 7 8 . 0 0 13F
491 BUNDLE THIMBLE WALL TEMPERATURE T H - T /C 9 0 . 0 0 IOC
49 2 BUNDLE THIMBLE WALL TEMPERATURE T H - T /C 9 0 . 0 0 5K
■493 BUNDLE THIMBLE WALL TEMPERATURE T H - T /C 9 0 . 0 0 13L
4 9 4 BUNDLE THIMBLE w a l l TEMPERATURE T H - T /C 9 6 . 0 0 4C
49 5 BUNDLE THIMBLE WALL TEMPERATURE T H - T /C 9 6 . 0 0 5K
4 9 6 BUNDLE THIMBLE WALL TEMPERATURE T H - T /C 9 6 . 0 0 IOC
4 97 BUNDLE THIMBLE WALL TEMPERATURE T H - T / C 1 1 1 . 0 0 IOC
4 9 8 BUNDLE THIMBLE WALL TEMPERATURE T H - T /C 1 1 1 . 0 0 13L
4 9 9 BUNDLE THIMBLE WALL TEMPERATURE T H - T /C 1 2 0 . 0 0 5K
5 0 0 BUNDLE THIMBLE WALL TEMPERATURE T H - T / C 1 2 0 . 0 0 4C
501 BUNDLE THIMBLE WALL TEMPERATURE T H - T / C 1 2 0 . 0 0 13F
5 0 2 BUNDLE THIMBLE WALL TEMPERATURE T H - T / C 1 3 2 . 0 0 13L
5 0 3 HOUSING WALL TEMPERATURE W-T/C 2 4 . 0 0 9 0
5 0 4 HOUSING w a ll TEMPERATURE W-T/C 4 8 . 0 0 9 0
5 0 5 HOUSING WALL TEMPERATURE W-T/C 6 0 . 0 0 9 0
5 0 6 HOUSING WALL TEMPERATURE W-T/C 7 2 . 0 0 9 0
5 0 7 HOUSING WALL TEMPERATURE W-T/C 8 4 . 0 0 9 0
5 0 8 HOUSING WALL TEMPERATURE W-T/C 9 6 . 0 0 9 0
5 0 9 HOUSING WALL TEMPERATURE W-T/C 1 0 8 . 0 0 9 0
5 1 0 HOUSING WALL TEMPERATURE W-T/C 1 2 0 . 0 0 9 0
511 HOUSING WALL TEMPERATURE W-T/C 1 3 2 . 0 0 9 0
5 1 2 HOUSING INSULATION WALL TEMPERATURE I - T / C 7 2 . 0 0 9 0
5 1 3 HOUSING INSULATION WALL TEMPERATURE I - T / C 9 6 . 0 0 9 0
5 1 4 HOUSING INSULATION WALL TEMPERATURE I - T / C 1 2 0 . 0 0 9 0
5 1 5 UPPER PLENUM FLUID TEMPERATURE F - T / C
5 1 6 UPPER PLENUM HOUSING EXTENSION FLUID TEMPERATURE F - T / C
51 7 UPPER PLENUM STEAM PROBE VAPOR TEMPERATURE S P - T / C
51 8 UPPER PLENUM WALL TEMPERATURE W-T/C 0
5 1 9 UPPER PLENUM WALL TEMPERATURE W-T/C 9 0
5 2 0 UPPER PLENUM WALL TEMPERATURE W-T/C 1 80
5 21 LOWER PLENUM FLUID TEMPERATURE F - T / C
5 2 2 CARRYOVER TANK FLUID TEMPERATURE F - T / C 0 0 0 . 0 0
5 2 3 CARRYOVER TANK WALL TEMPERATURE TW-T/C 1 6 8 . 0 0
5 2 4 SEPARATOR DRAIN TANK FLUID TEMPERATURE F - T / C
5 2 5 SEPARATOR DRAIN TANK WALL TEMPERATURE W-T/C 7 2 . 0 0
5 2 6 SEPARATOR FLUID TEMPERATURE F - T / C 0 0 . 0 0
5 2 7 SEPARATOR WALL TEMPERATURE W-T/C 8 4 . 0 0
5 2 8 UPPER PLENUM/SEPARATOR STEAM PROBE I ^P O R TEMPERATURE S P - T / C
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5 2 9 UPPER PLENUM/SEPARATOR WALL TEMPERATURE w- T /C
5 3 0 SEPARATOR/EXHAUST LINE STEAM PROBE; VAPOR TEMPERATURE S P- T /C
531 SEPARATOR/EXHAUST LINE WALL TEMPERATURE w-■T/C
5 3 2 EXHAUST LINE UPSTREAM WALL TEMPERATURE w-•T/C
5 3 3 EXHAUST LINE DOWNSTREAM FLUID TEMPERATURE F-■T/C
53A ACCUMULATOR N O . 2 FLUID TEMPERATURE F-•T/C
5 3 5 ACCUMULATOR N O . l FLUID TEMPERATURE F- •T/C
5 3 6 INJECTION LINE FLUID TEMPERATURE F-•T/C
5 3 7 CROSSOVER LEG DOWNSTREAM FLUID TEMPERATURE F-■T/C
5 3 8 DOWNCOMER FLUID TEMPERATURE F-•T/C
5 3 9 CROSSOVER LEG DOWNSTREAM WALL TEMPERATURE w-■T/C
5A0 POWER PRIMARY ZONE A POWER SCR
5A1 POWER SECOND.ARY ZONE A POWER SCR
5A2 POWER PRIM.ARY ZONE B POWER SCR
5A3 POWER SECOND.ARY ZONE B POWER SCR
S aa POWER PRIMARY ZONE C POWER SCR
5A5 POWER SECONDARY ZONE C POWER SCR
5A6 INJECTION L I N E -  6 0  GPM FLOW TM
5A7 INJECTION L I N E - 1 5 0  GPM FLOW TM
5A8 CROSSOVER LEG B I - D I R C T  TURBOPROBE FLOW TM
5A9 HOUSING DFRNTL PRESSURE H20 0
5 5 0 HOUSING DFRNTL PRESSURE H20 12
551 HOUSING DFRNTL PRESSURE H20 2A
5 5 2 HOUSING DFRNTL PRESSURE H20 36
5 5 3 HOUSING DFRNTL PRESSURE H20 48
55A HOUSING DFRNTL PRESSURE H20 6 0
5 5 5 HOUSING DFRNTL PRESSURE H20 72
5 5 6 HOUSING DFRNTL PRESSURE H20 8 4
5 5 7 HOUSING DFRNTL PRESSURE H20 96
5 5 8 HOUSING DFRNTL PRESSURE H20 108
5 5 9 HOUSING DFRNTL PRESSURE H20 1 20
5 6 0 HOUSING DFRNTL PRESSURE H20 132
561 UPPER PLENUM DFRNTL PRESSURE H20
5 6 2 HOUSING OVERALL DFRNTL PRESSURE H20 0
5 6 3 CARRYOVER TANK LEVEL DFRNTL PRESSURE H20 1 9 A . 0 0
56A DOWNCOMER DFRNTL PRESSURE H20 2 1 6 . 0 0
5 6 5 SEPARATOR DFRNTL PRESSURE H20 1 5 1 . 0 0
5 6 6 ACCU.MULATER DFRNTL PRESSURE H20 1 2 0 . 0 0
5 6 7 EXHAUST O R I F I C E  LOW RANGE DFRNTL PRESSURE D /P
5 6 8 EXHAUST O R I F I C E  HIGH RANGE DFRNTL PRESSURE D / P
5 6 9 INJECTION LINE O R I F I C E  METER 1 DFRNTL PRESSURE D / P
5 7 0 INJ ECTION LINE O R I F I C E  METER 2 LO DFRNTL PRESSURE D /P
5 71 INJ ECTION LINE O R I F I C E  METER 2 HI DFRNTL PRESSURE D /P
5 7 2 DOWNCOMER TO SEPARATOR DFRNTL PRESSURE D /P
5 7 3 UPPER PLENUM TO SEPARATOR DFRNTL PRESSURE D /P
57A EXHAUST O R I F I C E PRESSURE PT
5 7 5 UPPER PLENUM/SEPARATOR PRESSURE PT
5 7 6 INJ ECTION LINE O R I F I C E  METER PRESSURE PT
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(channels 512-514) were u t i l iz e d  to compute housing heat release as part of 
the overa ll mass and energy balance analys is.

Three turbine meters were u t i l iz e d  to measure the flow rate of In jected water 

In forced flooding and g rav ity  re flood ing tes ts . One turbine meter was used 
to measure the Injected flow fo r the forced f looding tests (channel 546), and 
two turbine meters, one In the In je c t ion  l in e  (channel 547) and one In the 
crossover leg (channel 548), were used to measure flow for the g rav ity  re ­
flooding tes ts . The turbine meter In the crossover leg was b id ire c t io n a l ;  
however, th is  meter did not perform s a t is fa c to r i ly .

The 11 d i f fe re n t ia l  pressure ce l ls  were used to measure loop pressure drops, 

flow, or water le ve l.  The water supply tanks had a d i f fe re n t ia l  pressure c e l l  
(channel 566) which was u t i l iz e d  to measure f lu id  leve l In the tanks during 
f i l l i n g  operations and te s t in g . Three d i f fe r e n t ia l  pressure ce l ls  (channels 
569, 570, and 571) were u t i l iz e d  with o r i f ic e  plates In the water In je c t io n  
system as redundant flow measuring devices to the In je c t ion  l in e  turbine f low ­
meter. The storage tanks on the downstream side of the bundle, the carryover 
tank (channel 563), the steam separator, and the steam separator drain tank 
(channel 565) were Instrumented w ith d i f fe r e n t ia l  pressure c e l ls  to measure 
l iq u id  accumulation. The e x i t  steam flow was measured downstream of the steam 
separator u t i l i z in g  an o r i f ic e  p la te w ith a d i f fe r e n t ia l  pressure c e l l  (chan­

nels 567 and 563), f lu id  thermocouple, and a pressure c e l l .  Three add it iona l 
d i f fe re n t ia l  pressure ce l ls  were u t i l iz e d  In the g rav ity  reflood tests to mea­
sure mass accumulated In the downcomer (channel 564), and to measure d i f f e r ­
e n t ia l  pressures between the upper plenum and steam separator (channel 573), 
and between the top of the downcomer and the steam separator (channel 572).

The three loop pressure ce lls  were u t i l iz e d  to measure the absolute pressure 
at the o r i f ic e  plates on the bundle In le t  (channel 576) and o u t le t  (channel 
574), and In the upper plenum for forced re flood tests or In the steam sep­
arator for the g rav ity  reflood tests (channel 575).
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4-20. Bundle Instrumentation

The bundle Instrumentation consisted of heater rod thermocouples, steam tem­
perature measurements, plenum temperature measurements, d i f fe re n t ia l  pressure 
c e l ls ,  and power measurements.

The locations of the heater rod thermocouples, steam probes, and thimble wall 
thermocouples are l is te d  In table 4-3. Appendix F provides a deta iled layout 
of the bundle Instrumentation.

4-21. Heater Rod Thermocouples

Sixty-two of the 163 heater rods In the large blocked bundle were Instrumented
with up to eight thermocouples each. A to ta l  of 440 bundle heater rod thermo­
couples were connected and recorded by the Computer Data Acquis it ion System. 
Some spare thermocouples were ava ilab le  for hookup to the computer In the 
event of rod thermocouple fa i lu re s  during te s t in g ;  however, the number of 
fa i lu re s  was low and therefore the spares were never u t i l iz e d .

Figure 4-8 shows the ra d ia l location of the 62 Instrumented heater rods In the
bundle as well as th e ir  o r ie n ta t ion  w ith respect to the two blockage Islands.
The placement of the Instrumented heater rod thermocouples was based on the
fo llow ing c r i t e r ia :

0 Haximlzing d ire c t  comparisons with data from the 21-rod bundle 
and the 161-rod unblocked bundle

0 Achieving a ra d ia l d is t r ib u t io n  such that both the flow blockage 
region and flow bypass region were adequately Instrumented

0 Achieving an ax ia l d is t r ib u t io n  s im ila r to tha t In the 21-rod 
and 161-rod unblocked bundles

0 Achieving a s u f f ic ie n t  number of thermocouples upstream and
downstream of the blockage zone to determine ax ia l e ffec t of 
blockage sleeves

4-22. Steam Temperature and Thimble Wall Instrumentation

The steam temperature, which was required for data analysis and evaluation, 

was measured by means of an asp ira ting  steam probe located w ith in  the thimble
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tube, a se1f-asp1rat1ng steam probe placed In the subchannel, and an unshie l­
ded thermocouple also located In the subchannel.

The subchannel vapor temperature Instruments and thimble tube steam probes 

provided data for evaluating mass and energy balances, nonequilibrium vapor 
properties, rad ia l and ax ia l vapor temperature va r ia t io n s , and blockage 
e f fe c ts .

The thimble tube steam probe u t i l iz e d  the same general design as that In the 
161-rod unblocked bundle. Two-phase flow was aspirated Into the probe, water 
was separated p r io r  to measuring the vapor temperature, and steam was subse­
quently condensed, measured, and collected on the outside of the tes t section. 
Figures C-5 through C-9 show the de ta ils  of construction of the bundle thimble 
tubes. Figures 4-8 and C-20 show the bundle locations of the thimble steam 
probes as well as the thimble wall thermocouples. The thimble wall thermo­
couples were used to evaluate subcooling In the bottom of the bundle sho rt ly  
a f te r  quenching, and rad ia t ion  heat transfer between surfaces In the upper 
ha lf  of the bundle. Because of l im ited  data acqu is it ion  system capacity, not 
a l l  thimble wall thermocouples were recorded.

The s e lf -a s p ira t in g  steam probes and unshielded thermocouples were placed Im­
mediately upstream and downstream of the blockage zone of the 1.65 to 2.01 m 

(65 to 79 In . )  elevation to supplement data obtained from the thimble tube 
asp ira ting  steam probes and to measure rad ia l vapor temperature d is t r ib u t io n .  

Details of construction and bundle locations fo r the s e lf -a s p ira t in g  steam 
probes and unshielded thermocouples are shown In f igu re  C-21.

Appendix E provides deta iled test data comparisons of the three types of steam 
temperature Instrumentation for a range of forced re flood tes t conditions.

4-23. D if fe re n t ia l  Pressure Measurements

D if fe re n t ia l  pressure measurements were made every 0.30 m (12 In . )  along the 

length of the bundle to determine mass accumulation In the bundle during re ­
flood tests (channels 549-560). D if fe re n t ia l  pressure transm itters [+3.7 MPa
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(+15 In. H^O)] were u t i l i z e d  to obtain an accurate mass accumulation meas­
urement representat ive of an average across the bundle. An addit ional c e l l  
measured the overal l  pressure drop from the bottom to the top of the heated 
length (channel 562).

4-24. Power Measurements

Six Instrumentation channels were devoted to measurement of power Into the 
bundle. Three were used as a primary measurement (channels 540, 542, and 544) 
from which power was contro l led by the computer software. Three Independent 
power measurements (channels 541, 543, and 545) were used for data reduction 
purposes for forced and grav i ty  ref lood tests. The power to the 59 peripheral 
heater rods was measured by channel 541, power to the 69 rods In the bypass 
zone by channel 593, and power to the 40 rods In the blockage Islands by 
channel 595.

4-25. Upper Plenum Instrumentation

The upper plenum, an Important component of the FLECHT SEASET test  loop, was 
u t i l i z e d  to separate the l i q u id  and steam phases In close proximity to the 
test section so that accurate mass and energy balances could be accomplished.
A d i f f e re n t ia l  pressure ce l l  connected between the top and bottom of the upper 
plenum (channel 561) was used to measure l iqu id  accumulation w i th in  th is  com­
ponent. Liquid col lected at the bottom of the upper plenum before draining 
Into the carryover tank. System pressure was contro l led by a pressure t rans­
mit ter  located In the upper plenum for a l l  tests except grav i ty  ref lood tests. 
The same pressure transmit ter was connected to the computer for measuring sys­

tem pressure (channel 575).

Two upper plenum thermocouples were designed to measure the f l u i d  temperatures 

at the upper plenum ex i t  (channel 515) and In the upper plenum extension 
(channel 516). These thermocouples Indicated the location and presence of 
l iq u id  In the upper plenum and housing extension. An asp irat ing steam probe 
located In the upper plenum (channel 517) at the bundle ex i t  was u t i l i z e d  to 
measure vapor nonequllIbrlum temperature. Three wall  thermocouples were used
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to ensure that the plenum was at a uniform temperature pr io r  to and during 
test ing (channels 518-520).

4-26. Lower Plenum Instrumentation

The lower plenum was Instrumented with a f l u i d  thermocouple (channel 521) 

located In the center of the lower plenum extension for measuring In le t  sub­
cooling as cooling water flooded with bundle.

4-27. FACILITY OPERATION

The 163-rod blocked bundle f a c i l i t y  operation for forced ref lood tes t ing  was 
s imi lar  to the operation of the 161-rod unblocked and 21-rod bundle test 
f a c i l i t i e s .  The fo l lowing general procedure was used to conduct a typ ica l  
ref lood tes t ;

(1) F i l l  accumulator with water and heat to desired coolant 
temperature [53*C (127®F) nominal].

(2) Turn on heatup bo i le r  and bring the pressure up to 0.62 MPa (75 
psig) nominal gage pressure.

(3) Heat and pressurize the carryover vessel, entralnment separator, 
separator drain tank, test section, and test section out le t  
piping (located before the entralnment separator) to the satura­
t ion condit ions corresponding to the test run pressure. Using 
clamp-on heaters, heat the exhaust l in e  between the separator 
and exhaust o r i f i c e  and housing windows to 260*C (500®F). Heat 
the test section lower plenum and In jec t ion  piping ( f i l l e d  with 
water) to the temperature of the bundle coolant In the water 
supply tanks.

(4) Scan a l l  Instrumentation channels by the computer to check for  
defect ive Instrumentation. The d i f f e re n t ia l  pressure and s ta t ic  
pressure c e l l  zero readings are taken and entered Into the com­
puter ca l ib ra t ion  f i l e .  These zero readings are compared with 
the component ca l ib ra t ion  zero reading. The s t ra ig h t - l in e  con­
version to engineering units Is changed to the new zero when the 
raw data are converted to engineering un i ts .  This zero s h i f t  
process accounts for errors due to transmit te r zero sh i f ts  and 
compensates for transmit ter reference leg leve ls , enabling the 
engineering units to s ta r t  with an empty or "zeroed" reading.

(5) Apply power to the test  bundle at a peak rate of 1.3 kw/m (0.4 
kw / f t )  and al low rods to heat up. When the temperature In any
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two bundle thermocouples between the 1.70 m (67 In . )  and the 
2.06 (81 In . )  elevations reaches 815*C (1500®F), the power 1s 
stepped to the specif ied peak rate [ t y p i c a l l y  2.3 kw/m (0.7 
k w / f t ) ]  u n t i l  the desired test f lood temperature Is achieved 
[nominal ly 871®C (1600*F)], at which time the computer automa­
t i c a l l y  act ivates f lood and controls power decay. The exhaust 
control valve regulates the system pressure at the preset value 
by releasing steam to the atmosphere. The thimble tube steam 
probes are vented u n t i l  rod temperature reaches 760“ C (1400"F) 
and subsequently closed u n t i l  rod temperature reaches 871*C 
(1600*F) to help maintain system pressure. The system pressure 
Is maintained pr io r  to f lood by the heatup b o i le r ,  which has a 
capacity of 1.57 X 10"^ kg/sec (125 lb /h r ) .

(6) Ascertain that a l l  designated thermocouples have quenched
(Indicated by the computer pr in tou t  of bundle quench).

(7) Cut power to heaters, terminate coolant In jec t ion ,  and 
depressurlze the ent i re  system.

(8) Drain and weigh water from a l l  components.

At the end of the forced ref lood tes ts ,  the f a c i l i t y  was modified to conduct
grav i ty  ref lood tests; however, the same procedure was used to conduct these 
te s t s .

4-28. KEY FACILITY OPERATING LIMITATIONS AND SAFETY FEATURES

Al l  vessels In the FLECHT SEASET 163-rod bundle f a c i l i t y  were designed and 
b u i l t  to the ASME Boiler and Pressure Vessel Code. F a c i l i t y  piping conformed 
to the la test  ed i t ion of the Code for Power Piping, ANSI 831.1. F a c i l i t y  
operating l im i ts  were set by design c r i t e r i a  and/or component material l i m i ­
ta t ions.  Primary loop ( tes t  section and exhaust piping and components) design 
pressure was l im i ted to 0.52 MPa (60 psig) because of the th in-wal led low mass 
housing design, which was rated at 0.52 MPa (60 psig) with an 815“ C (1500*) 
midplane temperature. This temperature was a maximum material l im i ta t io n  set 
by the ASME Code. A l l  163-rod bundle f a c i l i t y  tests were run at or below 
0.41 MPa (45 psig).

The water In ject ion system piping and components were designed for 3.5 MPa 

(500 psig) and a temperature of 177*C (350*F). The system was operated well 
w i th in  these design l im i t s .
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Heater rod 0-r1ng seals were made of ethylene propylene, which l im i ted  the 
tes t  section upper seal p late  temperature to 172®C (350®F) during tes t ing .

The Kanthal heater rod element material l im i ted operation of the test  bundle 
heater rods to 1232“ C (2250*F).

Personnel safety as wel l  as f a c i l i t y  protect ion were prime considerations In 
the design of the FLECHT SEASET 163-rod bundle f a c i l i t y .  Accordingly, the 
fo l lowing safety devices and/or features were designed Into the f a c i l i t y :

0 Test section: Rupture disk with a burst pressure of 0.52 MPa
(60 psig) at 22“ C (72*F)

0 Exhaust pip ing:  Combination rupture disk and r e l i e f  valve set
for 0.52 MPa (60 psig) at 153“ C (307“ F)

0 Carryover tank: Rupture disk with a burst pressure of 0.52 MPa
(60 psig) at 22*C (72*F)

0 Entralnment separator: Rupture disk wi th a burst pressure of
0.52 MPa (60 psig) at 22*C (72‘*F)

0 F a c i l i t y  heating bo i le r :  Rel ief valve set at 0.79 MPa (100 psig)

0 Water supply vessels: Rupture disks wi th a burst pressure of
3.5 MPa (500 psig) at 22*C (72*F)

0 Heater rod bundle:

- -  Overcurrent l im i t  to protect rods from fa i l u re  due to an 
overpowered SCR by shutt ing o f f  bundle power and sounding 
alarm

- -  Computer-monitored and activated overtemperature t r i p  set to 
shut o f f  bundle power and sound alarm at 1232"C (2250“ F)

- -  Provision for shutt ing o f f  bundle power and sounding alarm 
In case of computer power fa i lu re

- -  C i rcu i t r y  designed to shut o f f  bundle power In case of 
control panel voltage (110 v) fa i lu re

— Provision In computer software for s igna l l ing  an Incorrect 
power set t ing
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4-29. PHOTOGRAPHIC STUDIES

The 163-rod bundle housing was equipped with three pairs of quartz windows l o ­
cated at the 0.91, 1.83, and 2.74 m (36, 72, and 108 In . )  elevations. These 

windows were used to make visual observations and high-speed motion pictures 
of two-phase flow regimes and quench f ront  progression. Droplet size and ve l ­
oc i ty  was the key Information sought from the movies. To provide th is  In fo r ­
mation, the camera focal distance was establ ished so that droplets between the 
th i rd  and seventh rod rows would appear In sharp focus. H lgh- ln tens l ty  back 
l igh t in g  was u t i l i z e d  such that the water droplets would appear In s i lhouet te  
In the flow channels between rod rows. Good v i s i b i l i t y  through the quartz 
windows was a prerequis ite for qu a l i ty  movies. In previous FLECHT SEASET 
tests ,  a l iqu id  f i lm  which formed on the Inside of the glass obstructed the 
viewing area. In the FLECHT SEASET bundle tes ts ,  heaters were placed on the 
outside of the window housing and the window temperatures were monitored at 
both the computer and operator control console. The heaters raised the Inner 
surface of the quartz to approximately 260®C (500*F) p r io r  to I n i t i a t i o n  of 
tes t .  At th is  time, the heaters were turned o f f  and the windows maintained 
the i r  temperature because of heat Input from the rods.

High-speed movies were taken at both the 0.91 and 2.74 m (36 and 108 In . )
elevation windows. The 1.83 m (72 In . )  elevation window was used for visual
observation only, as the f low blockage sleeves prevented backl ight ing of the 
flow channels and thus prevented motion p ic ture f i lm ing .

The movies at the 0.91 and 2.74 m (36 and 108 In . )  elevation windows were 
taken with Ident ical Redlake Corporation Hycam model 42-001 high-speed, 16mm 
motion picture cameras. Both cameras u t i l i z e d  366 m (1200 f t )  r o l l s  of Trl-X 
reversal (black and white) f i lm .  Movies were shot at 2000 frames per second 
at the 0.91 m (36 In . )  elevation window and 2000 to 2500 frames per second at 
the 2.74 m (108 In . )  window. Because of the high f i lm  speed and l im i ted  cam­
era f i lm  capacity, only about 22.5 seconds of the test run could be fi lmed at
a speed of 2000 frames per second, or 18 seconds at 2500 frames per second.
The I n i t i a l  plan cal led for shooting at three In te rm i t ten t  time In te rva ls ;
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however, frequent f i lm  breakage because of the high s ta r t  and stop accelera­
t ion  forces required that most of the f i lm ing  be shot In a single time 
In te r v a l .

Movies were shot at specif ied preselected times during the f i r s t  46 seconds of 
the test  run. Clock t imers, started at f lood I n i t i a t i o n ,  were used to In d i ­
cate when to act iva te  the movie cameras.

Prior to tes t ing ,  two measuring scales were posit ioned at r ig h t  angles and 
f i lmed with one of the tes t  movie cameras at the same focal length as the 
droplets In the test run movies. This f i lm  was then projected on a screen and 
used to establ ish a scale for determining droplet  size and ve loc i ty  In the 

test run movies.

Appendix G provides deta i led resul ts  obtained from reducing the Information 
contained In the high-speed droplet movies.
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ShCTION 5 
TEST RESULTS

5-1 INTRODUCTION

The data from 20 forced ref lood and three grav i ty  ref lood tests performed 
during the FLECHT SEASET 163-rod bundle test  program met the speci f ied test 
conditions and are reported herein. This section contains examples of key 
data and appendix H contains a large sampling of data for each of the 23 
ref lood tests.

The FLECHT SEASET test numbers comprise f ive  characters each. The f i r s t  
character, 6, refers to the 163-rod bundle test  program, the second and th i rd  
re fer to the sequential bundle cycle numbers, and the fourth and f i f t h  are the 
test matrix number. For example, run 60701 Is matr ix test  number 01 In the 
seventh cycle.

5-2. DATA REDUCTION

Data col lected for each run at the test  s i te  were compiled on a binary mag­
netic tape In engineering units by the CDAS. This magnetic tape was processed 

by a CDC-7600 computer and the fo l lowing series of data reduction programs 
were u t i l i z e d  for forced and grav i ty  ref lood tes ts :

DATA TAPE

CATALOG PROGRAM

PLOTS FFLOWS QUENCH

COMPARE

DATAR

The CATALOG program converted the data to a form compatible with the CDC 
computer and printed a l l  the data as a function of time. The PLOTS program 
simply plotted a l l  the recorded data as a function of time.
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The fo l lowing paragraphs describe the other four ref lood programs and provide 
an example of the reduced data. The as-run test  conditions for the ref lood 
tests are shown In table 5-1. The Instrumentation error analysis associated 
with the recorded data Is discussed In appendix I .

S-3. FFLOWS Program and Results

The FFLOWS program was u t i l i z e d  p r im ar i ly  to calcu late the mass balance for 
each ref lood tes t .  The mass balance was calculated by the fo l lowing 
formula t ion:

percent mass Imbalance = <mss d1ff_erence y loo
mass Injected

where mass dif ference = Injected mass - (upper plenum mass + carryover tank 
mass + steam separator mass ♦ mass In bundle + steam mass out + steam probe 
mass).

A mass balance p lo t for the reference run (run 61106) Is shown 1n f igure  5-1. 

The percent mass Imbalances at the end of In jec t ion  for a l l  the ref lood tests 
are shown In f igure  5-2. The average mass Imbalance was found to be approxi­

mately 2.6 percent at the end of In jec t ion  for a l l  forced ref lood tes ts ,  and 
approximately 0.4 percent for a l l  g rav i ty  ref lood tests. Only one test (run 

62304) had a mass Imbalance greater than 5 percent at the end of In je c t ion ;  
th is  may be a t t r ibu ted  to the high In jec t ion  rate of 157 mm/sec (6.2 I n . /  

sec). The mass balance p lo t  for each test  Is shown In appendix H.

The FFLOWS program was also u t i l i z e d  to calculate the void f ract ions along the 
length of the bundle. The d i f f e r e n t i a l  pressure measurements located every 

0.30 m (12 In . )  were used to calculate the void f rac t ion  by accounting for 
f r i c t i o n a l  and accelerat ion pressure drops. The bundle d i f f e r e n t i a l  pressure 

and void f rac t ion  plo ts for each test are shown In appendix H. The mass flow 
rate Into the bundle, the carryover tank, and the separator, as well  as the 

steam f low out of the test  section are also p lo t ted In appendix H for  each 
tes t .  The de ta i ls  of the mass balance and void f rac t ion  calcu lat ions In the 
FFLOWS program are provided In appendix J.
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TABLE 5-1

SUMMARY OF RUN CONDITIONS AND HOT ROD TEST RESULTS

Actual As-Run Conditions Hot Rod Test Results

Matr1X 
Test Run No.

Upper
Plenum

Pressure
[MPa

(ps la ) ]

Rod I n i ­
t i a l  Tem­
perature 
[*C(»F)]

Peak
Power
[kw/m
(k w / f t ]

Flooding 
Rate 

[mm/sec 
( In . /s e c ) ]

Coolant
Tempera­

ture
[»C(»F)]

Radial
Power

D is t r ibu ­
t ion

Rod T/C 
and 

Elevation 
[m(1n.)]

I n i t i a l
Tempera­

ture
[ “ C(»F)]

Maximum
Tempera­

ture
[»C(»F)]

Tempera­
ture
Rise

[»C(»F)]

Turn­
around
Time
(sec)

Quench
Time
(sec)

Bundle
Quench
Time
(sec)

Discon­
nected

Rod
Location

INITIAL CLAD TEMPERATURE EFFECT

01 60701 0.277
(40.2)

264.6
(508.2)

2.3
(0.7)

38.6
(1.52)

52.2
(126)

Uniform 7F-2.44
(96.00)

226.6
(439.9)

638.7
(1181.7)

412.1
(741.8)

139.8 321.2 404.1 Rod IDA

02 60802 0.271
(39.3)

538.8
(1001.9)

2.3
(0.7)

38.6
(1.52)

53.9
(129)

Uni form 70-2.29
(90.0)

483.3
(901.9)

817.4
(1503.4)

334.1
(601.5)

124.0 294.7 393 Rod lOA

60902 0.2703 
(39.20)

538.8
(1001.9)

2.3
(0.7)

38.6
(1.52)

53.3
(128)

Uniform 6E-2.29
(90.00)

498.9
(930.0)

821.1
(1510.0)

304.4
(580.0)

113.5 276.0 432 Rod IDA

FLOODING RATE EFFECT

03 62503 0.274
(39.7)

871.6 
(1600.9)

2.3
(0.7)

Variable 52.8
(127)

Uni form 7F-2.44
(96.00)

742.2
(1368.0)

1109.5
(2029.1)

367.3
(661.0)

250.1 623.7 782.7 Rod IDA

04 62304 0.277
(40.2)

877 .1 
(1610.8)

2.3
(0.7)

155
(6.1)

53.3
(128)

Uni form 8N-1.98
(78.00)

877.1
(1610.8)

900.9
(1653.7)

23.8
(42.8)

4.0 73.5 112.5 Rod lOA

05 61005 0.271
(39.3)

871.6 
(1600.9)

2.3
(0.7)

38.6
(1.52)

51.7
(125)

Uniform 8N-1.98 
(78.00)

862.0
(1583.6)

1001.9 
(1835.4)

139.9
(251.8)

66.0 257.1 452.4 Rod IDA

61705 0.273
(39.6)

873.5
(1604.3)

2.3
(0.7)

38.1
(1.50)

52.2
(126)

Uniform 90-2.03
(80.00)

836.7
(1538.1)

1013.8
(1856.9)

177.1
(318.8)

82.5 266.5 421.3 Rod IDA

62605 0.272
(39.5)

872.2
(1602.0)

2.3
(0.7)

38.6
(1.52)

52.2
(126)

Uniform 3H-2.03
(80.00)

835.2
(1548.9)

1010.4
(1850.1)

167.3
(301.2)

70.5 260.2 409.2 Rod IDA

06 61106 0.277
(40.2)

885.7
(1626.2)

2.3
(0.7)

24.9
(0.981)

52.8
(127)

Uniform 101-2.03
(80.00)

855.6
(1571.6)

1144.4
(2089.9)

270.0
(518.0)

143.5 384 678 Rod IDA

07 61607 0.276
(40.1)

877.7
(1611.9)

2.3
(0.7)

21
(0.81)

52.8
(127)

Uniform llG-2.01
(79.00)

856.0
(1572.8)

1198.2
(2188.7)

324.4
(616.0)

204.1 434.8 725 Rod IDA

08 61208 0.2689
(39.00)

871.0
(1599.8)

1.3
(0.4)

15
(0.60)

51.1
(124)

Uniform 9H-2.29
(90.00)

812.2
(1494.0)

1095.0
(2003.0)

265.0
(509.0)

212 420 541 Rod IDA
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TABLE 5-1 (c o n t)

SUMMARY OF RUN CONOITIONS AND HOT ROD TEST RESULTS

Actual As-Run Conditions Hot Rod Test Results

Matr ix
Test Run No.

Upper
Plenum

Pressure
[MPa

(ps la ) ]

Rod I n i ­
t i a l  Tem­
perature
r c r f ) ]

Peak
Power
[kw/m
(kw / f t ]

Flooding 
Rate 

[mm/sec 
( In . /s e c ) ]

Coolant
Tempera­

ture
[ ” C(»F)]

Radial
Power

D is t r ibu ­
t ion

Rod T/C 
and 

Elevation 
[m(1n.)]

I n i t i a l
Tempera­

ture
( ‘’C(“ F)]

Maximum
Tempera­

ture
[»C(»F)]

Tempera­
ture
Rise

[ ‘’C(“ F)]

Turn­
around
Time
(sec)

Quench
Time
(sec)

Bundle
Quench
Time
(sec)

Discon­
nected

Rod
Location

SYSTEM PRESSURE EFFECT

09 61509 0.140
(20.1)

876.5
(1609.7)

2.4
(0.72)

26.9
(1.06)

35
(95)

Uniform 7E-2.03
(80.00)

852.9
(1567.3)

1125.1
(2057.2)

254.4
(489.9)

217.1 532.9 854.1 Rod IDA

10 61810 0.1358
(19.70)

871.6
(1600.9)

1.4
(0.42)

17
(0.65)

33.9
(93)

Uniform 7G-2.03
(80.00)

850.0
(1561.9)

1085.0
(1984.9)

235.0
(423.0)

198.5 489.6 729.2 Rod lOA

11 62211 0.137
(19.9)

871.0
(1599.8)

1.4
(0.4)

28(1.1) 
for 30 sec 
26.9 (1.06) 
onward

33.9
(94)

Uniform 8N-1.98 
(78.00)

871.1
(1599.8)

942.8
(1728.9)

71.7
(129.0)

52.0 294.0 467.2 Rod IDA

12 61412 0.404
(58.6)

874.7
(1606.4)

2.3
(0.69)

24.6
(0.968) for 
120 sec 
26.2 (1.03) 
onward

63.9
(147)

Uniform 90-2.03
(80.00)

831.3 
(1528.3)

1125.1
(2057.2)

293.8
(528.9)

132.5 296.9 471.0 Rod IDA

PEAK POWER EFFECT

13 62413 0.276
(40.0)

875.9
(1608.6)

3.3
(1.0)

38
(1.5)

53.8
(129)

Uni form 8N-1.98
(78.00)

875.9
(1608.6)

1136.8
(2078.2)

260.9
(469.6)

78.5 331.6 564U) Rod lOA

14 61314 0.274
(39.7)

876.5
(1609.7)

1.30
(0.397)

38.6
(1.52)

51.7
(125)

Uniform 8N-1.98 
(78.00)

875.9
(1608.6)

910.1
(1670.2)

16.4
(61.5)

35 179 274.1 Rod lOA

SUBCOOl ÎNG EFFECT

15 62015 0.277
(40.2)

877.1
(1610.8)

2.30
(0.702)

24.9
(0.980) for 
60 sec
27.7 (1.09) 
for 140 sec
29.7 (1.17) 
onward

119.4 
(247 )

Uni form 90-2.03 

(80.00)

835.6

(1536.0)

1085.0

(1985.0)

231.7

(449.0)

115 46*2 672 Rod lOA

STEPPED FLOW EFFECT

16 61916 0.277
(40.2)

877 .1 
(1610.8)

2.3
(0.7)

154 (6.07) 
for 7 sec 
20.6 
(0.810) 
onward

52.2
(126)

Uniform 9H-2.29
(90.00)

818.9
(1505.6)

1119.4
(2046.6)

300.5
(541.1)

234.1 508.6 658.1 Rod IDA

A. T»ri i ln«ted p r io r  to bundle quench 5-5





TABLE 5-1 (c o n t )

SUMMARY OF RUN CONDITIONS AND HOT ROD TEST RESULTS

Actual As-Run Conditions Hot Rod Test Results

Matrix
Test Run No.

Upper
Plenum

Pressure
[MPa

(ps la ) ]

Rod I n i ­
t i a l  Tem­
perature 
[*C(»F))

Peak
Power
[kw/m
(kw / f t ]

Flooding 
Rate 

[mm/sec 
( In . / s e c )]

Coolant
Tempera­

ture
[ “ C(»F)]

Radial
Power

Ols tr lbu-
t lon

Rod T/C 
and 

Elevation 
[m ( ln . ) ]

I n i t i a l
Tempera­

ture
[ “ C(»F)]

Maximum
Tempera­

ture
[«C(«F)]

Tempera­
ture
Rise

[*C (“ F)]

Turn­
around

Time
(sec)

Quench
Time
(sec)

Bundle
Quench
Time
(sec)

Discon­
nected

Rod
Location

HOT/COLD CHANNEL EFFECT

17 62117 0.277
(♦0.2)

871.6
(1600.9)

2.3/1.3
(0 .7/
0.4)

20
(0.79)

53
(127)

Hot/cold
channels

9H-2.29
(90.0)

832.5
(1530.5)

1210.2
(2210.4)

377.7
(679.9)

163.0 324.4 440.1 Rod lOA

GRAVITY REFLOOD

In jec t ion
Rate

[kg/sec
( lb /s e c ) ]

18 63018 0.276
(40.0)

871.7 
(1601.0)

2.3
(0.70)

5.76 (12.7) 
for 14 sec 
0.780 (1.72)

52.2
(126)

Uniform 8N-1.98 
(78.00)

869.8
(1597.7)

893.0
(1639.4)

23.2
(♦1.7)

9 172.2 277 .1 Rod lOA

19 62819 0.140
(20.3)

(871.6) 
(1600.9)

2.3
(0.70)

5.76 (12.7) 
for 14 sec 
0.780 (1.72)

73.2
(91)

Uniform 8N-1.98 
(78.0)

1578.8
(1596.6)

1695.4
(1713.2)

64.6
(116.7)

83.5 252.4 413.1 Rod lOA

62919 0.139
(20.1)

871.6
(1600.9)

2.3
(0.70)

5.62 (12.4) 
for 4.5 sec 
0.594 (1.31)

32.2
(90)

Uniform l lE-1 .93
(76.00)

849.3
(1560.8)

1119.2
(2046.6)

269.9
(485.8)

117.5 349 593.1 Rod lOA

0040X;1/081283 5-7
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5-4. QUENCH Program and Results

The heater rod and housing thermocouple data for  ref lood tests were reduced by 
the QUENCH program. The QUENCH program was designed to determine the char­
a c te r is t i c s  of temperature h is to r ies  of the thermocouple data. These charac­
te r i s t i c s  include the i n i t i a l  temperature, maximum temperature, quench tem­

perature, turnaround time, and quench time. The temperature h is to ry  of the 
hottest rod thermocouple for the reference run {run 61106) is shown in f igure
5-3 with the actual data points chosen by the QUENCH program. A tabulat ion of 
the hot rod characte r is t ics  from the QUENCH program for a l l  g rav i ty  and forced 
ref lood tests is provided in table 5-1. The QUENCH program calculates the 
s ta t i s t i c s  of these charac te r is t ics  for each instrumentation elevation, such 
as average turnaround time. These s ta t i s t i c s  are tabulated for each ref lood 
test  in appendix H.

The QUENCH program also calculates a quench f ron t  curve (from a cubic spl ine 
curve f i t )  from the average of the thermocouple quench times at a given elev­
a t ion,  and subsequently calculates a quench f ron t  ve loc i ty  which is u t i l i z e d  
in the FLEMB code for ca lcu la t ing an energy balance. Examples of the ca lcu la­
ted quench curve with the associated thermocouple quench times and quench 
front  ve loc i ty  are shown in f igures 5-4 and 5-5, respect ive ly ,  for run 61106.

The de ta i ls  of the c r i t e r i a  used for choosing quench time and temperature are 

provided in appendix J.

5-5. DATAR Program and Results

The QATAR program was used to calcu late the heat t ransfer coe f f ic ien ts  for the 
ref lood tests . The program employs a f i n i t e  di f ference method to solve the 
inverse conduction problem u t i l i z i n g  the measured rod power, temperature, and 
physical dimensions to calculate the rod heat f l u x .  The calculated heat 
transfer coe f f ic ien t  is referenced to the measured saturat ion temperature.
The heat transfer coe f f ic ien t  for the hottest rod thermocouple from run 61106 
is shown in f igure 5-6.

0G40X-. 1/060783 5-11
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To provide heat transfer co e f f ic ie n t  data more su i tab le for analysis and eval­
uation, the data were smoothed (or averaged) over a to ta l  time of 10 seconds. 
This smoothing technique consisted of replacing each data point with an aver­
age value of the o r ig in a l  data point and a specif ied number of points before 
and a f te r  the time of In te res t .  An example of the o r ig ina l  data and smoothed 
data Is shown In f igu re  5-7 for the hottest rod thermocouple from run 61106.

The de ta i ls  of the DATAR program ca lcu la t ions,  as well  as the de ta i ls  on the 
data smoothing technique, are given In appendix J.

The heat transfer c o e f f i c ie n t  error analysis as previously performed for  the 
161-rod unblocked bundle, as shown In ( f igu re  5-8),  Is appl icable to the 
163-rod bundle, since the heater rod materials are exactly the same and the 
rod dimensions are approximately the same as In the 161-rod unblocked bundle. 
In the 163-rod bundle, the thermocouple diameter was Increased to 1.0 mm 
(0.040 In . )  from 0.64 mm (0.025 I n . ) ,  and the heating c o l l  diameter was 
subsequently reduced from 4.44 to 3.43 mm (0.175 to 0.135 I n . ) ,  but I t  Is 
believed that the errors associated with these changes are neg l ig ib le .

5-6. COMPARE Program and Results

The COMPARE program was u t i l i z e d  to compare data w i th in  a test run, between 
test  runs, and/or between test  series by p lo t t in g  the respective data as a 
function of time, elevat ion (ZPLOT), or rad ia l  location (RPLOT). The auto­
mated comparison of data provided for quick and e f f i c i e n t  va l ida t ion  of tests 
and thorough analysis of large quant i t ies of data. The fo l lowing paragraphs 
describe some of the data resul ts  u t i l i z i n g  th is  program. Appendix H provides 
comparisons of the 163-rod blocked and 161-rod unblocked bundle measured rod 
temperatures and the calculated heat transfer coe f f ic ien ts .  Axial temperature 
d is t r ib u t ions  as a function, of time for the vapor, thimbles, and housing are 
also provided In appendix H, as well  as loop temperatures and component f l u i d  
le v e ls .

5-7. I n i t i a l  Heater Rod Radial Temperature D is t r ibu t ion  — In the 163-rod 
bundle, the addit ion of the 40 flow blockage sleeves af fected the I n i t i a l

0040X:1/060783 5-16
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heater rod radia l  temperature d i s t r ib u t io n ,  as shown In f igu re  5-9 at the 1.90 
m (75 In . )  elevation for run 61106. This f igu re  shows the measured rod tem­
perature as a function of rad ia l  pos i t ion from the center of the blockage 
Island. The reduction In the temperature of the heater rods In and near the 
blockage Islands was a t t r ibu ted  to the blockage sleeves. The rad ia t ion  heat 
transfer between the "cold" sleeves and the hot rods was Increased, thereby 
reducing the temperature of the adjacent heater rods. The convection heat 
transfer from the rods to the steam was Increased because of the f low accel­
erat ion through the blockage. Also, the blockage sleeves, which represent ap­
proximately 30 percent of the mass of the heater rod per un i t  length, stored 
energy which otherwise would have been stored In the heater rod. In contrast , 
the midplane radia l temperature d i s t r ib u t io n  for the 161-rod unblocked bundle, 
as shown In f igure 5-10 for the 1.83 m (72 In . )  elevation for  run 31504, Ind i ­
cates a radia l  temperature gradient which was higher In the center of the 
bundle. At elevations Immediately upstream [1.70 m (67 I n . ) ]  and downstream 
[2.03 m (80 I n . ) ]  of the blockage for run 61106, a f a i r l y  uniform rad ia l  tem­

perature d is t r ib u t io n  was achieved, as shown In f igure  5-11, s ign i fy ing  the 
local ized e f fec t  of the blockage sleeves on the heater rod temperature 
d is t r ib u t io n .

Since the midplane radia l  temperatures were s ig n i f i c a n t l y  d i f fe re n t  between 
the unblocked and blocked bundles, bundle flood was In i t i a te d  In the blocked 
bundle at a time when the average midplane temperature was approximately the 
same as In the unblocked bundle. In th is  manner. I t  was bel ieved that the 
overal l  thermal response would be approximately the same for  the two bundles, 
although the radial  d is t r ib u t io n  would be d i f fe re n t .  However, I t  was found 

that the I n i t i a l  temperatures In both the lower and upper halves of the bundle 
were general ly higher In the blocked bundle than the corresponding unblocked 
bundle tests. Consequently, the quench f ron t  for the blocked bundle was ap­
proximately 20 to 40 seconds slower than that of the unblocked bundle.

A l l  the 163-rod bundle tests provided approximately the same I n i t i a l  radia l 
temperature d is t r ib u t io n  except for the hot/cold channel tes t  (run 62117). In 
th is  tes t ,  the 40 blockage Island rods were powered at 2.3 kw/m (0.7 kw / f t )  
and the other 123 rods were powered at 1.3 kw/m (0.4 k w / f t ) ;  f lood was I n i t i ­
ated when the hottest thermocouple reached 871*C (1600®F). The I n i t i a l  radial

0040X:l/060783



A B C D E F G H  I J K L M N O

KTi
IfS>O

o©o

©®o

©oo

BLOCKAGE

R ADIAL TEMPERATURE DISTRIBUTION

9 2 0

9 0 0

8 8 0

8 6 0

8 4 0

8 2 0

8 0 0

7 8 0

7 6 0

7 4 0

7 2 0

1 7 5

1 2 3

1 2 6

1 ? - '

1 1 3  1 1 ^
12  1 ' ^

1 1 4
1 2 7

l ? f i
1 I 7

1 1 I

B L O C K A G E
IS L A N D S

B Y P A S S
Z O N E

^ -------------

. 1 . 2 . 3 . 4 . 5 . 6 . 7 .  8 . 9 .  1 0 .

16 75

1 6 5 0

1 6 2 5 T
E

1 6 0 0 n

1 5 / 5
p
E

1 5 5 0 4
A

15 25 3

1 5 0 0 U
R

14 7 5 F

1 4 5  0 0

1 4 2 5 F
G

1 4 0 0
F

1 3 7 5

1 3 5 0

1 3 2 5

CHANNEL
NUMBER R fl D I AI P 0 '■> I T I n PJ

F igure 5 -9 . I n i t i a l  Heater Rod Radial Temperature D is t r ib u t io n ,  Run 61106,
1.90 m (75 I n . )  E leva t io n

Oi
09
CO
09

i .



A B D E H I M N O

CD
I

r\>

1
2
3

4

5

6
7

8 
9

10
11
12
13

14

15

^OOOOO^ 
'OOOO0OOOO' 
>000000000!

RADIAL TEMPERATURE DISTRIBUTION

>oo<
>000# 0( 

>00000 >oo© >oooo
>©oo

o o ^  

)000 >oo
OOOO0O 

OOO00OOO>ooy
>Q0OOOOO©OOOR■'̂’̂ o ^ o m o o o o /' 
Sooooboo!

^ O O O O Q ^

P‘̂ 0

8?0

9 0 0

8 9 0

■ , 8 8  0

f  8 70 M
P 8fc0 7 
F 
R
^8901
U 8 3 0  
R 
F

8 1 0
0
E 8 0 0

790 

C 780  

7 7 0 

7 6 0

6?
98

69

6 7 

68 
9 7

6 6 
n

79

9 9

1 6 6
1 6 ')
1 I- 0 '

F
1 6 ' 9 r: 

19--0 ;

I ^

1 9 9 9
R

1 9 0 0 F

1 9 8 0 [,

1 9 7 0 f G
19 9 0

F
1 9 ? 0 

I 9 0 0

13  8 0
0 . 1 ? .  3.  9 .  9 .  6 .  7.

R fi 1!!, n I P OS I T I ON

1 0

Figure 5-10. Midplane Radial Temperature D i s t r i b u t i o n ,  161-Rod Unblocked
Bundle, Run 31504, 1.83 m (72 i n . )  E leva t io n



LT>
Irvru

A B C D E F G H  I J K L M N O

'OOOOO0OOO'
•0 000 © 0© © 0 j

0 0 (  
0 (  
0 0 (  
0 0 (

p<

) ® 0 © <
) 0 0 © <

roo®(
0 0 0 (>oo®<

OO0O(

) O o ;
' © o L ,  

) 0 0 0 \  
) 0 0  ooo >ooo 
>0 0 /  

0 0 ^

0OOOOOOO( ^OOOOQ^

9 ? 0

9 0 0
1
n
p
t Pto 
R
f e'lo 
u
n 8 2 0
E

D 8 0 0

F
 ̂ 780  

C
7 60

7 90

RADIAL TEMPERATURE DISTRIBUTION  

UPSTREAM OF BLOCKAGE

92 96
99

97

99

9 1

29 28
30

3 1
38

3?

I .  2 .  3.  9 .  5 .  6 .  7 .  8 .  9 .  10,

RA D I A L  P O S I T I O N

1680

16 9 0 7

E
ri

16 00

t  
R 
A 
T 
U 
R 
E

1 980
D
E

1 9 9 0  G

1900

I SO!

I S 2 0

1 3 6 0

Figure 5-11. Radia l Temperature D is t r ib u t io n  Immediate ly Upstream and
Downstream o f Blockage, Run 61106 (sheet 1 o f 2)

■tkUl00a
CD

6)



tn
IrvCO

1

2

3

4 

6 

6

7

8 

9

10

11

12

13

14

15

A B C D E F G H  I J K L M N O

,  : ^ 0 0 0 0 ^  ooooo@ooo' 
0 0 0 0 © 0 @ 0 0 !

0 O @
o@@ooo

Q0 @ 0  
.OO0OO(
^ o o o o o ^

*ooo
) © O l O  
) 0 0 0 ^  o©oo 
)000 
)©00 

)00/  
o o u l 

) 0 0 ^ ' ^

9 0 0  

8 9 0  

8 8 0  

8 7 0 

8 6 0  

8 0 0  

8 9 0 

8 3 0  

8 ? 0  

8 1 0 

8 0 0  

790  

780  

7 70

RADIAL TEMPERATURE DISTRIBUTION  

DOWNSTREAM OF BLOCKAGE

238
2 2 7

236 29V 224

2 3 0  2^b 

232

I .  2 .  3 .  4 .  5 .  6 .  7 .  8 .  9 .  10,

Rf l D I f l l  P O S I T I O N

1 6 6 0

16 4 0

1 6 ? 0 1
f

1 (■ 0 0 n
p

1 0 > 0 t

1 S ( 0
Fi
8
T

1 S 0 0
U

1 S 20 Fl
1

1 s o o
0

1 4 8 0 1
G

1 4 6 0

1 4 4 0 F

1 4 2 0

1 4 C0

F igure 5-11. Radia l Temperature D is t r ib u t io n  Immediate ly Upstream and
Downstream of Blockage, Run 61106 (sheet 2 o f 2)

4kU1
00
CO
00



temperature d ts t r tbu t lon  at the 1.70 and 2.03 m (67 and 80 1n.) elevations are 
shown In f igure 5-12. The average rod temperature for the two blockage 
Islands was approximately 816®C (1500*F) and for the other rods was approxi­
mately 593“ C (1100“ F).

•5-8. Symmetry of Heater Rod Temperatures - -  In the 163-rod blocked bundle, 
there was only one l ine  of symmetry, as previously discussed In paragraph 3-5 
and I l l u s t r a te d  In f igure  5-13. To determine the symmetry of the heater rod 
temperature, there were 42 pairs of thermocouples symmetrical ly located In the 
bundle between the elevations of 1.70 m (67 In . )  and 3.05 m (120 In . )  d i s t r i ­
buted a x ia l l y  and ra d ia l l y  as tabulated below;

Number and Location of Symmetrical Thermocouples

6 (4 In bypass and 2 In blockage Islands)
2 (In blockage Islands)
8 (4 In bypass and 4 In blockage Islands)
8 (In blockage Islands)
4 (In blockage Islands)
4 (In blockage Islands)
2 (In blockage Islands)

2 (In blockage Islands)
2 (In bypass region)

6 (In blockage Islands)
14 (In blockage Islands)
10 (4 In bypass and 6 In blockage Islands)
10 (4 In bypass and 6 In blockage Islands)
6 (2 In bypass and 6 In blockage Islands)

TOTAL 84 (20 In bypass and 64 In blockage Islands)

Comparison of the temperatures from the above symmetrical heater rod thermo­

couples as a function of time showed that the rod temperatures were f a i r l y  
symmetrical at a l l  elevations. Even In tests conducted la te r  In the program.

Elevatlon
[m ( I n . ) ]

1.70 (67)
1.88 (74)
1.90 (75)
1.96 (77)
1.98 (78)
2.01 (79)
2.03 (80)
2.06 (81)
2.13 (84)

2.18 (86)
2.29 (90)
2.44 (96)
2.82 (111)
3.05 (120)
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there were In s ig n i f ic a n t  differences In the temperature measurements at sym­
metrical locations, as shown In figures 5-14 and 5-15 fo r runs 61005, 61607, 
61916, and 62605.

5-9. Data Repeatability  — The re p e a ta b il i ty  of the data was measured by 
conducting three tes t runs at the same exact conditions (as much as experi­
mentally possible) at approximately equal In te rva ls  In the tes t ing  program. 
These were runs 61005, 61705, and 62605. There were no successive repeat 
tes ts ; therefore, e ffec ts  such as rod bow and surface degradation could have 
affected the measured rod temperature data. The nominal tes t conditions fo r 
each of the repeat tests were as fo llows:

0 38.6 mm/sec (1.52 In ./sec) flooding rate
0 2.30 kw/m (0.7 kw /f t )  peak I n i t i a l  l inea r power
0 871®C (1600®F) I n i t i a l  clad temperature
0 0.272 MPa (39.5 psla) system pressure
0 52.7®C (127®F) In le t  f lu id  temperature

The hot rod cha rac te r is t ics  for each of the three repeat tests were found to
be somewhat d if fe re n t  (tab le  5-1). However, the hot rod maximum temperatures
of 1002®C to 1014“ C (1835*F to 1857®F) provide the only basis for that com­
parison. Subsequently, the temperature r is e ,  turnaround time, and quench time 
for the hot rod should not be compared since the respective hot rod location
varied from tes t to tes t (rods 8N, 90, and 3H). A better evaluation of the
data re p e a ta b il i ty  was achieved by comparing the same thermocouple location 
from test to te s t .

The heater rod temperature data repeated f a i r l y  well up through and past 
turnaround time, as shown In f igu re  5-16. However, there were temperature 
differences la te  In the reflood trans ien t, w ith a re su lt in g  d iffe rence In the 
quench time. A comparison of the average quench fro n t Is shown In figu re  5-17 

for each of the three repeat tes ts . The quench fro n t Is approximately the 
same up to the 1.65 m (65 In . )  e levation, which Is Just upstream of the 

blockage. The differences In quench times between tes t runs 61005 and 62605 
at the 1.91 m (75 In . )  e levation are shown In the Inset In f igu re  5-17. The
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thermocouples In the blockage Islands quenched approximately 60 seconds ear­
l i e r  In run 62605 than In run 61005; the thermocouples In the bypass region 
quenched only 15 seconds e a r l ie r  In run 62605 than In run 61005. However, 
these resu lts  are consistent w ith those measured In the 21-rod bundle repeat 
tes ts , as shown below:

Quench Time at Indicated Elevation (sec)

21-Rod Bundle 1.52m (60 In . )  1.98m (78 In . )
Test Repeat (upstream of blockage) (downstream of blockage)

41807F 231.4 352.2

42215F 230.3 354.6

42915F 220.4 330.5

43915F 230.7 316.8

44015F 219.9 302.9

These resu lts  Indicate the heat transfer Improvement near the quench fron t as 
the surface of the heater rods and blockage sleeves oxid ized.

5-10. SUHMARY OF RUN CONDITIONS AND HOT ROD TEST RESULTS FOR REFLOOD TESTS

The as-run conditions and the hot-rod resu lts  fo r the re flood tests are l is te d  
In tab le 5-1.

The summary resu lts  for the forced and g ra v ity  re flood tests Include the f o l ­
lowing Information:

0 Location of the hottest temperature recorded during the te s t ,
which Is characterized by the ra d ia l location of the rod In the 
bundle and the thermocouple nominal e levation w ith respect to 
the bottom of the heated length

0 I n i t i a l  and maximum temperatures of the hot rod

0 Turnaround time, which Is the time a fte r  the s ta r t  of f looding
at which the hot rod maximum temperature was recorded
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0 Hottest rod quench time, which Is the time a f te r  the s ta r t  of
f looding at which the temperature of the ho ttest rod started to
decrease very ra p id ly

0 Bundle quench time, which Is the time a f te r  s ta r t  of f looding at
which a l l  thermocouples In the bundle had quenched

5-11. GRAVITY REFLOOD TEST RESULTS

In the f i r s t  g ra v ity  re flood tes t (run 62819), conducted at 0.14 MPa (20 
ps ia ), the downcomer f i l l e d  to 5.49 m (216 In . )  w ith in  approximately 20 sec­
onds of I n i t ia t io n  of mass In je c t ion . The downcomer subsequently remained 
f i l l e d  through most of the te s t ,  as shown by the measured l iq u id  leve l In 
f igu re  5-18. To prevent the downcomer from f i l l i n g ,  the mass In je c t io n  rate 
was reduced In run 62919 as tabulated below:

In je c t io n  Flow 
Run [kg/sec ( lb /s e c ) ]

62819 5.80 (12.8) fo r 15 seconds, 0.785 (1.73) onward
62919 5.80 (12.8) fo r 5 seconds, 0.594 (1.31) onward

As a re su lt  of the decreased mass In je c t io n  ra te , a s ig n i f ic a n t ly  d i f fe re n t  
downcomer hydraulic response and bundle thermal response was achieved In run 
62919. As shown In f igu re  5-18, the downcomer I n i t i a l l y  f i l l e d  to the 1.22 m 
(48 In . )  elevation and continued to f i l l  fo r approximately 200 seconds to the 
4.57 m (180 In . )  e levation , at which time the downcomer began to empty. The 
hot rod temperature responses for the two tests are shown In f igu re  5-19.
Since there were no comparable 161-rod unblocked bundle tests for runs 62819 
and 62919, data comparisons were not performed. However, a comparison of the 
quench times at the 1.98 m (78 In . )  e levation fo r run 62819 In f igu re  5-20 
Indicates that the blockage Island thermocouples quenched approximately 87 
seconds e a r l ie r  than the bypass region thermocouples. This re su lt  s ig n if ie s  
the Improved heat transfe r downstream of the blockage re la t iv e  to the flow 
bypass region, although approximately 45 seconds of th is  time d i f fe r e n t ia l  may 

be a t t r ib u te d  to the surface oxidation differences between the bypass zone and 
the blockage zone, as shown In paragraph 5-9.
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The th ird  g rav ity  reflood tes t (run 63018) was conducted at 0.28 MPa (40 psia) 
u t i l i z in g  the same In jec t ion  rate as In run 62819. In th is  te s t ,  as shown In 

figu re  5-18, the downcomer f i l l e d  to approximately 4.88 m (192 In . )  w ith in  15 
seconds a f te r  In jec t ion  and slowly decreased to a level of 3.05 m (120 In . )  by
the end of the te s t .  A comparison of the measured heater rod temperatures
from the blocked bundle and the 161-rod unblocked bundle (run 33436) for rod 
9E at the 1.98 m (78 In . )  elevation Is shown In f igu re  5-21. A comparison of 
the quench times at the 1.98 m (78 In . )  e levation fo r run 63018 In figu re  5-22
also Indicates that the blockage Island thermocouples quenched approximately
76 seconds e a r l ie r  than the bypass region thermocouples.

5-12. ROD BUNDLE GEOMETRY

A major concern In conducting the 163-rod bundle tests was the severe rod bun­
dle d is to r t io n  which had previously occurred In the 161-rod unblocked bundle. 
This bundle d is to r t io n  was a tt r ib u te d  to the thermal cyc ling  Imposed on the 
heater rods and the f i l l e r  rods. The fo llow ing design changes were Incorpor­
ated In the 163-rod bundle to a l le v ia te  the d is to r t io n :

0 Heater rods were annealed to remove residual stresses and thus
reduce rod bowing.

0 The height of the dimples on the grids was reduced to allow
thermal growth of the heater rods through the g r ids .

0 F i l le r  rods were s p l i t  and pin-connected to each other to allow 
thermal growth of the f i l l e r  rods.

A simple and quantita tive  Ind ication of the thermal cycling Imposed on the

heater rod bundle was the time at temperature. The In tegra l of the tlme-
temperature curve for the hot thermocouple at times when the temperature was
above 816®C (1500*F) was calculated fo r each 163-rod bundle te s t ,  as shown In 
f igu re  5-23. In the 161-rod unblocked bundle, severe rod d is to r t io n  was 

calculated to occur by tes t run 34711, as discussed In appendix G of the 
161-rod bundle data r e p o r t . T h e  summation of the In tegra l of the tlme-

1. Loftus, M. J . ,  et a l . ,  "PWR FLECHT-SEASET Unblocked Bundle, Forced and 
Gravity Reflood Task Data Report," NRC/EPRI/West1nghouse-7, 3une 1980.
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temperature curve fo r the 161-rod unblocked bundle tests up to and Including 
run 34711 was 0.97 X 10^“ C-sec (1.75 x 10^“ F-sec), as also Indicated In 
figu re  5-23. The respective value fo r the 163-rod blocked bundle tests was 

1.03 X 10^ “ C-sec (1.86 X 10^ “ F-sec), which Is In s ig n i f ic a n t ly  greater 
than that fo r the unblocked bundle.

The heater rod bundle was removed from the tes t f a c i l i t y  and thoroughly In ­
spected. There was minimal rod d is to r t io n  In the center of the bundle, as 
shown In appendix X.

5-13. FLOW BYPASS EFFECTS

To provide a comprehensive, yet simple, comparison of the flow blockage 
resu lts  to q u a l i fy  the e ffec ts  of flow bypass, the temperature r is e  d ifference 
between the blocked and unblocked bundles was calculated as a function of 
elevation and f looding ra te . The temperature r ise  re f le c ts  the Integrated 
heat transfer e ffe c t  of the flow blockage and bypass. The unblocked-to- 
blocked temperature r is e  d iffe rence Is defined as

^^^rIse^unblocked ~ ^^^rIse^blocked (5-3)

^̂ MAX ■ ^INIT^unblocked ‘  ^^MAX '  ^INIT^blocked

I f  the I n i t i a l  clad temperatures were the same In the two bundles, the above 
re la tionsh ips would simply reduce to the d iffe rence between the respective 

maximum temperatures at the turnaround time,

^^MAX^unblocked " ^^MAX^blocked

The unblocked and blocked bundle tests which were compared are shown In table 
5-2. The elevations selected for these comparisons were 1.98 m (78 In . ) ,  
which Is Immediately downstream of the blockage, and 2.44 and 3.05 m (96 and 
120 I n . ) ,  which are located In the next two gr id  spans. To provide the most 
appropriate comparisons between the 21-rod bundle and the 163-rod/161-rod 

bundles, only the heater rods In the two 21-rod blockage Islands of the 
163-rod bundle were u t i l iz e d .
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TABLE 5-2 
UNBLOCKED AND BLOCKED BUNDLE TESTS 

FOR COMPARISON OF FLOW BYPASS EFFECTS

Test Conditions

Bundle
Blockage

Description
Flooding Rate 

[m/sec ( In . /s e c ) ]
Peak Power 

[kw/m ( k w / f t ) ] Power/Flow

21-rod Not applicable 0.02 (0.9) 2.44 (0.745) 0.87
unblocked 0.028 (1.1) 2.44 (0.745) 0.71

21-rod Long, nonconcen- 0.038 (1.5) 2.3 (0.70) 0.46
blocked t r l c  sleeves 

d is tr ib u te d  non- 
coplanar on a l l  21 
heater rods

0.2 (6) 2.3 (0.70) 0.12

161-rod Not applicable 0.02 (0.8) 2 (0.7) 0.87
unblocked 0.025 (1.0) 2.3 (0.70) 0.71

163-rod Long, nonconcen- 0.038 (1.5) 2.3 (0.70) 0.46
blocked t r l c  sleeves 0.038 (1.5) 1.3 (0.40) 0.27

d is tr ib u te d  
noncoplanar on 
two 21-rod Islands

0.2 (6) 2.3 (0.70) 0.12
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The resu lts  of these ca lcu la tions , as shown In f igu re  5-24, generally Indicate 
the fo llow ing e ffec ts :

0 The temperature r ise  d iffe rence Is greater fo r the 21-rod bundle 
than for the large blocked bundle. This Is a t t r ib u te d  to the 
flow bypass e ffe c t  In the large bundle, which decreases the flow 
through the blockage region. However, even w ith  the flow bypass 
e f fe c t ,  the blocked bundle maximum temperature Is less than that 
for the unblocked bundle.

0 As the flooding rate decreases, the temperature r ise  d iffe rence 
between the unblocked and blocked bundles Increases. This 
Indicates that the maximum temperature In the blocked bundle 
decreases. The maximum temperature In the blocked bundle 
decreases because of the Improved heat transfe r downstream of 
the blockage. The amount of the heat transfe r Improvement Is 
affected by the absolute leve l of the heat tra n s fe r .  As the 
flooding rate decreases, the overa ll heat transfe r level 
decreases; therefore any Improvement In the heat transfe r s ig ­
n i f ic a n t ly  a ffec ts  the measured rod temperature. Also, w ith 
reduced flooding ra te , the period of two-phase dispersed flow Is 
Increased w ith respect to time, which means that the droplet 
breakup e ffec t Is Increased.

0 As the distance downstream of the blockage Increases, the temp­
erature r ise  d iffe rence between the unblocked and blocked bun­
dles decreases. This Indicates that the maximum temperature In 
the blocked bundle Increases w ith distance from the blockage.
However, the blocked bundle maximum temperature Is s t i l l  less 
than that for the unblocked bundle. This ax ia l e f fe c t  down­
stream of the blockage Is s im ila r  to a thermal entrv region fo r 
a tube and has bieen observed downstream of a grld^^J and other 
blockages.

1. Yao, S. C., et a l . ,  "Heat Transfer Augmentation In Rod Bundles Near 
Grid Spans," presented at ASHE Winter Annual Meeting In Chicago, IL , 
November 16-21, 1980.

2. Ih le ,  P., and Rust, K., "FEBA - Flooding Experiments With Blocked 
Arrays - Influence of Blockage Shape," Trans. American Nuclear 
Society 31. 399-400 (1979).
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The temperature r ise  d iffe rence as a function of time Is shown In f igu re  5-25 
fo r the tests w ith the highest power-to-flow ra t io  at the 1.98 m (78 In . )  
e leva tion .)  This f igu re  Indicates a cons is tently  larger d iffe rence In the 
temperature r ise  as the re flood trans ien t progresses through 120 seconds.
This d iffe rence Is greater [approximately 44*C (80®F)] than that shown 
previously In figu re  5-24 [approximately 25“ C (45*F)], since the turnaround 
time fo r the blocked bundle w ith flow bypass Is longer than that fo r the 
blocked bundle without flow bypass.
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SECTION 6

CONCLUSIONS

The objectives of the 163-rod blocked bundle tes t program were judged to have 
been successfully met. Thermal-hydraulic data from 20 forced re flood tests 

and three g rav ity  reflood tests were obtained, and a l l  tes t data were found to 
be v a l id .  The 163-rod blocked bundle data, which cover a wide range of th e r­
mal-hydraulic conditions, provide a basis for assessment of the flow blockage 
model to be developed from the 21-rod bundle tes t data. The flow blockage 
model evaluation report w i l l  be Issued In 1984.

In the 163-rod bundle, the peak measured rod temperatures In and downstream of 
the blockage Islands were less than the corresponding rod temperatures In the 
161-rod unblocked bundle for a l l  conditions tested. Although more tests would 
have provided a larger data base. I t  Is believed that the tests which were 
conducted would adequately address the NRC Appendix K, 10CFR50.46, steam 

cooling and flow blockage ru le .
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AHHtNUlX A 

BLOCKAtih SLttVE SELECTION

A-1. INTRODUCTION

Paragraphs A-2 and A-3 are reprin ted from appendix C of the 21-rod bundle data 

and analysis r e p o r t / ^ '  which de ta i ls  the se lection of the long, nonconcen- 
t r l c  sleeve for use In the 163-rod blocked bundle. The blockage sleeve selec­
t ion  was based on the tes t data from the fo llow ing four 21-rod bundle configu­
rations :

0 Configuration A - unblocked

0 Configuration C - 21-rods blocked coplanar, short sleeves

0 Configuration D - 21-rods blocked noncoplanar, short sleeves

0 Configuration E - 21-rods blocked noncoplanar, long sleeves,
36-percent peak s tra in

The sleeve selection was also based on the COBRA code flow re d is t r ib u t io n  c a l­
culations for the two 21-rod bundle blockage Islands, as I l lu s t ra te d  In f igu re  
A-1. The fo llow ing paragraphs describe the COBRA re s u lts ,  the projected heat 
transfer In the 163-rod blocked bundle, and the estimated rod temperature r ise  

In the 163-rod blocked bundle.

The long, nonconcentr1c blockage sleeve with 36-percent peak s tra in  was found
to provide the highest temperature r ise  In the large blocked bundle. However,
to provide more flow blockage In the 163-rod bundle, the PM6 agreed to In ­
crease the peak s tra in  fo r the nonconcentr1c sleeve to 44 percent. To provide

tes t data for the 44-percent peak s tra in  sleeve without flow bypass, a s ix th  
21-rod bundle con figuration (F) was subsequently tested.

1. Loftus, M. J . ,  et a l . ,  "PWR FLECHT SEASET 21-Rod Bundle Flow Blockage Task 
Data and Analysis Report," NRC/EPRI/West1nghouse-ll, September 1982.
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A-2. FLOW DIVERSION IN 163-ROD BUNDLE WITH BLOCKAGE

The sleeve choice should be based on re su lt ing  heat transfer In tests  with 
enough bypass flow area to allow f lu id  bypass. The tests of the 21-rod bundle 
do not provide bypass flow area. Therefore, flow diversions In the large 
bundle w ith blockage Islands ( f ig u re  A-1) were calculated using COBRA-IV-I to 
estimate the heat transfer co e ff ic ie n ts  In the large bundle as described 
below. COBRA simulations of th is  large bundle were performed on h a lf  of the 
bundle to take advantage of bundle symmetry. A l l  the simulation conditions 
were the same as those of the 21-rod bundle except for the channel and gap 
addresses. There were also s l ig h t  changes In flow blockage factors fo r the 
peripheral subchannels of the blockage Islands, since there was excess flow 
area In the peripheral subchannels of the 21-rod bundle.

The re su lts ,  shown In figures A-2 through A-5, show c le a r ly  that flow 
diversion from the blockage Islands Is Important. Figure A-2 shows the to ta l  
flow rate ra t ios  In the blocked Island, f igu re  A-3 shows the to ta l  flow rate 
ra tios  ju s t  outside the blocked Is land, and figures A-4 and A-5 show the to ta l 
flow rate ra t ios  one and two rows away from the blocked Islands, respective ly .

A-3. ESTIMATION OF HEAT TRANSFER COEFFICIENTS IN THE LARGE BUNDLE

The heat transfer coe ff ic ien ts  In the large bundle with the p a r t ia l  blockages 
can be estimated using the fo llow ing re la t ion sh ip :

^ 1 .Z .x . l6 3 )  = Ne / ^ 1 ,Z ,x ,1 6 3 ) \ ' "
^(1,Z,A,163) \^ ( 1 ,Z ,A ,1 6 3 ) /

where

1  ̂ rod Id e n t i f ic a t io n
Z = ax ia l e levation
x  ̂ type of blockage

C - coplanar short sleeve 
U - noncoplanar short sleeve 
E - noncoplanar long sleeve

6?01X:1/061583 A-3
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A = unblocked bundle

163 = 163-rod bundle

h = heat t ra n s fe r  c o e f f i c i e n t

Ne = enhancement fac to r

U = v e lo c i t y

m exponent ( 0 . 6 - 0 . 8 )

The v e l o c i t i e s  In equation (A-1)  are ca lc u la ted  by COBRA and the enhancement 

fac to r  can be ca lcu la ted  from the 21-rod bundle te s t  da ta ,  assuming tha t  the 

fac to r  Is the same fo r  both bundles.  That I s ,

^ ® ( 1 ,2 ,x ,1 6 3 )  = ^ ^ 1 , 2 , x , 2 1 )

^ ( 1 . Z . x . 2 1 )  / ^ ( 1 . 2 . x . 21)

N i , 2 ,A ,2 1 )  /  N i , 2 ,A ,2 1 )

m
(A-2)

Since the heat t ra n s fe r  c o e f f i c i e n t s  In the unblocked large  bundle are  

a v a i l a b l e ,  equation (A-1)  permits c a lc u la t io n  of  the expected heat t ra n s fe r

c o e f f i c i e n t s  In the large  bundle wi th  blockages.  A schematic diagram of the

procedure used to obtain the heat t ra n s fe r  r a t io s  Is shown In f ig u re  A-6.

Some of the resu l ts  of the reference tests  using the constant 0 .8  as the

exponent m are shown In f ig u re  A-7 for  the blockage Islands corresponding to 

bundle conf igura t ions  C, D, and E. (C onf igurat ion  C 1s considered to discern  

the sleeve d i s t r i b u t i o n  e f f e c t . )  The f igures  show that  the enhancement 

fac tors  reach a peak during the f i r s t  20 to 30 seconds and then decrease to a 

f a i r l y  uniform value.  I t  appears that the blockage e f f e c t s  on heat t ran s fe r  

during these two periods are d i f f e r e n t  from each o ther .  Comparisons of heat 

t ra n s fe r  among the three bundles at  e a r ly  and l a t e  times In the te s t  are shown 

In ta b le  A-1.  The comparisons of the heat t ra n s fe r  are summarized as fol lows:

0 For l a t e r  times (>30 sec) ,  below 1.98 m (78 I n . ) ,  c on f igura t ion  
E Is the lowest for a l l  Inner thermocouples (thermocouples on 
the Inner nine rods) .  Conf igura t ion E Is g e n era l ly  the lowest 
for outer thermocouples.  In most cases.

0 For e a r ly  times (<30 seconds),  many cases show D<E.

b70 lX :1/061583 A-8
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TABLE A-1

CALCULATED HEAT TRANSFER COMPARISONS

ocr»
cn
00
CO

I

U>

Rod

Elevation  

[m ( I n . ) ]

Run 42430A 

28 mm/sec 

(1 .1  1n . /sec)  

0 .28  MPa 

(40 ps1)

Run 42606A 

23 mm/sec 

(0.91 1 n . /sec)  

0.28  MPa 

(40 ps1)

Run 43112A 

28 mm/sec 

(1 .1  1n . /sec)  

0.14  MPa 

(20 ps i )

Run 42804A 

12 mm/sec 

(0 .5 2  I n . / s e c )  

0 .28  MPa 

(40 p s i )

Ear ly Later Ear ly Later Early Later Early Later

2D 1 .8 8 (7 4 ) E=0<C E<0=C E<0<C E<0<C 0=E<C E<C<0 E<0<C E<C<0

20 1 .9 6 (7 7 ) E=0=C E<0=C E=0=C E<0<C 0=C=E E<C<0 E=0<C E<0=C

4C 1 .9 8 (7 8 ) — E<0<C — E<0<C — E<0<C — E<0=C

3B 1 .9 8 (7 8 ) C=0<E E<0<C 0<C<E E<0<C 0<C<E E<0<C E=0=C E=0=C

3C 1 .9 8 (7 8 ) C<0=E E<D<C Ô C^E E<0<C D=C=E E<0<C C<0=E E<C=0

30 2 .1 3 (8 4 ) C=0<E E<0=C 0<C<E ? 0<C<E E<C<0 C=0<E C<E=0

2C 2 .2 9 (9 0 ) 0<C=E 0=C=E 0<E<C C<E=0 0<C<E 0=C=E 0<C=E 0<C<E

3B 2 .2 9 (9 0 ) C<0=E E<0<C 0<C<E 0<E<C 0=C<E 0=C=E E<0=C E<0<C

3B 2 .4 4 (9 6 ) — E<0<C — E<0<C — E<C<0 — E=C=0
5C 2 .4 4 (9 6 ) C=0=E C=0=E 0:^C=E 0=C=E C=0<E E<C<0 — E=C=0
1C 2 .5 9 (102 ) — E<C<0 — E<C<0 — E<C<0 — E=:C=0
30 2 .8 2 (111 ) — 0=C=E — 0=C=E — 0=C=E — Ĉ Ê Ô
40 2 .8 2 (111 ) — E=0<C — 0<E<C - - E<0<C - - C=E=0
10 1 .9 0 (7 5 ) E^O=C E<C<0 — E<0<C E=C=D E<C<0 E<C<0 E<C<0
50 1 .90 (75 ) 0<C<E E<C<0 0=C<E E<0<C 0<C<E E<C<0 E<C<0 E<0<C
4A 1 .93 (7 6 ) C<0<E E=C<0 C<0<E E=0=C C<0<E E=C<0 E<C=0 E<0=C
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TABLE A-1 (con t )

CALCULATED HEAT TRANSFER COMPARISONS

3>
I

Rod

Elevat ion  

[m ( I n . ) ]

Run 42430A Run 42606A Run 43112A Run 42804A

Ear ly Later Ear ly Later Ear ly Later Ear ly Later

ID 1 .9 6 (7 7 ) C<0<E E=C=0 E<0<C E=C=0 0=C<E E=C<0 C<0=E E<0<C

20 1 .96 (77) E=0=C E<0<C 0<E<C E<0<C 0=C=E E<C<0 0=E<C E<0<C

50 1 .96(77) C<0<E E=C<0 C<0<E E=0<C C=0<E C=E=0 E=0<C E=0=C

4A 1 .98 (78 ) C<0<E C<E<0 C<0<E C=E=0 C<0<E C<E<0 C<0<E C<0<E

4E 1 .98 (7 8 ) C<E E<C C<E E<C C<E C=E C<E C<E

1C 2 .1 3 (8 4 ) C<E<0 0<E<C E=C E=C C<E E=C C<E C<E

2B 2 .1 3 (8 4 ) C<E E=C 0<C<E — 0=C=E 0<C=E 0<C<E 0<C<E

40 2 .1 3 (8 4 ) E=C E<C E=C E<C C<E E<C — —

SB 2 .1 3 (8 4 ) C=E==0 E=C<0 — E<0<C 0<C<E E<C<0 0=E<C 0=C=E

2E 2 .2 9 (9 0 ) C<E<0 E=Ĉ Ô C<0<E — C<0<E C<E<0 C<0=E C<E<0

3A 2 .2 9 (9 0 ) C=0 C=0 — — Ĉ O Ĉ O C<D 0<C

30 2 .2 9 (9 0 ) E=C E<C E=C C<E C<E C=E C<E C<E

4B 2 .2 9 (9 0 ) 0<C<E E<0<C 0<C<E E=0<C 0<C<E E<0=C 0<C<E —

5C 2 .2 9 (9 0 ) C=0<E E<C<0 E=0=C E=0=C C=0<E C=E<0 C<E=0 C=E=:0

3E 2 .2 9 (9 0 ) C<E<0 C<E<0 E<0 E<0 0<E E<0 E<0 E<0

1C 2 .4 4 (9 6 ) C<0<E E<C<0 C=0=E C=0=E C=E=0 C=E<0 C<E=0 C<0<E

2E 2 .4 4 (9 6 ) C<E<0 C<E<0 C<E<0 C<E<0 C<E<0 C<E<0 C<0«E C=E<0

30 2 .4 4 (9 6 ) E=C=0 E^C^O E=0=C C<0<E 0<C<E C=E<0 E<C<0 C<0=E
40 2 .44 (9 6 ) — - - - - C<E C=E Ĉ E — E=C
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TABLE A-1 (con t )

CALCULATED HEAT TRANSFER COHPARISONS

Rod

Elevation  

[m ( I n . ) ]

Run 42430A Run 42606A Run 43112A Run 42804A

Ear ly Later Ear ly Later Ear ly Later Ear ly Later

5B 2 .44 (9 6 ) 0<E<C 0<E<C E^O<C 0=:E<C 0<E<C E<C<0 0<E<C 0<C<E

10 2 .59(102) - - 0<E<C - - 0<E<C 0<E<C 0=E<C — 0<C<E

2C 2.59(102) — E<0 - - E<0 — E<0 — E=D

4B 2.59(102) — E<0<C — E<C=0 — E<C<0 — C=E=0

5B 2 .59(102) — E=0 — E<0 — E<0 — E<0

50 2 .59 (102) — — 0<C<E — — E=C=0 — E<C=D

2A 2.82(111) E<0 E<0 E<0 E<0 E<0 E<0 — —

4E 2 .82(111) C<E C<E C<E C<E C<E C<E — C=E

1C 3.05(120) - - 0<C<E — 0<E=C — 0=C=E — —

10 3 .05 (120) — E<0<C — E<0<C — 0<E<C — —

2C 3.05(120) - - C<E<0 - - C=0=E — C=E<0 — —

4B 3.05(120) — — — E<0<C — E<C<D — —

5B 3 .05(120) — C<0<E — — — — — —

50 3 .05 (120) - - - - — — — C<0<E - - - -

ocn
CD
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At 1.88 m {74 I n . ) ,  where a l l  cases have blockage,  E Is the  
lowest even during the e a r l y  t ime.

At 1 .96  m (77 I n . ) ,  usual ly  0=E for  the e a r l y  time per iod .

0 During the e a r ly  period above 2.59 m (102 I n . ) ,  the r a t io s  
o s c i l l a t e .  This Is possible due to small -magnitude e r ro rs  In  
the heat t ra n s fe r  c o e f f i c i e n t .

0 At the l a t e r  time for  2.59 m (102 I n . ) ,  E Is the lowest except 
at  rod ID.

0 At 2.82 and 3.05 m (111 and 120 I n . ) ,  trends are  mixed.

Because of the observed co n tra d ic to ry  behavior between the two per iods.  I t  was 

not Immediately c lea r  which sleeve should be chosen. To resolve  th is  d i f f i ­

c u l t y ,  I t  was necessary to learn  the e f f e c t  of the e a r l y -p e r io d  behavior on

the peak clad temperature up to the turnaround t ime, because th is  Is the most

Important per iod .  This can be done by c a lc u la t io n  of the clad temperatures or 

temperature r ises  by construct ing expected temperature h is t o r i e s  In the large  

bundle,  as discussed below. In the fo l low ing  discussion,  only blockage con­

f ig u r a t io n s  D and E are considered,  since I t  was found tha t  c o n f ig u ra t io n  C 

blockage usua l ly  did not give poorer heat t r a n s f e r .

A-3.  ESTIMATION OF TEMPERATURE HISTORY IN LARGE BUNDLE

Assuming th a t  each rod Is homogeneous r a d i a l l y ,  fo r  s i m p l i c i t y ,  a one-  

dimensional  heat balance equation can be w r i t t e n  as

%  S  ^  -  ' ' s a t l  ' * - 3 1

where

A = rod c ross -sect iona l  area

p = rod densi ty

Cp = rod heat capaci ty

T = temperature

t = time

0 = heat generation ra te

6701X:lb/081583 A-16



h = heat t ran s fe r  c o e f f i c i e n t  a t  rod surface

S = rod per iphera l  length

= s a tu ra t ion  temperature

The terms A^Cp and S can be estimated using the rod design Information  

and Q* from the rod design and power decay fa c to r  curve.  The heat t ra n s fe r  

c o e f f i c i e n t  can be estimated by

h ( t )  = ( f 'b h e s  " h^ 161 ^^0^

where h^ Is the heat t ra n s fe r  c o e f f i c i e n t  In an unblocked bundle. In equa­

t io n  ( A - 4 ) ,  h^ should I d e a l l y  be taken from the large unblocked t e s t ,  but

un for tuna te ly  there were only two over lapping te s t  condi t ions  a t  a f lood ing  

ra te  of  approximately 25 mm/sec (1 I n . / s e c ) .  For these two cases,  h ( t )  was 

estimated by using four other cases were also studied using the

heat t ra n s fe r  c o e f f i c i e n t  obtained from the 21-rod bundle,  c o n f ig u ra t io n  A 

t e s t .  The re s u l ts  are compared In ta b le  A-2.  Actual  temperature r i s e  

Information Is provided In tables A-3 through A-8.

These resu l ts  show t h a t .  In most cases,  blockage In c o n f ig u ra t io n  E w i l l  give  

a higher temperature r i s e  In the la rge  bundle.  Therefore ,  the long nonconcen- 

t r l c  sleeve Is expected to provide poorer heat t ra n s fe r  than the short  concen­

t r i c  s leeve .

Figure A-8 plots  the measured turnaround time versus the f lood ing  r a t e s .  As 

expected,  the lower the f looding r a t e ,  the longer the turnaround t ime. The 

longer turnaround time means more s i g n i f i c a n t  c o n t r ib u t io n  of  the l a t e r  period  

e f f e c t .  In which conf igura t ion  E c o n s is te n t ly  showed poorer heat t r a n s f e r .

Therefore,  I t  Is concluded that  the long nonconcentr1c sleeve should be used 

for the large  bundle te s ts .

6701X:lb/081583 A-17



<T>
O

O
tn

CD
oo

3>
I

CD

TABLE A-2

SUMMARY OF TEMPERATURE RISE COMPARISONS 

FOR LARGE BUNDLE WITH PARTIAL BLOCKAGE

Flooding

Rate

[mm/sec Pressure

Source o f  

(bundle)

Number of 

Thermocouples 

Where &T^

>ATp

Number of 

Thermocouples 

Where ATq 

>AT^

Number of  

Thermocouples 

Where ATq

1.1 0 .28  (40) 11 1 3

1.1 0 .14  (20) 161^^*^ 11 0 1

1.1 0 .28  (40) 21 9 3 3

1.1 0.14  (20) 21 4 5 6

0 .9 0.28  (40) 21 11 3 1

0 .5 0.28  (40) 21 8 3 4

a. WUhIn i r c  (20*F)

b. Considering 21-rod Is land corresponding to 21-rod bundle tests



TABLE A-3

CALCULATED TEMPERATURE RISES,

CASE

Rod

Elevation  

[m ( I n . ) ]

0 Island E Is land

Channel

AT

[ * C ( » F ) ] Channel

AT

[ • C C F ) ]

20 1.88 (74) 50 238.1 (4 2 8 .7 ) 39 342.6 (6 1 6 .8 )

ID 1.90 (75) 61 305.2  (5 4 9 .4 ) 44 353.2 (6 3 5 .9 )

50 1.90 (75) 68 295.0  (5 3 1 .1 ) 46 323.0  (5 8 1 .4 )

4A 1.93 (76) 78 257.6  (4 6 3 .7 ) 51 286.4  (5 1 5 .5 )

10 1.96 (77) 82 268.5  (4 8 3 .4 ) 58 297.6 (5 3 5 .7 )

20 1.96 (77) 84 176.2  (3 1 7 .2 ) 61 272.2 (4 9 0 .0 )

50 1.96 (77) 89 266.5 (4 7 9 .7 ) 66 274.8 (4 9 4 .7 )

38 1.98 (78) 96 210.5 (3 7 9 .0 ) 71 234.6 (4 2 2 .4 )

3C 1.98 (78) 97 190.1 (3 5 6 .6 ) 72 262.5 (4 7 2 .6 )

4A 1.98 (78) 100 257.1 (4 6 2 .9 ) 73 257.4 (4 6 3 .4 )

30 2.13 (84) 115 266.5 (4 7 9 .7 ) 98 292.7 (5 2 7 .0 )

58 2.13 (84) 117 220.6 (3 9 7 .2 ) 103 322.1 (5 7 9 .9 )

2C 2.29 (90) 122 367.4 (6 6 1 .3 ) 111 341.1 (61 4 .1 )

2E 2.29 (90) 123 375.0  (6 75 .0 ) 113 395.4 (7 11 .8 )

38 2.29 (90) 125 344.2  (6 1 9 .6 ) 115 350.1 (6 30 .3 )

SUMMARY 1

(AT)^>(AT)p (AT)p>(AT)^

j

(AT)p=(AT)^ 1

11 1 3

27.9 mm/sec (1.1 I n . / s e c ) f looding ra te

0 .28  MPa (40 ps i )  pressure
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TABLE A-4

CALCULATED TEMPERATURE RISES,

CASE 2^^^

Rod

Elevation  

[m ( I n . ) ]

0 Island E Is land

Channel

AT

[ “C(»F)] Channel

AT

[» C (» F ) ]

20 1.88 (74) 50 179.1 (322 .4 ) 39 317.5 ( 5 7 1 .6 )

ID 1.90 (75) 61 283.3 (51 0 .0 ) 44 393.2  ( 7 0 7 .9 )

50 1.90 (75) 68 310.4 (558 .7 ) 46 369.4  ( 6 6 4 .9 )

4A 1.93 (76) 78 262.8 (473 .1 ) 51 291.6 ( 5 2 5 .0 )

10 1.96 (77) 82 179.6 (32 3 .4 ) 58 - -

20 1.96 (77) 84 132.4 (238 .4 ) 61 168.0 ( 3 0 2 .4 )

50 1.96 (77) 89 213.2 (416 .2 ) 66 293.0 ( 5 2 7 .5 )

38 1.98 (78) 96 148.7 (2 67 .6 ) 71 —

3C 1.98 (78) 97 129.4 (2 32 .9 ) 72 —

4A 1.98 (78) 100 210.0 (37 8 .0 ) 73 240.1 ( 4 3 2 .2 )

30 2.13 (84) 115 197.1 (3 55 .9 ) 98 246.1 (4 4 3 .0 )

58 2.13 (84) 117 160.2 (2 88 .3 ) 103 275.5 (4 9 9 .6 )

2C 2.29 (90) 122 250.5 (45 0 .9 ) 111 262.9 (4 7 3 .3 )

3E 2.29 (90) 123 274.7 (4 94 .5 ) 113 390.1 (7 0 2 .3 )

38 2.29 (90) 125 255.1 (4 05 .2 ) 115 364.2 (6 5 5 .6 )

SUMMARY

(AT)^>(AT) ĵ (AT)p>(AT)^ (AT)jj=(AT)^

11 0 1

27.9 nm/sec (1.1 I n . / s e c ) f looding ra te

0 .14  MPa (20 p s i )  pressure
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TABLE A-5

CALCULATED TEMPERATURE RISES,

CASE 3^®^

Rod

Elevation  

[m ( I n . ) ]

D Is land E Is land

Channel

AT

[ “C (" F ) ] Channel

AT

[ * C ( “F ) ]

2D 1.88 74) 50 141.3 (2 5 4 .3 ) 39 215.1 (3 8 7 .2 )

ID 1.90 75) 61 152.8 (2 7 5 .1 ) 44 302.4 (3 6 4 .3 )

5D 1.90 75) 68 164.3 (2 9 5 .7 ) 46 189.0 (3 4 0 .2 )

4A 1.93 76) 78 135.2 (24 3 .3 ) 51 149.4 (2 6 9 .0 )

ID 1.96 77) 82 147.9 (26 6 .3 ) 58 171.3 (3 0 8 .4 )

2D 1.96 77) 84 109.7 (1 9 7 .4 ) 61 171.3 (3 08 .3 )

5D 1.96 77) 89 161.9 (29 1 .5 ) 66 158.7 (2 8 5 .7 )

38 1.98 78) 96 153.9 (27 7 .0 ) 71 145.7 (2 6 2 .2 )

3C 1.98 78) 97 161.1 (29 0 .0 ) 72 188.9 (3 40 .0 )

4A 1.98 78) 100 158.8 (28 5 .8 ) 73 137.8 (2 48 .0 )

3D 2.13 84) 115 169.0 (3 0 4 .2 ) 98 147.8 (2 6 6 .1 )

58 2.13 84) 117 135.4 (24 3 .8 ) 103 157.3 (2 83 .1 )
2C 2.29 90) 122 212.4 (38 2 .3 ) 111 179.3 (3 22 .7 )

2E 2.29 90) 123 147.7 (2 6 5 .8 ) 113 180.5 (3 24 .9 )

38 2.29 90) 125 184.0 (33 1 .2 ) 115 189.0 (3 40 .2 )

SUMMARY

( A T ) ^ > ( A T ) p ( A T ) p > ( A T ) , ( A T ) p = : ( A T ) ,

27.9 mm/sec (1.1 I n . / s e c )  f looding ra te  

0.28  MPa (40 ps1) pressure
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TABLE A-6

CALCULATED TEMPERATURE RISES,

CASE

Rod

Elevat ion  

[m ( I n . ) )

0 Island E Is land

Channel

AT

r c r f ) ] Channel

AT

r c r f ) ]

20 1.88 74) 50 127.6 (2 2 9 .7 ) 39 182.9 ( 3 2 9 .3 )

10 1.90 75) 61 143.0 (25 7 .4 ) 44 188.6 ( 3 3 9 .6 )

50 1.90 75) 68 165.0 (29 7 .0 ) 46 166.8 ( 3 0 0 .2 )

4A 1.93 76) 78 134.5 (24 2 .2 ) 51 140.9 ( 2 5 3 .6 )

10 1.96 77) 82 139.7 (25 1 .5 ) 58 148.0 (2 6 6 .5 )

20 1.96 77) 84 130.2 (2 3 4 .4 ) 61 145.0 (2 6 1 .0 )

50 1.96 77) 89 162.7 (29 2 .8 ) 66 134.4 ( 2 4 2 .0 )

38 1.98 78) 96 148.4 (26 7 .1 ) 71 118.6 (2 1 3 .5 )

3C 1.98 78) 97 154.6 (2 7 8 .3 ) 72 154.2 (2 7 7 .5 )

4A 1.98 78) 100 154.9 (2 7 8 .9 ) 73 125.0 (2 2 5 .0 )

30 2.13 84) 115 135.4 (24 3 .7 ) 98 91.6 (1 6 4 .9 )

58 2.13 84) 117 125.0 (22 5 .1 ) 103 119.9 (2 1 5 .8 )

2C 2.29 90) 122 161.0 (2 8 9 .8 ) 111 109.8 ( 1 9 7 .7 )

2E 2.29 90) 123 126.2 (22 7 .1 ) 113 126.2 ( 2 2 7 .1 )

38 2.29 90) 125 144.0 (25 9 .3 ) 115 171.3 ( 3 0 8 .4 )

SUMMARY

( & T ) ^ > ( A T ) p ( A T ) p > ( & T ) , ( A T ) p = ( A T ) ^

27.9 mm/sec (1 .1  I n . / s e c )  f looding ra te  

0 .14  MPa (20 p s i )  pressure
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TABLE A-7

CALCULATED TEMPERATURE RISES,

CASE 5*^^

Rod

Elevation  

[m ( i n . ) ]

0 Island E [sland

Channel

AT

r c r f ) ] Channel

AT

r c r f ) ]

2D 1.88 74) 50 200.1 (3 6 0 .2 ) 39 305.2 (5 4 9 .5 )

ID 1.90 75) 61 213.1 (38 3 .7 ) 44 285.6 (5 1 4 .2 )

50 1.90 75) 68 224.4 (40 0 .4 ) 46 295.1 (5 3 1 .3 )

4A 1.93 76) 78 188.5 (33 9 .3 ) 51 224.0 (4 0 3 .3 )

ID 1.96 77) 82 196.0 (35 2 .8 ) 58 328.1 (5 9 0 .6 )

20 1.96 77) 84 191.6 (34 4 .9 ) 61 178.9 (3 2 2 .1 )

50 1.96 77) 89 215.4 (38 7 .7 ) 66 288.6 (5 1 9 .5 )

38 1.98 78) 96 210.5 (37 9 .0 ) 71 173.8 (3 1 2 .9 )

3C 1.98 78) 97 222.2 (40 0 .0 ) 72 160.8 (2 8 9 .5 )

4A 1.98 78) 100 215.7 (38 8 .3 ) 73 238.5 (4 2 9 .4 )

30 2.13 84) 115 259.8 (46 7 .6 ) 98 282.6 (5 0 8 .8 )

58 2.13 84) 117 204.3 (36 7 .8 ) 103 314.7 (5 6 6 .6 )

2C 2.29 90) 122 309.1 (55 6 .5 ) 111 218.5 (3 9 3 .4 )

2E 2.29 90) 123 210.6 (37 9 .2 ) 113 232.1 (4 1 7 .9 )

38 2.29 90) 125 269.3 (484 .7 ) 115 288.2 (5 18 .8 )

SUMMARY

( A T ) ^ > ( A T ) p

11

( A T ) p > ( A T ) j ( A T ) p = ( A T ) g

< ^ > 2 1
23 mm/sec (0 .9  I n . / s e c )  f looding ra te

0 .28  MPa (40 ps i )  pressure

6701X;1/061583 A-23



TABLE A-8

CALCULATED TEMPERATURE RISES,

CASE

Rod

Elevation  

[m ( I n . ) ]

D Island E Is land

Channel

AT

l “C(“F ) ] Channel

AT

[« C (« F ) ]

2D 1.88 74) 50 80.8 (14 5 .4 ) 39 131.2 236 .2 )

ID 1.90 75) 61 84.3 (15 1 .7 ) 44 114.8 206 .7 )

5D 1.90 75) 68 82.3 (1 48 .2 ) 46 105.2 189 .3 )

4A 1.93 76) 78 63.2 (11 3 .8 ) 51 82.9 149 .3 )

ID 1.96 77) 82 81.5 (1 46 .7 ) 58 86.3 155 .3 )

2D 1.96 77) 84 77.1 (1 38 .8 ) 61 93.3 168 .0 )

5D 1.96 77) 89 76.9 (1 38 .5 ) 66 78.9 142 .0 )

38 1.98 78) 96 81.4 (1 46 .5 ) 71 81.1 146 .0 )

3C 1.98 78) 97 85.8 (1 54 .4 ) 72 101.2 182 .2 )

4A 1.98 78) 100 85.2 (153 .4 ) 73 69 (125)

3D 2.13 84) 115 171.3 (308 .3 ) 98 147.1 264 .8 )

58 2.13 84) 117 136.0 (24 4 .8 ) 103 136.9 246 .4 )

2C 2.29 90) 122 177.8 (3 20 .0 ) 111 145.8 262 .4 )

2E 2.29 90) 123 158.5 (28 5 .4 ) 113 171.1 308.1 )

38 2.29 90) 125 155.7 (28 0 .2 ) 115 219.3 394 .7 )

SUMMARY

( A T ) ^ > ( A T ) p ( A T ) jj> ( A T ) , ( A T ) p = ( A T ) ,

( ^ ) 2 1
23 nwn/sec (0 .9  1 n . /s e c )  f looding ra te

0.28 MPa (40 ps1) pressure
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APPENDIX B 

THIMBLE AND GRID EFFECTS ON BURST

B-1. GENERAL

This appendix provides the analyses of  Westlnghouse m ul t l rod  burst tests^^^  

and the gr id  e f f e c t  on the Westlnghouse mean temperature c a l c u l a t io n .

B-2.  EFFECT OF HEATING METHOD ON BURST AND BALLOONING SHAPES IN 

OUT-OF-PILE LOCA SIMULATIONS

( 2 )
I t  has been wel l  estab l ished by ANL and others tha t  loca l  temperature

d i f fe rences  are extremely Important In determining the s ize  and shape of rod

bal looning and burst under LOCA condi t ions .

In a re a c to r ,  loca l  temperature v a r ia t io n s  r e s u l t  from many sources,  such as 

p e l l e t  enrichment d i f fe r e n c e s ,  loca l  gap average d i f f e r e n c e s ,  random cracking  

and ra d ia l  r e d i s t r i b u t i o n ,  and p e l l e t  r a d ia l  o f f s e t .  In  ad d i t io n  to these rod 

In te rn a l  e f f e c t s ,  e x terna l  heat t ra n s fe r  considerat ions are a lso Important .  

Among these are local  crud patches and rad ian t  losses to r e l a t i v e l y  cold  

s inks ,  such as contro l  rod thimbles.

To properly simulate these e f fe c ts  out of p i l e  Is very d i f f i c u l t  and requires

compromises. Three p r in c ip a l  methods have been used by various In v e s t ig a to rs :

0 D i rec t  heat ing of the clad by e l e c t r i c a l  res is tance  or Induction  
heating with  or without In te r n a l  mandrels or p e l l e t  columns

0 External  rad ian t  heating of the c lad w i th  In te r n a l  mandrels or 
p e l l e t  columns

0 In te r n a l  e l e c t r i c a l  heaters wi th  or w i thout annular p e l l e t s  
between the heater and clad

1. Schrelber ,  R .E . ,  e t  a l . ,  “Performance of Z i rc a lo y -C la d  Fuel Rods During a 
Simulated Loss-of-Coolant Accident - -  M u l t l ro d  Burst Tests ,"  WCAP-7495-L, 
A pr i l  1970.

2. “Light-Water-Reactor  Safety Research Program: Q uarter ly  Progress 
Report - -  January-March 1977," ANL-77-34,  June 1977.
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O U ect  heat ing of the clad by tnductton or r e s U t a n c e  heattng has a tempera­

ture  smoothing e f f e c t  not t y p ic a l  of  nuclear-heated rods.  That I s ,  the local  

heat depos it ion  Is a function  of the mass of the c la d ,  whereas heat loss to  

the environment Is a function of surface a rea .  I f  a hot spot develops In a 

jo u le -h e a te d  rod and the clad swells l o c a l l y ,  the w a l l  thickness decreases,  

thus Increasing loca l  res is tance  and shunting the e l e c t r i c a l  current  to the 

co o le r ,  less deformed side of the rod.  At the same t ime,  the Increased sur ­

face area of  the bulge Is r a d ia t in g  more heat to the environment.  The net 

r e s u l t  Is a negat ive  feedback fu nct ion  which produces a more uniform clad  

temperature d i s t r i b u t i o n  and thus la rg e r  s t r a in s .

The net e f f e c t  of Induction heat ing Is the same as tha t  of  jo u le  h e a t in g ,  a l ­

though the reason for power s h i f t i n g  Is d i f f e r e n t .

Externa l  ra d ia n t  heat ing does not have the same problems as d i r e c t  clad  

heat ing; however, for  th is  type of  heat in g ,  the only sink for temperature Is  

the In te r n a l  mandrel or p e l l e t .  These heat sinks are a lso a v a i l a b l e  to the 

d i re c t -h e a te d  clad and produce the same r e s u l t s .  I f  p e l l e t s  are used, the 

random stacking w i l l  produce s ig n i f i c a n t  and very lo c a l i z e d  clad temperature  

d i f fe re nce s  In both the a x ia l  and c i rc u m fe re n t ia l  d i r e c t i o n s . ^  This Is  

wel l  I l l u s t r a t e d  by f ig u re  B-1 ( taken from ANL-77-34).  I f  an In te r n a l  mandrel 

Is used and I t  Is s l i g h t l y  nonconcentr1c to the c ladding,  the heat loss from 

the c ladding to the mandrel w i l l  be g reater  on the side wi th  minimum c l a d - t o -  

mandrel gap. This w i l l  produce a c i rc u m fe re n t ia l  temperature grad ient  In the 

cladding.  Below about 900®C (1650®F), Z i rc a lo y  s t ra in s  a n i s o t r o p lc a l l y  and 

w i l l  bow because of the greater  s t r a in  on the hot s ide .  The d i r e c t i o n  of  the  

bow w i l l  be concave on the hot s ide .  The hot side w i l l  thus move toward the  

mandrel . Increasing  heat loss on tha t  s ide .  This Is a s t a b i l i z i n g  mechanism 

and re s u l ts  In la rger  s t r a in s ,  a t  lea s t  In the lower temperature range.

The randomness of p e l l e t  stacks and thus c lad hot spots prevents gross bowing

for tests  using p e l l e t  stacks.  Hence, th is  mechanism Is not present to the 

same degree for those tes ts  with  p e l l e t  stacks.

1. Mot ley ,  F . E . ,  et  a l . ,  “The Ef f ec t  of 17x17 Fuel Assembly Geometry on 
In terchannel Thermal Mix ing ,"  WCAP-8299, March 1974.
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BURST

N onuniform  Brightness o f C ladding Specimen 
C ontaining A IqOj Pellets due to A x ia l and 
C ircum fe ren tia l Temperature Variations 
during Heating at 45*C/s.

Temperature ana In terna l Pressure as a Func­
tion o f T im e for C ladding Specimen Described 
in Fig. in.37.

PHOTOGBAPM

1000

 t h e r m o c o u p l e  5
 th e rm o c o u p le  T — I

 t h e r m o c o u p l e  9
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20
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F1gure B-1

Cladding Constrained by Pellets after 
Burst. M u ltip le  ballooning regions and 
irregular bends are a result o f tempera­
ture nonun ifo rm ity .

Effects of Random P e l le t  Stacking
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I f  r i g i d  In te r n a l  heaters are used In burst  t e s t s ,  they act In a manner sim­

i l a r  to mandrels except tha t  the heat f low Is from mandrel to c la d .  Clad hot 

spots w i l l  tend to coincide wi th  minimum gaps. The concave bowing of alpha  

Z i rc a lo y  w i l l  then reduce the gap on the hot s id e ,  c rea t ing  a se l f -enhanc ing  

re ac t io n .

This re s u l ts  In la rge  c i rc u m fe re n t ia l  temperature v a r ia t io n s  and thus low 

swel l in g  and burst s t r a in s ;  however, the al ignment of the hot side close to 

the heater promotes a x ia l  extension of the b a l loon ing ,  since there  Is  less  

p r o b a b i l i t y  of  cold l igaments to l o c a l i z e  s t r a in i n g .

Although I t  Is be l ieved tha t  of a l l  the te s t  methods described,  the use of

In te r n a l  heaters produces the most p ro to t y p ic a l  amount of c i rc u m fe re n t ia l  

s t r a i n .  I t  tends to produce longer,  more gradual a x i a l  shapes. From the 

standpoint of  a x i a l  shape, the use of  e x t e r n a l l y  ra d ia n t -hea ted  rods wi th  

In te r n a l  p e l l e t s  gives the best s im ula t ion  of  nuclear heat ing .

The e f f e c t  of  r a d ia n t  losses on l o c a l i z i n g  s t r a i n  was examined by reviewing  

Westlnghouse m u l t l ro d  burst te s t  r e s u l t s .  The 4x4 te s t  bundles contained two 

unheated th imbles.  The d i r e c t io n  of  the burst of  rods which were l a t e r a l l y  or 

d iagona l ly  adjacent to the unheated thimbles was eva luated .  Of 68 bursts ob­

served, only three  burst In a d i r e c t io n  w i th in  45 degrees of the th imbles.

For random d i r e c t i o n  burs t in g ,  the expected number would be 17.  A frequency  

th is  low has a p r o b a b i l i t y  of about 7x10”^. This demonstrates that  the heat

t ra n s fe r  between thimbles and adjacent  rods Is a s i g n i f i c a n t  fac to r  In d e t e r ­

mining c i r c u m fe r e n t ia l  temperature d i s t r i b u t i o n  In adjacent rods and thus In 

both the magnitude and d i r e c t io n  of  the s t r a i n .

In a Westlnghouse 17x17 assembly, 68 percent of  the fue l  rods are adjacent to 

a th imble .  In  a Westlnghouse 15x15 assembly, the r a t i o  Is 60 percent.

8 -3 .  EFFECT OF GRID ON AXIAL TEMPERATURE DISTRIBUTION DURING LOCA

The a x i a l  temperature d i s t r i b u t i o n  For a fue l  rod during LOCA determines the  

lo c a t io n  of  blockage due to rod b u rs t in g .  This a x ia l  d i s t r i b u t i o n  Is a f fe c te d

6701X : lb /0 8 1 583 B-4



by the presence of spacer g r id s ,  because of loca l  power depressions and hy­

d ra u l ic  e f f e c t s .

For Westlnghouse Inconel g r id s ,  the power depression has been determined near 

the peak power locations by analys is  of gamma scans from I r r a d i a t e d  commercial  

fue l  rods.

For a large-break  LOCA In which fue l  rods are  ca lcu la ted  to burst  s h o r t ly  

a f t e r  the end of blowdown, the p e r tu rb a t io n  In loca l  clad temperature due to a 

per tu rba t ion  In loca l  power has been determined to be 6“C (11®F) per percent  

&p/p for a 17x17 three - loop  p la n t .

The fo l low ing  shows the per tu rba t ion  In power and the corresponding tempera­

tu re  per tu rba t ion  as a function of  d is tance from the center of a g r id :

From Grid Center AT

[cm ( I n . ) ] XAp/p [ “C ( »F) ]

0 (0) 8 49 (88)

2 .5  (1) 5 31 (55)

5.1 (2) 2 12 (22)

7. 6  (3) 0.5 3.1 ( 5 . 5 )

10 (4) 0 0 (0)
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APPENDIX C 

FACILITY DRAWINGS

Drawings appl icab le  to the 163-rod blocked bundle f a c i l i t y  are l i s t e d  below 

and, except for  f igures  4-1 and 4 -7 ,  are reproduced on the fo l low ing  pages.

Igure No. T i t l e

Igure 4-1 Forced and Grav i ty  Reflood Conf igura t ion  Flow Diagram

Igure 4-7 163-Rod Blocked Bundle Task Loop Instrumentat ion

Igure C-1 FLECHT SEASET 163-Rod Blocked Bundle F i l l e r
S tr ips  (2 sheets)

Igure C-2 FLECHT SEASET Grid Strap Assembly

Igure C-3 FLECHT SEASET Blocked Bundle Heater Rod

Igure C-4 FLECHT SEASET 163-Rod Blocked Bundle Assembly
(3 sheets)

Igure C-5 FLECHT SEASET 163-Rod Blocked Bundle Steam Probe
(4 sheets)

Igure C-6 FLECHT SEASET 163-Rod Blocked Bundle Thimble

Igure C-7 FLECHT SEASET 21-Rod Test (44-Percent  S t r a in )
Nonconcentric Flow Blockage Sleeve

Igure C-8 FLECHT SEASET Low Mass Housing Assembly

Igure C-9 FLECHT SEASET 161-Rod Blocked Bundle Low
Mass Housing

Igure C-10 FLECHT SEASET 161-Rod Blocked Bundle F a c i l i t y
Housing L a te ra l  Brace

Igure C-11 FLECHT SEASET 161-Rod Blocked Bundle F a c i l i t y
Upper Plenum

Igure C-12 FLECHT SEASET 161-Rod Blocked Bundle F a c i l i t y
Lower Plenum

Igure C-13 FLECHT SEASET 161-Rod Blocked Bundle F a c i l i t y
Carryover Tank

Igure C-14 FLECHT SEASET F a c i l i t y  Modif ied 0.1 m (4 I n . )
Type T Steam Separator

6701X:lb/081583 C-1



Figure  C-15 FLECHT SEASET 161-Rod Blocked Bundle Piping
D e ta i ls  *

Figure C-16 FLECHT SEASET 161-Rod Blocked Bundle
Downcomer and Crossover Leg Piping

Figure C-17 FLECHT SEASET 163-Rod Blocked Bundle Heater
Rod and Instrumentat ion Thimble Arrangement

Figure  C-18 FLECHT SEASET 163-Rod Blocked Bundle
Instrumentat ion  Components (2  sheets)

6701X : lb /0 8 1 583 C-2
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Figure C-1. FLECHT SEASET 163-Rod 
Blocked Bundle F i l l e r  
S t r ip s  (sheet 1 o f 2)
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Figure C-1. FLECHT SEASET 163-Rod 
Blocked Bundle F i l l e r  
S t r ips  (sheet 2 of 2)

C-5





9CaZZC7.

7 .^ 5 0  TYP

^  I I    G ^ lD  S T R X P  >  _

g) 0 0 @ ®

;

GRID  S T R A P S  IN HORIZ. PLANE 

H AVE SLOTS FACING DOWN.

GRID STRAPS IN VERTICAL PLANE 
HAVE SLOTS FA C IN G  UP.

BILL OF HATLfilAL

ITM HIT MME fUT M. MTCim tE>. n t flMNP
01 02 01 •«

01 GRID STRAP 2327037-ITOI 2
02 02 1

0) 0! 1
04 04 1

05 M 1
OL ____Ok 1

CT.
Oft

01 1

01 1

0» 1
lO lO 1
II II 1
12 12 1

»3 13 1

14 _____14 1

15 IS 1
Ift IG 1

1-7 17 1
Ift IS 1
15 17 1
{» 20 1

?l ----21
22 22

23
74 24 2
25 25 2
24 GRID STRAP 2327 DiT=JT.Z<r 4

BEND TABS AS SHOWN BEFORE BRAZING. 
03") AFTER BRAZING , GRIND FLUSH

-DARK d im p l e s  ARE. THOSE 
IN THE BOTTOM ROW

T "  DESIGNATES FUTURE THIMBLE 
LOCATION NO d im p l e s .

n o t e s :
1 -  B RA ZE. P E R  vy P R O C . S P E C . CAP 5 9 5 I 5 I  -  DELETE THE 

AGING CYCLE.
2 -G R ID  ASSY M UST PASS THRU AN /NSPECTION ENVELOPE  

OP 7 .5 2 5  DIA.

 ̂ACCEPTABLE CON DiTlON 
WITH BRAZE IN GAP

.015 R MA>t(MORMAL^

T Y P IC A L -  B R A Z E  J O IN T  

S C A L E  10 : 1

.1 6 0 "

ENGRAVE <S ON FACE OF 
IT. 2G « THIS LOCATION ONLV

r~\~T .OOO 
'—.O f D_ .OOS
B E M O  T A B S  A S  S H O W N  B E F O R E  B R A Z lN G i 

a f t e r  B R A Z 1M < ^ ,S T R A \G H T E .N  - t a b s >  

A N iO G R lM O  T O  O I M -  S V H O W N I.

S E C T IO N  A - A
r o t a t e d  ik >t o  v i e w

CM

5 q

Q  > iu :  T

-1^1

f |  i i i

i i  l i

M l

i i i s i & i
n

s 1

F r a n k . ̂ a n s fA S K  t

■ £  e  ! k i~ Z r

10

■ w a ^ i i i M W  H t c t r t c  cocpoiiRoi'
FLECH T S E A -S E T  

GRID STR A P ASSY

p o r M M ^  WU»«A vs/

23Z7D36

Figure C-2. FLECHT SEASET Grid Strap 
Assembly
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UPPER END OF h e a t e r

: ] 4 | o,a-

Vse.E T/C lOCNl219-.016 SEcnoN
.ise w ie

24.00^1.00*rj3C2

374-.0020IA.

J74r£02 04 . ;0<0 MAXBRAZE WITH AWS 8AC-7— 
ALLOY (MAX fillet 
ALlOw EO ,CIC

204.CO 
REF

:.CC2
HEATING ELEMENT

SEE MARKING 
FEES-010,SECTIOH 3.6

TRIOe INSULATION

SHEATH 
THICKNCSS-J325 

NOM.
24.00 = I2X> 
TTP l2

SEE MARKING
OC, SECTION 10.6.3 AfC 4.l0.e.4 SEE T/C lOENT. 

SECTION

SEE T.-t !OENT. 
SECTION

THERMOCOLPl E LEAOS, 9FC0T LONG
ThRUIS>SEE AZiMUThAL orientation view

thermocouple leads , 9 foot LONG
THRUISlSEE AZIMUTHAL ORIENTATION

I2.00-.29 
TTP c2jMAX. 0IA..327

HEATER LEAD IN CONOUCTOR

GROUP -  2 LOWER END OF HEATERFIGURE F tG U R E -2
G R O U P -l

A.ZLe LENGTH VAmATKM PER STEP 
B -  T .i IS TO BE WITHIN2 I.4T0P 
C-M.4 STEP le n g th . TOTAL 

ACCUMULATION IS TO BE 
WITHINl l.O '

8RA0Y COHR POLVOLEFIN 
IRRAOtATEO SHRINK 
TueiNG TYPE HSAt SI2E 
*16 WHITE PRINTED WITH 
BLACK NUMBERS—

/ vaRAFlEX CORP SILICON RUBBER
eevng Class h -c -u s iz e *9
‘ ------ COLOR

-^/C  IDENT. SECTION

R.P.-.8S8 + .802 C0SC2.IIIZ} 
WHERE R.P.-RELATIVE POWER 

Z -DISTANCE IN INCH

N O TE
I-CIRCLEO (T )thRU ) are Thermocouples 

MJ4OIN.0IA. 304 stainless STEEL SHEATh 
TYPE K PREMIUM GRADE INSULATED 
JUNCTIONS ANNEALED OVER ENTIRE 
LENGTH.) TOLERANCE ON ALL T/C 
DtMENSlONS TO BE 1% AS MEASURED 
FROM DATUM A.

6- . . .  ..
6 — U6

4--

2— 1— 1- - - - - - - - - - -

t u ,

0 - - - - - - - - - - - - - - - - - - - - -

------------ }—

— V
6-1------ !----- i  -

'  * 7  1
.0

3

OOUBLE ENOeO ROD
GR
NO

T/C SEGWRED
LOWER END UP6-R END

1 NONE NONE
? NONE NONE
3 3. 5,6,9,11 17 19 2 2
4 1. 4. 7.10.12 21 23.25.
5 6 0 12.14 16 19.22.24
6 7. 8. 10.12 14 16 20 23
7 1 .2 .4 .6 .8 21 2 3 25.fl 2.6 .9  10.12 19 20 2 2
R .3.4, 5. 0 14 20. 22,2 3.

11 3 f t  10 12 14 17 19. 22
12 S. a IQ . 12 

4.R .9 10 H
17 19 22 24. 
14 19 20.

14 14 17. 20. 22
13 6.7 9. 11 14 19 20 23

16 17 23
17 5. 7 9 12 14 16 20 23
IH 17 19 20 23

5 6 ft 12 14 16 18 19
?n
7 1 2. 5.6, 8.10 13 16 2 2
/ / 2.4 6 a .10 13 16.22
23 1.8.11 .13 16. 18. 20.23
74 4.3.11 13 ■6 IB 20 2 3
73 fl 9 10 11 12 13 >4 16
76 7. a 10 12 14. 16. 18 20
2 7 1 3 5 . 6 14 21 23,25,
28 9.11,13,16 18 19 23 24
29 3. 5 6 14 16 18 22. 24
30 3 6.14 16 31 22 23 24
31 6.14. IS.16 18 19. 20.22
32 II 12 13 14 19 21 23
33 10.11.13.14.15 19 20. 22
34 to 13 1416
35 6,8.12 I4.I6J7 19. 20
36 12 13 14 16 17 19 20 2?
37 7. IS 16 18 19.20 22 23
38 7 ID.15.16 ■ 8 20 22 23
39 2.4.13,14 18.20.21.23
40 5 13.16 18.20.21.22.23
41 4.6,12.14 19 20,22.23
4? 4.6.14.16 17 19.21. 23
43 6.12.14.16 18.19 20,22
44 4,9,10.12,13 2 2 ,2 3 ,2 5
45 11,̂ 12.13.14 19 21.2 3. 25
46 6.12 14.16 18 19.20.23
47 6.I2.I4J6 18 19. 23 24
48 6.13. 14. IS 18 22.23.25
49 1.3.5.6.14 19 22 24
50 5.6,7 16 17 19 20. 23
SI 6,8.12,13,14 19 20. 2 3
5? 2,13.14.17 19 20.21.23
S3 4. 7 15. 16 18.19.20 22
54 1 5 6.14 16 19 22 24
55 7.10,12.14.15 18.20.22

13 28

16 30

NOTES
1-TH tS  DWG IS NOT INTENDED TO BE A 

COMPLETE FABRICATION DWG. T H IS  DWG 
IS TO BE USED IN  CONJUNCTION WITH 
ORDERING DATA INCLUDED W ITH  ®  
SPECIFICATION F E E S -G IO .

2 -R E M O V e A L L  BURRS AND SHARP EDGES.

3-SURFACE ROUGHNESS 6 3 /  U N LESS OTHERWISE 
NOTED. V

4-ULTRASO NIC INSPECT PEP A5ME BOILER 
AND PRESSURE VESSEL CODE, SECTION 
in ,C L A S S  2 COMPONENTS. CALIBRATION 
STANDARDS AND DEFECT ACCEPTANCE 
C R IT E R IA  ARE AS FO LLO W S:

tA) C A L IB R A T IO N  DEFECT STANDARDS:
DEPTH - i) 0 2 5  IN. 
l e n g t h -£ )5 0  IN. 
w id t h  - 0 0 2 5  IN.

(B) ACCEPTANCE c r it e r ia :
DEFECT IN SHEATH MUST BE LESS THAN 
THE c a l ib r a t io n  DEFECT SWNOARDS.

d is t a n c e  f r o m  e n d  in c h e s

20 S3

AZIMUTHAL ORIENTATION OF THERMOCOUPLES EXIT FROM 
TOP AS VIEWED FROM BOTTOM END OF ROD 

FIG-2
this dimension is for
GAUGING HEATER ROD

r
A s a jjo o 'o i

_ , _ GAUGING 
THE COLLAR NEAR 
UPPER END OF ROD

A ? m )T H A L  OfilENTATIQN OF THERMOiyuPLES EXIT FROM 
BOTTOM AS V iE vtfD  FROM BOTTOM END OF R O D -F IG -2

GO GAUGE MUST FREELY PASS 
OVER COMPLETE LENGTH OF 
ROD, INaU D IN G  END SEALS.

FLECHT S6ASET 
BLOCKED BUNDLE 
HEATER ROO

1 5 ^ . 9 . 7

Figure C-3. FLECHT SEASET Blocked 
Bundle Heater Rod
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180

QR'D 4 T/C A5SV
GRID e T/C ASSY
G R ID  (. t AZ. a s s y
GR'D4T/C ASSY
■500-ISUKIC-2& M&y

9 0
2-B.O. FR PIC DESlGM.RIDGEFIELD, COMN. OG877

Westin̂ ouse Electrl^ipontim (g)

Figure C-4. FLECHT SEASET 163-Rod
Blocked Bundle Assembly 
(sheet 1 of 3)
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Figure C-4. FLECHT SEASET 163-Rod
Blocked Bundle Assembly 
(sheet 3 of 3)
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Figure C-5. FLECHT SEASET 163-Rod 
Blocked Bundle Steam 
Probe (sheet 3 o f 4)
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Figure C-5. FLECHT SEASET 163-Rod 
Blocked Bundle Steam 
Probe (sheet 4 of 4)
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Figure C-6. FLECHT SEASET 163-Rod 
Blocked Bundle Thimble
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SB*F ♦ 7® 9556  b 5 0 "
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I N F O R M A T I O N _____________ _________________________  _______

10

Figure C-7. FLECHT SEASET 21-Rod Test 
(44-Percent S tra in )  
Nonconcentr1c Flow Blockage 
Sleeve
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Figure C-8. FLECHT SEASET Low Mass 
Housing Assembly
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Figure C-9. FLECHT SEASET 161-Rod 
Blocked Bundle Low Mass 
HousIng
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Figure C-10. FLECHT SEASET 161-Rod 
Blocked Bundle F a c i l i t y  
Housing La te ra l Brace
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NOTES;
I -DESIGN, FABRirATF , TEST , ♦ STAMP PER. SECT X 

OF THE ASME BOILER % PRESSURE VESSeL CODE 
E-DESIGN PRESSURE GO P5IG « ?00"F
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_ W
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S E E  D ETAIL B
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Figure C-11. FLECHT SEASET 161-Rod 
Blocked Bundle F a c i l i t y  
Uooer Plenum
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Figure C-12. FLECHT SEASET 161-Rod 
Blocked Bundle F a c i l i t y  
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Figure C-13. FLECHT SEASET 161-Rod 
Blocked Bundle F a c i l i t y  
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Figure C-17. FLECHT SEASET 163-Rod 
Blocked Bundle Heater Rod 
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APPENDIX D

INVESTIGATION OF LOW ISOLATION RESISTANCE 

IN HEATER ROD THERMOCOUPLES

During the i n i t i a l  Westinghouse inspection of the FLECHT SEASET 163-rod 

blocked bundle heater rods, i t  was determined that approximately ha l f  the in ­
strumented rods had thermocouples with lead-to-sheath iso la t ion  resistances 

less than the minimum specif ied 1 megohm. Since this condit ion had not been 

found in e a r l ie r  21-rod bundle heater rods, there was concern over how i t  

would the a f fec t  thermocouple f a i lu r e  rate  in the blocked bundle.

The low iso lat ion  resistance was believed to have been caused by improper 

applicat ion of sealant material  to the ends of the thermocouple leads by the 

heater rod manufacturer, in conjunction with exposure of the heater rods to 

environments of higher than normal humidity during handling and storage. This 

situation allowed moisture to penetrate the end seal and migrate through the 

magnesium oxide insulat ion m ater ia l ,  and resulted in the low lead-to-sheath  

resistance.

Attempts to dry out the thermocouple leads with a heat gun and reseal the 

thermocouple ends met with l imited success. A number of thermocouples which 

exhibited sat is factory  iso la t ion  resistance a f te r  dryout again showed low re ­

sistance ( less than 1 megohm) when rechecked at a la te r  date.  This prompted 

an investigation into the thermocouple sealant mater ia ls .  The results of the 

investigation showed that Sea ls t ik ,  manufactured by Cole Parmer, outperformed 

Duco cement. Micro Measurements M-Coat D and A, and Hardman Epoweld 8173 f a s t -  

drying epoxy. M-Coat D had been u t i l i z e d  by Westinghouse. Conversations with 

both the heater rod manufacturer and the thermocouple manufacturer (Claud S. 

Gordon Company) confirmed Westinghouse experience tha t ,  a f te r  a period of 

t ime, a l l  sealants w i l l  admit some moisture. Seal welding of the cold end is 

the only way to prevent moisture migration into the thermocouple.

The Claud S. Gordon Company's specif icat ion  for iso la t ion  resistance, at time 

of manufacturing, is 5 megohm at 50 vdc. The Westinghouse specif icat ion  for 

thermocouple iso la t ion  resistance (1 megohm) was based on past experience, and
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was read i ly  obtainable by the heater rod manufacturer a f te r  assembly of the 

rod. Both the heater rod manufacturer and the thermocouple manufacturer were 

consulted on low Iso lat ion  resistance In thermocouples due to the presence of 

moisture. Although no minimum thermocouple Iso la t ion  resistance was speci­

f ie d ,  the consensus was that thermocouple l i f e  would not be decreased by the 

presence of moisture 1n the MgO Insulat ion and In the i r  opinions, the thermo­

couples would dry out as they were heated during test ing .

Based on the above f indings,  no further  prebundle assembly dryout work was 

performed on the heater rod thermocouples. However, a f te r  bundle I n s t a l l a t io n  

In the test  section, thermocouple Iso la t ion  resistance was measured pr ior  to 

I n s t a l l in g  connector plugs. I f  resistance was low, the thermocouple was cut 

back u n t i l  Iso la t ion  resistance Improved to at least  0.2  megohm. Al l  pretest  

heater rod thermocouple Iso la t ion  resistance measurements were recorded. A 

10-percent posttest sampling was selected and f in a l  thermocouple Iso la t ion  

resistances were recorded. (Only 10 percent of the thermocouples were chosen, 

since the thermocouple f a i lu r e  rate  was only approximately 3 percent . )  Table 

D-1 shows the comparison between pretest  and posttest thermocouple Iso la t ion  

resistances of the sampled heater rods. A review of the data shows tha t .  In 

general, the Iso la t ion  resistance of the thermocouples Increased over the 

course of the test  program, a fact  which confirmed the assumption that bundle­

generated heat does tend to drive moisture from the thermocouples. An average 

Increase of approximately 1 megohm was seen between pretest  and posttest  

readings; however, there were notable exceptions to th is  trend (see data for 

rod 33}.

Of the thermocouples examined ( tab le  0 - 1 ) ,  two were considered to have fa i led  

during the course of the test  program [rod 60, 2.03 m (80 I n . )  and 2.44 m (96 

I n . )  e levation thermocouples]. A thermocouple was considered to have fa i led  

when I t  did not respond to changes In temperature or when I t  exhibited excep­

t io n a l l y  noisy, e r r a t i c ,  or atypical  behavior.  When a thermocouple was con­

sidered f a i l e d .  Us  Input to the computer data acquis it ion system was shorted 

so that data were not misinterpreted and erroneous safety t r ip s  did not occur.

Neither of these fa i lu res  can be a t t r ib u ted  to low Iso la t ion  resistance,  since 

both thermocouples had I n i t i a l  readings greater than 1 megohm and exhibited an
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increased Iso la t ion  resistance a f te r  tes t ing .  Furthermore, of the 13 heater 

rod thermocouples that f a i le d  during test ing  (3 percent of the t o t a l ) ,  the 

average pretest  Iso la t ion  resistance was 5.7 megohms. (The lowest reading was

0.75 megohm.) This would Indicate that the f a i l u r e  was probably due to high 

temperature cyclic  fa t igue ,  as expected, and not to low I n i t i a l  Iso la t ion  

resistance caused by moisture In the thermocouples.

In conclusion, based on pre- and posttest thermocouple Iso la t ion  resistance  

measurements and the low number of thermocouple fa i lu res  experienced during 

the blocked bundle test  program. I t  Is Judged that thermocouple Iso la t ion  

resistances as low as 0.2  megohm can be to le ra ted without s ig n i f ic a n t ly  

Increasing the heater rod thermocouple f a i lu r e  ra te .
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TABLE D-1
SAMPLE PRETEST AND POSTTEST THERMOCOUPLE ISOLATION RESISTANCE COMPARISON

Thermocouple 
E levatlon 
[m (1n.)]

Isolation Resistance at Indicated Rod Location (m»)

9C 3J 101 60 9G 12F

Pretest Posttest Pretest Posttest Pretest Posttest Pretest Posttest Pretest Posttest Pretest Posttest

0.30 (12) 0.55 0.17 1.70 0.50 2.20 0.80
0.60 (24) >20 0.78
0.91 (39) 0.28 0.61 1.26 0.74 1.10 0.55
1.22 (48) >20 0.85
1.52 (60) 1.30 0.34 1.30 0.60
1.70 (67) 0.29 0.17 0.71 9.50 0.74 0.52
1.83 (72) 0.36 0.20 1.14 0.20
1.88 (74) 0.50 3.60 0.47 1.13
1.90 (75) 1.17 0.39
1.93 (76) 0.39 1.80 1.28 9.10
1.96 (77) 2.50 2.00
1.99 (78) 0.31 0.96 0.78 1.80 5.50 0.68 2.10 1.02
2.03 (80) 1.85 1.80 1.37 2.60 1.77 >20
2.13 (84) 0.80 1.90
2.18 (86) 0.83 1.70 0.77 0.92
2.29 (90) 1.43 1.60 1.59 1.44 2.80 1.65
2.44 (96) 0.72 2.60 1.30 1.98
2.59 (102) 1.18 1.88
2.82 (111) 0.76 1.40 4.12 >20 2.10 1.38
3.05 (120) 7.30 >20 1.48 1.28 2.60 0.94
3.35 (132) 2.00 1.24
3.51 (138) 1.80 2.12
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APPENDIX E 

BUNDLE STEAM PROBE RESPONSE

E-1. INTRODUCTION

The fol lowing three types of Instruments were u t i l i z e d  In the 163-rod blocked 

bundle to measure the nonequlllbrlum vapor temperatures:

0 17 thimble tube aspirat ing steam probes

0 10 subchannel s e l f -as p i ra t in g  steam probes

0 14 subchannel unshielded thermocouples

The thermal response of each of the Instruments Is addressed In paragraphs E-2 

and E-3. The data from the following three tests with various peak power to 

flow rat ios Is shown:

Test Run Conditions Peak Power/Flow

61314 39.1 mm/sec (1.54 In . /sec )  at 1.3 kw/m (0 .4  k w / f t )  0.266

61005 38.9 mm/sec (1.53 In . /s e c )  at 2.30 kw/m (0.7 kw / f t )  0.467

61607 20.6 mm/sec (0.81 In . /s e c )  at 2.30 kw/m (0.7 kw / f t )  0.875 (maximum)

E-2. THIMBLE TUBE ASPIRATING STEAM PROBES

To maximize the quantity of thimble tube asp irat ing  steam probes In the 

bundle, the probes aspirated through both the top and the bottom of the bundle 

as In the 161-rod unblocked bundle. The design of the probe which aspirated  

through the top of the bundle was used successfully In previous FLECHT SEASET 

t e s t s . T h e  design of the probe which aspirated through the bottom of the 

bundle was d i f fe re n t  from that u t i l i z e d  unsuccessfully In the 161-rod un­

blocked bundle. I t  was believed that the tortuous flow path In the unblocked

1. Loftus, M. J . ,  et  a l . ,  "PHR FLECHT SEASET Unblocked Bundle, Forced and 
Gravity Reflood Task Data Report," NRC/EPRI/West1nghouse-7, June, 1980,
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bundle bottom probe caused s ig n i f ican t  flow mixing between the hlgh-  

temperature steam and the entrained water droplets.  Thus, the design was 

modified In the blocked bundle, as shown by the schematic diagram In 

f igure E-1.

Comparisons of the fol lowing top and bottom steam temperature measurements at 

the same elevations are shown In f igures E-2 and E-3 for the test  with the 

maximum power-to-flow r a t io :

Figure

E-2

E-3

Elevation  
[m ( I n . ) ]

1.98 m (78 I n . )

2.82 m (111 I n . )

Top Steam Probe 

Channel 446, 7K 

Channel 452, 71

Bottom Steam Probe 

Channel 447, 4F 

Channel 453, lOF

These two f igures c le a r ly  show the d i f ference between the bottom and top steam 

probes. The bottom steam probe measures approximately the same vapor tempera­

ture as the top probe during the ear ly  single-phase flow period pr ior  to and 

Immediately a f te r  f lood. However, modif ication of the design of the bottom 

steam probe did not Improve the response of the probe during the two-phase flow 

period r e la t i v e  to that measured In the unblocked bundle. The vapor and the 

entrained droplets are apparently mixed within the probe; th is  subsequently 

desuperheats the steam.

The amount of vapor aspirated through the bottom steam probes was reduced In 

run 61106 to decrease the amount of entrained droplets;  however, th is  change 

resulted In minimal e f fe c t  on the probe thermal response. A l l  the probes 

e x i t ing  the bottom of the bundle responded In the same manner for the en t i re  

test  ser ies.

I t  Is recommended that the probes e x i t ing  the bottom of the bundle not be 

u t i l i z e d  as measurements of vapor temperature. The steam probes which 

aspirated through the bottom and top of the bundle were as fol lows:
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Elevation  
(m ( I n . ) ]

0.99 (39)

1.22 (48)

1.52 (60)

1.83 (72)

1.98 (78) 

2.29 (90)

2.44 (96)

2.82 (111) 

3.05 (120)

3.35 (132) 

3.51 (139)

Top Steam Probe

Channel 443, 41

Channel 446, 7L

Channel 450, 4F 
Channel 451, lOL

Channel 452, 71

Channel 454, 7C 
Channel 455, 131

Channel 456, lOF

Channel 457, 5K

Bottom Steam Probe 

Channel 441, IOC 

Channel 442, 13F

Channel 444, 71 
Channel 445, lOL

Channel 447, 4F

Channel 448, 7C 
Channel 449, 131

Channel 453, lOF

E-3. SUBCHANNEL SELF-ASPIRATING STEAM PROBES AND UNSHIELDED THERMOCOUPLES

The subchannel steam probes and thermocouples were u t i l i z e d  In the blocked 

bundle pr imari ly  to measure the rad ia l  vapor temperature d is t r ib u t io n  at e l e ­

vations Immediately upstream (1.47 m (58 I n . ) ]  and downstream [1 .98 ,  2.44, and 

3.05 m (78, 96, and 120 I n . ) ]  of the blockage. Comparisons of the fol lowing  

subchannel and thimble tube temperature measurements are shown In f igures E-4 

through E-21 for a l l  three of the previously tabulated tests:

FIgure

Elevation 

[m ( I n . ) ] Subchannel Instrument Thimble Tube Probes

E -4 ,5,6 

E-7,8 ,9

1.52 (60) 

1.98 (78)

Channels 458, 459 

Channels 462, 464

Channel 443, 41 

Channel 446, 7L
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E-10 ,11,12 

E-13 ,14,15 

E-16 ,17,18 

E-19 ,20,21

2.44 (96)

2.44 (96)

3.05 (120)

3.05 (120)

Channel 473 

Channel 472

(a)

(a)

Channels 479,^^^ 478^^^ 

Channel 476

Channel 451, lOL 

Channel 450, 4F 

Channel 455, 131 

Channel 454, 7C

a. Se l f -asp l ra t ing  steam probe

These f igures generally show good comparisons between the thimble tube probes 

and subchannel Instruments. During the bundle heatup period pr ior  to f lood,  

the subchannel Instruments consistently  measured a temperature greater than 

the thimble probe because of the rad ia t ion  e f fe c ts ,  which are shielded In the 

thimble probe, and the high thermal In e r t ia  of the thimble tubes. The heatup 

of the s e l f -as p i ra t in g  steam probes at the higher elevations was af fected by 

water trapped within the probe, thereby keeping the temperature at satura­

t ion .  Once this water was evaporated, the temperature quickly reached the 

level of the other probes. The low heatup power [1 .3  kw/m (0 .4  k w / f t ) ]  

allowed the probe to dry out and reach the correct f lood I n i t i a t i o n  tempera­

ture.  A bet ter comparison between the subchannel Instruments and the thimble 

probes was achieved In tests with higher power-to-f low ra t io s .

Comparisons between the subchannel vapor temperature Instruments In symmet­

r ic a l  locations are shown In f igures E-22 through E-25 for the following  

elevations for the highest power-to-f low r a t io  test :

Figure
Elevation  
[m ( I n . ) ]

Self -Aspirating
Probe

Unshielded
Thermocouple

Heater Rod 
Thermocouples

E-22 
( sheet 1) 1.98 (78) - - Channels 465, 467 -  -

E-22 
( sheet 2) 1.98 (78) Channels 463, 464

E-22
(sheet 3) 1.98 (78) - - Channels 469, 462

E-23 2.44 (96) Channels 472, 473 — Channels 336,346

E-24 
( sheet 1) 2.44 (96) Channel 471 Channel 470
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E-24
(sheet 2) 3.05 (120) Channel 479 Channel 476

E-25 3.05 (120) Channels 477, 478 — Channels 401,405

Also shown 1n f igures E-23 and E-25 are corresponding symmetrical heater rod 

temperature measurements.

Generally,  the vapor temperature measurements are symmetrical for a l l  test  

conditions at the 1.98 and 2.44 m (78 and 96 I n . )  e levat ions.  There were 

differences,  however, between the s e l f -a s p l ra t ln g  steam probes and the un­

shielded thermocouples for the tests at the lower power-to-f low r a t io s ,  as 

shown In f igures E-26 through E-29.

E-4. CONCLUSION

The thimble tube steam probe which aspirates through the top of the bundle, 

the se l f -a s p l ra t ln g  steam probe, and the unshielded thermocouples provided 

comparable vapor temperature measurements. However, the temperature compari­

sons were much better  at higher power-to-flow ra t io s .  The low void f rac t ion  

flows a f fe c t  the thermal response of the s e l f -a s p l ra t ln g  steam probe f i r s t ,  

then the unshielded thermocouple, and las t  the-thlmble-tube steam probe.

The thimble tube steam probe which aspirates through the bottom of the rod 

bundle did not provide va l id  vapor temperature data.

6701X ;lb /081583 E-20
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APPENDIX F 

BUNDLE INSTRUMENTATION

The Instrumentation for the 163-rod blocked bundle was based In part on the 

Instrumentation In both the 161-rod unblocked bundle and the 21-rod bundle, to 

provide d irect  comparisons between the three bundles. However, the large num­

ber of thermocouples which f a i le d  during test ing  In the 161-rod bundle l im ited  

the number of comparisons between the two large bundles. Also, the u t i l i z a ­

t ion and placement of the two Islands of noncoplanar, nonconcentric blockage 

In a bundle with only one l ine  of symmetry provided for not only ax ia l  but 

also radia l  ef fects  and, p o t e n t ia l l y ,  c ircumferent ia l  e f fe c ts .  Thus, there 

was a s ign i f ican t  need to maximize the number of Instrumented heater rods In 

the 163-rod blocked bundle.

Through the heater rod manufacturing qu a l i ty  assurance process, a to ta l  of 62 

Instrumented heater rods were selected as sui table  for use In the 163-rod 

bundle. Including three spare 21-rod bundle Instrumented rods. These 62 rods 

were d istr ibuted across the bundle as shown In f igure  F-1.  Of the 40 heater 

rods In the two blockage Islands, 31 rods were Instrumented; 28 of the 64 rods 

In the flow bypass region were Instrumented, and 3 of the 59 peripheral rods 

were Instrumented. These 62 Instrumented heater rods had a to ta l  of 462 func­

t ional  thermocouples at the s ta r t  of bundle bui ld .  A to ta l  of 440 thermo­

couples could be hooked up to the computer; therefore,  22 thermocouples at the 

top and bottom 0.91 m (36 I n . )  of the bundle were u t i l i z e d  as spares.

The radia l  d is t r ibu t io n  of heater rod thermocouples as a function of elevation  

Is shown In f igures F-2 through F-29, The thermocouples are designated by 

computer channel numbers. Also shown In these f igures are the location of the 

thimble wall thermocouples as I n i t i a l l y  connected and the vapor temperature 

Instrumentation. All  the vapor temperature Instrumentation was connected to 

the computer. However, because only 21 computer channels were al located to 

measuring thimble wall temperatures, there were 14 spare thimble thermocouples.

As In the last  two 21-rod bundles with the 1.0 mm (0.040 I n . )  diameter thermo­

couples, there were an Ins ign i f ican t  number of heater rod thermocouple f a i l ­

ures (3 .4  percent) In the 163-rod bundle. The fa i le d  rod thermocouples as

6701X :lb /081583 F-1



well as fa i l e d  thimble thermocouples and vapor temperature Instrumentation are 

l is te d  In table  F-1 as a function of run numbers. The f a i le d  thimble thermo­

couples were reassigned with the spare thimble thermocouples, as shown In 

table F-2.

6701X :lb /081583 F-2
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TABLE F-1
BUNDLE FAILED THERMOCOUPLES

Run Failed Thermocouples

60701

61106

61314

61412

61509

61607

61705

61916

62117

62211

62304

62413

62503

62819

Channel 461 

Channel 81 -  

Channel 351 

Channel 156 

Channel 181 

Channel 487 

Channel 501 

Channel 363 

Channel 490 

Channel 222 

Channel 48 - 

Channel 148 

Channel 212 

Channel 338 

Channel 492 

Channel 163 

Channel 488 

Channel 116 

Channel 197 

Channel 330 

Channel 459 

Channel 495 

Channel 485 

Channel 460 

Channel 304

- bare f lu id  vapor temperature 1.47 m (58 I n . )  

heater rod temperature 12L 1.82 m (72 I n . )

-  heater rod temperature 9E 2.44 m (96 I n . )

-  heater rod temperature 5H 1.96 m (77 I n . )

- heater rod temperature 21 1.98 m (78 I n . )

-  thimble wal l  temperature 13F 1.82 m (72 I n . )

-  thimble wall  temperature 13F 3.05 m (120 I n . )

-  heater rod temperature 120 2.44 m (96 I n . )

-  thimble wal l  temperature 13F 1.98 m (78 I n . )

-  heater rod temperature 60 2.01 m (79 I n . )

heater rod temperature 111 1.70 m (67 I n . )

-  heater rod temperature 8E 1.96 m (77 I n . )

-  heater rod temperature I IG  2.01 m (79 I n . )

-  heater rod temperature 60 2.44 m (96 I n . )

-  thimble wal l  temperature 5K 2.29 m (90 I n . )

-  heater rod temperature 90 1.96 m (77 I n . )

-  thimble wal l  temperature 5K 1.98 m (78 I n . )

-  heater rod temperature 43 1.91 m (75 I n . )

-  heater rod temperature I IK  1.98 m (78 I n . )

-  heater rod temperature 120 2.24 m (90 I n . )

-  bare f lu i d  vapor temperature 1.47 m (58 I n . )

-  thimble wal l  temperature 5K 2.44 m (96 I n . )

-  thimble wal l  temperature 5K 1.82 m (72 I n . )

- bare f lu i d  vapor temperature 1.47 m (58 I n . )

- heater rod temperature 60 2.24 m (90 I n . )
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TABLE F-2

THIMBLE THERMOCOUPLE REASSIGNMENTS

Run Reassigned Thermocouples

6 U I 2 Channel 487 -  thimble 13L 1.83 m (72 I n . )

Channel 501 -  thimble IOC 3.05 m (120 I n . )

61509 Channel 490 -  thimble 4C 1.98 m (78 I n . )

61705 Channel 492 -  thimble 13F 2.44 m (96 I n . )

61810 Channel 488 -  thimble 4C 2.82 m (111 I n . )
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APPENDIX G 

HIGH-SPEED DROPLET MOVIE RESULTS

G-1. INTRODUCTION

In the 163-rod blocked bundle task, high-speed black and white motion pictures  

were taken through the housing windows at the 0.91 m (36 I n . )  and 2.73 m (108 

I n . )  elevations for selected test runs. These motion pictures were u t i l i z e d  

to determine the density and size d is t r ib u t io n  of droplets contained In the 

f low, as well  as the droplet ve loc i ty ,  to provide a ca lculat ion of the heat 

transfer In the dispersed flow regime preceding the quench front  during bundle 

ref lood.  The techniques previously developed and u t i l i z e d  for measuring drop­

le t  size and veloci ty  In the 161-rod unblocked bundle were also used for the 

163-rod blocked bundle. No movies were taken at the 1.83 m (36 I n . )  elevation  

window because the blockage sleeves prevented the use of backl ight ing.

A summary of the high-speed droplet movies Is provided In table G-1 as a func­

t ion of the test run number. The time of the movie a f te r  flow I n i t i a t i o n  Is 

tabulated as well as an assessment of the f i lm  qu a l i ty .  In the ear ly  tests  

(runs 61005, 61106, and 61412), the movies at the 0.91 m (36 I n . )  window were 

taken at a time In the reflood transient  when excessive amounts of water drop­

lets  were present and these drops were Indis tinguishable .  At the 2.73 m (108 

I n . )  window, the movie f i lm  broke a f te r  the camera was turned on for several  

tests (runs 61106, 61705, 61810, and 62304), because of the large acceleration  

forces Imposed on the f i lm  during startup.  For several other tests (runs 

61412, 61509, and 61607), the f i lm  broke a f te r  the camera was stopped for the 

f i r s t  recording Increment, because of the large deceleration forces.

G-2. DROPLET MEASUREMENTS

A movie f i lm  was taken of a pair of perpendicular scales at the same focal  

distance as the droplets In the rod bundle (between the th ird  and seventh rod 

rows). The f i lm  of the scales was then projected onto a wall such that the 

dimensions of the scales were larger by a factor of four than the actual size.
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TABLE G-1
SUMMARY OF HIGH-SPEED DROPLET PHOTOGRAPHY

Run
I n i t i a l  Test 
Conditions

Window 
Elevation  
[m ( I n . ) ]

Film 
Speed 

( frames/sec)

Time of 
Movie 
(sec) Lighting Focus Remarks

61005 38 mm/sec 0.91 (36) 2000 14-26 _ -- Too much water
(1 .5  In . /s e c ) 34-40 - - - - Too much water

2.74 (108) 2000 - - — --- Film damaged

61106 25 mm/sec 0.91 (36) 2000 8-14 Good Good
(0.98 In . /sec ) 20-26 — - - Too much water

40-46 - - - - Too much water
2.74 (108) --- Film broke

61412 0.41 MPa 0.91 (36) 2000 6-12 Good Good
(60 psia) 18-24 - - - - Too much water

30-36 - - Too much water
2.74 (108) 2000 18-24 Good Good Film broke a f te r  f i r s t

stop and speed too slow
61509 0.14 MPa 0.91 (36) 2000 10-32.5 Good Good F i rs t  7.5 seconds only

(20 psia)

2.74 (108) 2000 20-26 Good Good Film broke a f te r  f i r s t
stop and speed too slow

61607 20 mm/sec 0.91 (36) 2000 4-26.5 Poor Good Firs t  15 seconds only
(0 .8  In . /sec )

2.74 (108) 2000 20-26 Good Poor Film broke a f te r  f i r s t
stop and speed too slow

61705 Repeat test 0.91 (36) 2000 0-22.5 Poor Fair F i rs t  7.5 seconds only
at 38.6 mm/sec
(1.52 In . /sec ) 2.74 (108) 2500 --- -- Film broke



TABLE G-1 (cont)
SUMMARY OF HIGH-SPEED DROPLET PHOTOGRAPHY

Run
I n i t i a l  Test 
ConditIons

Window 
Elevatlon  
[m ( I n . ) ]

Film 
Speed 

(frames/sec)

Time of 
Movie 
(sec) Lighting Focus Remarks

61810 17 nm/sec 
(0.65 In . /sec )  
at 0.134MPa 
(19.5 p s la )

2.74 (108) 2500 F1Im broke

61916 Stepped flow 0.91 (36) 2000 0-22.5 Good Good F i rs t  3 seconds only

2.74 (108) 2500 10-28 Good Good

62015 SubcoolIng 0.91 (36) 2000 10-32.5 Good Good F i rs t  7.5 seconds only

2.74 (108) 2500 18-36 Good Fair Speed too slow

62117 Hot/cold 
channels at 20 
inm/sec (0 .8  
I n . / s e c )

0.91 (36) 2000 4-26 Good Good

2.74 (108) 2500 10-28 Poor Poor

62304 157 mm/sec 
(6 .2  In . /sec )

0.91 (36) 2000 0-22.5 Good Good F i rs t  3 seconds only

2.74 (108) 2500 — — - - Film broke

62413 3.3 kw/m 
(1 kw/tn)

0.91 (36) 2000 0-22.5 Good Good F i r s t  7.5 seconds only

2.74 (108) 2500 6-24.5 Poor Poor Speed too slow

62605 Repeat test at 
38 mm/sec 
(1 .5  I n . / s e c )

0.91 (36) 

2.74 (108)

2000

2500

0-22.5

4-22

Good

Poor

Good

Fair

F i rs t  7.5 seconds only 

Speed too slow



The droplet f i lms were subsequently projected onto the wall at  exact ly  the 

same distance from the wall  as the f i lm  of the scales. This procedure e l im­

inated the uncertainty associated with using e i ther  the heater rod or the 

window as the reference dimension. In most tes ts ,  the diameter of the rod was 

found to be approximately 10.07 mm (0.3966 I n . ) ,  which was only 6 percent 
larger than the rod actual size.  The d i fference may be a t t r ibu ted  to a sl ight  

rod misalignment or opt ical  I l lu s io n .

The droplet movies were projected onto a f ine -sca le  graph paper (readable to 

+0.5 mm) attached to the w a l l .  A Lafayette  Analyst model D projector  which 

has frame-by-frame stop control was u t i l i z e d .  The clear and d is t in c t  droplets 

were traced d i r e c t ly  on the graph paper and those which could be seen to 

travel  some distance within the gap between the rods were considered for c a l ­

culating droplet ve loc i ty .  The droplets were Id e n t i f ie d  with numbers and 

the ir  I n i t i a l  and f in a l  posit ions were traced onto the graph paper. The num­

ber of movie frames between the I n i t i a l  and f in a l  posit ions was also recorded.

G-3. DATA REDUCTION

The droplet diameter and distance t rave l led  were measured d i r e c t ly  from the 

graph paper and tabulated. The actual or real drop diameter and ve loc i ty  were 

obtained from the fol lowing simple re lationships:

D .  ^  r S

X
y m
^r " S

X ccw r FSX0 ■ N 1000

where

D̂  = real drop diameter (mm)

D = measured drop diameter (mm)m K « /
S = scale factor = 4

X = real distance t rave l led  (mm)r
X|̂  = measured distance t rave l led  (mm)
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Vp = droplet ve loci ty  (m/sec)

N = number of movie frames for droplet to t ravel  Xm
FS = f i lm  speed (frames/sec)

In the f in a l  stage of the data reduction process, 1t was found that the f i lm  

speed at the 2.74 m (108 I n . )  elevation (2500 frames per second) was too slow 

for accurate deduction of the droplet diameter. (A prel iminary review of the 

high-speed movies a f te r  run 61607 had led to the conclusion that the f i lm  

speed should be Increased from 2000 frames per second.) There was only one 

test (run 61916) In which the data at the 2.74 m (108 I n . )  elevat ion were 

accurately reduced.

G-4. DATA RESULTS

The frequency distr ibut ions for droplet diameters were obtained and are shown 

graphically  In f igures 6-1 through G-12. The droplet ve loc i ty  versus droplet  

diameter plots are shown In f igures 6-13 through G-24.

Ihese droplet data results were generally very similar  to the results from the 

161-rod unblocked bundle. Therefore, the log-normal distribution^^^ was 

u t i l i z e d  to represent the droplet diameter d is t r ib u t io n ,  as previously used In 

the 161-rod bundle. To evaluate the appropriateness of the log-normal d i s t r i ­

bution for representing the droplet diameter data,  the natural log of the 

actual drop diameter was plot ted against the cumulative p robab i l i ty  d i s t r i b u ­

t ion .  I f  the assumed d is t r ibu t io n  model Is correct ,  the plotted data points 

would tend to l i e  In a stra ight  l in e .  As shown In f igures 6-25 through 6-36,  

the cumulative p robabi l i ty  d is t r ibu t io n  Is quite l in e a r ;  this Indicates that  

the log-normal d is t r ibu t io n  Is the appropriate representation for the droplet  

diameter d is t r ibu t io n .

1. Loftus, M. J . ,  et a l . ,  "PWR FLECHT SEASET Unblocked Bundle, Forced and 
Gravity Reflood Task Data Report," NRC/EPRI/West1nghouse-7, June 1980.
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Figure G-23. Droplet Velocity  Versus Droplet Diameter, Run 62413, 
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Figure G-27. Log Normal D is t r ib u t io n  P r o b a b i l i t y  P lo t ,  Run 61509,
0.91 m (36 I n . )  E levation
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Figure G-28. Log Normal D i s t r ib u t io n  P r o b a b i l i t y  P lo t ,  Run 61607,
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Figure G-29.  Log Normal D i s t r ib u t io n  P r o b a b i l i t y  P lo t ,  Run 61705,
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Figure G-30. Log Normal D i s t r ib u t io n  P r o b a b i l i t y  P lo t ,  Run 61916,
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Figure G-31 . Log Normal D i s t r ib u t io n  P r o b a b i l i t y  P lo t ,  Run 61916,
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Figure G-32. Log Normal D i s t r ib u t io n  P r o b a b i l i t y  P lo t ,  Run 62015,
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APPENDIX H 

DATA TABLES AND PLOTS

This appendix contains a sampling of data collected for each of the 23 163-rod 

blocked bundle reflood tests .  All  the va l id  measured and reduced data are 

avai lab le  from the NRC Data Bank. The data have not been analyzed or evalu­

ated In great d e t a i l ,  and caution shotrTtI be observed that erroneous data may

exist  despite e f fo r ts  to ensure correct and accurate data.  A data evaluation

report ,  to be published at a la te r  date,  w i l l  present the results  of the data
evaluation In greater d e t a i l .

The following tables are provided for each tes t :

0 Summary and Comment Sheet - -  l i s t s  the as-run test  condit ions,
and comments on the as-run test  conditions r e l a t i v e  to the 
respective 161-rod unblocked bundle

0 Heater Rod Temperature Data - -  l i s t s  the character is t ics  of the 
temperature-time history for heater rod thermocouples at the 
same locations for a l l  reflood tests

0 Heater Rod Temperature-Time S t a t i s t i c a l  Data - -  l i s t s  the maxi­
mum, minimum, and average of the temperature-time character is ­
t ics  of a l l  heater rod thermocouples as a function of elevat ion

The fol lowing plots are Included for each test :

0 Heater rod temperatures and heat t ransfer  coe f f ic ien ts  as c a l ­
culated by DATAR for comparable thermocouple locations In the 
163-rod blocked bundle and the 161-rod unblocked bundle (except 
for runs 62117, 62503, and 62819, none of which had a compar­
able test  In the unblocked bundle).  Because of the large number 
of fa i le d  thermocouples In the 161-rod bundle tes ts ,  the same 
data comparisons could not be made from tes t  to t e s t .  The spe­
c i f i c  rod thermocouple locations are l is te d  for each te s t .

0 Bundle vapor temperatures for the fol lowing thermocouple 
locat ions:

1 Except as noted on Summary and Comment Sheets

3542X:1/081583 H-1



Location

41
71
lOL
71
7C

Elevation
[m ( I n . ) ]

1.52 (60)  
1.98 (78)  
2.44 (96) 
2.82 (111) 
3.05 (120)

Computer Channel Number

443
446
451
452 
454

Thimble wall  temperatures for the fol lowing thermocouple 
locat ions:

Thimble

IOC
IOC
IOC
IOC
5K

Elevation  
[m ( I n . ) ]

1.83
2.29
2.44
2.82
3.05

(72)
(90)
(96)
(111)
(120)

Computer Channel Number

486
491
496
497 
499

Housing wall  temperatures for the fol lowing thermocouple 
locat ions:

E levat lon  
[m ( I n . ) ]

1.22
1.52
1.83
2.44
3.05

(48)
(60)
(72)
(96)
(120)

Computer Channel Number

504
505
506 
508 
510

Fluid and e x i t  vapor temperatures 
thermocouple locations:

for the fol lowing

Location

In jec t ion  l in e  f lu id
Upper plenum f lu id
Upper plenum steam probe
Steam probe upstream of separator
Steam probe downstream of
separator

Computer Channel Number

536
515
517
528

530

0 Overall bundle, steam separator,  and carryover tank levels  

Location Computer Channel Number

Bundle housing
Upper plenum
Carryover tank
Steam separator
Downcomer (g rav i ty  ref lood)

562 
561
563 
565
564

3542X:1/081583 H-2



0 Exhaust steam flow rate (channel 306),  In jec t ion  mass flow rate  
(channel 203),  bundle storage rate  (channel 206),  and carryover  
tank storage rate (channel 302)

0 Overall mass balance

0 All  heater rod quench times as a function of e levat ion

0 Heater rod bundle ax ia l  d i f f e r e n t i a l  pressures and void f ractions

3542X:1/081583 H-3



FLECHT SEASET 163-ROD BUNDLE FLOW BLOCKAGE TASK 

SUMMARY AND COMMENT SHEET

Run: 60701

Test date: 8/16/82

Test type: Forced reflood ( f a c i l i t y  shakedown) 

Parameter: I n i t i a l  clad temperature e f fe c t

AS-RUN TEST CONDITIONS:

Upper plenum pressure 0.277 MPa (40.2 psia)

I n i t i a l  peak clad temperature and location 264 .6*C (508 .2*F ) ,

21-1.93 m (76 I n . )

I n i t i a l  peak rod power:

Peripheral rods 

Bypass rods 

Blockage Island rods 

Flooding rate  

Coolant temperature 

I n i t i a l  bundle water level

2.31 kw/m (0.704 kw /f t )  

2.28 kw/m (0.696 kw /f t )  

2.30 kw/m (0.702 kw /f t )  

38.6 mm/sec (1.52 In . /s e c )  

52 .2“C (126‘>F)

0 mm (0 I n . )

COMMENTS:

In le t  mass flow:. (1) - IX  constant

No heat transfer plots are Included.

1. Relative to run 30518

60701-1



FLECHT SEAitT 163 RuJ BUNDlE Jl af ScUcS
KUi NJNJt koC 7* «

ftau/eiEv TIN ITIAL MAXlfJH TcrtPcRATO<£ TJRHARDJN3 OJc NC n
C-iAH, NO AT FLOOD TtlPERATUKc RISE Tlrti TEMPKtATjki Tllw

(Dfc6 F) (DE6 t ) ( DEb F) (SclONOS) (JEC r ) (SECJNOa)
96 I -  0 3 333. ^64, 32, 7.0 2o5, i r , 7

lOH 2 -  5 6 369* •* 7a • Iv 0, 16, 1 474, *0, a96 3- 3 9 42C. c43. 222, >7, 9 62 y , 42, i
i J  6 -  ? 11 449. 746, 2v o. 36. 5 o i;  • 67.*»7H C 12 443. 7 2y, 285, i 4 ,  9 6a y . 6^. 3

0K 6 -  0 13 441, 740. 299, 35. 5 67. . 73. 9
8N 6- 0 14 445. 745, 360, 40, 3 7*-., 59,0

12D 6- C 17 44C, 733. 293, 42. 5 7aO. 53. 7
5E 5- 0 20 472 . 919. 447, 51, 3 690, 40. C76 8- 0 21 4 66 • 9 i7 . 457, 49.4 7a ̂ . I aO. 8

9G »- (. 24 483, 94j . 40 0, 59, 6 779. 11^,4
5t 6- 7 33 479. 9 3a, 4a 6, 54. 3 760. i t 7 .  y66 5- 7 45 461 • 456. 409, 65,0 78a, 14L. 5
9H t>- 9 52 47f . obo. 416, 41,4 7: i . i40 ,  0
76 5-10 59 464. 993. a: 6, 3 6 ,^ 7oo. 154, C

7F 5-11 62 476. 927, 4a 1, 66.1 769. aOc. 3
46 5-11 64 491. 9 96. 535. 65, 74a, lo5 ,  521 6- 3 67 5C3. I t  34. a i . . 33 .f9 7 / / . 164, 4
iD 6- 0 70 483. 94a« 4o2, 64,5 746, 150, 9
6J t -  0 74 481, iCCO. 519, 74,7 742. 17w,9

7H 6 -  0 66 477. 961. 464. 5 8, 8 7j 8, 164. 3
l i t  6-  3 dO 481 • 986. a, a , 62,9 72 0. 165, e8rt 6-  2 97 475. 0 9a • 420, 45.7 677. 1 4 3 .

5H 6 -  2 99 495. 9 78, 463, 57,0 7^6, 16 4, c
9e 6 -  2 135 44C • 963, 523, 67,2 284, 465.1

ttH 6 -  3 111 482, 92o, 443. 48.9 736. 146.1
4 6 6 -  3 124 494, 1611, 5a 7. 76. 9 7io. ▲ 6 1 .c

I IH  6-  4 134 478. 9 34, 456, 58,0 62 a , 133,2
9D 6- 4 143 486, 967, 56 7, 60,2 724. ▲ 7e.C
9J 6 -  5 165 463, 1013. 53^, 66,1 090, 93,3

9H fr- 5 166 487, 1070, 583, 82.2 737, l b l . 7
6 i  6 -  6 192 492, 163»« ^44, 67*2 43 a, 115.7
90 6 -  6 193 479, lw2>. 546, 76. 3 740. 182.7

l l F  6-  6 173 486, aC44, 55 6, 75,8 raw. 163, «
46 7- 0 261 467. 961, 474, 66. 1 7^3, 213.0

70 7 -  b 309 468, 1691, 622, 99,4 7a4. 24«.7
76 7- 6 212 479, 1115, 036, 96. 7 57t. 37 7.9

l i t  7- 6 325 475. 1691, 616, 69, 2 774, 235,:
»L 6 -  j 337 434, lOCl, 5o6, 126,9 7i3 , 255,8
7m b- 0 345 438, 1063, 646, 131,1 684 • 21 7 ,C

7K 8- 0 346 454, 1w54, o» 0 , 122.5 7a/, 249. 2
5J 6- 6 366 41d . 947, 529, 112,-' 7a7, 232.^
7 6 d- b 36S 417. 9 53, 53o, 131, 1 045. 291,9
7fe 9- 3 383 395, 973, 576, 147, 3 26 /, 874.5
6H 9 -  3 397 391, 91C, 5 i9 , 136.5 o31. 291.A

9C 9- 3 389 3 93, 9C2. a09. 153,7 595. 311,2
I I F  9 -  3 394 395, 825, 43i , 95, 6 7oa, 197,2

7BIC- D 408 363, e 4t, 4da, 149,4 5ol, 327. :
SH16- 9 415 358, 0 49, 49 i.. 146, 2 274, 315. 1
dKlO- 0 417 364. 626. 462, 134, 4 558. Bic.o

dhlb- 9 418 366, o4o. 48C. 136.5 665. 305, 1
b H l l -  0 429 332, ol5. 204, 135,4 499, 2o 3, 6
9611- 0 431 334, 563, 2iw, 69, 6 5a4, 71,2

l l E l l -  y 432 329 , 5 96, 2o7. 13 1,1 490. 261.C

5J11- 6 436 332 , 5 56. 2 i6 . 64,5 534. 65.7
7B11- 6 437 329, 6 36 • 3# 1, 14 j , r 5o7. 255. 4
d J l l -  6 438 334, C 26, 29 2, 135, 4 a32. 2e3, c
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FLECHT SEASET 163-ROD BUNDLE FLOW BLOCKAGE TASK 

SUMMARY AND COMMENT SHEET

Run: 60802

Test date: 8/18/82

Test type: Forced reflood

Parameter: I n i t i a l  clad temperature ef f ect

AS-RUN TEST CONDITIONS:

Upper plenum pressure 0.2710 MPa (39.30 psia)

I n i t i a l  peak clad temperature and location 538.8®C (1001.9“F) ,

21-1.93 m (76 I n . )
I n i t i a l  peak rod power:

Peripheral rods 2.29 kw/m (0.698 kw/ f t )

Bypass rods 2.30 kw/m (0.701 kw/ f t )

Blockage Island rods 2.30 kw/m (0.700 kw/ f t )

Flooding rate 38.6 mm/sec (1.52 I n . / sec)

Coolant temperature 53.9®C (129“F)

I n i t i a l  bundle water level +4.6 mm (+0.18 I n . )

COMMENTS:

In le t  mass flow:^^^ -0.6% exponential ly  Increasing to +0.9% by 300

seconds

No heat transfer plots are Included.

1. Relative to run 30817

3542X:1/081583 60802-1



FLECriT SEASET 163 KQJ BUNDLE TEST SETIES 
KUN NUN6Eii60602

RDD/ELEV TINITIAL HAXlnuH TENPERAT UKE TURNAROJND QUENCH QUENCH
CHAN. NO AT FLOOD TEHPERATURc RISE TINE TEHPREATURE TIME

(DE6 F) (OEG FI (OEG FI (SECONDS) (OEG F) (SECONOS)

9* 1 -  0 3 976. 997. 22. 5. 5 99 3. 19.0
lOH 2 -  0 6 599. 656. 62. 11.0 559. 33.9

96 3-  3 9 756. 882. 126. 17.0 703. 61.9
33 9 -  0 11 899. 1626. 182. 27.0 722. 95.7
7H 9 -  0 12 B19. 1013. 199. 29.5 705. 9 9 .C

BK 9 -  0 13 B32. 1030. 196. 28.0 699. 98.0
BN 9- 0 19 826. 1012. 186. 25.0 799. 9 6 .C

120 9 -  9 17 826. 1011. 185. 2 7 .0 793. 90.6
5E 5 -  0 20 909. 1207. 297. 90.0 79 9. 135.3
76 5- 3 21 995. 1273. 328. 95.0 788. 193.9

96 5- 0 29 993. 1271. 32b. 96.5 799. 199.9
J£ 5- 7 33 938. 1282. 399. 59.5 80 8. 166.9
S6 5- 7 95 936. 1322. 389. 69.0 785. 176.-,
9H 5- 9 52 892. 1309. 912. 69.0 759. 183.3
76 S-10 59 999. 1335. 386. 65.0 951. l3 9 .3

7F 5-11 62 909. 1293. 389. 63 .0 o99. 186. 9
96 5-11 69 958. 1353. 396. 65.0 759. 199.7
21 6 -  0 67 991. 1365. 379. 56.0 778. 196. a
5 0 6-  0 70 935. 1323. 388. 75.0 735. 198. 9
63 6 -  0 79 939. 1303. 369. 96.0 762. 205.1

7H 6 -  0 66 930. 1310. 380. 60.5 739. 260.6
H E  6 -  0 BO 961 . 1396. 385. 66.0 759. 19 7.5

BH 6 -  2 97 896. 1233. 337. 55.0 665. 233.(
5H 6 -  2 99 979. 1389. 910. 71.5 72 9. 216. 1
»E 6 -  2 105 800. 1363. 559. 98.5 279. 963.1

BH 6 -  3 111 922. 1255. 332. 72 .0 705. 236.8
96 6 -  3 129 970. 1398. 92 8. 73.5 765. 217.0

I IH  6 -  9 139 903. 1396. 99 3. 8 7 .0 608. 219.5
90 6 -  9 193 955. 1910. 955. 8 7 .S 779. 213.6
93 6 -  5 165 952. 1388. 93 6. 85.5 1087. 153.3

9N 6 -  5 166 968. 1925. 957. 79.0 799. 220. 1
a 3 6 -  6 192 969. 1393. 930. 76.0 889. 209.9
90 6 -  6 193 939. 1939. 500. 87.5 797. 221. 9

I I F  6 -  6 173 962. 1933. 971. 87.0 765. 227 .w
96 7- 0 261 998. 1368. 926. 72.0 720. 257.7

70 7 -  6 309 902. 1503. 602. 129.0 755. 299.7
76 7 -  6 312 929. 1995. 521. 112.0 563. 902. 9

H E  7- 6 325 928. 1920. 992. 91.0 779. 278.9
5L B- 0 337 807. 1396. 539. 96.5 755. 307.9
7H B- 0 395 818. 1328. 510. 115.5 806. 298.0

7K B- 0 396 899. 1919. 569. 118.0 766. 30 3.6
5 3 8- 5 366 799. 1171. 92 7. 137.0 69 6. 391.(
7B B- 6 36B 757. 1139. 382. 122.0 660. 336. 1
7E 9 -  3 3B3 687. 1239. 552. 133.5 566. 387.1
BH 9- 3 3B7 667. 1153. 986. 12 5 .0 597. 351.1

9C 9- 3 389 677. 1169. 987. 199.5 611. 362.1
H F  9 -  3 399 673. 1095. 372. 79.0 852. 192.3

7B10- 0 90S 579. 957. 377. 199.0 581. 376.7
BHIO- 0 915 570. 1037. 967. 191.0 609. 335.9
BKIO- 9 917 581. 10 77. 997. 155.0 559. 369.7

BNlO- 9 91B 578. 1070. 99 2. 191.5 690. 363. 1
6H11- 0 929 976. 795. 270. 139.r 512. 338.1
9611- 0 931 972. 629. 15 1. 59.5 69 9. 62.6

H E H -  0 932 970. 696. 169. 109.0 985. 392 .C

5311- 6 936 977. 653. 17 6. 81.0 577. 125.9
7 B H -  6 937 962. 692. 231. 120.5 598. 301.6
B 3 H -  6 93B 982. 795. 26 3. 139.5 595. 332.1
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RJN 60002 HcAicK KJD STATISTICAL QATt

INITIAL TENP IOEG F) MAX TENP (OEG f t TORNAKOUNJ TINE (SEC)

ELEI( NAX NIN NEAN NAX h in NE AN NAX NIN NEAN
12 474.0 473.7 477.2 303.9 447.3 3O0.7 6.0 3.3 3.7
2A 344.4 383.7 388.7 636.4 640.6 647.7 11.0 10.0 10.3
34 735. 7 733.4 743.2 882.2 859.4 868.0 20.5 17.0 18.4
A8 843.4 816.3 82 8.4 1024. 7 1011.2 1017.4 29.3 25.0 27.1
60 964.4 883.2 427.7 1273.3 1163.1 12 30.6 33.3 40.0 48.6
67 480.2 845.7 934.1 1333.3 1231.4 1302.2 64.0 44.9 55.0
64 432.4 841.3 424.3 1317.4 1204.8 1305.4 64.0 33.3 61.6
70 493.7 436.4 456.3 1330.1 1304.7 13 30.6 63.0 34.0 62.0
71 437.6 403.4 433.6 1333.2 1243.2 1326.9 64.3 63.0 66.6
72 440.6 419.4 432.8 1374.6 1302.6 1343.0 73.0 46.0 6 3 .C
73 474.2 418.4 432.0 1373. J 1319.3 1333.1 73.0 33.0 67.0
74 483. 4 884.3 444.4 1401.8 1232.7 1338.1 73.3 33.0 66.4
75 488 .3 842.6 44 7.8 1411.4 1234.6 1364.4 40.3 46.0 72.8
76 1301.4 402.4 438.4 1418.4 1302.6 1382.9 87.5 63.3 74.6
77 478 .2 414.2 430.4 1442.4 1249.4 1391.7 47.0 66.3 80.8
78 478.2 914.2 431.1 1446.7 1313.3 1406.7 46.3 71.0 84.0
74 474. 2 923.3 43 2.2 1438.4 1337.3 1427.9 103.3 73.0 87.3
80 464. 8 408.1 437.4 1471.3 1377.3 1438.2 113.3 83.0 41.3
81 432 .4 892.6 423.6 1438.4 1374.3 1427.0 104.0 74.5 91.0
84 467.4 898.8 441.3 1407.1 1230.6 13 30.1 90.0 50.5 70.7
86 462.7 417.3 433.4 1461.6 1319.3 1390.8 104.5 63.5 87.4
40 427 .6 884.3 403.4 1503.4 1360.6 1437.1 124.0 81.3 104.6
46 344.1 806.7 824.6 1486. 4 1318.4 1418.6 133.0 73.0 117.2

102 738.8 735.4 748.0 1313.1 1091.6 1224.0 137.0 116.5 125.8
111 686.4 661.7 673.2 1238.4 493.6 1137.0 130.0 79.0 123.4
120 608.1 336.2 578.4 1123. 7 783.9 998.3 172.3 72.5 A39.4
132 477.4 464.2 473.1 743.3 623.8 691.9 147.0 39.3 114.9
138 482.2 437.2 467.7 745. 3 382.6 634.0 134.3 36.0 91.3

RJN oasra neaieh  rjo s t a t is t ic a l  data

TENP RISE (OEG F) aUENCN TENP (OEG f t OJENCN TINE (SEC)

LEV NAX NIN NEAN NAX NIN NEAN NAX NIN NEAN
12 24.4 21.7 23.3 4 68.1 443. 438.0 17.8 12.3 14.7
24 62.0 36.9 34.0 381.8 543. 362.0 33.4 24.6 30.3
34 L27.6 121.4 124.7 703.0 684. 697.0 67.8 61.5 63.8
48 148.2 181.6 188.4 771.0 699. 726.7 43.0 80.4 92.3
60 336.4 272.3 310.4 839.0 788. 813.2 131.4 134.2 141.8
67 383.6 321.2 348.1 833.4 718. 774.4 183.8 162.7 173.6
69 412.1 363.6 373.4 780. 7 733. 766.6 142.4 174.5 182.9
70 389.2 334.4 374.1 931.0 761. 813.7 184.9 134.3 177.8
71 401.8 386.4 343.3 742.7 694. 730.8 149.7 186.8 191.8
72 422.3 363.6 390.1 780.0 733. 763.3 233.1 193.5 200.0
73 416.6 386.9 403.1 819.7 742. 773 ,4 288.8 198.4 2J0.9
74 423.3 337.0 343.3 792.4 863. 749.8 233 .0 122.8 201.6
73 441.7 332.1 416.3 833.8 317. 733.0 236.8 141.7 212.0
76 434. 2 339.4 424.3 830 .8 607. 763.0 222.8 192.9 211.9
77 310.0 354 .2 441.3 1086.7 381. 737.1 283 .1 133.3 222.7
78 304.0 383.3 43 3.6 1033 .4 320. 747.4 347.1 165.3 241.2
79 313.9 410.2 473.8 872.9 282. 741.9 436.1 213.5 246.9
80 334.7 442.6 300.3 1037.4 493. 746.1 411.1 185.8 263.4
81 3 38 .8 4 30.8 503.4 889.2 379. 767.1 323.8 229.0 254.4
84 448.4 297.8 388.8 7 86.1 386. 701.2 344.1 247.8 273.3
86 326.7 336.8 463.0 893.4 283. 711.2 413.1 231.0 279.3
40 601.3 434.6 331.7 921.0 521. 737.6 412.3 234.0 294.7
46 634.4 486.4 38 4.0 888.8 418. 746.9 479 .1 279.7 314.9
02 366. 8 333.6 476.0 7 69. 3 384. 676.8 332.1 311.9 333.0
11 363.7 327.8 463.8 924.2 432. 631.6 443.3 132.3 342.1
20 343.3 221.3 420.1 831.0 260. 606.4 304.1 79.4 334.3
32 264.6 151.4 218.4 624.7 457. 320.2 388 .1 62.8 273.0
38 263.1 122.1 141.3 398.2 484. 337.9 356.1 37.8 230.8
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F L E C H T  S E A S E T  1 6 3 - R O D  B U N D L E  F L O W  B L O C K A G E  T A S K  

S U M M A R Y  A N D  C O M M E N T  S H E E T

R u n ;  6 0 9 0 2

T e s t  d a t e :  8 / 2 3 / 8 2

T e s t  t y p e :  F o r c e d  r e f l o o d

P a r a m e t e r :  I n i t i a l  c l a d  t e m p e r a t u r e  e f f e c t

A S - R U N  T E S T  C O N D I T I O N S :

U p p e r  p l e n u m  p r e s s u r e  0 . 2 7 0 3  M P a  ( 3 9 . 2 0  p s i a )

I n i t i a l  p e a k  c l a d  t e m p e r a t u r e  a n d  l o c a t i o n  5 3 8 . 8 " C  ( 1 0 0 1 . 9 " F ) ,

3 K - 1 . 7 8  m  ( 7 0  I n . )

I n i t i a l  p e a k  r o d  p o w e r :

P e r i p h e r a l  r o d s  2 . 3 1  k w / m  ( 0 . 7 0 3  k w / f t )

B y p a s s  r o d s  2 . 2 9  k w / m  ( 0 . 6 9 7  k w / f t )

B l o c k a g e  I s l a n d  r o d s  2 . 3 0  k w / m  ( 0 . 7 0 1  k w / f t )

F l o o d i n g  r a t e  3 8 . 6  m m / s e c  ( 1 . 5 2  I n . / s e c )

C o o l a n t  t e m p e r a t u r e  5 3 . 3 “ C  ( 1 2 8 ® F )

I n i t i a l  b u n d l e  w a t e r  l e v e l  + 4 . 6  m m  ( + 0 . 1 8  I n . )

C O M M E N T S :

T h i s  t e s t  w a s  a  r e p e a t  o f  r u n  6 0 8 0 2  w i t h  a n  I n c r e a s e  I n  t h e  s t e a m  f l o w  

t h r o u g h  t h e  a s p i r a t i n g  s t e a m  p r o b e s .

I n l e t  m a s s  f l o w : ^ ^ ^  - 2 . 6 %  e x p o n e n t i a l l y  d e c r e a s i n g  t o  0 %  b y  3 0 0  s e c o n d s

P o w e r  d e c a y : ^ ^ ^  p e r i p h e r a l  r o d s ,  + 0 . 5 %  c o n s t a n t

b y p a s s  r o d s ,  - 0 . 5 %  l i n e a r l y  c h a n g i n g  t o  + 0 . 5 %  b y  3 5 0  

s e c o n d s

b l o c k a g e  r o d s ,  0 %  c o n s t a n t

1 .  R e l a t i v e  t o  r u n  3 0 8 1 7

3542X:1/081583 60902-1
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SÔ
»

'C
'»

-*
u

>
-«

ic
ro

o
*»

*^
\f

<
i 

at
- 

^ 
*■■ 

* 
x-

i»
>

<
^r

’r
v-

j«
v»

rv
u

 
.r

v-

O
 S

 O
 C

 O
 

'^
-4

 0
 -

J 
i’

 s
fy

^
^

%
^

'-
4

S
V

‘f
'.

'C
'C

*'
C

*'
\s

O
%

»
>

^
*'

'S
C

S
*-

'^
^

s
€

 
t*

»
O

O
V

T
3

 
«

.r
*v

rv
u

>
^

'u
*^

^
K

rv
(*

'a
^<

<
 

*
 c

^u
>

a
 ^

c
o

iv
 

a
r

• 
•

•
•

•
•

•
•

•
•

•
•

•
•

•
•

•
•

•
•

•
•

•
•

•
•

•
•

^
'4

^>
‘

^
u

»
w

u
«

o
J

u
u

 u
'u

*<
*>

u
^v

>
o

o
-o

 v
' 

•i
jr

i>
^

v
i«

i#
-f

v
>

r‘
^

u
^

u
>

r
-

'C
<

r
o

^
V

'^
tv

(
*

^
r

 
^

rv
o

x
c

'.
S

 
n 

••
«

w
a

^
o

i.
'o

O
‘^

>
' 

rv
c

i*
'^

-*
‘

*>
4i

k*
4

«
g

iv
>

rv
rv

.c
rr

v<
 

o
<

cv
w

ri
• 

•
•

•
•

•
•

•
•

•
•

•
•

•
•

•
•

•
•

•
•

•
•

•
•

•
•

•
j

f
oc

\r
>c

 
rv

vu
><

t>
*«

fO
X‘

^
ij

7

^
W

^
-^

O
i^

^
^

W
V

-'
^

iv
iA

J
V

.’
iv

rv
rv

fv
rv

r-
'f

f-
'*

—
^

 
,^

^
u

ir
v

^
i*

>
o

u
>

«
. 

u
iw

o
^

c
r

r
v

^
^

 s
 -

j 
<a.

 c
c 

s3
 >

«
ji

 
^

 u
> 

*-'
 

O
^

V
>

'*
4

w
rv

^
w

*
^

^
^

 «
>

^O
0k'

iv
i.

ft
rV

'f
«

u
>

«
lv

B
 

-4 
if

 u
> 

ci.
 .

9r
v 

S)
 S

j 
S>

 a
. 

Ŝ
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F LE C H T  SEASET  163- R O D  BUNDLE FLOW BLOCKAGE TASK  
SUMMARY AND COMMENT S H EET

R u n :  61005
T e s t  d a t e :  8/ 24/82
T e s t  t y p e :  F o r c e d  r e f l o o d
P a r a m e t e r :  F l o o d i n g  r a t e  e f f e c t

A S - R U N  T E S T  C O N D I T I O N S :

U p p e r  p l e n u m  p r e s s u r e  0.271 MPa ( 39.3 p s l a )
I n i t i a l  p e a k  c l a d  t e m p e r a t u r e  a n d  l o c a t i o n  871. 6“ C ( 1600. 9® F ) ,

21- 1.93 m (76 I n . )
I n i t i a l  p e a k  r o d  p o w e r :

P e r i p h e r a l  r o d s  2.30 k w / m  ( 0.702 k w / f t )
B y p a s s  r o d s  2.28 k w / m  ( 0.696 k w / f t )
B l o c k a g e  I s l a n d  r o d s  2.29 k w / m  ( 0.698 k w / f t )

F l o o d i n g  r a t e  38.6 m m / s e c  ( 1.52 I n . / s e c )
C o o l a n t  t e m p e r a t u r e  51. 7* C  ( 125® F )
I n i t i a l  b u n d l e  w a t e r  l e v e l  +4.5 mm ( + 0.18 I n . )

COMMENTS:

I n l e t  m a s s  f l o w : ^ ^ ^  - 0 . 4% l i n e a r l y  I n c r e a s i n g  t o  + 1 . 3% b y  400 s e c o n d s

P o w e r  d e c a y : ^ ^ ^  p e r i p h e r a l  r o d s ,  + 0 . 5% a t  110 s e c o n d s  a n d  t h e r e a f t e r
b y p a s s  r o d s ,  - 1 . 5% l i n e a r l y  d e c r e a s i n g  t o  - 0 . 5% b y  400 
s e c o n d s
b l o c k a g e  r o d s ,  - 0 . 5% c o n s t a n t

1.  R e l a t i v e  t o  r u n  31203

3542X:1/082983

61005-1



F L E 0 4 T  SEASET I 6 i  ADO BUNDLE TcST SE EI ES  
RUN NUNBERBI OOS

RDD/ ELc V T I N I T I A l NAXl NUH TEHPERATURE TUR4AROJNO OUENCH 0 j e n c h
C H H .  NO AT FLOOD TENPFRATUkc RI SE TI NE t e n p k e a t u k e t i n e

(OEG FI (OEG F I (OEG F I ( s e : o n d s ) (OEG F I (SECONDS 1

« ■  1 -  0 3 6 6 9 . 6 8 6 . 1 7 . 5 . 0 5 5 2 . 2 2 . 5
l OH  2 -  0 6 8 7 7 . 9 1 7 . AO. 8 . 5 6 1 9 . A 6 . C

9 6  3 -  3 9 I I B A . 1 2 6 0 . 7 6 . l A . O 7 A 7 . 8 A . 7
3 J  6 -  0 11 1 3 A B . 1 AA9 . 1 0 1 . 1 9 . 0 7 6 7 . 1 1 6 . 6
7H 6 -  0 12 1 3 1 3 . 1 A 2 a . 1 1 1 . 1 8 . C 7 3 3 . 1 1 9 . 5

BK 6 -  0 13 13AC . 1 A 6 3 . 1 2 0 . 2 3 . 8 75 6 . 1 2 1 . 0
BN A -  0 l A 1 3 3 5 . 1 A 3 6 . 1 0 1 . 1 7 . 5 8 3 A . 1 1 3 . 5

12D A -  e 1 7 1 3 2 3 . 1 A 1 9 . 4 b . 1 9 . 5 7 7 3 . 1 1 6 . 9
S£ 5 -  0 20 1 A 7 A . 1 6 6 6 . 1 9 1 . 5 2 . 5 8 3 5 . 1 6 8 . 3
76  5 -  0 21 1 5 3 3 . 1 7 6 2 . 1 6 9 . A l . C 7 9 3 . 1 7 1 . 4

9 6  i -  0 2A 1 5 0 9 . 1 6 7 7 . 1 6 8 . AD.  5 8 2 5 . 1 6 8 . 4
S I  S -  7 33 1 S 2 A . 1 7 2 2 . 1 4 8 . 6 0 . 5 8 2 4 . 2 0 3 . 1
8 6  5 -  7 A5 1 5 2 5 . 1 7 A 6 . 2 2 3 . 6 6 . ' 5 S o ^ . 2 1 A . 1
9M 5 -  9 5 2 1 A 5 6 . 1 6 9 5 . 2 3 9 . 7 5 . 0 8 3 8 . 2 1 6 . 6
7 6  5 - 1 0 59 1 A 9 6 . 1 7 1 7 . 2 2 1 . 7 2 . 0 7 2 3 . 2 2 6 . .

7 F  5 - 1 1 6 2 1 A A 6 . l o 6 9 . 2 2 3 . 7 2 . 0 7 8 0 . 2 2 5 . 1
A 6  5 - 1 1 6A 1 3 3 3 . 1 7 1 A . 1 8 2 . 6i.r 7 9 4 . 2 3 3 . 1
21  6 -  0 6 7 1 5 8 6 . 1 7 9 9 . 2 1 3 . 5 3 . 0 7 4 1 . 2 3 a . 4
5 0  6 -  0 7 0 1 A B 8 . 1 7 1 0 . 2 2 2 . 6 1 .  5 7 e 0 . 23 2 . 5
6J  6 -  0 7A 1 5 2 1 . 1 6 9 5 . 1 7 5 . 5 2 . 0 7 7 9 . 2 3 6 . 7

7H 6 -  0 6 6 1 5 2 6 . 1 7 3 9 . 2 1 3 . 6 0 . 8 7 A 0 . 2 3 3 . 3
H E  6 -  0 8C 1 5 5 3 . 1 7 Ca . 1 5 1 . 5 6 . 0 8 0 1 . 2 3 C . 1

BH 6 -  2 97 1 3 6 5 . 1 6 2 6 . 2 6 1 . 8 1 . 5 7 1 1 . 2 6 A . 2
5H 6 -  2 9 9 1 5 3 9 . 1 7 3 9 . 2 0 0 . 6 2 . 5 7 7 3 . 2 A 9 .  a
9 E 6 -  2 1 0 5 1 3 0 7 . 1 7 2 3 . A l b . 9 A . 0 2 8 A . 5 1 1 . 2

BH 6 -  3 1 1 1 l A O B . 1 6 A 8 . 2 A 0 . BA. O 7 5 5 . 2 6 8 . (
A6 6 -  3 12A 1 5 5 2  . 1 7 5 4 . 2 0 7 . 7 0 . 5 7 9 7 . 2 5 5 . 0

I I M  6 -  A 13A 1 A 6 7 . 1 7 3 1 . 2 6 A . 9 2 . 5 6 1 0 . 2 8 2 . 2
9D 6 -  A 1A3 1 5 3 2 . 1 7 7 6 . 2AA. 7 3 . 5 8 0 7 . 2 6 1 . 0
9 J  6 -  5 1 6 5 1 5 2 1 . 1 7 A B . 22  7 . 86.0 9 3 9 . 2 5 0 . 4

9N t -  5 1 6 6 1 5 7 3 . 1 7 9 8 . 2 2 5 . 6 5 . 0 8 1 9 . 2 6 2 . 1U  ̂ 1 9 2 1 5 A 8 . 1 7 6 6 . 2 1 8 . - 7 7 . 0 7 9 0 , 7 7 2 , 9
9 0  6 -  6 1 9 3 1 5 2 7 . 1 7 9 1 . 2 6 A . 7 5 . 0 8 0 6 . 2 7 2 . C

I I F  6 -  6 1 7 3 1 9 5 3 . 1 7 7 6 . 2 2 6 . 6 7 . 0 8 AU. 2 6 2 . 1
A6  7 -  0 2 6 1 1 5 1 A . 1 6 6 1 . 1 A 7 . A 1 . 8 7 2 1 . 3 9 2 . 0

7 0  7 -  6 3 0 9 1 A 6 1 . 1 7 3 A . 2 7 A . 7 8 . 9 7 2 9 . 3 A 8 . E
7 6  7 -  6 3 1 2 1 A B 7 . 1 7 A 6 . 2 5 B . 8 1 . 9 7 5 2 . 3 3 7 . 5

H E  7 -  6 3 2 5 l A C A . 1 7 1 0 . 2 2 6 . 6 9 . 5 7 4 9 . 3 2 e . O
5 L  8 -  0 3 3 7 1 2 9 6 . 1 6 A 7 . 3 5 1 . 1 D 3 . 0 7AA. 3 6 6 . 8
7H e- 9 3A5 1 3 2 8 . 1 6 7 8 . 3 5 0 . 1 6 0 . 5 7 8 5 . 3 5 6 . 1

7R 8 -  0 3A6 1 3 A 5 . 1 6 5 7 . 3 1 2 . 1 2 2 . 9 7 a 0 . 3 6 2 . 2
5J  8 -  6 3 6 6 1 1 A 5 . 1 3 9 6 . 2 5 1 . 1 3 7 . 0 60  3 . 3 9 7 . 0
7B B -  6 3 6 8 1 1 A 3 . l A l O . 2 6 7 . 7 7 . 5 6 7 2 . 38 7 . 1
7E 9 -  3 3 8 3 1 0 7 7 . 1 A 3 8 . 3 5 8 . 1 7 2 . 5 6 7 2 . A 0 9 . 2
BH 9 -  3 3B7 1 0 3 A . 1 3 7 8 . 3 a A. 1 6 9 . 5 5 o a . A l l . 7

9C 9 -  3 3 8 9 1 0 3 2 . 1 3 3 5 . 3 0 A . 1 5 0 . 5 6 3 5 . A I A . 2
H F  9 -  3 39A 1 C 2 9 . 1 3 1 A . 28 6 . 1 7 3 . 5 B 3 a . 3 3 1 . 7

7 B 1 0 -  0 APB 8 A 6 . 1 2 3 2 . 38 6 . 1 6 1 . 0 6 2 9 . A 3 0 . 2
B H I O -  0 A 1 5 8 A 9 . 1 2 7 4 . A2 9 . 1 7 8 . 5 6 7 8 . 3 9 0 . 1
B K I O -  0 A1 7 855  . 1 2 3 8 . 38 3 . 1 6 5 . 5 5 7 2 . A 3 3 . 2

B N l C -  0 A I B 8 6 5 . 1 2 8 3 . A 1 8 . 1 2 A . 5 6 A 2 . A 3 1 . A
6 H H -  0 A 2 9 6 7 A . 8 38 . 18 3 . 1 1 3 . 9 5 3 9 . A 0 3 . .
9 6 1 1 -  0 A31 6 7 A . 9 1 0 . 2 3 6 . 1 7 3 . 5 7 6 0 . 2 2 a . I

H E H -  0 A3 2 6 7 3 . 8 7 0 . 1 9 7 . 1 6 0 . C 7 1 a . 2 A 6 . 4

5 J 1 1 -  6 A 3 6 6 6 1 . 8 2 5 . 16 5 . 1 1 5 . 0 6 4 9 . 3 I U . 0
7 B H -  6 A37 6 3 8 . 9 3 4 . 3 0 1 . 2 1 5 . 2 6 0 3 . AOb.C
B J H -  b A3 8 6 T A . 8 2 6 . 15 2 . in.o 5 2 3 . A 2 5 . .

6 1 0 0 6 - 2



RUN tlOOi Hcilck liuu STAÛ TKAL DATA
i n i t i a l  T c N i* ( D t ( .  H NAX Tcnp lOtD F) AROUND l i l i c  ( S F C )

LLEV HA X HI  N HE An HAX HI N n o  AN HAX n i N HE AN
12 6 7 5 .  3 6 6 9 . 0 6 7 2 . 5 6 9 2 .  A 0 8 3 . 8 0 8 9 . 7 5.n 5 . 0 5 . 0
2A 3 7 7 . 0 8 5 6 . 3 8 6 3 . 9 9 1 7 . 3 0 9 n . 6 9 0 2 . 5 8 . 5 8 . 5 8 . 5
39 1 1 8 3 . 7 1 1 3 5 . 1 1 1 5 A . 0 1 2 5 9 . 8 1 2 0 8 . 7 1 2 2 7 . A l A . O 1 2 . 5 1 3 . 2
AS 1 3 A 6 . 0 1 3 1 3 . 1 1 3 3 2 . 7 1 A 5 V . 5 1 n 1 o . 9 1 A A 0 . 5 2 6 . 9 1 7 . 5 2 1 . 3
63 1 5 3 2 . 6 1 3 9 9 . 7 1 A 9 T . 6 1 7 £ 9 . 9 1 5 3 9 . 1 1 6 5 9 . 7 5 2 . 5 3 6 . 0 8 1 . 0
67 1 5 8 6 . 8 1 A 8 3 . 0 1 5 A 3 . 8 1 7 7 0 . 1 1 0 5 9 . 2 1 7 2 2 . 3 6 5 . 5 AO. O A 6 . 7
69 15 27 . 2 1 A 5 6 . 3 1 5 0 3 . 0 1 7 C 9 . 9 1 6 9 3 . 3 1 7 0 1 . 0 7 5 . 0 A 3 .  5 5 5 . 3
70 1 5 9 9 . 8 1 A 9 5 . 9 1 5 2 8 . 1 17  7 3 . 5 1 0 8 3 . A 1 7 i l . l 7 2 . 0 8 1 . 0 5 5 . 0
71 1 5 3 2 . 6 1 A A 5 . 6 1 A 8 6 . 8 1 7 1 5 . 5 l o o l . A 1 6 9 1 . 1 7 2 . 0 5 3 . 0 6 A . 2
72 1 5 9 0 . 1 1 A 6 9 . 1 1 5 3 5 . 3 1 7 9 V . 2 1 0 9 5 .  5 1 7 3 7 . 3 7 5 . 5 8 1 . 5 5 o . 6
73 1 5 8 7 . 9 1 A 7 3 . A 1 5 2 9 . 7 1 7 8 1 . 3 1 6 8 3 . A 1 7 2 9 . 0 7 9 . 0 8 1 . 0 5 A . 3
7A 1 5 8 9 . 0 1 3 6 A . 8 1 5 C 5 . 9 1 7 6 5 . 8 1 0 2 0 . 2 1 7 2 3 . 0 8 1 . 5 5 3 . 0 6 A . 2
7 ) 1 5 9 6 . 6 1 A 0 8 . 2 1 5 1 A . 9 I b O l . A 1 0 A 8 . 2 17  3 O . 0 9 1 . 0 8 3 . 0 6 0 .  A
76 1 6 0 C . 9 1 A A 3 . 5 1 5 A 0 . 1 18  2 e . 6 1 7 D A . 3 1 7 6 A . 2 9 2 . 5 5 2 . 3 6 A . 0
77 15 78 . 2 1 A 7 6 . 6 152 8 . 8 1 8 1 6 . 1 1 6 8 2 . 3 1 7 0 1 . A 8 7 . 5 5 5 . 0 7 2 . 8
78 1 5 8 7 . 9 1 3 3 A . 2 1 5 3 3 . 5 1 8 3 5 . A 1 5 3 a . 8 1 7 7 1 . 0 9 5 . 5 5 5 . 0 7 8 . 0
79 1 5 7 A . 9 1 A 9 2 . 7 1 5 3 9 . 7 1 0 1 6 . 1 1 7 6 2 . 3 1 7 8 6 . 0 9 A . 0 5 5 . 5 7 5 . 7
87 1 5 A 8 . 9 1 A 9 5 . 9 1 5 2 3 . 8 18  3A.  2 1 7 7 2 . A 1 8 0 5 . 1 9 3 . 0 6 D . 5 7 6 . 7
81 1 5 A A . 6 1 A 3 3 . 9 1 A 9 7 . 5 1 6 1 1 . 0 1 7 2 6 . 6 1 7 8 6 . 6 9 5 . 5 6 2 . 5 8 3 . 8
SA 1 5 5 1 . 1 1 A 5 6 . 3 1 5 0 6 .  A 1 0 9 6 .  5 1 5 9 5 . 5 1 6 5 3 . 0 7 5 . 5 8 0 . 5 5 8 . 2
86 1 5 6 7 . 3 l A O T i . e 1 5 1 6 . 7 17  5 5 . 0 l O A j . 8 17A. 6 . 9 7 8 . 0 8 0 . 5 6 5 . A
90 1 A 9 A . 8 l A l l . A 1 A 6 5 . 7 1 7 7 2 .  A 1 0 7 2 . A 1 7 2 3 . 3 9 6 . 5 6 0 . 5 7 7 . 3
96 1 3 6 9 . 1 1 2 3 6 . 9 1 3 3 1 . 8 1 7 1 7 .  7 1 5 9 8 . 7 l o 7 8 . 0 1 6 6 . 0 7 8 . 5 1 1 0 . 9

102 1 1 8 0 . 6 1 0 3 8 . 0 1 1 A 7 . 9 1 5 0 7 . 7 1 3 6 6 . 9 1 A A 7 . 2 1 6 9 . 5 7 7 . 5 1 3 9 . 5
111 1 7 7 7 . 1 1 0 2 A . 6 1 C A 5 . 9 1 A A 2 . A 1 2 7 . . A 1 3 6 6 . 2 1 8 1 . 5 8 0 . 5 1 6 0 . 3
120 9 1 0 . 1 8 D 3 . 6 85 A . 1 1 3 3 7 .  A 1 0 9 3 . 6 12 5 1 . 5 2 1 5 . 2 1 1 0 . 5 1 6 5 . 7
132 67 5  .  3 6 6 6 . 9 6 7 2 . 2 9 A 5 . 2 8 3 1 . 5 8 8 6 . 0 1 8 1 . 5 1 1 3 . 5 1 5 5 . 3
138 6 7 A . 3 6 3 7 . 5 6 5 3 . 0 9 3 9 . 0 8 2 5 . 3 8 5 0 . 5 2 1 5 . 2 1 1 0 . 0 1 8 7 . 2

RUN 6 1 5 T L  r t t A I c R  RJU S T A T I S T I C A L  DATA

TE HP X I S l  (OEG OU c n LH Tt HP DEO F ) OUl NCH r i H E 1 SEC 1

E L t l HAX HI  N HAX HI N HEAN HAX n i N HEAn

12 1 7 . 9 l c . 3 5 5 1 .  9 5 8 ^ .  7 5 8 9 . 0 2 8 . 7 2 2 . 5 2 3 . 8
28 8C . 3 3 7 . 2 6 0 2 o .  i 6 x 2 . 2 6 1 9 . 0 8 6 . 0 8 8 . 3 8 5 . 0
39 7 6 . 0 6 9 . 6 5 7 6 « . d 7 8 8 . 9 7 8 9 . 6 8 7 . 3 8 1 . 9 8 8 . 8
A3 1 2C 9 6 , 3 8)08 .  0 7 3 2 . 8 7 7 1 . 3 1 2 1 . 0 1 1 2 . 5 1 1 6 . 8
60 191 . 3 1 3 9 . 5 9 1 7 . 8 J t i . O 8 3 2 . 7 1 7 9 . 8 1 5 7 . 8 l o 9 . 2
67 222  . 8 1 6 1 . 6 6 9 1 2 .  A 75 7 . 5 8 b 7 . 9 2 1 8 . 1 1 9 8 . 3 2 0 5 . 5
69 2 3 9 . 1 1 7 8 . 9 0 0 3 7 . 9 7 8 2 . 0 8 0 9 . 2 2 2 2 . 0 2 0 7 . 7 2 1 8 . 9
70 2 2 0 .  7 1 7 3 . 7 0 2 0 .  J 7 2 2 . 6 8 0 0 . 9 2 2 6 . 1 2 1 5 . 2 2 1 9 . 7
71 2 2 3 . 8 1 8 1 . 7 . 3 8 1 5 . 2 7 7 9 . 0 7 9 9 . 2 2 3 3 . 1 2 2 3 . 2 2 2 7 . 1
72 2 8 0 .  8 1 5 1 . 1 • 0 8 3 1 . 0 7 a O. O 7 8 8 . 3 2 8 1 . 8 2 2 6 . 9 2 3 8 . 8
73 2 1 3 . 2 1 8 9 . 6 • 3 8 8 3 . 7 7 8 0 . 3 0 Co .  7 2 8 3 . 1 2 2 8 . 0 2 3 6 . 2
78 273  . 6 1 7 1 . A 1 o A o .  8 6 8 2 . 7 7 7 6 . 7 2 6 8 . 2 2 3 0 . 2 2 8 5 . 2
75 2 8 2  . 0 1 8 2 . 2 8 7 0 . 0 5 8 3 . 9 7 6 6 . 5 2 6 9 . 1 2 3 9 . 1 2 5 3 . 8
76 268  . 1 1 0 0 . 1 8 6 9 . 1 6 1 3 . 5 7 9 1 . 1 2 8 2 . 2 2 8 5 . 1 2 5 6 . 9
77 2 9 1 . 3 1 8 7 . 7 6 9 3 8 . 6 6 5 2 . 2 7 7 8 . 0 29 3  . 2 2 5 3 . 0 2 6 8 . 8
79 2 8 1 . 6 2 0 0 . 6 3 8 9 9 . 3 5 9 1 . 9 7 7 8 . 2 3 0 7 . 7 2 5 7 . 1 2 7 3 . 7
79 2 87 . 8 2 I 0 . 2 k 0 8 7 . 7 6 3 1 . 3 7 8 2 . 8 3 1 0 . 2 2 6 0 . 5 2 7 9 . 8
60 3 2 1 . 8 2 8 6 . 2 8 9 2 .  1 6 5 9 . 6 7 8 6 .  6 3 1 3 . 1 2 7 2 . 0 2 8 6 . 3
81 3 1 6 . 9 2 3 8 . 3 0 6 i .  8 6 9 0 . 0 7 8 8 . 0 3 1 2 . 2 2 7 7 . 9 2 9 1 . 3
88 1 6 3 . 6 1 3 5 . 2 ) 9 0 8 1 5 . 1 6 9 8 . 6 7 3 6 . 3 3 1 6 . 2 2 9 1 . 0 3 0 2 . 8
86 22 3  . 0 1 3 C . 3 > 0 c 8 3 5 . 2 6 8 5 . 8 7 5 6 . 2 3 3 8 . 1 3 0 2 . 2 3 1 3 . 9
9J 29 0  . A 2 2 5 . 3 5 8 8 7 .  7 6 8 6 . 5 7 8 2 . 7 3 6 0 . 1 3 2 2 . 0 3 3 8 . 9
96 3 3 0 . 7 3 1 1 . 1 2 8 2 2 .  3 6 9 6 . 8 7 7 0 . 9 3 7 7 . 3 3 5 1 . 1 3 6 1 . 2

132 3 3 6 .  3 2 5 1 . 1 3 7 3 8 . 0 5 8 1 . 0 6 7 2 . 2 8 1 2 . 6 3 6 5 . 2 3 8 8 . 2
111 80 0  . 3 2 2 8  . 2 • % 8 3 3 .  7 5 6 8 . 8 6 6 0 . 1 8 2 3 . 2 3 3 1 . 7 8 0 2 . 8
123 A 6 A .  8 2 9 C . 1 • ^ 10  5 8 . 9 5 2 7 . 5 6 8 7 . 3 8 5 2 . 8 2 8 8 . 7 8 1 1 . 6
132 2 6 9 .  8 1 6 3 . 8 8 7 5 9 . 6 8 6 7 . 0 6 0 6 . 0 8 8 6 . 2 2 2 3 . 1 3 8 2 . 7
138 3 0 1 . 5 1 5 2 . 1 • 9 8 2 5 .  7 8 9 5 . 3 6 2 9 . 3 8 2 5 . 2 1 7 2 . 9 3 8 7 . 7
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1 2 0 0 . 0

1000.0

8 0 0 . 0 0

^  6 0 0 . 0 0  
ae

i  00.00

200.00 

100.00

r i E C M T  SCASCT B l OCKCO b u n o l c  
Ru n  6 1 0 0 S  S 1 2 0 3

2000.0

1 7 5 0 . 0

1 5 0 0 . 0

1000.0

7 5 0 . 0 0

SOO.OO

S
s

ssi s s
s

a .
X

T I M t  ( SCCONOS )

^  1 9 8 . 8 6

O
S  1 7 5 . 0 0

*  1 5 0 . 0 0

;  1 2 5 . 0 0  
m

100.00

Wo
^  7 5 . 0 0 0
K

*  5 0 . 0 0 0
ac

*  2 5 . 0 0 0Ui
X

0 . 0

So
s

TIMC

§
?

( SCCONDS I

8

is.ooe
Fl CCh T SCASCT BLOCKCO B UNDl C 
RUN 6 1 0 0 5  3 1 2 0 3
C H / S Y M  S 6 / 1  7 5 / 2

3 0 . 0 0 0

1 5 . 0 0 0

10.000

5 . 0 0 0 0

8

Rod 7M, 1.88 m (74 I n . )
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laoo.o

1 0 0 0 . 0

“  8 0 0 . 0 0  w
0  
e

Z  6 0 0 . 0 0
ce

<

1  * 0 0 . 0 0
w

aoo.oo

100.00

< as.ooowZ

0 . 0

F l e c h t  s e a s e t  e i o c K C o  b u n d l e  
e i O O S  3 1 2 0 3

7 1 / 2
RUN
C H / S T M  1 0 8 / 1 2000.0

1 5 0 0 . 0

1 2 5 0 . 0

1000.0

7 5 0 . 0 0

5 0 0 . 0 0

-  1 98 . 6 8
W

o
S  1 7 5 . 0 0

0•
5  1 5 0 . 0 0  

2  1 2 5 . 0 0
X
w

-  1 0 0 . 0 0  ww

7 5 , 0 0 0
a;
w

;  5 0 . 0 0 0

TI ME ( SECONOS )

Rod 13G, 1.88 m (74 I n . )

1 s 8 8 8 oo
o
o 5? s i 8m

TIME ( SECONOS 1

F l E C h T  s e a s e t  b l o c f e o  b u n o l e  
6 1 0 0 5  3 1 2 0 3

7 1 / 2
R u n
C m / S T M  1 0 8 / t

3 0 . 0 0 0

1 5 . 0 0 0

1 0 . 0 0 0

5 . 0 0 0 0

o

a.
X

a
IVI

or
I

►-
*
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laoo.o

1000.0

eoo.oo
o
w
o

^  6 0 0 . 0 0
ac
s
t -
<
ac

I * 00.00
UIu

200.00  

too. 00

r i C C H T  SCASCT I I . OCKCD b u n o l c  
RUN 6 1 0 0 S  3 1 2 0 3
C M / S T M  1 8 0 / 1  1 0 1 / 2

1 5 0 0 . 0

1000.0

7 5 0 . 0 0

5 0 0 . 0 0

1 9 8 . 6 6

1 7 5 . 0 0

1 5 0 . 0 0

*  1 2 5 . 0 0

a  1 0 0 . 0 0ww
w
o

7 5 . 0 0 0
ac

u.

»  5 0 . 0 0 0
a

5  2 5 . 0 0 0Uiz

0 . 0

TIMC { SCCONOS )

Rod 121, 1.98  m (78 I n . )

s 8 8 8 8
8

TIMC ( SCCONOS )
§ I 8

Fl CCh T SCASCT e i OCUCO S U N D U  
Ru n  $ ! 0 0 5

3 0 . 0 0 0

20.000

1 5 . 0 0 0

10.000

5 . 0 0 0 0

0
o

o

a .
X

ac
X

9

CK
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1 2 0 0 . 0

1000.0

8 0 0 . 0 0

^  6 0 0 . 0 0  
oc
3

J  *00.00

20 0 .00  

100.00

2 1 9 2 . 0
r o t C H T  SEASET BLOCKED BUNOl E 

6 1 0 0 S  3 1 2 0 3
1 0 2 / 2

RUN
C H / S Y M  1 9 9 / 1

1 7 5 0 . 0

1 5 0 0 . 0

1 2 5 0 . 0

1000.0

7 5 0 . 0 0

5 0 0 . 0 0

.  1 9 8 . 6 6
W
o
o  1 7 5 . 0 0

m

V 1 5 0 . 0 0

<
;  1 2 5 . 0 0

1 0 0 .0 0
u.
w
O
^  7 5 . 0 0 0
ae
u.
*  5 0 . 0 0 0
ae

<  2 5 . 0 0 0UJ
X

0 . 0

o
o"

so s
s

8

t i m e  ( SECONOS )

8o

t i m e  ( SECOMDS )

Rod 13G, 1.98 m (78 I n . )

8
8

c l e c h t  s e a s e t  B l o c k e d  b u n d l e  
6 1 0 0 5  3 1 2 0 3

1 0 2 / 2
R u n
C H / S Y M  1 9 9 / 1

3 0 . 0 0 0

1 5 . 0 0 0

10.000

5 . 0 0 0 0

8 8 8 OO 8
8 8rri

a
X

o
ru
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laoo.o

1 0 0 0 .0

8 0 0 . 0 0

^  6 0 0 . 0 0  
ac
3

I  * 0 0 . 0 0

2 0 0 .0 0  

1 0 0 .0 0

n e C H T  SEASET BLOCKED BUNDLE 
6 1 0 0 S  3 1 2 0 3

1 2 6 / 2
BUN
C M / S Y M  3 0 8 / 1 2 0 0 0 .0

1 7 5 0 . 0

1 5 0 0 . 0

1 0 0 0 .0

7 5 0 . 0 0

5 0 0 . 0 0

i m i M I

_  1 98 . 6 6
W
O
S  1 7 5 . 0 01

*  1 5 0 . 0 0
\n
6-
<
;  1 2 5 . 0 0
M
Ui

^  1 0 0 .0 0  u. u  
Ui
o

7 5 . 0 0 0
or
Uiu.

*  5 0 , 0 0 0
o;u-

5  2 5 . 0 0 0
Ui
X

0.0
oo
o

o
o

oo s s s s oo

i 1 o!C i s s
t i m e  ( SECONDS )

f L E CH T SEASET BLOCKED BUNDLE 
RUN 6 1 0 0 5  
C H / S Y M  3 0 8 / 1

3 0 . 0 0 0

2 5 . 0 0 0

2 0 .0 0 0

1 5 . 0 0 0

1 0 .0 0 0

5 . 0 0 0 0

oo oo § oo oo
oo o

in oo<\i
oin 8m

t i m e  ( SECONOS )

Rod 63. 2.29 m (90 I n . )
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1200.0

1 0 0 0 .0

800.00

^  600.00 
ac
3

ae
i  *0 0 .0 0

2 0 0 .0 0  

1 0 0 .0 0

riECHT SEASET BLOCKED IUNOLE 
Bun 6100S 
CH/SYM J03/1

17S0.0

1 0 0 0 .0

750.00

500.00

o
o

198.66

o  175.00
00

5 150.00

<
;  125.00

1 0 0 .0 0
h*.
O

75.000
UdU-

;  5 0 . 0 0 0
ac

5  25.000
UJ
Z

0 . 0

o
c5

TIME ( SECONDS >

TIME ( SECONOS >

s 8 8 8 8 8 8
8 § § g 8

f l e c h t  s e a s e t  b l o c k e d  b u n d l e
RUN 6 1 0 0 5  
C H / S Y M  3 0 9 / 1

z r

25.000

2 0 . 0 0 0

15.000

1 0 .0 0 0

5.0000

0 . 0
OOQ

oo oo oo oo 8 OO Oo
oin 8 ? 8Oj

oinf\j i onm
oo

oc
3

85.009

30.000 ~

Rod 7D, 2.29 m (90 I n . )
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taoo.o

1 0 0 0 .0

8 0 0 . 0 0

6 0 0 . 0 0

J  < 0 0 . 0 0

2 0 0 .0 0

1 0 0 .0 0

FCECHT SEASE T BLOCKED BUNOLE 
BUN 6 1 0 0 S  
C H / S Y M  J 2 5 / 1

1 7 5 0 . 0

1 0 0 0 .0

7 5 0 . 0 0

o
o

_  1 9 B . 6 6

o
0  1 7 5 . 0 01
f\j
0*
5  1 5 0 . 0 0

;  1 2 5 . 0 0

i i  1 0 0 .0 0
U.w
Ui

7 5 . 0 0 0
oe
Uiu.

;  5 0 . 0 0 0
f t

<  2 5 . 0 0 0
UiX

0.0

TI ME ( SECONDS )

TI ME < SECONOS )

Rod H E ,  2.29 m (90 1n.)

so g 8 8 8 8 8
oo

o 8 8 8<\i § 8m 8

f l e c h t  s e a s e t  b l o c k e d  b u n d l e  
RUN 6 1 0 0 5  3 1 2 0 3
C H / S Y M  3 2 5 / 1  1 2 » / 2

3 0 . 0 0 0

2 0 . 0 0 0

1 5 . 0 0 0

1 0 .0 0 0

oo
o

oI
ru
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leoo.o

1 0 0 0 .0

800.00

^  600.00

I  * 0 0 . 0 0

aoo.oo

1 0 0 .0 0

f l c c h t  s e a s c t  b l o c k e d  b u n o l e
BUN 6 1 0 0 ;
C M / S Y M  3 8 9 / 1

1750.0

1500.0

1 0 0 0 .0

750.00

500.00

_ 170.as

“  150.00

*  ia5.oo 
«/>

a  1 0 0 .0 0

M

Z  75.000
w
u.
Ui

2  50.000
oc
w

'S 25.000 < oc
5  0 . 0
Ui
X

T IME ( SECONOS )

TI ME ( SECONOS )

Rod 9C, 2.82 m (111 I n . )

oo 8 8 8 8
o
o 8

i i 8 8

t l e c h t  s e a s e t  B l o c k e d  b u n d l e  
RUN 6100S  3 i a 0 3  
CH/SYM 3 8 9 / 1  1 5 3 /a

S j f f

. . . .

8 8 8 8 oo
o
d 1 1 i 8*

o
8

ac
UJ
a
X

30.000

as . 000 ~

ao.ooo

15.000

1 0 .0 0 0

5.0000 ^

0 . 0

-5.0001
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leoo.o 

1 0 0 0 .0  

■“ eoo.oow
o
wo
“  GOO.00 
cc
9
<at
5  * 0 0 . 0 0  
w  

2 0 0 .0 0  

1 0 0 .0 0

FLECHT SEA SET BLOCKED BUNDLE 
RUN 6 1 0 0 S  3 1 2 0 3
C H / S T M  * 1 5 / 1  1 6 3 / 2

1500.0

1 0 0 0 .0

750.00

500.00

s
S  SI i

TI ME ( SECONOS I

s

8

. .
X

170.28 

150.00

125.00

1 0 0 .0 0

75.000

50.000

25.000 

0 . 0

30.000
f l e c h t  s e a s e t  b l o c k e d  B u n o l e
RUN 6 1 0 0 5  3 1 2 0 3
C H / S Y H  * 1 5 / 1  1 6 3 / 2

2 0 . 0 0 0

15.000

1 0 .0 0 0

5.0000

0 . 0

-5.0001
o

o

TI ME I SECONOS )

Rod 8H, 3.05 m (120 i n . )

<
Ui
X
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1 0 0 0 . 0

9 0 0 . 0 0

8 0 0 . 0 0

7 0 0 . 0 0

6 0 0 . 0 0  

2  5 0 0 . 0 0
0

1  « 0 0 . 0 0  
►-
m
t  3 0 0 . 0 0  

^ 0 0 . 0 0

1 0 0 .0 0

1 0 0 0 .0

9 0 0 . 0 0

800 .

70 j .

6 0 0 .

w

S  500 ,
e

5  * 0 0 , 

m
I  300,  

^ 0 0 , 

1 0 0 ,

00

00

00

0 0

0 0

00

00

00

r iecHT i iocKCO ludOcc
•  UN ■(1005 
Cm / S vm • « } / !

1 5 0 0 . 0

1 0 0 0 .0

5 0 0 . 0 0

S oo s
TIMC < SCCON05 )

Tn I M I K  W*U tCMfC>AlUft(SFlCChT S(AStt llOCKCO I r N O U  
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FLECHT SEASET 163-ROO BUNDLE FLOW BLOCKAGE TASK 
SUMMARY AND COMMENT SHEET

Run: 61208
Test date: 8/31/82
Test type: Forced reflood
Parameter: Flooding rate effect

AS-RUN TEST CONDITIONS:

Upper plenum pressure 0.269 MPa {39.0 psia)
Initial peak clad temperature and location 871®C (1599.8®F),

3H-1.70 m (67 In.)
Initial peak rod power:

Peripheral rods 1.31 kw/m (0.400 kw/ft)
Bypass rods 1.32 kw/m (0.403 kw/ft)
Blockage Island rods 1.31 kw/m (0.400 kw/ft)

Flooding rate 15 mm/sec (0.60 In./sec)
Coolant temperature 51.1“C (124®F)
Initial bundle water level -1.5 mm (-0.06 In.)

COMMENTS:

Inlet mass flow:̂ ^̂  <-1.3% constant

Power decay:̂ ^̂  peripheral rods, -0.5X linearly Increasing to -2.5% by 
400 seconds
bypass rods, +1% exponentially Increasing to -3% by 400 
seconds
blockage rods, -1.5% exponentially Increasing to +3.5% by 
400 seconds

1. Relative to run 34006
61208-1
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9N b- 9 166 1582. 1 0 99 , 316. 116.0 683. 317.2
• 3 b- b 192 1 556. I960. 373. 139.0 •85. 326.5
90 b- 6 193 1569. le 96. 360. 122. 5 9 a 3 . 32 6.'v

I lf  b- b 173 1 569, loci. 336. 11 6.5 doo. 32a. y
66 T- 0 261 15U6. InCo, 601. 117.0 /32. 3o5. 5

70 7- 6 309 1673. 192a. 667. 185.b •n7. 606. 9
/6 7- 6 312 15< 6. a96C. 67 3. 160.0 o39. 601. 5

l i t  7- 6 325 1691. 19a1, 62a. a86.0 056. 60 0 • y
5L 6- 0 337 1311. 1666. 535. 158.5 /n3. 66 3,'
7h b- 5 365 13 36, 1985. 06 9, 211.il 6a . 661.1

7 K  a -  3 366 1356. l-*53. 590, 135.C 7:.9, 635.1
5 3  a -  6 366 1150, A CAb. 067. 162.0 623. 6 / a . 7
76 6- 6 368 1132. 1067. 5a5. idi.r 612. 609 • C
7 6 9 -  3 383 1097, lelN. 7a7. 231.1 73 J, 60 9. n
a n  9 -  3 387 1C62. ao26. 7o A. 231.a 003, 5, A • V

9C 9- 3 389 1C61. 1635. 596. 23.6,1 69 0. n9 3.
l i f  9 -  3 396 1C62. 172a. 6eU. 226.1 632. 699. 0

7 B i : -  3 6w8 853. 16 6̂ , 611. 205.1 03a. 521. 2
a H i o -  0 615 6 66. 1766. o79. 236.U 6 a 2 , 52 3.
6Kir- c 617 87C. 1656, 7a 0, 263. 1 3-*f • 52 a.

«N10- 0 618 aec • a 6 C 2 . 582, 196.f 038. 515. 1
bHll- 3 629 692 • 13aa. 6 e 9 . 255.1 3«0. 5 a 0,1
9611- 9 631 685. 1670, 785. 235.0 032. 669. 9

11611- 3 632 692. A i 9o, 7C5. 3)3.1 3nA, 52a. .

9J11- 6 636 677. Alio, 639. 158. A 6 3 2 , 69 2. L
7611- b 637 6 36 • 1173. 337. 328.1 5 3 0 , 56o • y
6J11- 6 639 606. a222. 33o. 196.3 5 3 ^  « 5 3 a .  :

61208-2



O cs

*- 
»-

r'
 o

 r
 

«
a

 -
«a

u
\T

4
»

-^
^

^
v

<C
3

<j
 ^

 ^
 

\j
 O

o
o

 ►
"►

- <
 C

’W
C

'-
j^

"^
u

-^
 *

 *
 ^

u
>

o
fv

*^
^

rj
>

• 
•

•
•

•
•

•
•

•
•

•
•

•
•

•
•

•
•

•
•

•
•

•
•

•
•

•
•

M
<

*a
cv

C
o

■
o

^
t^

»
^

«
4

•4
^

>
o

e
^

»r
^

>
^

>
^

<
^

o
.^

'0
^

>
r^

,

4 
r.

 u
w

c
^

«
»

 r
«c

»r
s4

V»
e 

rs
*r

<^
u-

K
O

'«
^«

43
<>

Nr
C 

► 
t 

•*
.O

V
««

4 
C

^
0

4
a

O
K

W
O

*«
4

 ^
fv

N
C

• 
•

•
•

•
•

•
•

•
•

•
•

•
•

•
•

•
•

•
•

*
•

•
•

•
•

*
•

7

'9
*4

0
»

tt
a

«
ta

(»
<

ro
a

«
«

<
ia

9
0

«
4

»
jo

v
>

■ ^
ik

;W
0^

^
0V

‘"
4

^
0

<
O

<
%

C
^

<
ro

v
r0

\^
r'

3
• 

•
•

•
•

•
•

•
•

•
•

•
•

•
•

•
•

•
•

•
•

•
•

•
•

•
•

•
^

►
•-

^
^

v
-^

O
v

C
fr

'-
fv

^
-o

o
C

'O
^

a
v

fw
^

u
a

^
o

^

I-*
 *-

*»-
»»

0^
«»

40
0-

<>
0*

^U
>r

v*
«)

4'
«<

 M
C

C
'V

IC
 •

»J
(>

■0
-

■̂4
■0

■•
»>

<̂
 

0
4

'^
u

>
Q

«
*^

r\
»

>
fs

.*
«

v
io

fv
,v

ip
4

*w
i 

r
\4

4
i»

K
*

\f
4

0
 

c 
• 

•
•

•
•

•
•

•
•

•
•

•
•

•
*

•
•

•
•

•
•

•
•

•
•

•
•

•
>*

~t
>'

0-
-4

'r
ai

4‘
 o

r»
>c

r 
-«

io
«v

 a
<u

>4
>i

>

■ O
 

43 
u> 

o 
rg 

u>
 

Ĉ
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FLECHT SEASET 163-ROD BUNDLE FLOW BLOCKAGE TASK 
SUMMARY AND COMMENT SHEET

Run; 61314
Test date: 9/2/82
Test type: Forced reflood
Parameter: Peak power effect

AS-RUN TEST CONDITIONS:

Upper plenum pressure 0.274 MPa (39.7 psia)
Initial peak clad temperature and location 876.5*C (1609.7®F),

8N-1.93 m (76 In.)
Initial peak rod power:

Peripheral rods 1.31 kw/m (0.398 kw/ft)
Bypass rods 1.30 kw/m (0.395 kw/ft)
Blockage Island rods 1.31 kw/m (0.398 kw/ft)

Flooding rate 38.6 mm/sec (1.52 In./sec)
Coolant temperature 51.7®C (125®F)
Initial bundle water level -4.6 mm (-0.18 In.)

COMMENTS:

Inlet mass flow:̂ ^̂  -0.6% linearly Increasing to +2.9% by 240 seconds

Power decay:̂ ^̂  peripheral rods, -1% linearly decreasing to 0% by 120 
seconds
bypass rods, -1.5% constant for 150 seconds and -2% 
thereafter
blockage rods, -0.5% constant

1. Relative to run 31021
61314-1



FLECriT SEA3EI lo3 AOj 8Uri0 i.t Tt5T SERIES
ROM NJHdc264.3x

ROD/ELEV TINITIAL HAAlnui TeriPtKATUR t TURSARrUST wUtMCri OJcNCn
CHAric NO AT FLOOD TrriPERATUKc R l i  t Tlri: TfcriPReATjKc TiiE

(CFG F) (DEG f ) (JcG F > (SECONDS) (OtG r ) (SECONbS)

1- : 3 68b« 69^, 6. 6. 5 557. 19.9
lOri 2 -  C 6 9 r t , 92... ifc. 7.. 615 . 60.0

90 3- 3 9 123t« A 2 fcd . 27. 6.? 7.'0. 71.6
3 j  <»- t 11 13bc. i6 0 f  . 3b. 9. 5 697. 96, 9
7m C 12 libC « I6b2. 6 2. 11.' -̂ 675. 97.0

3K 4 -  0 13 1376 . i* t l9 . 6«. 11.5 697. 97.1
8N C 16 1366. 16C6. 3b. 1^.5 6V5. 95.6

120 <1- C 17 135b. 13 90. 3^. 9. 5 7Di. 95.2
5E 0 23 1523. 157o. 5 3. 16.^ 760. 133 .L
76 5- 21 1579. lb 30. 5C. 11.0 756. 131.0

96 &- 7 26 1552 . ..bCl. 69. 1 1 . f 762. 131.9
5fc 5- 7 33 1556. io l2 . 55. 10. 5 73o. ^5 2.0
86 5- 7 65 1 5 5 i . lo i* i . 59. 11.5 o3o. 152 .c
9M 9 52 1696. ^5o6. 70. 16.0 75X. a.5o. 3
76 5-10 59 1512. 1577. 65. 13.'' 8  ̂3. 156.5

7F 5-11 bZ 1 652. 1522. 70. 16. C 767, 160. 9
66 5-11 66 1563. lfcC3. bO. l l . C 77b. 162.W
21 6 -  C b7 159t. 10^0. 50. 11. f 791. 102. 650 6- C 70 I 5 f r . ..555. 55. 5 7o7. 162.0
6J 6- D 76 1 536. 1503. 56. 12.'■ 7o6. ..66,7

7n 6 -  0 bb 1556. 1612. 56. 1 1 . r 77i,. 16C.6l i t  6- r a** 1566. 159:^. i 6 . 10. 5 75*» . 166. V®ri fc- 2 97 1371. it**7. 7fc. 36.5 7uo. a7o. v
5H 6 -  2 99 1562. 1297. 56. 11.5 791 . 171.C
9 c 6 -  2 l'T'5 1356. .l500. 166. 6 2 . r 1136. 159.6

BH 6- 3 111 1612. 1669. 57. 36. 5 662. 179.0
6 6 fc- 3 126 I5 t r  . Ib l9 . 59. 12. 753. 176.7

I IH  6- 6 136 1667. 1533. 67. 1 1 .C 750. 179.
90 fc- 6 163 1556 . 1612. 56. 11.0 e l3 . 177.59J 6- 5 IbS 1 533. 15fcfc. 53. 11.0 752. 186.1

9H 6- 5 Ibb 1592. lo5C. 58. 11.0 7o7. 175.0
*4 -fc- fc 192 1577. 1-030. 52. 12.5 615. 178.7
90 6 -  fc 193 15bC. 1626. bo. 35.5 7^3. lo 3 .e

I l f  fc- fc 173 1559. I c l6 . 55. 1 1 .D 738. 179.9
66 7- 3 261 15C7. l^fc:i. 5 8. ll.<C 085. 2 o r . i

70 7 -  b 309 1696. I5b^ . bb. 35.5 753. 216.1
76 7- b 312 1529. 1596. 05. 12.C 712. 215.1

l i t  7 -  b 325 1692. 1551. 59. 36 .5 09o. 211.1
5L a -  3 337 1313. 1636. 121. 51.5 735. 229.1
7m B- 3 365 1356. l«»7fc. 121. bl.O 7;»0. 2i 0.1

7K 8- 3 366 13b3. 1^63. lOO. 3 7 .P 089. 226.1
9J 8-  b 36fc 115C. I i 7 2 . 123. 68.C 656 . 265.*!
7B 8- b 363 1161. 1262. 121. 7 7 .P o3 3. 263.2
7E 9- 3 363 1112. 1263. 13fc. TO.C b**2. 250. .
8m 9-  3 367 lC 5 t . ..Ifci. 126. 66.'' 052. 235, 9

9C 9 -  3 389 1C65. xlfc3. l i e . 7 9 .C 595. 25 6.1
I I F  9 -  3 396 1C51. 1171. l lO . 62. 5 726. 210.0

781v- 7 6C 6 bfcf . 1065. 206. 9 6.0 5o7. 2o2.2
8H10- 0 615 e73. 133^. Ib2 . SB.'' 659. 166. 3
8K10- V 617 669. Iw 2i. 1^3. 71.6 59^. 2 5 0 . w

8N10- 3 616 6b9. 11C5. £16. 96. r 59: . 270. 1
b r i l l -  w 629 713. 757. 56. 29.0 o2 1. 11b. 7
9611- 0 631 b95. 777. 8 . . 50 .* 6<:6. 159 .H

l l B l l -  0 632 696. ao9. 112. 7 2,'5 696. 236.0

5J11- b 63fc 67t. 727. 50. 36 .f 528. 216. 1
7811- fc 637 t5^ . 7 68. 13e. 93.5 6**X. 19a . 5
i J l l -  fc 636 692 . 737. 6 5. ? 3 . ' 5^w. 220.0
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kJS blais rttiliK KJU SIAliiTlCAL DATA
i 4 1 r lAL r En6 D tL H haa 13 F) rJk4IKuJNj f i l l . (SEC

u e  V i l  X HI N M nAX rtiN Hk AN H AX n rlEAN
12 0 9 664. ) 6Pt. 2 6S6.3 692. A 694.2 4.5 4.k 4.3
z** 9 4 .9 873. V 60*.3 921.4 30«.4 VCJ.4 7.0 0.5 6.0
3<> 1235.6 ; lo3.0 1204.3 1 A 62 • 9 1200.7 i2 i0 .o 8.5 8.5 8.5
48 139C.2 1356.4 137i-.e 1427.^ 139.I.2 1400.V 11.5 9.5 10.3
6'J 1579.3 1444.6 153r .3 1029.J 1448.1 15 79.2 14.0 9.5 11.2
67 1607.5 152C.7 1565.2 1655.9 1 3 /0 .6 l 6 l e .6 13.0 9.5 11.1
69 1537.0 1493.7 152C.2 1993.3 136j . 6 1576.5 14.0 13.5 11.8
73 1632.C 1483.. 1534.3 16 48.^ 1543.5 1509.1 35.0 l a . 5 16.3
71 1543.5 1452.0 15CC'.6 icC3.^ 1521.0 1562.7 1 4 .r 1 1 .C 1 2 .C
11 1599.6 1473.4 1549.8 165«i.O 1539.1 1604.6 35.5 10.5 12.9
73 1591.2 1477.7 1532.9 1641.6 loio.w 1580.2 12.0 1 ).5 11.5
74 1>96 .6 1371.2 1515.2 l c 4 o .2 1446.7 1574.6 36.5 IJ .5 20.3
75 1633.1 1412.5 1526.3 1653.7 1464.1 1503.5 38.5 10.0 19.2
76 1639.7 1466.1 1552.8 l 6 6 i . 6 153a. 5 1600.9 36.5 IJ .5 16.6
77 1592.3 1491.6 1549.5 19C2.2 1539.1 l 6 l 4 . 6 40.5 10.5 17.0
79 1669,0 556.1 1529.6 1C70.2 566. 7 1583.4 36.5 8.5 17.8
79 l o 0 5 .3 15C6.6 156 5.9 1654.0 io7o.lr 1oa2.2 36.5 13.5 16.8
8'- 1 5 9: . 1 150b.d 155 3.1 1640.2 1 0 6 6 . 8 1622.9 46.0 la .5 28.3
61 1566.9 1472.3 1537.6 1634.4 1579.2 1614.1 37.5 11. 29.9
94 1566 . 4 1453.1 1515.0 1&22.4 1510.3 15 70.3 12.0 l a . 3 10.9
66 1596.8 1477.7 1543.8 l o 5 i . 5 1^2e.1 ItOo.O 13.5 10.0 11.1
90 1537.0 1430.0 1494.2 15 99.0 1 8 . 0 1561.9 37.0 11.9 25.4
96 1437 . I 1202.7 1357.2 15 32.6 1418.9 1474.7 85.0 37.a 54.7

102 1203.5 i :8 o .5 1168.9 1332.1 1263.8 12 9k. 5 79.0 36.5 53.5
111 1112.3 1044.2 1C72.8 1240.3 1153.7 l l9 o .6 112.0 47.0 7w2
12' 9 27 .6 625 .3 673.8 1124.7 950.4 1050.6 114,0 52.5 81.5
132 702 .6 690.3 696.2 b li . . 0 74 / .4 704.7 79.5 29.0 56.9
138 692 . 1 650.1 666.8 760.0 720.6 750.8 98.5 23.0 59.5

KlJN 61a: i  r1;.AlwA r.JU S IATDT i CAL UaTA

1 . HP < i  J. ( jE b f ) QUk >«v *1 (9b(, F) OUl fiCH 1 IHc ( SEC 1

LU-9 1A X Hi N fit IN NAA rtiN He AN HAX .11.4 McAN
\ c r • 4 7.3 ft.O  ̂96. 0 9^ J. 5 50.3 21.1 19.9 2:> .6
24 16. 5 14.5 1 5.1 t l 4 .  0 999.7 6 0V.C 43.3 37 . 5 00.9
3v 2fc . 1 22.4 26.5 /69. A 09«. 7 743*4 7 3 .H 69.5 71.1
40 42. 2 33.7 3b. A 7l3.c 67 i .9 697.4 97.4 9 4 .C 95.7
t** 56. 3 41.2 49.3 7 96. J o9v. 6 7 04.9 1 34.9 129.4 131.0
67 *9 . 6 42.5 51.6 794.1 600.1 720.1 153.0 140.7 149,9
69 7. .̂ 3 40.7 5 6.0 75c.1 027.9 722.0 159,0 152.3 159.5
73 65 . ; 46.2 55.1 017.2 740. 4 777.1 153.7 154.9 156.0
7i 69, e 52.> 62.1 784. 0 / *1 ̂ . 5 763.3 162.0 158.0 160.6
72 65. 7 47.7 55.0 013.2 794. 1 776.3 I6 a .7 160.4 163.6
73 6C. 7 50.4 55.3 77 i .5 7oi.2 76w,3 169.9 163.2 lo6 .1
74 76 . 0 48.4 54,4 O l i .6 699 . 3 761.2 177,5 162.5 A 7w. 4
75 74. 3 4o.7 57.3 015.2 o42. w 756.4 179.0 163.0 172.4
76 7( . 7 4 / .5 56.0 8 3c. 9 751.3 770.2 179.4 1C7.4 174.7
11 325 . 1 41 .2 65.1 o83. A 749.1 7 W .6 184.1 167.2 177.9
7b 69. 7 1C.6 53.8 96^. 1 2«9.5 701.4 147.2 17a . 8 179,9
74 75. 2 45.7 56.3 0 fe3. 4 0 8 2 . 6 744,7 189.7 17o.4 I b i . 5
6 94 . 1 51.1 t v . 8 8 39. a 75a. 6 79a . 4 192.4 lo2 .0 186.2
bl 1U‘ . 1 52.6 76.4 845. 1 0 8 1 . 4 780,9 192.6 185.5 108.0
U4 65. > 49«<* 55.3 7 94. 7 o4o. 5 693.6 203.0 19v.9 199.4
86 63. 9 47.7 5 6.2 c92. 2 o24.8 7C7.2 >07.1 189.4 2O'3.0
90 86. 9 56.1 67.7 8 7 t .  b 62 2.6 7 4« . 6 217.1 2v3.7 211.2
96 167. 1 lo : . ' ' 122.5 777,2 a 7n. 2 726.1 2 32 .1 210.1 227.2

K2 172. 3 86.5 121.6 711.7 939.0 649.0 246.1 195.6 237.3
111 157. 3 9 /.3 123.8 779.9 979.1 623.6 257,1 A l6.a 247.5
12C 2 25 , 0 120.1 184,7 0 34. 0 *i90. 7 611.4 274.1 63.4 246.7
132 i l 2 . 4 54.1 8B.5 624 .C 46a. 5 522.9 254.0 116.7 219.0
138 137. 9 44.0 85.0 6 8w .6 9 9 9 . 9 5 77 .1 231.0 120.9 198.1

61314-3



1100.0

1000.0

•00 .00

600.00

“  *00.00  z

200.00  

100.00

.  196.66
w
o
o  175.00

150.00

*  125.00

a  100.00
u.
e

75.000
«
Uiw

;  50.000
ac

5  25.000
UiX

0.0

NM.O
flecht SEASET ILOCKEO lUNDlE 

31021 
75/2

6UN 6131* 
CH/SYM 96/1

1750.0

1000.0

750.00

500.00

§ 8 8 8 8«

ir>3N. 8 5 8 C

TIME ( SECONDS >

S

FlEChT SEASET BLOCKED lUNDLE 
31021 

75/2
BUN 6131* 
CH/SYM 96/1

30.000

20.000

15.000

10.000

5.0000

0 .0

TIME ( SECONOS )

o
U'C

Rod 7M, 1.88 m (74 1 n . )

61314-4



1100.0 

1000.0

800.00

soo.oo

*00 .00  

200.00  

100.00

o
o

N ta .o
F le ch t sea se t i lo c k e d  iu n o le  

}t021 
87 /2

RUN 8131*
CH/SYM 175/1

1750.0

1500.0

1000.0

750.00

500.00

8 8 8 8

8 s 8 C

8

a.
Z

TIME ( SECONDS )

.  188.88
w

■■ 175.00Iru
:z
trt

150.00

t

;  125.00

^  100.00u.w
o

75.000ac
UiLk

5  50.000
acu-

< 25.000UiX

0.0

o
d

flecht seaset  8L0CKE0 8UN0LE 
31021 

87 /2
RUN 8131*
CH/SYM 175/1

30.000

25.000

20.000

15.000

10.030

5.0000

§ § 8 8 8

^  ^  8  |C 8

TIME ( SECONDS >

8 8

8<\i

Rod 8N. 1.98 m (78 I n . )

613U-5



1100.0

1000.0

•00 .00

o
ow
“  800.00

“  *00 .00  z

eoo.oo
100.00

_ 196.68

o

0  175.001 
•

*  150.00

*  125.00

^  100.00W8*
o
^  75,000
mwu,

;  50.000
«e

5  25.000
Uiz

0 .0

NM.O
F l CCHT SCASCT aLOCKED I UNOLE 

11021
1 01 /2

RUN 6131* 
C H / S Y M  160/1

1500.0

1250.0

1000.0

750.00

500.00

T I ME ( SECONOS )

§ 8 8 8 8

c 8 5 8

TI ME ( SECONOS )

Rod 121, 1.98 m (78 I n . )

§ 8 8 8 8 8
8 8 1C

i

FLECHT SE AS ET  I L O C K E O  l u N O L E  
31021 

10 1 /2
RUN 6 1 3 1 *  
C H / S Y M  1 6 0 / 1

30.000

25.000

20.000

15.000

10.000

5.0000

0.0S

a.
Z

XV.
3

61314-6



1100.0

1000.0

900.00

w
o
Ui

“  600.00 
tej
oc
9
<

^  *00 .00  zUit-

200.00  

100.00

.  198.66
t_i
o

175.00

t  150

t

*  125

00

00
M
Ui

 ̂ 100.00uu
o

75.000
«eUiu.

;  50.000
oc
*-

<  25.000
UiX

0.0

o
o

NM.O
FLECHT seaset  il o c k e d  iu n d le  
RUN 6111*
CH/SYM 308/1

1750.0

1500.0

1000.0

750.00

500.00

8

8

TIME

8

i

( SECONDS >

8 8

8 8 8 8 8

8

TIME

8

( SECONDS 1
1 §

15.008
FLECHT seaset  8L0CKE0 IUNDLE 

31021 
126/2

RUN 613M  
CH/SYM 308/1

30.000

2 0 .0 0 0

10.000

0 .0
8

OUl
O

Rod 63, 2.29 m (90 I n . )

61314-7



1100.0 

1000.0

800.00

ow
“  600.00

<
“  »00.00

200.00  

100.00

_  198.66
W
o
O  175.00 

5  ISO.00

;  125.00

-  100.00u.w
o
“  75.000K
Ww

*  so,ODD
a

< 25.000

0.0

o
o

lOM .O
riECHT seaset  ilo c k e d  iu n d le  

31D21NUN S13M 
CM/SYM 3D9/1

1500.0

1250.0

1000.0

750.00

500.00

S
8

8

tim e  ( SECONDS )

8 8
8  ^

TIHC ( SECONDS )

8
8Aj

8 8

fLECMT SEASET ilo c k e d  IUNDLE 
RUN 6131*
CM/SYM 309/1

31021

30.000

20.000

IS.uOO

10.000

5.0000

0.0
8

Ck
Z

Rod 7D. 2.29 m (90 I n . )

61314-8



H
E

A
T

 
TR

A
N

S
E

E
A

 
C

O
C

rr
iC

lE
N

K
V

A
T

T
$

/M
«

«
a

-O
E

C
 

C
)

o o
r\»

CM
o o

5
CM

s OD
s o

s o
s o

b o
o o

b o
b o

rv O o
T

E
M

P
E

R
A

TU
R

E
 

< 
D

E
C

 
C 

)
♦

 
9*

o 
o

O
'

C
O I vD

O uD O fO ro vD a O

0.
0

50
.0

00

2
 1

00
.0

0

o 5
 

15
0.

00

m

eoo
.oo

30
0.

00
o

s
w o

o
o

o

0.
0

50
.0

00

M
9 
»

Z
 

10
0.

00

I *

30
0.

00

o
o

ao

H
E

A
T 

TR
A

N
S

E
E

R
 

C
O

E
E

r I
C

 I
E

N
T

(8
T

U
/H

R
>r

T
««

e>
D

E
G

 
E)

TE
M

P
E

R
A

TU
R

E
 

( 
D

E
C

 
E 

>



itoo.o

1 0 0 0 .0

1 0 0 .0 0

w
v»
tel
“  800.00

* 0 0 .0 0
z

2 0 0 .0 0

1 0 0 .0 0

NM.O
fLECHT SEASET •LOCKED lUNDlE 
•UN 61S t«
CH/STM S 2 S /I

J750.0

1900.0

1 0 0 0 .0

790.00

900.00

8 8  ’ 8 8

8 8 1

8

i
TIME ( SECONDS )

-  198.66
W
o

rsj
•
Z
N ,
*/*

175.00

190.00 

>  129.00
M
tel

-  1 0 0 .0 0  
te.
o
^  75.000
ac
tel
Ik

5  50 .000 

<  e5.ooo
telX

0 . 0

o
o

so 8  8

8  8

TIME ( SECONDS )

8

El ECHT s e a s e t  8L0CKC0 IUNOLE 
NUN 6 1 )1 *
CH/STM ) 2 5 / t

90.000

19.000

1 0 .0 0 0

9.0000

0 . 0

8

Rod H E ,  2 .29  m (90 \ n . )

61314-10

8



tioo.o

1 0 0 0 .0

• 0 0 . 0 0

Ui

“  soo.oo

<

2  400.00
X

2 0 0 .0 0  

1 0 0 .0 0

_  170.28
w

^  150.00
t

rsj
•
5  125.00
4/5

s  1 0 0 .0 0  

M

Z 75.000

S  50.000

25.000

0 . 0

O
o

TIMC ( SECONDS )

s s
s  »

TIME ( SECONDS >

8

N M . OFLECHT SEASET ILOCKED IUNOLE 
RUN 11314 11021
CH/SYM 1 8 1 /1  1 4 8 /2

1750.0

1500.0

1 0 0 0 .0

750.00

500.00

8 8 8 8«8 t i i

8

8

30.000
FLECHT SEASET ILOCKEO IUNDLE 

31021 
1 4 8 /2

RUN 81314 
CH/SYM 3 8 8 /1

2 0 .0 0 0

15.000

1 0 .0 0 0

5.0000

0 . 0

■5.0001

8

a.
X

o
w
o

v>X
<

Rod 5J, 2.59 m (102 I n . )

6 1 3 1 4 - n



ttoo.o

1 0 0 0 .0

• 0 0 . 0 0

600.00

“  * 0 0 .0 0

eoo.oo 

1 0 0 .0 0

8 8

8 8

TIME ( SECONDS

8

NM.O
FLECHT SEASET VO C kEO BUNOLE 
RUN 6 I } | 4  
CH/SYM 3 8 S /I

1750.0

1500.0

1 0 0 0 .0

8 8

i

_  170,
W
o
“  150,

ae

00

X las.oo 

I  1 0 0 .0 0

Ui
3  75.000
u.u
Ul
S  50.000 
c

«  25.000 

¥-

5  0 . 0
Ui
X

1 8 8
o
sn

8 i

30.000
FLECHT SEASET BLOCKED BUNDLE 
RUN 6131*
CH/SYM 3BS/1

25.000

15.000

1 0 .0 0 0

5.0000

0 . 0

-5.0001

8  

I
TIME ( SECONDS I

Rod 9C, 2.82 m (111 1 n . )

8

8f\j

8

O
w
OIru

<
CK

61314-12



1 0 0 0 . 0

900.00

800.00

700.00

600 .00  

S 500 .00
0

1  * 0 0 .0 0

m
S 300.00 

2 0 0 .0 0  

1 0 0 .0 0

1 0 0 0 .0

900.00

800.00

700.00

600 .00

500 .00  

♦ 0 0 .0 0

300.00

2 0 0 .0 0  

1 0 0 .0 0

•  l l t LruCHT SKSCT l i O C X O  •UMDl.t 
•  u*  ♦ I H >

1 0 0 0 .0

500 .00

o oo  oo
o

o
o

o
o

o
o

o
o

o
o

o

TIMC ( SCCOMDS )

TN|M| l( wall  T(MA(KATu KCSTlCChT SCASCT I lOCMO IUHOlC 
iUN b i l l *
Cn /V t M « |A / |  *9 1 /?

1500.0

1 0 0 0 .0

500 .00

o
o

o
oo

o
© o

!C
TIMC < SCCONOS >

61314-13



soo.oo

* 0 0 .0 0

1 0 0 .0 0

if TO.OO

I  1 0 0 .0 0

0 . 0

300,00

^ 5 0 .0 0

^ 0 0 .0 0

;  150.00

1 0 0 .0 0

50 .000

0 . 0

ruCNT t I A I I T  H K I f l  IM O lC  N M « I* (  « * U  T [H * I* * T M I 
t i l l *

— ----- 1- ---- --------» -

932.00
900.00

900.00

700.00

5 0 0 .0 0

5 0 0 .0 0  

* 0 0 .0 0

300.00

2 0 0 .0 0

1 0 0 .0 0

32.000

8 §
8

•
s

§ 8 8 8 8 8

8 8 8 s
r iM i I i i c o n i  I

r i( (H T  l i o r x o  lukOiC• uM tint 100> riU IO  AND V itro *  I lM X t t t u K

500 .00

* 0 0 .0 0

300.00

2 0 0 .0 0

1 0 0 .0 0

S s s o o o o

X

i«m
S
n

<IH(  I iCCONOt I

61314-14



no
w 

RAT
( 

( K
c 
/ 
sec
 )

O
 

CJ
 

o
 

O
 

O
o
 

—
^f

lC
55

U
«C

 
( 

)

o jr o

50
.0

00

to
o.

00

tV
).

0
0

1
0

0
.0

0
o

o
o

o

o o
o

O p
 

p
8

o» o o
o o

-1
0

0
.0

0

50
.0

00

0
.0

50
.0

00

1
0

0
.0

0

1
0

0
.0

0
<̂>

 
o

w

ei
ow

 
tA

TC
 

( 
II

M
/S

rc
 

>
^•

CS
SU

AC



212.*5
2 0 0 .0 0

175.00

150.00

125.00
o
X
”  1 0 0 .0 0
vv
<
*  75.000

50.000

25.000

0 .0

FLECHT SEASET BLOCKED BUNDLE TEST (1 3 1 *
1*MASS INJECTED 2«T0TAL MASS INVENTDRY 
3<STEAH OUT *>LI0U1D COLLECTED 5«MASS IN BUNDLE

* 0 0 .0 0

350.00

300.00

1 0 0 .0 0

50.000

0 . 0
Oe oo soo s o

riME ($ECONOS»

.  * .0 0 0 0  

UJ

3.5000
W

*  3.0000

*  2.5000o

2 .0 0 0 0
<

=* 1.5000
ui

^  1 .0 0 0 0  

0.5000 

0 . 0

TLECHT SEASET llO C K C D  lUMDLE TEST SERIES
( 1 3 1 %
QUENCH TIHES (ALL T/C )

HE ATE n RODS

•

•

•

•

• «  •

•
•  • • • <

A

m

•

•

13.B**

12.500

1 0 .0 0 0

7.5000 

5.0000

2.5000 

0 . 0
o
S

o o o o oo Oo oo Oo
o 8 8 8 o 8o 5̂

OUENCH TIME (SEC)
i\j Aj m m

6 13 1A -1 6



o o
VO

ID
 

f
r

a
c

t
io

n
o

 
o

LI
O

U
ID

 
H

E
A

D
 

(K
P

A
) 

•« 
«\> 

rv

O
'

C
O

50
,0

00

<

10
0,

00

o

15
0,

00

M

m

30
0.

00

31
6,

00
o

o
o

o

50
,0

00

10
0.

00

15
0,

00
fV

35
0,

00

30
0,

00

31
6.

00
o

o
o

o
o

o
o

o
'£ U

l

V
O

ID
 

F
R

A
C

T
IO

N
L

IQ
U

ID
 

H
E

A
D

 
(P

S
D



VO
ID

 
FR

AC
TI

O
N

o
 

o
LI

Q
U

ID
 

H
E

A
D

 
(K

R
A

)
—

 
fV

 
fV

CT
'

CO I 00

M
.O

O
O

w
 ^

to
o.

00

m

O
l

ao
o.

oo

««
o

30
0.

00

31
8.

00
o

e
o

o

50
.0

00

to
o.

oo

15
0.

00

2
0

0
.0

0

\
2

)0
.0

0

30
0.

00

U
l

V
O

ID
 

FR
A

C
TI

O
N

Ll
O

U
IO

 
H

C
A

D
 

(P
S

D



FLE C H T  SE A SE T  1 6 3 - R O D  BUNDLE FLOW BLOCKAGE TASK  
SUMMARY AND COMMENT SHEET

R u n :
T e s t  d a t e :  
T e s t  t y p e :  
P a r a m e t e r :

6 1 4 1 2
9 / 8 / 8 2
F o r c e d  r e f l o o d  
P r e s s u r e  e f f e c t

A S - R U N  T E S T  C O N D I T I O N S :

U p p e r  p l e n u m  p r e s s u r e  0 . 4 0 4  MPa ( 5 8 . 6  p s i a )
I n i t i a l  p e a k  c l a d  t e m p e r a t u r e  a n d  l o c a t i o n  8 7 4 . 7®C ( 1 6 0 6 . 4 ® F ) ,

8 N - 1 . 9 3  m ( 7 6  I n . )
I n i t i a l  p e a k  r o d  p o w e r :

P e r i p h e r a l  r o d s  2 . 2 6  k w / m  ( 0 . 6 9 0  k w / f t )
B y p a s s  r o d s  2 . 2 7  k w / m  ( 0 . 6 9 1  k w / f t )
B l o c k a g e  I s l a n d  r o d s  2 . 2 7  k w / m  ( 0 . 6 9 1  k w / f t )

F l o o d i n g  r a t e  2 4  m m / s e c  ( 0 . 9 7  I n . / s e c )  f o r
1 2 0  s e c
2 6  m m / s e c  ( 1 . 0 3  I n . / s e c )  
o n w a r d
6 3 . 9 “ C ( 1 4 7 “ F )
- 6 . 1  mm ( - 0 . 2 4  I n . )

C o o l a n t  t e m p e r a t u r e  

I n i t i a l  b u n d l e  w a t e r  l e v e l

COMMENTS:

I n l e t  mas s  f l o w :  

P o w e r  d e c a y

. ( 1 ) - 3 %  f o r  8 0  s e c o n d s ,  0% f o r  4 0  s e c o n d s ,  - 6 . 6 %  f o r  
2 0  s e c o n d s ,  a n d  - 1 %  a v e r a g e  t h e r e a f t e r  

p e r i p h e r a l  r o d s ,  - 1 . 6 %  c o n s t a n t  
b y p a s s  r o d s ,  - 2 %  c o n s t a n t  
b l o c k a g e  r o d s ,  - 1 %  c o n s t a n t

1 .  R e l a t i v e  t o  r u n  3 2 0 1 3

3542X:1/081583 61412-1



FL5CHT S E A i t l i C i  KUU Bo NOl e  T£4T s e r i e s
KJr. h J n i c K 0 A 4 . 8 :

K O O / £ l EV T I M T U L 1 A X i  rt T t hF E P A T O Rc TUkSAROJSD QU' NC n Jc  ND n
c h a n .  no AT FLOOD TE MPEF A 1 URc R1 Oc T? Hir T t M P K c A T j ^ c T l . i t

(DEG f l ( D£ 6  F) i  J t O  F ) ( S E c n s o s ) ( u c o  F ) (S ECJNDS )

9 6  1 -  C 3 6 9 7 . 7 i 7 . 21 • 6 .  5 0 , 7 . 1 9 . 5
l O r i  2 -  0 b 6 9 7  . 4 4 7 . 5 * . 1 2 . 5 69.  . 4 3 . 4

9 6  j -  3 9 1 2 3 C , 1 3 3 3 . a 0 4 . 2 1 . 5 C 3 l . b 3 .  o
3 3 3 A A 1 3 t e . 1 : . 4 7 . 1 7 4 . 3 - j .  5 o2 0 • i . l O . 7
2H 4 -  3 12 1 3 5 1 . 1 5 3 9 . 1 0 6 . 3 6 .  5 0 2 v  • i 2 o  ,  9

8 K  i , -  0 13 1 3 7 3  . 1 5 7 1 . * 9 7 . 3 8 . r b * * . 1 2 5 . 1
8N <>- C 1 3 6 3 . 1 5 5 5 . 1 9 4 . 3 9 . C 0 0 2 . 1 1 7 . d

12D <•- ; 17 1 3 5 6 . 1 5  2 v . * 6 9 . 4 3 . e b i 7 . l i b . 3
» t  s -  a 20 152C . l e 0 7 . 2c 7. 6 1 . n 1 0 2 e . 1 7 6 . 4
76  S -  t> 21 1 5 6 9  . ^ 6 2 7 . 2> 6 . 6 3 .  0 1 C 3 2 . 1 7 C . 9

9 6  t -  i. 2 ^ 1 546 . i c 2 .  • 2 7 4 . 7 1 . 5 I L b i . 1 7 2 . 9
5E 5 -  7 33 1 5 4 t  . 1 0 4 4 . 4 4 P . 7 4 . r- 9 4 2 . 21 c .  4
8 6  3 - 7 1 5 4 7 . 1 ' •<4 . 3 6 ^ . 9 2 . 4 /  f  . 2c v . .
»M i -  5 f  2 1 4 67 . l 4 4 2 4 . 0 4 .  5 l C 2 c . 22 *t. 4
7 6  5 - 1 0 5? 1 5 1 3 . 1 9 2 . . 4 :  7. 9 3 . ' 1 v 4  4 . 2 2 5 . 1

7F 5 - 1 1 62 1 4 5 2  . l e 9 o . 4 t 4 . 9 6 . 5 4v  3 *  . 2 3 o . (
6 6  5 - 1 1 6 4 1 535 . i V l 6 . 3 d l . 7 3 . 5 9 3 7 . 2 4 i . :
2 1  b -  a 67 1 5 9 6 . I 4 d 9 . 4 . 1 . ? 4 .  5 1 Ca./** . 2 4 4 .  1
5D fc-  0 7C 1 4 9 9 . l 4 C »  • 4t.  * • 8 3 . 5 U  - c . 24 0 . 6
o J  6 -  0 74 15 3 2  . i  o9b  • 3 c 5 . 6 5 .  f 9*14. 24 5 .  c

7H 6 -  0 6 6 1 5 5 2  . 1 9 3 o . 3 e o . o3.<^ 9* *5 . 23 o .  0
H E  t -  0 60 1 562 . l o S o . 3 3 6 . 7 9 ,  A 94C • 2 4 C .  i

8 n  t -  2 0 7 1 3 7 5  . X oo9  • 4 9 4 . 11 9 . 0 So . 2 6 7 .
5 h  6 -  2 99 1 5 4 5 . 1 4  4 c . 4 0 4 . 9 3 . » 9 v . 2 P 6 « 0
9E 6 -  2 l f - 6 1 3 5 3 . 1 9 3 7 . 5o 4 . 1 2 2 . 5 i 3 3 9 . 2 4 9 .  u

8H fc-  3 11 1 1 4 1 7 . i s  6 5 . 40 b . I l l . f * 9 3 2 . 2 7 2 . 1
6 6 0 -  3 1 2 4 1 5 5 6  . 1 9 6 9 . 41 9 1 .  0 9 J 4 . 2 6 6 .  ,

1 1 M b -  6 1 3 4 1 4 6 1 . 1 9 4 5 . 4 6 4 . l > 9 . ' 5 0 4 9 . 2 7 6 . 4
9D 6 -  6 1 4 3 1 5 5 6 . 4i . f b3. 4 ^ 7 . 9 6 . 5 4 4 ^ . 2 7 2 .  i
9 3  6 -  5 1 6 5 1 5 2 9 . a 9 ? ^ . 44: ^ . 1 1 3 . D 9 4 0 . 2 0 t . < "

9H b -  5 I b t 1 5 2 9 . 2 w U  . 4 * 1 . S3 . * * i c O o . 2 6 9 .  1
8 3 6 — o 1<52 15 73 . 2 w C>««. 4 2 7 . 9 7 . 9 3 e . 2b 6 . 4
9 u  b -  b 1 ^ 3 1 5 6 4 . 2> . **5 9 . 9 o .  5 A C i c . 2e 4 .  1

I l f  b -  b 1 7 3 1 5 6 2  . x V 6 o . 4 2 6 . 9 7 , » 9 7 5 . 2 7 9 . .
6 6  7 -  a 2 t l 15<-1 . ^ 9 1 7 . 4 1 6 . 3 7 . 5 6 * 5 . 3 l o .  *

7 0  7 -  b 3C 9 1 4 9 5  . 2 & 0 6 . 5 1 3 . 1 3 4 . 5 9 * 2 . 3 5 6 . 1
7 6  7 -  b 3 1 2 1 532 . 2v  4 0 . 5J 5 . l ‘‘ 9 . 5 9 2 0 . 3 5 1 . 2

H E  7 -  b 32 5 1 4 6 4 . 1 9 9 9 , 5 1 5 . 1 3 5 . 5 9 2 i . 35'* . ,
3 L  8 -  0 3 3 7 1 3 1 4 . 4Y 19 » oO:>. 1 C 9 . 0 03 0  . 3 b 4 .  7
7H 8 -  0 3 4 5 1 343  . 197 * : . 6 3 i . 1 2 2 . 5 6 2 3 . 3 0 4 .  4

7 K b -  0 3 4 6 1 3 7 3 , 1 9 6 7 . 54  4 . 1 1 0 . n 5 2 * . 3 6 i . 4
S3  e -  b 3 6 6 1 1 5 t . 1 7 > 3 . 6 4 2 . 9 6 . ^ 7 4 4 . 4 * 2 .  1
7 8  8 -  b 3 6 6 1 1 3 7 . * 1 6 3 . 6 2 6 . 1 3 o .  0 7 ^ 0 . 4 v b . C
7E 9 -  3 3 a 3 1 1 1 6 . l c . 1 6 . 74^  . 186 . *5 7 o j . 4 3 1 . 2
8H 9 -  3 3 8 7 106C . 1 7 3 7 . o 7 7 . 1 9 7 .  5 7 3 b . 4 3 C .  2

9C 9 -  3 3 8 9 1 C 5 5 . I c S V . 04 3 . 1 4 6 . r 7 3 0 . 4 3 5 . 2
I I F  9 -  3 394, 1 C 5 9 . 1 6 ?3 . 6 1 5 . 1 7 1 . 5 0 *  V . 4 2 2 . 2

7 8 1 0 -  i 4 v b 663  . i i 5 * . Ob 3 • 1 5 4 . 0 4 6 0 .  2
8 H 1 0 -  0 4 1 5 6 6 9 . l o c i . 79 2 . 2b*6 . 2 67*1. 4 5 4 ,  2
S R l O -  i 4 i 7 6 7 c  . 7 - 4 . 1 7 2 . 04.J • 4 y 7 . 1

8 N 1 0 -  3 4 1 9 6 9 7 . 15 3 7 . 0**C. 1 4 7 . C 7 a 7 , 4 5 7 . 2
b H l l -  ; 4 2 9 7 d 9 . 1 1 6 « . 4 7 1 * 1 0 6 .  f : . 04 . 46  7 . 2
9 6 1 1 -  a 4 3 1 7 D 3 . 1 3 4 2 . 6 3 9 . 2 1 3 . 2 9 2 C . 3 3 1 . '

l l t l l -  t 4 3 2 7 v 9 . Ol  6 . 1 3 7 ,  5 5 / i . 4 o 3 .  c

5 3 1 1 -  b 4 3 6 6 6 7 . ^ 1 2 1 . 4 3 4 . 1 5 9 .  ^ 04*1. 4 5 4 . 9
7 8 1 1 -  e 4 = 7 66C . I 2 4 s . 50 4 , 1 9 4 ,  ' o5 3 . 42 0 .
8 3 1 1 -  o 4 3 6 70 2  . U  73. 37 C« 1 6 7 . 5 54 0 . 4 6 6 .  *
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 û

c 
^•

40
 r

4«
4a

 *
40

 4
 u

»-
‘ c

«c
 

• 
•

•
•

•
•

•
•

»
•

-
-

c>
u 

^
>

«
g

rs
. 

ru
i*

\>
4

4>
 a

a 
o

o
4 

4
iki

 o
►-

u 
r-*

c»
c

C/
» 

•
V>

4
c 

o
o

•4
04

*
> *-

> r
 o

 <
I 

o
 

o 
•

» 4
 4

> 4
 «k

j
4 C

 W
4

4
4

4
4

C
r4

0
C

r^
U

U
 4

>>
4 

-g
u'

4*
^U

)4
'' 

o
c4

u
»

-r
vf

-’
3 

ru
O

 r
- 

4
^

0
W

4
r

' 
•C

U
O

O
'V

rr
r

• 
>

 
"ii-

f^
<

r4
ru

e
'^

K
f4

»
*>

a
4

ru
v

i»
^

-«
4

4
c

>
c

 
4

c
*

*
"^

.i
M

o
r“

C
'

i^
fv

»
'^

i^
a

B
-*

4
W

w
u

-r
u

u
iw

u
iu

>
r^

r^
*^

4
>

0
^

4
>

4
 4

<~
44

U
<»

-'
vji 

Cl 
o 

4 
vn 

r\> 
o 

oi
o 

a^
^■

4^
J>

c^
'4

*^
44

a'
oa

 4
^r

u
*—

w
4f

s*
>.

4
>r

4r
si

ru
tji

oi
«u

iV
4i

O
O

ui
vi

i\#
<v

4i
o;

><
j>

O
V

'n
^r

'V
Ji

< 
v/<

 >.
O 

V* 
Ul 

K

rc
u

ir
s

«
4

u
u

iu
»

«
*i

u
ru

ru
ru

rs
ir

u
ru

t\
 

lu
^

ru
rv

ru
ru

ru
r-

^
 

«
4
U
i>

ru
4
,<

»
.4̂

r̂
4
)0

 >
4
*4

0
 

v
rt
w
u
iiM

ru
H
'C

 x
th
* 
a
^
r-

U
O

r-
^

U
>

C
 

V
^

C
u

4
4

r
u

4
.

0
4

«
.

a
O

4
W

4
 

4
«

->
4

r\
.<

->
4

2
«u

 c>
 c

> 
rv

 r
- 

ifc
 •

ru
 U

' ^
 *

4 
r

■
00

4 
0

\l
 4

*C
-0

'»
-'4

ia
O

*U
»J

i

U 
04

>C
 o

 o
 4

 *4
 O

 4
C

B
(»

9a
)0

>4
aO

 •
4-

4-
4-

4 
0 

V- 
U> 

fu 
►- 

4
0

4
-

0
 O

O
U

>
O

O
U

ir
u

|u
^

^
U

il
»

0
4

/U
' 

O'
 r

 ̂
U

i4
-•

-'
C

^
^

^
u

O
X

 
• 

•
•

•
•

•
•

•
•

•
•

•
•

•
•

•
•

•
•

•
•

•
•

•
•

•
•

•
^

W
U

U
O

V
C

'C
 

v
u

w
4

>
K

ri
,r

C
C

u
 

v
iw

C
'V

fV
i^

jr
.

0
-4

4
4

4
 w

w
o

u
 w

ru
rv

ru
ru

rv
tu

ru
ru

ru
ic

ru
ru

ru
^^

^'
•o 

4 
4 

u 
O

O
.U

 r
u»

->
C

'4
4a

-j
oo

v^
44

u>
ru

ru
r*

'-4
ru

o 
4 

r̂. 
3 

v
-4

r̂
«
o
o
o
r̂

l0
»
o
>
u
«
o
c
.'
4
'4
a
u
>
•-
rĉ
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3>STEAM OUT « *L I0 U ID  COLLECTED 5-MASS IN BUNDLE
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0 .0s o

TIME (SECONDS)

*.2500 

cc A.JOOO
UJ
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z
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^ .0 0 0 0
<

^  1.5000

z !  1 .0 0 0 0
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0 . 0

FLECHT SEASET I l OCKEO tUNOLC TEST SERIES 
81% I2 HEATER RODS
OUEHCH TIMES (ALL T /C )

10.000

5.000C

oooo oo oo oo o

OUENCH TIME (SEC)
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FLECHT SE A SE T  1 6 3 - R O D  BUNDLE FLOW BLOCKAGE TASK  
SUMMARY AND COMMENT SHEET

R u n :
T e s t  d a t e :  

T e s t  t y p e :  
P a r a m e t e r :

6 1 5 0 9
9 / 1 0 / 8 2
F o r c e d  r e f l o o d  
P r e s s u r e  e f f e c t

A S - R U N  T E S T  C O N D I T I O N S ;

U p p e r  p l e n u m  p r e s s u r e  0 . 1 3 9  MPa ( 2 0 . 1  p s i a )
I n i t i a l  p e a k  c l a d  t e m p e r a t u r e  a n d  l o c a t i o n  8 7 6 . 5®C ( 1 6 0 9 . 7 ® F ) ,

8 N - 1 . 9 3  m ( 7 6  I n . )

I n i t i a l  p e a k  r o d  p o w e r :
P e r i p h e r a l  r o d s  

B y p a s s  r o d s  
B l o c k a g e  I s l a n d  r o d s  

F l o o d i n g  r a t e  
C o o l a n t  t e m p e r a t u r e  
I n i t i a l  b u n d l e  w a t e r  l e v e l

2 . 3 7  k w / m  ( 0 . 7 2 3  k w / f t )
2 . 3 6  k w / m  ( 0 . 7 1 9  k w / f t )
2 . 3 7  k w / m  ( 0 . 7 2 1  k w / f t )  
2 6 . 9  m m / s e c  ( 1 . 0 6  I n . / s e c )  
3 5 “ C ( 9 5 “ F )
+ 9 . 4  mm ( + 0 . 3 7  I n . )

COMMENTS:

C a r r y o v e r  t a n k  f i l l e d  up  a t  a p p r o x i m a t e l y  5 9 0  s e c o n d s .

I n l e t  ma s s  f l o w : ^ ^ ^  - 1 . 3 %  f o r  f i r s t  6 0  s e c o n d s  a n d  + 2 . 5 %  t h e r e a f t e r

P o w e r  d e c a y : ^ ^ ^  p e r i p h e r a l  r o d s ,  - 2 . 5 %  l i n e a r l y  I n c r e a s i n g  t o  - 4 %  b y  4 0 0  
s e c o n d s
b y p a s s  r o d s ,  - 4 %  l i n e a r l y  I n c r e a s i n g  t o  - 6 . 5 %  b y  4 0 0  
s e c o n d s
b l o c k a g e  r o d s ,  +2% l i n e a r l y  I n c r e a s i n g  t o  +4% b y  4 0 0  

s e c o n d s

1 .  R e l a t i v e  t o  r u n  3 4 2 0 9
61509-1



FLECHT SEASET 163 RQO 6UN0LE T tS l SERIES
RUN NUH4EK61509

ROO/ELEV T IN IT IA I NAXlflUN Tc NFcRATUk E TURHAROUNO aucNCH OJENCH
CH39. NO . AT FLOOO Tc NPERa IURE RISE TIME TEMPKEATUR; TIME

lOEE F) (0E6 F ) (OEO F) (SECONDS) (0L6 FI (SECONDS)

96 1 - 5 3 656. 676. 22. 6 .5 560. 26.8
lOH 2- a 6 • 670. 925. 5 5 . 12 .0 593. 66 .9

96 3- 3 9 12T3. 1326. 126. 39 .5 696. 139.9
3J 6- a 11 1367. 1563. 197. 5 6 .S 6 0 6 . 2 0 1 . 3
7H 6- 0 12 1329. 1961. 232. 56 .0 665. 232.5

3K 6 - a 13 1369. 1576. 2 2 9 . 57.0 69 6. 2 0 3 . 1
•  N « • a 16 1357. 1566. 207. 57 .0 697. 196. 0

120 6- a 17 1332. 1519. 166. 5 6 . 5 69 j . 195.9
SE S- 0 20 1696. 1659. 3 a l . 82.5 652. 296.6
76 5- A 21 1552. 1696. 366. 6 3 . 0 639. 299.9

96 5- a 26 1526. 1891. 36 3. 9 6 . 0 62 3. 299.7
JE S - 7 33 1526. 1676. 36 6. 112.0 6 6 1 . 366.9
66  » - 7 65 1527. 1926. 399. 127.0 921. 371.6
9M J- 9 52 1 6 6 6 . 1665. 617. 136.0 9S±. 369.7
76 3-10 59 1693. 16 96. 60 6. 13 2 .5 9au. 391.6

7F 5 -11 62 1636. 1667. 6 3 3 . 155 .B 9 o 2 . 399.7
66 5 -H 66 1520. 1876. 356. 12 6 .0 6 6 9 . 916.8
21 6 - C 67 1596. 1967. 35 3. 86.5 925. 916.6
50 6- 0 70 1661. 1676. 39 3. 166.0 696. 916.6
63 6- 0 76 1510. 1616. 306. 86 .0 63 3. 927.0

7h 6 - 0 66 1533. 1925. 392. 100.0 607. 915.9
11E 6- 0 60 1537. 1663. 3 6 6 . 125.0 03 6 . 922.6

6H 6- 2 97 1353. 16 66. 510. 192.5 739. 97o. 6
5N 6- 2 99 1517. 19C2. 36 5. 152.5 919. 995.6
9E 6 - 2 105 1317. 1966. 626. 13 6.10 1160. 992.1

BH 6- 3 111 1393. 1696. 501. 188.0 776. ♦6 9.7
♦ 6 6 - 3 126 1536. 1931. 397. 125.0 66 0. 961.7

11M 6 - 6 136 1651. 1965. 516. 166 .B 665. 999.7
90 6- 6 163 1536. 1996. 66 6. 136.0 679. 977.6
9J 6 - 5 165 1511. 1965. 656. 168.5 6 6 6 . 507.9

9n * - 5 166 1975. 1991. 616. D 3 . 0 932. ♦ 72. 7
63 6 - 6 192 1555. 1966. 6u9. 156.5 699. 512.6
90 6- 6 193 1563. 20 22. 679. 133.0 9 j ,o . 9 9 9 . 7

I I F  6- 6 173 1526. 1991. 662. 165.0 916. 989.7
66 7 - a 261 1653. 1763. 26 7. 153.5 762. 597.6

70 7 - 6 309 1673. 1667. 39 6. 219.1 606. 626.9
76 7- 6 312 1511. 16 73. 362. 196.0 667. 606.6

l lE  7- 6 325 1677. 1662. 366. 132.5 665. 603.9
5 t 6 - a 337 1266. 1723. 632. 162.0 796. 673.9
7H 6 - a 365 1316. 1616. 695. 333.1 797. 66 0 .0

7R 6- a 366 1363. 1763. 621. 155.0 769. 663.7
53 6 - 6 366 1116. 1653. 3 3 3 . 313.1 6 3 0 . 720.6
76 8- 6 366 1139. 1556. 617. 215.1 050. 729.9
7E 9 - 3 363 1090. 1566. 65 6. 366.1 695. 769.5
6H 9- 3 367 1037. 1656. 621. 355.1 691. 766. 2

9C 9 - 3 369 1036. 1633. 399. 230.1 613. 772.6
l l f  9- 3 396 1026. 1616. 390. 356.1 761. 693.7
7610- a 606 656. 1337. 661. 233.1 591. 616. 3
BrilC- 0 615 666. 1360. 516. 376.1 679. 75 6 .  6
6K10- a 617 651. I i5 7 . 605. 35 2.1 560. 6 1 6 . 0

8N10- 0 616 877. 1363. 666. 152.15 623. 611.9
6H11- a 629 673. 655. 162. 127.0 512. 0 1 6 . 1
9611- 0 631 663. 961. 296. 366.1 672. 956.6

l l E l l - a 632 6 6 6 . 963. 29 7. 222.1 5 o l. 566.0

5311- 6 636 695. 621. 166. 92 .5 ♦ 77. 732.9
7611- 6 637 663. 991. 366. 259.1 933. 659.1
6311- 6 636 666. 663. 179. 135.5 990. __  635.1
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RUN 61904 HtAIcK KOU STATI9T1CAL blTt

I N I r i A L T t n c  (DEO El HAX TEHP ( U E 6  E l TURNAROUNU I l r t c (SEC 1

E lE V MAX N IN HE AN HAX NIN He AN NAX H lN MEAN
1 2 b b A . 8 6 9 1 . 2 6 9 6 . 8 6  8 6 .  9 6 7 3 . 2 6 7 6 . 8 9 . 9  6 . 0 6 . 3
2A 8 6 9 . 8 8 A 3 . 9 8 9 6 . 0 9 2 A . 9 8 9 t . 6 9 0 8 . 7 1 2 . 0  1 1 . 1 1 1 . 9
99 1 2 0 3 . 9 1 A 4 . 6 1 1 7 2 .A 1 3 2 7 . * 1 2 7 9 . A 1 2 9 7 . A 3 9 . 9  2 9 . 3 3 3 . 7
Ad 1 3 6 C . 6 3 2 9 . 0 1 3 A 9 . 1 I 6 8 0 . 8 1 9 1 6 . 9 1 9 6 3 . A 9 8 . 9  9 3 . 0 9 6 . 2
6 6 1 9 9 2 . 2 A 3 O .0 190 6 . 0 1 4 1 A . 8 1 7 9 . . 2 1 8 A A . 9 9 8 . 0  9 4 . 9 6 1 . 2
67 1 9 9 9 . 8 A 9 1 . 6 19 A 1 .A 1 9 2 6 . 3 1 7 4 4 . 2 16  6 w. A 1 2 7 . 0  7 9 . 0 9 8 . 6
69 1 9 1 6 . A A 6 8 . 1 1 A 9 8 . 6 1 6 6 6 . 3 1 8 0 7 . 1 1 6 9 2 . 7 1 3 A . 0  6 2 . 0 1 0 7 . 3
70 1 9 9 0 . 1 A 8 3 . 0 1 9 1 8 . 9 1 9 1 0 . 2 1 8 9 3 . 9 1 6 6 6 . 1 1 3 2 . 5  7 9 . 0 1 0 0 . 4
71 1 9 1 9 . 7 A 3 3 . 9 1 A 8 0 . 7 1 8 7 7 . 2 1 3 3 3 . 1 l 6  6 2 . 6 1 9 9 . 9  1 0 0 . 0 1 2 9 . 0
72 1 9 9 A . A A A 4 . 9 1 9 3 1 . 2 1 9 A 7 . 0 1 6 1 6 . 1 1 9 0 0 . 3 1 9 8 . 9  8 A . 0 1 1 1 . 3
73 1 9 8 3 . 6 A 9 6 . 3 1 9 1 A .A 1 9 6 7 . 7 1 6 9 3 . 1 1 6 9 2 . 9 1 A A . 9  8 1 . 9 1 9 6 . 9
7A 1 9 8 6 . 8 3 9 3 . 3 1 A 9 3 . 9 1 4 7 1 . 1 1 6 A 6 . 9 1 9 1 9 . 7 1 9 2 . 9  8 6 . 9 1 3 2 . 1
79 1 9 8 7 . 9 3 9 3 . 3 1 9 0 1 . 9 1 9 7 2 . 3 1 8 A 2 . 2 1 9 1 7 . 6 1 8 8 . 0  8 A . 9 1 2 7 . 4
76 1 6 9 9 . 7 A A 3 . 9 1 9 3 2 . 9 2 0 0 6 . 9 1 9 0 4 . 9 1 9 9 1 . C 1 8 6 . 9  6 A . 9 1 3 3 . 3
77 1 9 7 A . 9 A 6 A . 9 1 9 2 3 . 9 2o 2 A .A 1 9 1 6 . 3 1 9 6 A . 9 2 2 A . 1  9 3 . U 1 6 0 . 1
78 1 6 0 9 . 7 A 6 3 . 8 1 9 3 7 . 7 2 0 3 6 . 1 1 6 A 3 . 3 1 9 7 7 . 7 2 1 A . 1  9 1 . 9 1 9 9 . 6
79 1 9 8 2 . 9 A 9 3 . 7 1 9 A 3 . 6 2 0 A0 . 6 1 9 A 2 . A 1 9 9 3 . 3 2 1 8 . 1  1 0 3 . 0 1 6 9 . 9
89 1 9 6 7 . 3 A 9 A . 2 1 9 2 9 . 9 2 0 9 7 . 2 1 8 7 1 . 6 2 C 0 A . 3 2 1 7 . 1  9 9 . 9 1 9 7 . A
81 1 9 9 6 . 9 A 9 2 . 9 1 9 1 A . 8 2 0 3 7 . 3 1 9 A 3 . 9 2 0  0 2 . A 2 1 7 . 1  1 0 7 . 9 1 7 1 . A
8 A 1 9 1 2 . 1 3 4 2 . 3 1A6 7 . 6 1 9 9 6 . 2 1 6 8 e . 9 1 7 7 6 . 6 2 2 1 . 1  6 1 . 9 1 3 3 . A
8 6 1 9 6 1 . 9 A 9 7 .A 1 9 1 8 . 3 1 6 9 9 . 3 1 7 A 6 . 7 1 6 2 0 . 6 3 3 3 . 1  6 1 . 9 1 6 8 . 9
90 1 9 1 9 . 3 A l B . 9 1 A 7 2 . 9 1 9 C 9 . 6 1 7 6 9 . 0 1 6 A 1 . 8 3 A 3 . 1  6 A . 0 1 6 7 . A
9b 1 3 8 2 . 8 2 8 0 . 7 1 3 3 9 . 6 1 6 6 7 . A 1 7 1 4 . 9 1 8 1 9 . 2 3 A 2 . 1  9 9 . 0 2 1 1 . 8

1 0 2 1 1 7 0 . 3 0 1 9 . 3 1 1 3 A . 8 1 6 A 2 . 7 I A . 4 . 4 19 6 4 .  A 3 9 2 . 1  1 9 2 . 0 2 6 3 . A
1 1 1 1 0 8 9 . 9 0 1 9 . A 1 C A 8 .0 1 9 A 7 . 8 1 3 3 3 . 2 1 A A A .6 3 7 2 . 1  6 6 . 9 2 9 8 . 9
1 2 0 9 0 9 . 1 7 4 6 . A 8 9 2 . 8 1 A 2 A . 2 l l < 2 . 6 1 3 1 6 . 1 A 6 2 . 1  6 9 . 9 2 9 9 . 8
132 6 7 3 . 2 6 9 7 . 9 6 6  9 .  A 4 6 6 . 9 8 2 7 . A 9 1 6 . . 3 7 6 . 1  8 6 . 4 2 4 0 . 7
138 6 6 3 . 8 6 A 2 . 8 6 9 0 . 7 9 9 0 . 9 6 2 1 . 2 8 0 A .O 3 6 0 . 1  9 2 . 9 2 1 1 . 9

RUN 6 1 9 0 4  r tc A Ic K  RJO I I a T I S T I C A L  DATA

TEHP R IS E  I 0 E 6  F) OUcNCN I c H P IOE& E l o u tN C H  r i H ; IS c C  1

ELEV NAX H IN MEAN HAX N IN HE AN HAX H lN HEA4
1 2 2 2 . 1 2 2 . 1 2 2 . 1 9 9 9 . 2 9 3 2 . 7 9 4 2 . 9 3 0 . 9 2 8 . 0 2 9 . 9
2A 94 . 7 9 0 . 7 9 2 . 7 9 9 6 . 9 9 9 4 . 6 9 8 3 . 1 6 6 . 9 6 3 . 4 6 4 . 8
34 1 3 4 .  2 1 1 9 . 7 1 2 5 . 0 7 K . . 4 6 6 8 . 3 6 9 4 . 1 1 3 8 . 3 1 3 0 . 3 1 3 3 . 9
A8 2 4 9 . 2 1 6 6 . 4 2 1 8 . 3 7 4 3 . 8 6 6 4 . 9 6 9 7 . 4 2 0 3 . 1 1 0 8 . 4 1 9 7 . 6
67 3 6 7 . 0 2 8 2 . 4 3 3 8 . 4 8 8 1 . 8 7 6 4 . 1 8 1 6 . 6 9 1 3 * 7 2 9 3 . 8 3 0 1 . 1
67 3 4 9 . 1 2 8 6 . 8 3 1 8 . 9 9 2 0 . 7 7 7 9 . 8 8 4 8 . 7 1 8 4 . 4 3 9 9 . 7 3 6 8 . 7
64 4 1 7 . 1 2 4 4 . 3 3 9 4 . 1 9 9 1 . 4 7 8 V . 9 8 3 9 . 9 3 9 9 . 8 3 8 3 . 7 3 9 1 . 1
70 4 2 7 .  2 3 0 6 . 4 3 6 7 . 2 9 3 3 . 0 7 7 1 . 3 8 9 0 . 6 4 1 7 . 7 3 8 V . 8 4 0 0 . 2
71 4 3 3 . 2 3 9 4 . 2 3 8 2 . 1 9 8 0  . 9 7 9 8 . 4 9 6 2 . 6 4 1 7 . 7 3 9 2 . 0 4 0 6 . 7
72 4 7 9 . 2 3 0 6 . 2 3 6 4 . 1 9 4 0 . 1 7 7 2 . 9 8 7 3 . 1 ^ # 8 * 9 4 1 9 . 9 4 2 3 . 0
73 A A 3 . 7 3 4 3 . 4 3 7 8 . 1 9 8 9 . 8 808. 1 8 6 7 . 2 4 4 3 . 8 4 1 6 . 9 4 3 2 . 0
7A 9 i r . A 3 6 3 . 6 4 2 2 . 2 9 1 9 . 3 6 4 0 . 2 8 4 9 . 2 % 8  9 * 8 4 3 9 . 8 4 9 2 . 9
79 9 0 0 . 9 3 6 1 . 9 4 1 6 . 1 9 4 7 . 3 4 6 2 . 8 8 2 2 . 4 ^ T 9 * 0 4 3 9 . V 4 6 4 .  8
76 9 1 4 .  A 3 6 9 . 3 4 1 8 . 2 9 6 6 . 0 6 8 9 . 1 8 8 3 . 2 ^▼ 5*9 4 4 9 . 8 4 6 9 . 8
77 9 1 0 . 2 3 6 8 . 9 4 4 C . 6 9 4 9 . 0 6 9 7 . 6 8 4 8 . 9 9 2 5 . 9 4 7 2 . 7 4 9 4 . 9
78 9 1 1 . 7 3 7 4 . 9 4 4 0 . 0 9 6 1 . 8 0 6 7 . 1 8 6 3 . 9 9 3 4 . 8 4 7 6 . 7 6 0 2 . 0
74 9 2 9 . 1 3 4 3 . 6 4 4 4 . 7 9 8 2 . 2 6 4 6 .  9 8 7 0 . 0 9 2 7 . 4 4 7 6 . 7 9 1 1 . 9
83 9 3 9 . 2 4 1 7 . 4 4 7 4 . 8 9 4 2 . 9 7 9 1 . 7 8 7 0 . 4 9 3 9 . 9 9 0 1 . 7 9 2 0 . 4
81 9 2 6 . 6 4 9 6 . 2 4 8 7 . 6 9 4 9 . 4 8 2 9 . 9 8 7 7 . 7 9 4 6 . 8 9 1 4 . 9 9 3 2 . 3
84 4 7 3 . 2 2 9 0 . 0 3 0 4 . 2 7 9 6 . 9 7 2 2 . 6 7 9 9 . 6 9 7 8 . 6 9 4 3 . 1 9 9 6 . 7
86 3 9 4 . 7 2 6 3 . 9 30 2 . 4 9 I0O.4 7 9 3 . 7 8 0 7 . 8 9 3 2 . 8 9 6 3 . 9 9 7 6 . 7
90 4 1 8 . 0 3 1 4 . 3 3 6 9 . 3 4 1 3 . 4 7 6 3 . 6 8 3 9 . 2 9 3 1 * 8 9 8 1 . 6 6 1 7 . 8
96 9 3 9 . 9 4 0 2 . 4 4 7 4 . 6 8  7 9 .  6 7 0 6 . 8 7 9 7 . 8 7 1 1 . 4 6 3 7 . 6 6 7 0 . 9

1 0 2 9 0 3 . 2 3 3 3 . 9 4 3 4 . 9 7 3 1 . 3 9 9 1 . 2 6 0 0 . 7 7 9 3 . 1 7 0 8 . 0 7 2 2 . 4
1 1 1 4 7 8 . 8 3 0 7 . 0 3 9 6 . 8 6 0 6 . 4 6 0 2 . 9 6 7 4 . 8 7 8 3 . 7 0 4 3 . 6 7 9 4 . 9
1 2 0 9 4 8 . 1 3 2 4 . 2 4 6 9 . 3 7 7 9 . 3 2 4 2 . 7 6 9 3 . 4 8 2 9 . 0 9 1 4 . 7 7 V 0 . 4
132 2 4 4 . 9 1 6 4 . 4 2 6 2 . 7 6 7 1 . 8 4 3 V . 8 9 4 2 . 4 8 3 4 . 1 4 9 6 . 8 6 9 6 . 1
138 3 4 7 . 8 1 6 6 . 8 2 3 3 . 3 6 4 1 . 6 4 7 7 . 1 9 2 0 . 3 8 9 4 . 1 3 9 7 . 7 7 2 1 . 1
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1)00.0

1 ? 0 0 . 0

1 0 0 0 . 0  

^  * 0 0 . 0 0
we
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<  

w  

5  * 0 0 . 0 0

eoo.oo 

too. 00

f l c c h t  s c a s e t  i u h o l c s

RUN ( I S O )
CH/SYM 1 7 3 /1

I 7 M . 0

tsoo.o

1 0 0 0 . 0

75 0 .00

5 0 0 .0 0

s
8

8 8
i

8
8

8 8

o

o

T I M t  ( SCCONOS )

•  t70.?8

g  150.00
t

t
*  U5.00

;  1 0 0 . oc
pm
Uf

5  75.000
w
u

2  50.000
ft
UA
w

5  e5.ooo
e

<  0 .0
w
X

-2 * .3 3 8

30 .000
FLECHT SEASET lU N O lE S  
RUN S130S 3*203

38/2

2 0 . 0 0 0

15.000

1 0 . 0 0 0

5 .0 0 0 0

0.0

8 8 8 8
•  •  •  •§ g s §

TIME ( SECONDS )

8
§

8

r\j
X

Rod I I F , 1.98  m (78 I n . )
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1)00.0
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w
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FlECHT SEASCT lUNOLES 
KUN 8 1 3 0 )

1 ) 1 ^

2 0 0 0 . 0

13 00 .0

1 0 0 0 . 0

3 0 0 .0 0

8 8 8 8
•  •  •  •

§  g  g  §
TIME ( SECONDS >

8
i

8
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t

•S I
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vt
fc
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s  75.000
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w
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«  0.0
w
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e
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Fl ECHT SEASET 8UN0LES 
NUN 6 1 3 0 )
CH/SYM 1 9 1 /1

S «20)
8 9 / 2
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1 0 . 0 0 0

3 .0 0 0 0

0.0

8
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8
8 8

g
8

TIME ( SECONDS )

8
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8

I
A/:
8-W
I

m
X

u

Rod 7K, 1.98 m (78 I n . )
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1300.0  

UOO.O

1 0 0 0 . 0

8 0 0 .00
w
o

«  6 0 0 .00

<
m

*  * 0 0 . 0 0  
►- 

2 0 0 . 0 0  

1 0 0 . 0 0

_  170.28

g  IJO.OO
I
>M

»  125.00
</*
t  

S  1 0 0 . 0 0

m
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5  75 .000
u.
w
w

S  5 0 .000  
m
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P

<  0 . 0
U i
X

- 2 * . 9 9 8

FlECHT SEASET BUNDLES 
RUN 6 1 5 0 9  
CH/STM 1 1 7 /1

2 0 0 0 . 0

1750.0

1500.0

1250.0

1 0 0 0 . 0

750.00

8.
8

8 8
§

8
8

8

TIME ( SECONDS >

8

30 .000
FlECHT SEASET BUNDLES 
RUN 6 1 5 0 9  
CH/SYM 1 B 7 /1

2 5 .0 0 0

2 0 . 0 0 0

15.000

1 0 . 0 0 0

5 .0 0 0 0

0.0

8 8 8 8 8 8

8 8 8 8 8Ki
TIMC ( SECONDS )

3

a
X

X
<

Rod 6J,  I .98 m (78 I n . )

61509-6



1300.0

1 2 0 0 . 0  
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w
o
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<
or
w

*  * 0 0 . 0 0  

2 0 0 . 0 0  

1 0 0 . 0 0

o
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FLECHT SEASET 8UN0LES 
RUN 6 1 3 0 9  
CH/SYM 1 9 0 /1

2 0 0 0 . 0

1730.0

1 0 0 0 . 0

75 0 .00

S
S

8 8

i
8
8
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3
►-
<

TIME ( SECONDS )

-  170.28

^  130.00
I:

*  123.00 

t

•  1 0 0 . 0 0

W 73 .000  
t

e
“  3 0 .000
•c

5  2 3 .000
€e
»-

<  0 .0
w
z

-2*.998

3 0 .000
FlECHT SEASET BUNDLES 
NUN 613D 9 
CH/SYM 1 9 0 /1

2 0 . 0 0 0

13.000

1 0 . 0 0 0

3.0000

0.0

8 88 i

8 8
•  •s §

TIME ( SECONDS )

8
f i

8

fsj
9

K
4/9

Rod 7H, 1.98  m (78 I n . )

61509-7



1300.0

leoo.o

1 0 0 0 . 0

800 .00

6 0 0 .0 0

5  * 0 0 . 0 0

2 0 0 . 0 0

1 0 0 . 0 0

FLECHT SEASET lU N O lE S  
RUN 61S0S 
CH/SYM 17S /1

2 0 0 0 . 0

1750.0

1500.0

1 0 0 0 . 0

750 .00

5 0 0 .0 0

S
8

8 8
i  i

TIME ( SECONDS >

8
8

8 8
8
U>

a
X

^  17C.a8

g  150.00

»  125.00 

¥-

t  1 0 0 . 0 0

«
U7

5  75 .000
wu.
w

5 0 .000
ae
Uiu .

;  2 5 .000  
or

<  0. 0
UJ
z

-2 * . 9 9 8

o
o

30 .000
FlECHT SEASCT BUNDLES 
RUN 6 1 5 0 9

2 5 .000

2 0 . 0 0 0

15.000

1 0 . 0 0 0

5 .0 000

0.0

8
8

8 8 8
8

TIME ( SECONDS )

8
8

3
►-
CD

Rod 9F , 1.98  m (78 I n . )

61509-8



1300.0

1 2 0 0 . 0  

1 0 0 0 . 0

^  800 .00
U3
O

>  600 .00

<
ac
UJ

*  4 0 0 .00  
* -

2 0 0 . 0 0  

1 0 0 . 0 0

o
o

FlECHT SEASCT lUNDLES 
RUN 61S09  
CH/SYM 2 6 4 / 1

1750.0

1500.0

1250.0

1 0 0 0 . 0

5 0 0 .0 0

S
8

8 8 8
8

8 8

a
X

T I M t  ( $tCONO$ )

^  170.28

S  150.00

*  125.00

►-U-

2  1 0 0 . 0 0

^  75 .000
u.u.
UJ

^  5 0 .000
oe
UJ
u

*  2 5 .000
oe
►-

<  0 . 0
UJ
X

-2 4 .9 9 8

o
d

30 .000
FlECHT SEASET BUNDIES 
RUN 6 1 5 0 9  
CH/SYM 2 6 4 / 1

2 5 .000

2 0 . 0 0 0

15.000

1 0 . 0 0 0

8 8 8 8
i  i  i  i

TIME ( SECONDS )

8
i

8

u-u.
)

PC

o
o

PC
UJu
4/5

Rod 7£,  2 .13  m (84 I n . )

61509-9



1300.0

1 2 0 0 . 0  

1 0 0 0 . 0

“  8 0 0 .0 0

0

1  6 0 0 .0 0  
►-
<
OC
Ui

I  * 0 0 . 0 0  
►- 

2 0 0 . 0 0  

1 0 0 . 0 0

_  170,28
Ui

S  150.00
I

f\i
t
*  125.00

u*

S too.oo

Ui

5  75 .000

2  5 0 .000

5  2 5 .0 0 0
oe

<  0. 0
Ui
X

- 2 * . 9 9 8

o
o

Fl ECNT SEASCT lUNDLES 
HUN 6 I S 0 9
CH/SYM 3 2 5 / t

1750.0

1500.0

1 0 0 0 . 0

750 .00

5 0 0 .0 0

8
8

8 8 8
8

TIME ( SECONDS >

TIME ( SECONDS )

8 8 8
8

FLECHT SEASET BUNDLES 
RUN 6 1 5 0 9  3 * 2 0 9  
CH/SYM 3 2 5 / 1  1 2 * / 2

/
J  »

/
8 8 8 8 8 8 88 % S 8 i 8 8

30 .000

25 .000

2 0 . 0 0 0

15.000

1 0 . 0 0 0

5 .0 000

0. 0

.*0*1

a
X

Rod H E ,  2.29 m (90 I n . )

61509-10



1300.0

1 2 0 0 . 0  

1 0 0 0 . 0

800 .00

6 0 0 .00

*  * 0 0 . 0 0

2 0 0 . 0 0  

1 0 0 . 0 0

FUCHT SCASET 8UN0LES 
RUN 61S09  
CH/SYM 3 0 S /1

1750.0

1500.0

1 0 0 0 . 0

750 .00

5 0 0 .00

8 8 8 8 8 8 88 i i 8 1 § 8

a .'
X

TIME ( SECONDS )

_  170.28

“  150.00

125.00

1 0 0 . 0 0  

a  75 .000

°  5 0 .0 0 0

*  2 5 .000
E

I 0.0
J
e

- 2 * . 9 9 8

30 .000
FLECHT SEASET BUNDLES 
RUN 6 1 5 0 9  
CH/SYM 3 0 9 /1

1 0 . 0 0 0

5 .0 000

0.0

8 S 8 8• • • t§ g S I
TIME ( SECONDS )

8 8 8

or
UI
u.
1/5
m
<
€K

Rod 7D, 2.29 m (90 I n . )

61509-11



1300.0

1 2 0 0 . 0  

1 0 0 0 . 0

8 0 0 .00

6 0 0 .0 0

*  * 0 0 . 0 0

2 0 0 . 0 0  

1 0 0 . 0 0

S S 8 8
i  i  i  i

TIME ( SECONDS )

FLECHT SCASET BUNDLES 
RUN ( IS O S  
CH/SYM 3 * 3 / 1

2 0 0 0 . 0

1750.0

1500.0

1 0 0 0 . 0

750 .00

5 0 0 .0 0

8 8 8
8

-  1 7 0 .c8

^  150.00

125.00

M

i
V

t

»  1 0 0 . 0 0  

m
UI

5  75 .000

“  5 0 .000

2 5 .0 0 0

<  0 .0
UI
X

- 2 * . 9 9 8

o
o

3 0 .000
FLECHT SEASET BUNDLES 
RUN 6 I S 0 9  
CH/SYM 3 * 9 / 1

3 * 2 0 9

2 5 .0 0 0

2 0 . 0 0 0

15.000

1 0 . 0 0 0

5 .0 000

0.0

8 8 8 8 8
i  i  i  i  i

TIME ( SECONDS )

8 8
8

:

Rod 8F , 2.44  m (96 I n . )

61509-12



1300.0

1 2 0 0 . 0  

1 0 0 0 . 0

“  8 0 0 .0 0  

O

K  6 0 0 .0 0

<
oe
UJ

*  * 0 0 . 0 0  

2 0 0 . 0 0  

1 0 0 . 0 0

s
s

S 8 8

8

riECHT SEASCT lUNOLES 
RUN 61 S 0 9  
CH/SYM 3 8 9 /1

2 0 0 0 . 0

1750.0

15OQ.0

1250.0

1 0 0 0 . 0

750.00

5 0 0 .00

8 8 8
8

9
<

TIMC ( SCCCNOS )

^  170.28

o

i
X
V

t -
* -
<

150.00

125.00

1 0 0 . 0 0

a  75 .000  
t
w

“  5 0 .000

2 5 .0 0 0

0 . 0

- 2 * . 9 9 8

30 .000
riEC HT SEASET 8UNDLES 
RUN 6 1 5 0 9  
CH/SYM 3 8 9 / 1

2 5 .000

2 0 . 0 0 0

15.000

1 0 . 0 0 0

4 ^  iiiH ---

5 .0 0 0 0

0.0

8  8  8  8

8 8 8 8
• •  W  ♦

TIME ( SECONDS )

8 8 8
8

O
I

fu
t

fc
UJ
o

Rod 9C, 2 .82  m (111 1 n . )

61509-13
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( I § : M

♦ 0 0 . 0 0

350.00

300.00

3  250.00

'C, 2 0 0 . 0 0
<
z

150.00

1 0 0 . 0 0

50.000 

0 . 0

FLECHT SEASET BLOCKED BUNDLE TEST 6 1 5 0 9  
1=MASS INJECTED 2=T0TAL MASS INVENTORY 
3 = STEAM OUT A rL lO U ID  COLLECTED 5=MASS IN BUNDLE

800.00

600.00

♦ 0 0 . 0 0

0 . 0
oo oo oo oo s oo o

X
OD

TIME (SECONDS)

^  * . 2 5 0 0  

# . 0 0 0 0

3.5000
w

X
^  3.0000

*  2.5000 o

2 . 0 0 0 0

<

^  t .5 0 0 0
w

^  I . 0 0 0 0  

0.5000 

0 . 0

fU C M T  S t A S t T  iLOC KCO lU N O U  TEST SER IE S

ou
5 0 9
ENCM T| MES (AL L T /C )

Ht A 11 N

• •  •  

• # • •  *4
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1 3 .9^^
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1 0 . 0 0 0

T.5000

5.0000

2.5000

0 . 0

o
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s
oo oo § oo Oo oo 05
sm s s»D 8 oo 800 CO

OUENCH TIME (SEC)
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F L E C H T  S E A S E T  1 6 3 - R O D  B U N D L E  F L O W  B L O C K A G E  T A S K  

S U M M A R Y  A N D  C O M M E N T  S H E E T

R u n :

T e s t  d a t e :  

T e s t  t y p e :  

P a r a m e t e r :

6 1 6 0 7

9 / 1 3 / 8 2

F o r c e d  r e f l o o d  

F l o o d i n g  r a t e  e f f e c t

A S - R U N  T E S T  C O N D I T I O N S ;

U p p e r  p l e n u m  p r e s s u r e

I n i t i a l  p e a k  c l a d  t e m p e r a t u r e  a n d  l o c a t i o n

I n i t i a l  p e a k  r o d  p o w e r :

P e r i p h e r a l  r o d s  

B y p a s s  r o d s  

B l o c k a g e  I s l a n d  r o d s  

F l o o d i n g  r a t e  

C o o l a n t  t e m p e r a t u r e  

I n i t i a l  b u n d l e  w a t e r  l e v e l

0 . 2 7 6  M P a  ( 4 0 . 1  p s i a )  

8 7 7 . 7 “ C ( 1 6 1 1 . S ' F ) ,  

8 N - 1 . 9 3  m  ( 7 6  I n . )

2 . 3 0  k w / m  ( 0 . 7 0 2  ( k w / f t )

2 . 2 9  k w / m  ( 0 . 6 9 7  k w / f t )

2 . 3 0  k w / m  ( 0 . 7 0 2  k w / f t )  

2 1  m m / s e c  ( 0 . 8 1  I n . / s e c )  

5 2 . 8 “ C ( 1 2 7 “ F )

- 0 . 5 1  m m  ( - 0 . 0 2  I n . )

C O M M E N T S ;

I n l e t  m a s s  f l o w :. ( 1 )

P o w e r  d e c a y :. ( 1 )

- 1 . 5 %  a v e r a g e  f o r  f i r s t  6 0  s e c o n d s ,  l i n e a r l y  

I n c r e a s i n g  t o  + 2 . 5 %  b y  2 2 0  s e c o n d s ,  a n d  a v e r a g i n g  

- 1 . 5 %  t h e r e a f t e r

p e r i p h e r a l  r o d s ,  0 %  c o n s t a n t  

b y p a s s  r o d s ,  - 1 %  c o n s t a n t  

b l o c k a g e  r o d s ,  0 %  c o n s t a n t

1 .  R e l a t i v e  t o  r u n  3 1 8 0 5

3542X:1/081583 61607-1



F iE C rtT  S E * i £ I  l e 3  8 u NDl £ TE$T S E I I E 5  
R U i  N u n j t K f e A b .  7

RQD/ELEV T I N l T l A l N A X lN u n TenPbKATU KE TUR<(AROJNO QUENCH QUENCH
CHAS. NO AT FLOOD TENPERa T u k E R l5 C T IN E TEHFKEATURE t i n e

( 0 E 6  F> (D E 6  F> (Q E 6  F t (SECONDS) ( 0 E 6  F ) (SECONDS)

9G 1 -  0 3 6 8 9 . 7 6 a . 2 9 . 7 . 5 5 9 7 . 2 3 . 5
iOH 2 -  : 6 6 9 9 . 9 3 9 . 6 1 . 1 9 . 5 6 6 6 . 5 9 . 2

9fc 3 -  3 9 1 2 3 1 . 1 3 6 6 . 1 3 7 . 3 9 . 5 8 3 1 . 1 0 3 . 9
3 J  9 -  0 11 1 3 6 7 . 1 5 9 . . 2 3 2 . 9 8 . ' * 8 1 1 . 1 5 2 . 9
7M 9 -  3 1 2 1 3 5 2 . 1 5 6 2 . 2 3 0 . 9 7 . 0 Ow2 . l 5 5 .  9

8K 9 -  3 13 1 3 7 1 . 1 6 1 5 . 2 9 9 . 9 7 . 5 7 6 3 . 1 6 1 . 9
8 h  9 -  B 19 1 3 6 6 . I 6 b 3 . 23  7 . 9 8 . 0 6 9 8 . 1 5 0 . 9

1 2 0  9 -  3 17 1 3 5 3 . I s l o . 2 2  3 . 5 1 . r 66  a . 1 5 0 . 9
5E 5 -  0 20 1 5 2 9 . A 6 6 3 . 3 o a . 6 6 . 0 9 7 5 . 2 9 C . 7
7 6  S -  3 21 1 5 7 5 . 1 9 2 9 . 3 5 9 . 8 8 . e I k l 7 . 2 3 1 .  0

9 6  5 -  C 29 1 5 5 C . 1 9 1 1 . 3 6 1 . 8 5 . 0 1 C 1 2 . 2 3 9 . c
5E t -  7 3 3 1 5 9 7 . 1 9 7 6 . 9 2 9 . 1 1 3 . C 9 6 3 . 3b 1 .  e
8 6  5 -  7 9 5 1 5 5 C . 20 3 6 . 9 o 6 . 1 1 7 . 5 9 6 9 . 3 .  b .  7
9 h  S -  9 52 1 9 9 9 . 5 1 9 . 1 1 8 . 0 1 0 3 5 . 3 1 9 . 9
7 6  S - 1 0 59 1 5 1 3 . 26  3a . 5 1 8 . 1 1 6 . 4 ' 1 w2 9 . 3 2 2 . 6

7F S - 1 1 62 1 9 5 9 . 2 0 0 9 . 5 3 5 . 1 2 3 . C 9 6 3 . 3 3 6 .  6
9 6  5 - 1 1 69 1 5 3 7 . 2 0 1 2 . 9 7  5 . 1 1 6 . C 9 1 w . 3 9 5 . 9
2 l  t -  0 6 7 1 5 9 7 . 2 0 2 3 . 9 2 7 . 1 8 6 .  5 9 5 2 . 3 9 9 . 0
5 0 6 -  0 7 0 1 9 9 7 . 1 9 8 5 . 9 6  6 . 1 1 7 . 0 9 4 5 . 3 9 3 . 6
63  t -  0 7 9 1 5 3 1 . 1 9 9 0 . 9 5 9 . 1 5 * .  5 9 1 6 . 3 5 9 . 6

7H 6 -  0 6 6 1 5 5 5  . 21 . 7 . 9 6 2 . 9 7 . C 9 3 7 . 3 9 9 . 8
H E  6 -  0 6C 1 5 5 7 . 1 9 9 0 . 9 3 3 . 15  1. 5 9 . 1 . 3 9 7 . 0

8H 6 -  2 9 7 1 3 7 3 . 2 0 1 9 . o 9 1 . 1 6 7 . 5 6 9 0 . 3 6 9 . 7
5 h  6 -  2 99 1 5 9 1 . 26 6 0 . 5 1 8 . 1 2 1 . 5 9 9 . . 3 7 7 . 6
9E  6 -  2 1 0 5 1 3 9 9 . 2 C 9 2 . 69  7 . 1 5 6 .  5 1 2 7 9 . 3 6 9 . 5

8H 6 -  3 1 1 1 1 9 1 E . 2 t  9 9 . 6 2 6 . 15 7 . 0 9 3 9 . 3 9 2 . 7
9 6  6 -  3 1 2 9 1 5 5 7 . 20  6 . . 5 1 2 . 1 2 2 . 0 9 9 0 . 3 6 0 . 6

l l h  6 -  9 1 3 9 1 9 6 0 . 2 0 7 9 . o 0 6 . 1 5 6 . C 6 0 6 . 9b 2 .  2
9 0  6 -  9 1 9 3 1 5 5 1 . 2 A b 5 . 5 5 9 . 1 9 9 . 0 9 9 b . 9 0 L . 9
93 6 -  5 1 6 5 1 5 2 6 . 2 1 0 o . 5 7 9 . 1 6 6 . 5 9 9 9 . 9 1 6 . 9

t -  S -1-60. 1 5 9 2 . 2C-9a . V M l , 1 2 ‘» , r 9 7 9 . 3 9 8 . 9
83  6 -  6 1 9 2 1 5 7 2 . 2 1 2 0 . 5 9 6 . 1 9 5 . C 9 9 5 . 9 2 0 .  b
9b  6 -  6 1 9 3 1 5 6 8 . 2 . 0 4 . 5 9 9 . 1 2 8 . 0 9 6 8 . 9 1 9 . 6

11  F 6 - 0 1 7 3 1 5 5 9 . 2 0 6 9 . 5 3 0 . 1 2 2 . 5 9 5 b . 9 a 1 . 7
9 6  7 -  0 26 1 1 9 9 1 . 1 9 8 3 . 9 4 2 . 1 2 2 . C 7 3 3 . 9 7 0 .  5

7 0  7 -  6 3 0 9 1 9 6 7 . 2 0 7 9 . 5 9 2 . 2 1 0 . 1 8 8 1 . 5 3 0 . 7
7 6  7 -  6 3 1 2 1 5 2 5 . 2 a 2 6 . 6 C 3 . 1 5 8 . 0 9 8 b . 5 1 7 . 3

H E  7 -  6 3 2 5 1 9 9 9 . 2 6 6 7 . 57  3 . 2 8 9 . 1 8 b l . 52  5 . 0
5 l 6 -  0 3 3 7 1 3 1 2 . 1 9  9 3 . 6 3 1 . 1 9 5 . 5 7 4 7 . 5 7 9 . 6
7M 6 -  0 3 9 5 1 3 5 1 . 2 1 0 9 . 7 5 8 . 1 7 8 . 0 6 3 b . 5 8 0 . 6
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FLECHT SEASET 1 6 3 - R O D  BUNDLE FLOW BLOCKAGE TASK  
SUMMARY AND COMMENT SHEET

R u n :  6 1 7 0 5
T e s t  d a t e :  9 / 1 4 / 8 2
T e s t  t y p e :  F o r c e d  r e f l o o d
P a r a m e t e r :  D a t a  r e p e a t a b i l i t y  ( f i r s t )

A S - R U N  TE ST  C O N D I T I O N S :

U p p e r  p l e n u m  p r e s s u r e  0 . 2 7 3  MPa ( 3 9 . 6  p s i a )
I n i t i a l  p e a k  c l a d  t e m p e r a t u r e  a n d  l o c a t i o n  8 7 3 . 5 * C  ( 1 6 0 4 . 3 * F ) ,

6 E - 2 . 0 1  m ( 7 9  I n . )
I n i t i a l  p e a k  r o d  p o w e r :

P e r i p h e r a l  r o d s  2 . 2 9  k w / m  ( 0 . 6 9 8  k w / f t )

B y p a s s  r o d s  2 . 2 9  k w / m  ( 0 . 6 9 9  k w / f t )
B l o c k a g e  I s l a n d  r o d s  2 . 2 9  k w / m  ( 0 . 6 9 9  k w / f t )

F l o o d i n g  r a t e  3 8 . 1  m m / s e c  ( 1 . 5 0  I n . / s e c )
C o o l a n t  t e m p e r a t u r e  5 2 . 2 ° C  ( 1 2 6 ® F )
I n i t i a l  b u n d l e  w a t e r  l e v e l  + 1 . 0  mm ( + 0 . 0 4  I n . )

COMMENTS:

C a r r y o v e r  t a n k  f i l l e d  up a t  a p p r o x i m a t e l y  3 7 0  s e c o n d s .

I n l e t  mas s  f l o w : ^ ^ ^  - 0 . 8 %  t o  3 4 0  s e c o n d s  a n d  s t e p  d e c r e a s e  t o  + 0 . 6 %

P o w e r  d e c a y : ^ ^ ^  p e r i p h e r a l  r o d s ,  - 0 . 5 %  l i n e a r l y  I n c r e a s i n g  t o  - 1 %  b y  4 0 0  
s e c o n d s
b y p a s s  r o d s ,  + 0 . 2 5 %  l i n e a r l y  I n c r e a s i n g  t o  - 0 . 5 %  by  4 0 0  
s e c o n d s
b l o c k a g e  r o d s ,  0% l i n e a r l y  I n c r e a s i n g  t o  - 0 . 2 5 %  b y  4 0 0  
s e c o n d s

1 .  R e l a t i v e  t o  r u n  6 1 0 0 5
61705-1



f L c C H T  S t * S E T  1 6 3  ROD BUNDLE T E E T  SERI ES 
RUN NUNBER61705

R O U / £L E V T i h l T l A k H a XI HUN T6HP68ATI J8? T l f * N4RPUH0 Q t Eh CH QUfcNC^
CHa N* hO A1 f L L b l TEnP6RATUB6 RI SE T c r t f R 6 A l U R £ T I h E

( C 6 6  F ) ( 0 6 9  F) ( 06G F ) (SECONDS) ( 0 6 8  F) ( SE C O N D S )

9 6  1 -  C 3 6 6 9 . 68 6 . 1 5 . 6 . 5 5 7 6 . 1 9 .  C
i Or t  2 -  C b 9 0 0 * 9 3 5 . 3 5 . 7 . 5 6 5 6 . 6 2 . 5

9 6  3 -  3 9 1 2 3 6 . 1 2 9 6 . 6 3 . 1 2 . 5 7 6 7 . 6 1 . 6
3J  C 11 1 3 6 2 . 1 6 6 9 . 1 0 7 . 2 5 . 5 7 5 b . 1 1 5 . 1
7H C 12 1 3 5 b . 1 6 6 5 . 1 0 8 . 2 6 . 5 7 6 6 . 1 1 6 . 9

6K  <1- C 13 1 3 7 3 . 1 6 8 6 . 1 1 1 . 2 5 . 5 7 6 6 . 1 1 9 . 6
aM 0 16 1 3 5 3 . 1 6 6 0 . 9 6 . 1 9 . 5 7 6 7 . 1 1 6 .  9

i Z D  *1- 0 17 1 3 6 5 . 1 6 3 6 . 8 9 . 2 0 . 0 7 7 3 . 1 1 6 . 6
5 6  5 -  C 20 1 5 2 6 . 170 5 . 1 7 9 . 3 8 . 0 6 6 5 . 1 6 7 .  fc
7 6  5 -  C 21 1 5 6 C . 1 7 6 3 . 1 6 3 . 3 7 . 5 6 6 7 . 1 6 6 .  1

9 6  5 -  0 26 1 5 5 2 . 1 7 1 9 . 1 6 7 . 3 8 . 0 6 5 5 . 1 6 7 .  ;
56  5 -  7 33 1 5 6 6 . 1 7 2 1 . 1 7 5 . 5 6 . 0 0 6 6 . 1 9 9 .  *,
6 6  5 -  7 65 1 5 5 3  . 1 7 6 6 . 1 9 2 . 6 5 . 5 6 6 5 . 2 0 2 .  1
9 h  5 -  9 52 1 6 9 9  • 1 7 0 1 . 2 0 2 . 6 6 . 5 6 2 3 . 2 0 6 . 3
7 6  5 - 1 0 59 I 5 2 x . 1 7 3 2 . 2 1 1 . 7 7 . 5 6 b 3 . 2 1 0 . 6

7F 5 - 1 1 b2 1 6 6 5 . 1 6 9 0 . 2 2 5 . 7 7 .  5 9 6 6 . 2 1 3 . C
6 6  5 - 1 1 66 1 5 5 1 * 1 7 3 7 , 1 8 6 . 6 5 . 5 6 8 3 . 2 2 1 . 7
21  6 -  C 67 1 5 9 3 . 1 8 1 2 . 2 1 8 . 5 0 . 0 9 3 2 . 2 2 1 . c
5 0  6 -  C 7C 1 5 0 1 . 1 7 1 6 . 2 1 3 . 6 8 . 5 6 6 0 . 2 2 0 . 3
64  6 -  C 76 1 5 3 7 . 1 6 9 9 . 1 6 2 . 3 8 . 0 0 6 2 . 2 2 5 .  1

7M 6 -  0 66 1 5 5 1 . 1 7 5 1 , 2 0 0 . 5 5 . 5 6 b 5 . 2 2 0 . C
1 1 c  6 -  0 80 1 5 6 6 . 1 7 2 6 . 1 7 9 . 5 6 . 0 6 9 9 . 2 2 0 . 1

a n  6 -  2 9 7 1 3 9 1 . 1 6 6 6 . 2 5 5 . 9 2 . 5 9 0 9 . 2 2 7 . C
5H 6 -  2 99 1 5 6 7  . 1 7 6 8 . 2 0 1 . 6 6 . 5 69:>. 2 3 5 .  1
9 6  6 -  2 1 0 5 1 3 5 2 . 1 7 1 3 . 3 6 1 . 9 1 . 5 1 2 8 7 . 2 0 7 . 2

8H 6 -  3 11 1 1 6 3 3 . 1 6 7 5 . 2 6 2 . 9 1 . 0 9 5 2 . 2 3 2 . 1
6 6  6 -  3 1 2 6 1 5 6 3 . 1 7 7 0 . 2 0 7 . 6 7 . 0 6 9 5 . 2 6 1 . 9

I l H  b -  6 1 3 6 1 6 8 6 . 1 7 6 6 . 2 5 7 , 9 2 . 0 6 3 7 . 2 3 9 . c
9 0  6 -  6 1 6 3 1 5 6 5 . 1 8 0 5 . 2 6 0 . 8 0 . 5 9 2 7 . 2 6 3 .  5
9 J  6 -  5 1 6 5 1 5 3 6 . 1 7 5 8 . 2 2 2 . 9 2 . 5 9 9 6 . 2 6 6 . 5

9 «  6 -  5 1 6 6 1 5 6 « . 1 8 0 9 . 22 1 « 5 6 - 0 9 3 c . 2 6 5 . 2
b J  b -  b 1 9 2 I S ? - * . 1 7 6 2 . 2 0 3 . 7 6 . 0 1 C 2 6 . 2 6 3 .  7
9 u  b -  6 1 9 3 1 5 5 0 . 1 8 1 8 , 2 6 8 . 8 0 . 0 9 5 a . 2 5 6  . C

I l f  b -  6 1 7 3 1 5 6 9 . 1 6 0 1 . 2 5 7 . 8 0 . 0 9 0 9 . 2 5 0 .  7
6 6  7 -  0 2 b l 1 6 0 9  . 1 6 6 0 . 1 5 5 . 3 8 . 0 6 1 3 . 2 b 5 . 7

7 0  7 -  6 30 9 1 6 0 3 . 1 7 1 2 . 2 2 9 . 8 2 . 5 8 8 7 . 3 1 6 . 5
7 6  7 -  fc 3 1 2 1 5 2 9 . 1 7 6 6 . 2 1 9 . 7 7 . 5 8 6 6 . 3 1 0 .  1

1 1 6  7 -  6 3 2 5 1 6 9 9 . 1 7 3 2 . 2 3 7 . 7 2 . 0 c 9 o . 3 1 1 . s
5L a -  0 3 3 7 1 2 9 9 . 1 6 3 0 . 3 3 0 . 1 1 6 . 0 6 0 2 . 3 6 5 .  6
7H 8 -  0 3 6 5 1 3 5 2 . 1 6 6 2 . 3 1 0 . 9 1 . 0 8 2 0 . 3 3 b . c

7R 8 -  C 36 6 1 3 5 3 . 1 6 6 2 . 2 8 8 . 1 1 6 . 0 7 9 9 , 3 3 9 .  t
5 J  8 -  6 36 6 1 1 6 0 . 1 3 9 P . 2 5 0 . 1 2 7 . 5 7 0 6 , 3 7 1 . :
76  8 -  6 3 6 8 1 1 1 5 . 1 6 2 5 . 3 1 0 . 1 1 1 . 0 7 2 7 . 3 6 5 .  V
7 6 9 -  3 383 1 C 9 3 * 1 6 1 9 . 3 2 6 . 1 7 5 . 0 7 2 5 . i o  6 . i
8H 9 -  3 38 7 l C 5 i . 1 3 2 8 . 2 7 7 . 1 7 7 . 0 6 1 9 . 3 8 8 .  1

9C 9 -  3 3 8 9 1 C 1 6 . 1 3 2 6 . 3 0 9 . 1 3 0 . 5 6 6 5 , 3 9 3 . C
I I F  9 -  3 39 6 1 C 3 7 . 1 3 3 6 . 2 9 7 . 1 0 5 . 0 7 7 1 . 3 6 9 .  ^

7 8 1 0 -  0 6 0 8 8 2 5 . 1 2 2 1 . 3 9 6 . 1 3 6 . 0 6 2 5 , 6 l 0 .  C
8 H 1 0 -  C 6 1 5 0 6 2  • 1 2 0 2 . 3 6 1 . 1 0 5 . 0 6 9 o . 3 6 3 .  7
6 K . 1 0 -  C 6 1 7 8 7 0 . 1 1 8 3 . 3 1 3 . 1 2 9 . 5 6 6 1 . 6 0 6 .  .

6 N 1 0 -  C 61 6 8 6 7 . 1 2 6 1 . 3 9 6 . 1 3 9 . 0 6 5 6 . 6 1 6 .  i
6H11- G 6 2 9 67 1  . 7 9 1 . 1 2 0 . 6 1 . 0 5 3 6 . 1 7 2 . 6
9 ^ * 1 1 -  0 63 1 6 6 5 . 8 5 1 . 1 8 6 . 9 2 . 0 6 7 a . 2 5 1 . 1

1 1 6 1 1 -  0 6 3 2 6 6 9  . 9 1 7 . 2 6 8 . 1 0 6 .  5 5 6 6 . 3 6 0 .  (

5 J 1 1 -  fc 63 6 6 5 9  • 7 7 C . 1 1 5 , 6 0 , 5 5 3 9 , 3 6 5 .  1
7 8 1 1 -  6 63 7 6 2 9 . 9 1 1 . 28 2 . 1 6 1 . 5 5 5 * . 3 5 9 .  t
8 J 1 1 -  6 63 6 6 6 5 . 7 6 3 . _ 9 8 ,  _ 3 7 . 5 5 3 5 . 3 9 9 .  5

61705-2



I N I T I A L  TL Nr  ( CL ( i  ir )

RON 6 i 7 C 5  HEATER ROD S T A T I S T I C A L  DATA 

HAX TEHP (DEG F) t u r n a r o u n d  t i n e  ( S E C )

£ t E V HAX h l N n i x MIN h SAn n k t M o
12 6 7 3 . 2 6 6 9 . C 6 7 1 . 5 6 6 7 . 9 6 8 3 . 7 6 8 6 . 2 9 , 5 9 . C 9 . 3
Z** 6 9 9 . 6 6 6 9 .  6 6 7 9 . 1 9 3 9 . 8 8 9 7 . 7 9 1 2 . 8 7 . 5 7 . 5 7 . 3
39 1 2 3 3 . 7 l i c e .  9 1 2 0 6 . 9 1 2 9 6 . 3 1 2 5 7 . 7 1 2 7 0 . 7 1 3 . 5 1 1 . 3 1 2 .  9

1 3 6 1 . 6 1 3 9 9 . 6 1 3 6 2 . 9 1 9 8 7 . 3 1 9 3 3 . 8 1 9 6 7 . 0 2 7 . 0 1 9 . 3 2 9 . 1
60 1 3 6 0 . 3 1 9 5 7 . 9 1 5 3 t . O 1 7 6 9 . 6 1 6 1 3 . 0 1 7 0 2 . 9 3 9 . 5 3 7 . 0 3 6 . 1
67 1 6 0 3 . 1 1 9 6 6 . 9 1 3 5 ' * . 9 1 7 7 5 . 7 1 6 8 9 . 5 1 7 2 8 . 9 6 5 . 5 3 7 . C 9 2 .  3
69 1 5 3 0 . 1 1 9 9 9 , 1 1 5 1 0 . 2 1 7 1 3 . 2 1 6 7 6 . 6 1 7 0 0 . 8 6 6 . 5 3 c . 5 9 t . l
70 1 6 0 3 . 2 1 9 6 9 .  1 1 5 3 2 . 3 1 7 6 8 . 0 1 7 0 2 . 1 1 7 2 9 . 3 7 7 . 5 3 9 . 3 3 3 .  3
71 1 3 3 1 . 1 1 9 6 9 . 9 1 5 0 i  . 9 1 7 3 6 . 7 1 6 7 0 . 2 1 7 0 0 . 6 7 7 . 5 3 3 . 3 6 3 . 9
12 1 3 9 6 . 6 1 9 6 9 . 9 1 5 9 7 . 6 1 8 1 1 . 6 1 6 9 6 . 8 1 7 9 9 . 2 6 2 . 5 3 7 . 3 3 1 . 3
73 1 5 6 9 . C 1 9 9 1 . 9 1 3 2 3 . 6 1 7 9 9 . 7 1 6 6 6 . 9 1 7 2 9 . 9 8 3 . 0 9 0 . C 3 6 . C
I s 1 5 9 2 . 3 1 3 9 1 . 2 1 3 1 c  . 2 1 6 0 2 . 5 1 6 9 6 . 0 1 7 9 2 . 7 9 2 . 5 9 6 . 0 6 3 . 7
75 1 3 9 0 . 6 1 9 3 2 . 6 1 3 2 3 . 6 1 6 1 5 . C 1 6 7 9 . 6 1 7 9 8 . 9 9 1 . 0 9 6 . 0 6 6 .  3
I t 1 5 9 8 . 6 1 9 7 7 . 7 1 3 5 0 . 1 1 8 2 2 . 9 1 7 3  7 . 8 1 7 7 7 . 3 9 2 . 0 9 9 . C 6 9 . 3
77 1 5 8 7 . 9 1 9 9 7 . C 1 3 9 5 . 6 1 8 2 5 . 2 1 6 9 9 . 8 1 7 7 1 . 5 9 9 . 0 9 9 . 3 7 7 . 3
78 1 3 9 7 . 7 1 5 2 1 . 6 1 3 6 0 . 9 1 6 9 6 . 7 1 7 3 3 . 9 1 7 9 3 . 9 9 9 . 5 9 b .  3 7 3 . 6
79 1 6 0 ^ . 3 1 9 9 1 . 6 1 3 6 3 . 5 1 8 3 7 . 6 1 7 6 5 . 7 1 8 0 1 . 3 1 0 5 . 0 3 5 . 3 7 c . e
60 1 3 6 6 . 9 1 3 C 7 .  7 1 3 5 9 . 5 1 6 3 6 . 9 1 7 7 3 . 5 1 8 1 8 . 9 9 9 . 0 6 0 . C 7 9 . i
61 1 3 0 ^ . 7 1 9 9 i  . 6 1 3 9 3 . 2 1 6 9 6 . 7 1 7 9 7 . 8 1 8 1 1 . 9 1 1 9 . 5 6 2 . 0 6 3 .  C
8 ^ 1 5 3 7 . 0 1 9 3 6 . 2 1 9 9 6 . 6 1 7 7 2 . 9 1 5 8 5 . 7 1 6 5 3 . 6 8 6 . 0 3 7 . C 5 C . :
06 1 5 6 2 . 5 1 9 6 3 . 6 1 5 3 0 . 3 1 7 9 9 . 5 1 6 3 9 . 9 1 6 9 2 , 0 7 8 . 0 1 9 . 0 9 6 .  1
90 1 3 3 0 . 5 1 9 2 7 .  i 1 9 6 1 .  t 1 7 6 5 . 7 1 6 6 8 . 0 1 7 1 8 . 2 9 9 . 0 5 2 . C 7 3 . 7
9b 1 9 0 6 . 1 1 2 9 9 . 5 1 3 ? 3 . 9 1 7 3 2 . 2 . 1 6 2 1 . 8 1 6 7 3 . 9 1 5 6 . 0 6 9 . 3 9 6 . 6

102 1 2 0 2 . 9 1 1 1 5 . 9 1 1 7 ^ . 3 1 9 9 6 . 9 1 3 9 7 . 5 1 9 9 7 . 3 1 7 3 . 5 b b . 3 1 3 2 . 3
111 1 0 9 9 . 9 1 C 1 6 . 3 1 C 5 5 . 3 1 9 1 6 . 9 1 2 7 d . 6 1 3 5 0 . 9 1 9 8 . 0 b l . C 1 9 6 . 3
12 0 9 0 3 . 0 6 0 9 . 6 6 6 0 . 1 1 2 9 2 . 1 1 1 0 2 . 9 1 2 2 2 . 2 1 8 0 . 0 9 5 . 3 1 9 3 . 6
132 6 7 3 . 2 6 6 9 . 6 6 6 b  . 9 9 2 1 . 9 7 8 6 . 0 8 6 6 . 6 1 7 7 . 5 9 i . C 1 C 3 . 1
13b 6 6 9 . 6 6 2 9 . 1 6 9 5  . 7 9 1 1 . 1 7 6 3 . 0 8 3 2 . 9 1 6 1 . 5 3 7 . 3 9 0 . 1

TEHP RI SE (DEG f >

RUN 6 1 7 0 5  h e a t e r  r o d  s t a t i s t i c a l  d a t a

QUENCH TENR (DEG F» OUI.NCH T I HE ( SE C )

6LEV h a x h l f i MAX MIN MEAN •'AX M h MEa 6
12 1 9 . 7 1 9 . 7 1 9 . 7 5 7 7 .  3 5 7 1 . 7 5 7 9 . 9 2 0 . 9 I S . C 1 9 . S
29 3 3 . C 3 3 . 1 3 3 . 7 6 3 7 . 6 6 3 2 . 2 6 9 6 . 6 9 2 . 5 9 C . 9 9 1 . 1
39 6 8 . 6 6 1 . 3 6 9  . 9 7 6 7 . 3 7 6 1 . 1 7 6 3 . 1 8 3 . 5 8 1 . 0 8 1 . 9
98 1 1 1 . 6 6 9 . C 1 0 9 . 1 7 7 3 . 0 7 9 7 . 6 7 6 0 . 2 1 1 9 . 9 1 1 9 . 9 1 1 6 . 1
60 1 8 3 . 3 1 3 3 . 6 1 6 6 . 9 6 8 6 .  3 8 3 1 . 7 8 5 0 . 1 1 7 2 . 9 1 6 9 . 6 1 6 8 . 1
67 2 1 9 . 6 1 3 3 . 9 1 6 9 . 0 8 8 5 .  1 7 8 9 . 7 8 9 7 . 1 2 0 3 . 1 1 9 9 . 9 1 9 9 . 9
69 2 0 1 . 9 1 6 7 . 3 I t  i  • b 8 8 7 . 9 8 2 3 . 0 8 5 1 . 5 2 1 2 . 9 2 C1 . 1 2 C 7 . 3
70 2 1 8 . 0 1 7 9 . 3 1 9 7 . 0 9 3 6 . 8 8 6 2 . 7 8 9 1 . 2 2 1 5 . 7 2 0 7 . 3 2 1 0 . 9
71 2 2 3 . 1 1 8 3 . 9 1 9 9 . 1 9 9 3 . 5 8 7 1 . 6 8 9 9 . 9 2 2 1 . 7 2 1 2 . 0 2 1 6 . C
72 2 3 0 . 6 1 6 1 . 7 2 0 1 . 6 9 3 2 . 2 8 6 0 . 7 8 9 3 . 5 2 2 7 . 0 2 2 c . 0 2 2 2 . 9
73 2 2 3 . 3 1 8 7 . 7 2 0 3 . 6 9 3 9 . 8 6 6 3 . 8 8 9 1 . 3 2 3 1 . 0 2 1 6 . 9 2 2 5 . i
79 2 7 9 . 1 2 C 0 .  2 22 6  . 3 9 2 8 . C 8 6 2 . 2 89 5 . 1 2 3 6 . 0 2 2 5 . 0 2 3 1 . :
73 2 3 6 . 3 1 8 2 . 9 2 2 9 . 7 1 2 3 8 . 1 6 7 0 . 6 9 2 6 . 6 2 9 1 . 9 2 1 8 . 7 2 3 9 . 2
76 2 6 9 . 3 1 9 9 .  9 2 2 7 . 2 102 5 . 0 8 3 7 . 9 9 2 5 . 6 2 9 6 . 0 2 3 2 . 0 2 3 9 . 6
77 2 7 3 . 9 1 9 9 . 9 2 2 3 . 9 1 0 2 8 . 2 8 3 3 . 8 9 9 6 . 0 2 5 2 . 0 2 3 6 . 9 2 9 ^ * 2
7fa 2 6 6 . 9 1 9 3 . 7 2 3 2 . 9 1 0 2 9 . 9 8 2 8 . 9 9 9 3 . 6 2 5 8 . 0 2 9 3 . 9 2 5 C . 7
79 2 7 9 . 9 2 0 9 . 3 2 3 7 . 7 1 0 6 9 . 1 7 2 1 . 9 9 5 5 . 6 2 6 1 . 0 2 9 7 . 1 2 5 9 . C
bO 3 1 8 . 6 2 1 6 . 9 2 C J . 9 1 0 1 6 . 3 8 6 9 . 9 9 9 7 . 5 2 6 7 . 0 2 3 o .  0 2 6 1 . 5
61 3 0 6 . 7 2 3 0 .  3 26C • 7 1 0 9 6 . 2 8 8 3 . 2 9 9 2 . 9 2 7 1 . 9 2 5 9 . 9 2 6 6 . 5
69 2 3 9 . 7 1 2 3 . 1 1 3 6 . 6 9 5 3 . 7 7 6 2 . 9 8 2 6 .  1 2 8 9 . 1 2 t b . O 2 6 2 . 5
86 2 0 9 . 7 1 1 2 . 9 l C i . 7 9 9 1 . 8 7 9 2 . 3 8 3 8 . 9 2 9 8 . 1 2 8 2 . 1 2 9 1 .  1
90 2 7 9 . 9 1 9 2 . C 2 3 1 . C 9 8 2 . 6 8 1 9 . 0 8 8 7 . 6 3 2 2 . 0 3 C 2 . 1 3 1 1 . 5
9b 3 3 7 . 7 2 b b .  3 3 2 C . 0 9 3 8 . 2 7 7 3 . 3 8 9 3 . 8 3 5 0 . 5 3 2 9 . 9 3 3 9 . 6

1 0 2 3 1 7 . 9 2 1 3 . 9 2 7 3 . 0 9 1 5 . C 6 5 9 . 3 7 9 0 . 3 3 7 1 . 1 3 C 9 . 9 3 5 6 . 9
111 3 3 3 . 9 2 3 i .  1 2 9 3 . 6 8 9 3 . 9 6 1 6 . 6 6 9 6 .  6 3 9 3 . 0 3 2 9 . 1 3 6 1 . 1
120 9 2 1 . 6 2 8 6 . 9 3 6 4 . 2 1 0 1 3 .  5 59 2 .  P 6 5 9 . 7 9 1 5 . 1 1 9 2 . 9 3 9 1 . 3
132 2 9 0 . 3 1 2 U . C l S o . 2 6 7 1  . 2 9 8 3 . 3 5 3 6 . 9 9 2 1 . 3 1 7 4 . 9 3 9 C . 6
1 3 b 282 . 0 9 b . 2 1 8 7 . 2 70 5 . 8 3 3 0 . 0 5 7 2 . 3 3 9 9 .  5 2 1 9 . 9 3 9 2 . 4
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L’ CO.O

1 0 0 0 , 0

800 .00

60 0 .00
a
s

I  »oc.oo

f OO. OO

1 0 0 . 0 0

-  I ’ ; . . -

i  1 ^ 0 . : :

*
w-

a  i 0 0 . . :  

z

3  7 5 . 0 0 0

kh

c
' 9 .0 00

a

J  ^5.000
a.—

<  0 . 0  

z

- ? * . 8 3 5

rUCMT SEAStT JUMOLtS 
RUH 6 1 7 0 5  
CM/5TM 1 8 / t

1500.0

1 0 0 0 . 0

750.00

500.00

O
o

s s s s
s §

t i m e  ( SECONDS )

TIME ( SECONDS I

S

f i E i  ht seaSET SuNOlES 
Run 6 P 0 5  
C M/5  T M 18/1

15.000

1 0 . 0 0 0

5 .0 000

o
oo

Rod 3H, 1.52 m (60 I n . )

61705-4



l?00.0

tooo.o

800.00

600.00
at
3

<

I  400.00

2 0 0 . 0 0

1 0 0 . 0 0

FlECHT SEASET 0UNOLES 
RUN 617CS 
CH/SYM 29 /1

1500.0

1 0 0 0 . 0

750 .00

8 8 8
8 8 1

8 8

O
w
O

a.
X

TIMC ( SCCONOS )

* 1 7 0 . : ! ^  

S  150.00

•N-

;  I £5 .00

5  1 0 0 . 0 0

X

^  75.000
w

w

^  50 .000
ae
w

J  ^ 5 . 0 0 0
(X

<  0 . 0  

X

-2 * .9 9 8

90.000
FlECHT SEASET BUNDLES 
Run  6 1 70 5  
Ch / S v M 2 9 / 1

15.000

1 0 . 0 0 0

5.0000

8  8
8  8

TIME ( SECONDS I

8 8

Z
•V

A

Rod 3H, 1.70 m (67 I n . )

61705-5



uoo.o

1000.0

6 0 0 .0 0

^  6 0 0 .0 0

I  * 0 0 . 0 0

200.00

100.00

atC M T $EA$£T lUNOUS  
x U N  6 1 7 0 S

1500.0

1250.0

1 0 0 0 . 0

750 .00

5 0 0 .00

o
o

8  8
8  8

T I M E  < S E C O N D S  )

8 8 8
8

a

<

1 7 0 . ^ 8
w

S  1 5 0 . 0 0

*  t ^ 5 . 0 0  
✓»

5  1 0 0 . 0 0

m

^  75 .000
w
w

5 0 .0 0 0
m
w

;  2 5 .0 0 0  
ac

5  0 . 0

X

- 2 * .9 9 8

o
o

30.000
r i E C M T  S E A S E T  e u N D L E S  
RUN 6 1 7 0 5

2 0 . 0 0 0

15.000

1 0 . 0 0 0

5 .0 000

0 . 0

8  8
8  8

T I M E  ( S E C O N D S  )

8 8
o

8
8

Z

3

M
<

Rod 9G, 1.70 m (67 I n . )

61705-6



1200.0

1000.0

8 0 0 . 0 0

6 0 0 . 0 0
s

^  t o o . o o

2 0 0 . 0 0  

1 0 0 . 0 0

r iE C H T  SEASET 8UN0LES 
8UN 6 1 7 0 S

2 0 0 0 . 0

1 5 0 0 .0

1 2 5 0 .0

1 0 0 0 . 0

7 5 0 .0 0

5 0 0 . 0 0

o
o

S 8
8  8

TIME ( SECONDS )

8 8 8
8

_  170.28

S  1 5 0 . 0 0

*  1 2 5 . 0 0

5  1 0 0 . 0 0

m

i i  7 5 . 0 0 0

°  5 0 . 0 0 0

2 5 . 0 0 0

0 . 0

- 2 * . 9 9 8

o
o

9 0 . 0 0 0
FlECHT SEASET BUNDLES 
BUN £1705

2 0 . 0 0 0

1 5 .0 0 0

1 0 . 0 0 0

8  8 8 8 8

8  8 i i
TIME ( SECONDS )

R o d  I I K ,  1 . 7 0  m ( 6 7  I n . )

61705-7



1?00.0

1 0 0 0 . 0

800.00

^  600 . 00

J  * 0 0 .0 0

? 0 0 . 0 0  

1 0 0 . 0 0

f L t CHT  SEAStT BUNDLES 
BUN 6 I 7 0 S  
CM/SYM 1 8 a / l

1 5 0 0 .0

1 0 0 0 . 0

7 5 0 .0 0

5 0 0 . 0 0

o
o

s s
s  ^

TIME ( SECONDS »

S § S
8

O.
X

.  170.

^  150.00

*  1 ^ 5 . 0 0

5  100.00
K

^  7 ^ , 0 0 0

^  50 .000

;  ^ 5 . o o o
oe

*  0 . 0  

X

- ^ * . 9 9 g

30.000
Tl ECh T SE*SET b u n d l e s  
BUN 6 1 70 5  
Ch / S y h  1 8 ? /1

2 0 . 0 0 0

10.000

5.0000

t i m e  ( SECONDS )

8 8 8 8 8

8 t 8 8 8(NTl

Rod 3H, 1.98 m (78 I n . )

61705-8



1?00.0

lOf'O.O

8 0 0 . 0 0

o
w
e

^  600 .00

s

<

I  t o o . 00

1 0 0 . 0 0

1 0 0 .0 0

fLCCHT 5EASET BUXDlES 
S u n  6 1 7 0 5  
Ch / S y M 1 9 0 / 1 2000.0

1 5 0 0 . 0

1 0 0 0 . 0

5 0 0 . 0 0

o
o

8
8

8
i

8

8
8 8

TIME < SEC0X05 )

_  170.28

“  150.00

*  125.00

5  1 0 0 . 0 0

*

Z  75.000
W

50 .000
oc
w

;  ?5.ooo
oe

<  0 . 0  

X

- 2 t . 9 9 8
o
o
o

30.000
t l e c m t  s e a s e t  b u n d l e s  
Sun 61705  
C m / S y m  1 9 0 / 1

61 005
1 9 0 / 2

2 0 . 0 0 0

1 5 . 0 0 0

10.000

8

TIME

8

( SECONDS >

8
8

Rod 7H, 1.98 m (78 1 n . )

61705-9



l a o o . o

1000.0

800.00w

O
w
e

^  600 .00  
«
3

<
«

J  • 0 0 . 0 0

2 0 0 . 0 0

1 0 0 . 0 0

r iCCHT SCAStT gUNOLCS 
ftUN 6 1 7 0 ^
CM/SYM 2 9 8 /

ISOO.O

1000.0

500.00

oo o
o

o
o

o
o
o

s ooo

TIMC ( SCCONOS )

^  l ’ 0 . 2 ?

2  1 5 0 . 0 0

*  1 2 5 . 0 0

5  1 0 0 . 0 0

m
w

^  7 ^ . 0 0 0

w

2  5 0 . 0 0 0
ac
w

;  2 5 . 0 0 0  
«

*  0 . 0
w
z

- 2 * . 3 9 c

BO. 0 0 0
Fl CCmT SCASCT BUNOlCS 
B u m  6 1 7 0 5

15.000

1 0 . 0 0 0

o
o

o o oo

o
o ?  8  5?rvj

TIME ( SECONDS )

8

Rod 3H, 2.29 m (90 In.  )

61705-10



3

«
ec

1200.0

1 0 0 0 . 0

800.00

600.00

* 0 0 . 0 0

2 0 0 . 0 0

1 0 0 . 0 0

6LECHT $ £ * S E T  BUNDLES 
RUN 6 1 7 0 S

2 0 0 0 . 0

1 0 0 0 . 0

750.00

5 0 0 .00

oo oo 8 oo
o
o oo 8 Oo

o
• oO nT-

oo 8 8 8 8fTi
ONTnr»

oo

TIME ( SECONDS )

_  170.28 

£  1 ^ 0 . 0 0

*  125.00

M-

5  1 0 0 . 0 0

M

2  75.000
W

2 'jO.OOO
a
w

;  ^s.ooo
oc

<  0 . 0
UJ
z

- 2* . 99 -

30.00C
t l E C m t  s e a s e t  B u n d l e s  
RUN 6 1 70 5

15.000

1 0 . 0 0 0

g  8

8  8
TIME ( SECONDS )

o
|T>

O

8
8
8

Rod 6G, 2.29 m (90 i n . )

61705-11



1200.0

1 0 0 0 . 0

8 0 0 . 0 0

^  6 0 0 . 0 0
or
3

J  * 0 0 . 0 0

2 0 0 . 0 0

1 0 0 . 0 0

I ' O . O e

*  1 2 0 . OC

1 0 0 . : :

7 0 . 0 0 0

o o . o o :
a

»  ^ O. OO’C

«  0 . 0
w
Z

FlCCMT $CASET lU H O lC S  
RUN $ 1 7 0 5  
CM/ $YM 3 ^ 5 / l aooo.o

1 7 5 0 . 0

\ 0 0 0 . 0

7 5 0 . 0 0

5 0 0 . (XI

o
©o

o
o
o

o s o
o

o
c

o

TIMC ( SCCONOS )

TjMC ( SCCONDS )

3 0 . 0 0 0
F l C C h t  S £ a $ C T  e u N D l C S  
fius e P 0 5

a o . o G o

1 0 . 0 0 0

o
o

coc
o

© ©
c

©o ©
©

Rod TIE, 2.29 m (90 1 n . )

61705-12



1200.0

1 0 0 0 . 0

800.00

^  600 . 00
ec
s

«

?  * 0 0 . 0 0

2 0 0 . 0 0  

1 0 0 . 0 0

fLCCHT S E AJ t T  BUHOl ES 
Run  6 1 7 0 5  
CH/STM 3 8 2 / 1 2 0 0 0 . 0

1750.0

1500.0

1 0 0 0 . 0

750.00

500 . 00

t i m e

S
( SECONDS )

_  1 7 0 . 2 8  

I  1 5 0 . 0 0

*  1 2 5 . 0 0

5  1 0 0 . 0 0

*

~  7 5 . 0 0 0

2 5 . 0 ' C

30.000
el e cmt  s e * se t  Bu n d l e s  
Run 6 1 70 5  
C M/ S rM  3 8 2 / 1

1 0 . 0 0 0

o
o
o

o
c
o

TIME SECONDS I

Rod 6G. 2.82 m (111 I n . )

61705-13



taoo.o

1 0 0 0 . 0

8 0 0 . 0 0

^  6 0 0 . 0 0

J  * 0 0 . 0 0

aoo.oo

JOO.OO

_  1 7 0 .^ 8  

“  1 ^ 0 . 0 0

*  l ^ ^ . 0 0

5  1 0 0 . 0 0

M
w

3  7 5 .0 0 0

o
-  5 0 . 0 0 0

a s . 0 0 0

0 . 0

-a* . 008

8L6CMT 5£*SCT lUNOUS  
RUN 61705  
C M / S T M  m / i

1500.0

1 0 0 0 . 0

750.00

TIMC ( S C C0N 05  )

S
>vj

TI Mt  ( StCONDS I

Rod 121, 2.82 m (111 I n . )

oo OO OO

8rr- 8
oo

9 0 .0 0 0
flecht  $e * s£ t Bundles  
R un  6 1 7 0 5
CM/S7M 1 J 8 / 1 as. 000

15.000

1 0 . 0 0 0

soo oo o
o

o
o

61705-14



I J O O . O

lOCiO.O

2  8 0 0 . 0 0  

o

0

’  e o o . o c
a

<
cc

1  * 0 0 . 0 0

^ 0 0 . 0 0  

100. o rj

f l t C H T  $ £ A S f T  t U N O U S  
R u n  6 1 7 0 5  
Ch / SYM • a o / 1 ^ 0 0 0 . 0

1000.0

o
o

ooo
o

oooo
o

o

TI Mt  ( SCCONDS )

•  1 7 0 . ^ 8

S  1 5 0 . 0 0

*  1 ^ 5 . 0 0

5  1 0 0 . 0 0

2  7 S . 0 0 0

u.

^  ‘ -O.OOC

J  ^ ' . . 0 0 0  
a

<  O . f

J O . 0 0 0
f L tCHT SCAStT BUNDLCS 
Run 6 1 70 5  
Cm / STM » ? 0 / t

15.000

10.000

o
o

I l M f  ( StCONDS )

Rod 9K, 3.05 m (120 1 n . )

61705-15



l^OO.O

lOOO.O

2  800.00 

c.

I  0 0 0 . 0 0
flC

«
a

5  *OO.f j r . i

^ 0 0 . 0 0

t o o . o o

fLECMT SEASET euHOLES 
AUN 6 I T 0 S  
CH/S YM ♦ } * /  1

? ! 9 2 . 0

^ 0 0 0 . 0

J T 5 0 . 0

1 5 0 0 . 0  

1 ^ 5 0 . C

1000.0 

T 5 O . C0  

5 0 0 . 0 0

O
o

T I M t  ( S C C O H O ^  )

-  150.00

*  1^5 .00

> lOO.-.'

-  TS.OOO

-r"* . O'?'

30.000
Tl ECmT s e a s e t  euhOcES 
R u n  f c l T O S  
C h / S y M  * 3 * / I

1 0 .0 00

TIME I SCfONOO

Rod 111, 3.35 m (132 I n . )

61705-16



1000.0

900.00

800.00

700.00

600.00  

2  500.00
0

1  *0 0 .0 0

m

i  300.00

a o o . o o

1 00 .00

riECNT sctsET II.011C0 iuioa  
•  u*
Cm/SvN *•}/!

1 0 0 0 . c

750.00

500.00

1^3:88

TIMC ( S[CO«D$ I

lOOC.O

900.00

800.00

700.00

600.00 

i  500.00
0

1  * 0 0 . 0 0

m

t  300.00

200.00

100 .00

Th I M I U  K i l l  K H f t k l t u l C !S( >S[I tlOCXD lukOlI 
• u *  * 1 ' 0 ^

1000.0

500.00

T|M( ( SCCONOS t

61705-17



soo.oo

« 0 0 . 0 0

300.00

300.00

100.00

0.0

932.00
900.00riieiir tc*iCT t i t c i i t  (waoit

(t>0>
C « / t T M  } • « / !  in/ i

Mwtiac « *u  r(N»{t*r««c

900.00

700.00

( 00.00

SOO. OO

* 00 .00

300.00

200.00

100.00

8
8

8 8
i i

TIMf ( ICCO«lt >

8
i

8
8

8
i

s

5

i
K

300.00

250.00

200.00

C 150.00 

X

I  100.00

50.000

0.0

8

riicxt setter iioc>eo luaoie 
tun ttros
C n / l T M  SU/ I SIS/?

lOO* riuio A«o vtto* ieMte**Tu*c

500.00

* 00.00

300.00

200 .00

100.00

32.000
S 
§

riHe I teconos >

8
8 8

61705-18



o8
8

 
8

o
 

o
ooo

c
m

O
O

'O
K

0
0

'0
0

%

O
O

'O
O

C

O
O

'O
O

I

0
0

001

o
o

 
<p

o
o

0
0

*0
0

*

O
O

'O
O

C

O
O

'O
U

00*001

0
*0

I

o

a
s

oo
8

o
 

«>
*/*> 

♦
 

m
 

—
•

O
 

O
 

O
 

o
 

O

< 
/ 

O
M

 
I 

)
4
V

i 
A

O
li



3J0.86

JOO.OO

ev).oo

? o o .o o

150.00

100.00

50.000  

0 . 0

7 e 9 . « i
700.00f lE C H T SEASET b l o c k e d ' BUBOl E TEST 6 1 7 0 5  

1=MASS INJECTED a=TOT*L MASS INVENTORv  
J*STEAM OUT *=L10U1D COLLECTED 5 -M A S S  IN BUNDLE

600.00

5 0 0 .OC

• 0 0 . 0 0

300.00

100.00

oo o
o ooo

o
oo so oo

o
o

o

TIME (SECONDS)

«  •.OOOC 

3.SOOO

X
»  3.0000

*  ^ . V ) 0 0  
o

^ . o o o c

^  1.5000 

Z I-OOOC 

0.5000  

0 . 0

fLECHT SEASET BLOCKED BUNDLE TEST SERIES
6
01

705  
JENCH T IMES (A LL T /C )

MEATt A NODS

.

•

•

m « 

•

•

•
•

—

«
*

i

-

•

•

o

s'
s

OUENCM TIME (SEC)

1 3 .9 . *

1 ^ .5 0 0

10.000

7.5000

5 .0000

?.500C

0 . 0

8

6 1 7 0 5 - 2 0



J . r « i5

3.VXK)

3.0000

<
t  i.yxK

a
«
^  2 .0 0 0 0

a

1  l .SWO—I

1.0000 

O.VXX) 

0 . 0

• l O C I E D  t U « 0 l E  TEST (  t T05  
1 -2  2 - 3

riECMT SEASET 
LEVEltTT) 3 -»O - I 5-S o.sooo

o.»ooo

0.300C

0 .0
oo o

o
o
o

oo o
o s o o

TIME (SECOUDS)

t.oooc

-  O.TSOO

o  o .yx n  
>

0.2VX)

0 . 0

1
f lECHT SEASET Bl OCa ED BUBDlE TEST 617CS  
l E v E l i f T )  0 - 1  1 -2  2 - 3  3 -«  « S

r .

Oo s o
os o

o o o<\3m

o

TIW£ (SrCOHOS)

61705-21



V
O

ID
 

fR
A

C
T

IO
N

 
o

 
o

 
o

o
 

o
II

O
U

IO
 

H
C

A
O

 
(R

P
A

>
rv

 
^

ii

<T
»

0 tn 1 ro ro

I

10
0.

00

l/> o
)0

0
.0

0

o

to
o

.0
0

o
o

o
o

M
.O

O
O

to
o.

00

13
0.

00

20
0.

00

o
 2

30
.0

0

10
0.

00

13
0.

00

*0
0

.0
0

♦
*5

.5
3

v
n

io
 

»
R

A
(T

in
N

II
O

U
IO

 
M

fA
O

 
(P

3
|l



FLECHT SEASET 163-ROD BUNDLE FLOW BLOCKAGE TASK 

SUMMARY AND COMMENT SHEET

Run: 61810

Test date:  9 /1 6 /8 2

Test type: Forced re f lo o d

Parameter: Pressure e f f e c t

AS-RUN TEST CONDITIONS:

Upper plenum pressure 0.1358 MPa (19 .70  ps1a)

I n i t i a l  peak clad temperature and lo c a t io n  8 7 1 .6®C (1 6 00 .9 “F ) ,

6E-2.01 m (79 I n . )

I n i t i a l  peak rod power:

Per iphera l  rods 1 .38  kw/m (0 .422  k w / f t )

Bypass rods 1 .38  kw/m (0 .422  k w / f t )

Blockage Island rods 1.39 kw/m (0 .424  k w / f t )

Flooding ra te  17 mm/sec (0 .65  I n . / s e c )

Coolant temperature 33.9®C (93“F)

I n i t i a l  bundle water lev e l  -6 .1  mm ( - 0 . 2 4  I n . )

COMMENTS:

I n l e t  mass flow:^^^ -2.65C l i n e a r l y  Increasing to -5X by 50 seconds and

l i n e a r l y  decreasing to +1% by 160 seconds

Power d e c a y : p e r i p h e r a l  rods, OX l i n e a r l y  Increasing to -3X by 400 

seconds

bypass rods,  OX l i n e a r l y  Increasing to -5X by 400 seconds 

blockage Islands rods, OX l i n e a r l y  Increasing to +4.6X by 

400 seconds

1. R e la t iv e  to run 34711

3542X:1/081583 61810-1



FLc CHT SEASET 163 ROD BUNDLE TEST SERIES
RUN NUN BER6181D

ftuD /£LEV 1 I h l T l A L NAXIHUh T 6 HPFRATURE t u r n a r o u n d OILNCH QUENCh
Ch a N. NU a 1 F t u b t t e n f e r a t u r e RISE TINE TfcMFRkATURE T aN E

( L t  8 F } (0 E 9  F) (OEG F) (SECONDS) (OEb F) (SECONDS)

9G 1 -  0 3 65S . 6 7 6 . 1 8 . 9 .5 5 ^ 3 . 3 3 .8
lOH 2 -  C t 8 7 s . 9 2 0 . 8 5* 2 0 .0 5 52 . 7 5 . 5

96 9 -  3 9 1 2 1 7 . 1 3 0 2 . 85 . 3 0 . 5 6 8 8 . 1 3 9 . 3
3d C 11 1352 . 1 8 9 6 . 1 8 8 . 6 1 .  5 6 2 3 . 1 8 6 . 3
7 h 4 -  C 12 1 3 8 2 . 1 5 0 0 . 1 5 8 . 6 3 . 5 6 8 5 . 1 9 6 .8

8 K C 13 1363 . 1 5 3 3 . 1 7 0 . 6 5 . 0 6 5 7 . 2 0 3 .  C
8 N 4 -  C 18 1 3 8 7 . 1 8 9 3 . 186 . 6 3 . 0 6 85 . 1 9 8 . 8

120 C 17 138«i. 1863  . 119 . 6 8 . 0 6 6 6 . 1 9 1 . 8
i>i 5 -  C. 2 C 1 5 1 3 . 1 7 8 3 . 2 3 0 . 6 9 . 5 606 . 2 0 2 . c
76  5 -  0 21 1566 • 1 7 9 2 . 2 2 8 . 6 6 . 5 7 61 . 2 7 7 . 7

96 5 -  C 28 1 5 8 0 . 1 7 6 3 . 2 2 3 . 7 0 , 0 6 0 3 . 2 8 0 . C
56 5 -  7 33 1537 . 1 8 2 2 . 2 8 5 . 1 1 8 . 5 6 9 6 . 3 8 0 .  e
86 5 -  7 85 1 5 8 0 . 1 8 7 2 , 3 3 1 . 1 8 6 . 0 8 2 3 . 3 8 7 .8
9H 5 -  9 52 1876 . 188 3. 3 6 6 . 1 5 0 . 0 8 5 1 . 3 5 6 . C
76 5 - 1 0 59 1899 • 1 8 6 7 . 3 6 6 . 1 5 9 . 0 6 6 5 . 3 6 3 . 6

7F 5 - 1 1 62 188 ^ . 1 8 8 3 . 8 0 1 . 1 5 7 . 5 6 9 7 . 3 7 5 . 8
8 b 5 - 1 1 68 1 5 2 7 . 1858 . 3 3 1 . 1 3 9 . 5 6 8 3 . 3 8 5 .8
21 6 -  C 67 1 5 8 7 . 1 8 2 7 . 2 8 1 . 1 0 3 . 5 6 5 a . 3 8 6 . 8
50 b -  C 7C 1 8 8 7 . 1 8 1 8 . 3 2 7 . 1 8 0 . 0 6 8 7 . 3 6 5 .6
6 J 6 -  C 78 1 5 2 ^ . 1 8 5 3 . 3 38 . 1 8 0 .5 7 66 . 3 9 6 .6

7H to- C 66 1 5 8 5 . 1 8 8 8 . 3 0 3 . 1 1 7 .5 7 7 5 . 3 6 5 .8
116 0 -  0 8 C 1537 . 1 8 2 5 . 2 8 6 . 1 1 7 . 0 8 3 8 . 3 9 1 . 8

8 H 6-  2 97 1 3 5 c . 1 8 3 9 . 8 8 2 . 2 0 6 .2 7 5 6 . 8 2 8 . 5
5H 6 -  2 99 1 5 2 ^ . 1 9 0 0 . 3 7 8 . 1 6 0 . 0 6 6 7 . 8 1 6 .  8
96 6-  2 105 1 3 3 0 . 1 8 7 5 . 5 8 5 . 1 9 1 . 0 1 1 6 2 . 8 C 7 .7

6 ri 6 -  3 111 1 3 9 6 . 1 6 7 0 . 8 7 3 . 2 0 2 .2 631 . 8 3 2 . 7
8 6 6 -  3 128 1 5 8 2 . 1 9 0 2 . 3 6 0 . 1 5 7 . 0 6 2 7 . 8 2 9 . 7

I I H  6-  8 138 1 8 6 5 . 1 8 9 6 . 8 3 2 . 2 0 0 .0 6 7 0 . 8 8 5 . 8
90 6 -  8 183 1 5 8 5 . 1 9 3 3 . 3 8 9 . 2 3 5 . 2 6 5 8 . 8 8 2 . 8
9J 6-  5 165 1 5 2 0 . 1 9 3 9 . 8 1 9 . 2 0 0 . 0 6 6 1 . 8 5 6 . 8

9H 6 -  5 166 1 5 8 2 . 1 9 1 3 . 3 3 0 . 1 5 6 .  5 6 7 7 . 8 3 6 . 8
6 d 6 -  e 192 1 5 6 7 . 1 9 5 0 , 3 8 3 . 1 8 8 . 5 6 8 6 . 8 5 6 .6
90 6 -  e 193 1 5 5 5 . 198 5 . 389 . 2 3 7 .2 8 8 5 . 8 6 2 . 6

I I F  6-  t 173 1 5 8 7 . 1 9 1 7 . 3 7 0 . 1 6 1 . 0 6 05 . 8 5 3 . C
86 7 -  C 261 1 8 5 o . 1 6 8 6 . 392 . 1 8 5 . 0 6 9 0 . 5 0 6 .8

70 7 -  6 309 1 8 7 9 . 1 9 3 8 . 8 5 6 . 2 8 6 .2 7 88 . 5 6 7 . 8
76 7 -  t 312 I 5 2 i . 1 9 8 0 . 8 1 9 . 2 0 6 .2 7 7 8 . 5 6 8 . 5

116 7 -  6 325 1 8 6 3 . 1 9 0 9 , 8 8 6 . 285 .2 788 . 5 5 9 . 8
5L 8-  C 337 1 2 9 9 . 1 7 8 8 . 8 8 9 . 1 9 1 .5 7 1 6 . 6 1 3 . C
7H 6-  0 385 1 3 8 3 . 1 9 2 3 . 5 8 0 . 3 0 0 .2 7 2 8 . 6 2 1 . 8

7 k  e -  C 386 1 3 8 9 . 1 8 8 6 . 5 3 7 . 1 9 9 . 0 7 11 . 6 1 0 . 8
5J 8 -  6 366 1 1 2 2 . 1 7 1 1 . 5 8 9 . 1 9 6 .0 5 8 5 . 6 5 5 . 7
7b 6 -  t 368 1 1 2 a . 1 7 2 2 . 6 0 0 . 2 8 5 . 2 5 97 . 6 8 6 . 6
76 9 -  3 383 1 0 9 6 . 1 7 0 5 . 6 1 0 . 3 0 6 .2 6 6 2 . 6 6 7 . 2
8 rt 9 -  3 387 1C8C. 1 6 5 6 . 616 . 3 2 8 .  2 6 1 8 . 6 6 6 . 1

9C 9 -  3 389 l C 3 c . 1 6 0 8 . 5 7 2 . 2 8 7 .2 627 . 6 6 6 . 2
I I F  9 -  3 398 1C2 6 . 1 5 6 1 , 5 5 6 . 2 5 5 .2 5 6 7 . 6 6 9 . 6

7 8 1 0 -  0 806. 6 8 7 . 1 8 2 3 . 5 7 6 . 2 5 3 .2 5 50 . 7 1 3 .2
8 H 10-  0 815 8 5 3 . 1 5 8 1 . 6 8 6 . 2 9 0 . 2 5 62 . 7 2 0 . 6
8K 10-  € 817 857 . 1 8 6 2 . 6 0 8 . 2 9 1 .2 5 83 . 7 2 1 . C

8 N 1 0 -  C 816 8 7 2 . 1 3 5 3 . 8 8 1 . 1 9 7 .5 5 68 . 7 1 5 . 2
b H l l -  0 829 6 8 a  . 9 6 1 . 3 0 1 . 1 9 5 .0 527 . 6 9 8 . 1
9 6 X 1 -  C 831 6 6 9 . 1 1 0 3 . 8 3 8 . 2 9 9 . 2 8 9 5 . 6 9 9 . 2

l l E l l -  C 832 6 6 a  . 1 1 2 0 . 8 5 9 . 2 8 2 .2 878 . 7 0 8 .5

5 J 1 1 -  t 836 6 7 5 . 6 7 8 . J 9 9 , 1 3 P .0 556 . 9 2 6 . E
7 8 1 1 -  t 837 6 8 5 . 1 0 8 0 . 8 3 5 . 2 8 7 .2 893 . 7 2 8 , 8
8 j l i -  t 836 6 7 8 . 90 8 . 2 3 8 . 1 9 6 .5 507 . 7 1 6 .7

6 1 8 1 0 - 2



KJN b i B l O  HE«TER ROD S T * T I S r i C * l  P»Tt

I N I T I A L  l E h t ’ (CEh M NAX TENP (OEG F) TURNARiiJNC TINE (SEC )

c LEV MAX n iK h lA h HAX n iN HFAN P*AX M h ^cA ^
12 6 5 9 . t 6 5 t . 5 65c .9 6 7 6 .  A 6 7 5 .3 6 7 6 . 0 1 0 . 0 9 .C 9 .5
2 h 8 7 5 . C 6 A 2 .9 6 5 1 .3 9 2 0 .  A 8 6 1 .2 0 9 5 . 3 2 0 . 0 1 6 .5 1 9 .2
3<> 1 2 1 7 .0 1 1 6 6 .1 1 1 6 7 . A 1 3 0 1 . 5 1 2 5 6 .7 1 2 7 A .1 A 7 .5 3C.5 3b.C

1 3 7 3 .3 13A 1 .6 1351 .2 1 5 3 2 . 6 I A 6 2 . 7 1 5 0 6 . 7 6 5 . 5 6 1 .  5 6 3 . b
to 1 5 6 9 .5 1A52.C 1 522 .A 1 6 0 A . 6 1 6 7 9 .0 1 7 A 6 .7 lO A .O 6 1 .  5 7 6 .2
bl 1 5 9 1 .2 15C 6 .6 1 5A 6 .5 1 8 7 1 . 6 1 7 A 0 .9 1 8 0 9 .1 I A 6 . 0 6 6 .  5 1 1 0 .7
cv 1 5 1 6 .6 1 A 7 7 . 7 l d C b .9 1 8 A 3 .3 1 7 9 3 .6 1 8 1 8 . 6 1 5 0 . 0 1 2 2 . 5 1 3 5 . :
70 159<».A 1A 7 9 .6 1 5 2 1 .9 1 8 6 7 . 0 1 7 7 3 . 5 1 8 1 7 . 6 1 5 9 . 0 6 9 . 5 1 1 1 .7
71 1 5 2 7 .2 1AA2.A 1A 6 5 .6 1 8 5 8 . 0 1 7 7 6 .8 182A .A 1 5 7 . 5 8 7 . 5 1 3 1 .5
72 1 5 6 9 .0 « A 5 3 .1 1 5 3 5 .7 1 8 9 A .2 1 8 1 3 .9 1 8 A 9 .5 1 5 0 . 0 9 7 . 0 1 2 9 .1
73 1 5» 1 .A l A A A . 6 1 5 1 1 .9 1 0 7 7 . 2 1 7 7 8 .0 1 B 3 A .2 1 6 3 . 0 9 1 . 5 1 2 6 .6
7*» 1 5 6 7 .9 1 3 5 6 . A 1 A 9 9 .0 1 9 0 6 . 6 1 6 3 3 .1 1 8 7 0 .5 2 0 6 . 2 1 1 2 . 5 1 5 5 . E
75 1 5 9 2 .2 1 3 9 7 .6 1 5 1 ^ .3 1 9 0 5 . 6 1 8 0 0 .3 1 8 6 8 . A 2 3 1 .2 9 1 . 0 1 5 6 .9
7b 1 5 9 6 .7 1 A A 5 .6 1 5 3 9 .9 1 9 3 3 . 2 1 8 2 1 .8 1 8 9 2 .0 2 3 5 . 2 9 3 . 0 1 5 7 .2
77 1 5 6 2 .5 1a 7 1 « 3 1 5 3 5 .0 1 9 A 9 .3 1 8 0 8 .2 1 9 0 9 . 9 2 A 3 .2 9 9 . 5 1 7 1 .7
I t 1 5 9 7 .7 1 5 0 6 .6 1 5 5 2 .0 1 9 5 9 . 6 1 8 2 9 .7 1 9 2 2 .6 2 A 3 .2 1 3 2 . 5 1 7 6 .9
79 1 6 0 0 .9 15CG. 1 1 5 5 9 .2 1 9 7 5 . 7 1 6 2 1 .8 1 9 2 7 .8 2 3 9 . 2 9 9 .5 1 6 0 .2
60 1 5 6 9 . C 1 5 0 3 . A 15A C.9 1 9 8 A .9 1 8AA.A 1 9A 2.A 2 A A .2 1 3 2 . 0 1 6 1 .5
61 1 5 6 1 .A 1 A 7 7 .7 1 5 3 6 .2 1 9 7 8 . C 1 8 9 A .2 1 9 3 9 .0 2 A 5 .2 lA O .C 1 6 5 .2
6^ 1 5 1 6 . A 1 3 9 7 .6 1A73.A 1 9 5 3 . 9 1 7 I A . 3 1 8 A 5 .2 2 A 7 .2 lO A .O 1 7 3 . C
6b 1 5 7 1 .6 1A57.A 1 5 2 ^ .4 1 9 3 9 . 0 1 7 5 7 .9 1 8 8 0 .0 2 5 9 . 2 1 3 A .0 19C.1
90 1 5 2 6 .3 1 2 7 6 .6 1 A 7 7 .1 1 9 5 9 .6 1 7 5 7 .9 1 9 0 1 .0 2 9 3 . 2 1 3 8 *0 2Cb .5
96 1 3 9 6 .6 1 2 7 0 .2 13A 5 .5 1 9 5 2 . 8 1 7 5 3 . A 1 8 7 6 .0 3 0 1 . 2 1 6 0 . 5 2 2 5 .1

102 1 1 6 5 .6 10 A 2 .1 l l A A . i 1 8 5 8 . 0 1 6 5 7 .0 1 7 5 6 .1 3 1 9 . 2 1 9 6 . 0 2 5 1 . 6
111 1 0 9 5 .7 1 0 2 2 .5 1 C 55 .1 1 7 0 5 . A 1 A A 8 .6 1 6 0 2 .9 32A .  2 1 5 0 . 0 2 6 c . e
120 9 1 3 . 2 6 0 9 . 6 6 5 9 .2 1 6 0 3 . 1 1 2 9 2 .1 1 A 6 5 .9 3 8 A .2 1 7 1 . 5 2 7 9 .1
132 6 6 0 . 6 6 6 0 . 6 667 .6 1 1 6 9 . 2 9 8 1 .3 1 0 7 5 .6 3 3 7 . 2 1 7 2 . 5 27C .1
136 6 7 5 . 3 6 0 A .9 6 A 2 .3 1 0 6 C .2 8 7 3 .9 9 5 6 . 3 3 0 6 . 2 1 3 6 . C 2 1 1 . 2

KUN 6 1 8 IO HEATER ROD STATISTICAL DATA

TEUP RISE (DEC F) QUENCH TEK7 (DEC F» OUbNCH T i n t ( 5 8 0

6LEV HAX n iK MtAK HAX NIN HEAN RAX h lK REa K
12 1 7 . 9 1 6 .6 1 7 .2 5 3 3 . 0 5 1 0 .9 5 2 2 .1 3 5 . 9 3 3 . 1 3 1 .1
2a a 5 . a 36 .  3 A l . O 551  .9 5 3 3 .7 5 1 6 . 9 7 5 . 5 7 0 . 9 7 3 .2
39 9 6 .8 7 5 . 1 8 6 . 7 6 8 9 . 8 6 1 1 .1 6 5 8 . 9 1 1 3 . 3 1 3 5 . 1 1 3 8 . fc
Ab 1 6 9 . 9 1 1 9 . C 1 5 2 .6 7 2 0 . 2 6 2 3 .2 6 6 1 . 3 2 0 3 . 0 1 8 9 . 9 1 9 5 . 7
60 2 5 0 . 0 1 71 .  3 2 2 1 .1 8 6 1 . 5 7 1 1 .5 7 0 6 . 1 2 9 3 . 9 2 7 7 . 7 2 8 3 . H
67 3 3 1 .  A 1 9 7 .3 2 6 0 . 6 9 2 2 . 6 7 6 9 .1 8 3 9 .8 3 5 3 . 9 3 3 2 . 9 3 1 1 .6
69 3 6 5 .6 2 7 7 . 2 3 1 i  .7 9 5 0 . 6 7 9 1 . 6 8 1 6 . 9 3 6 7 . 9 3 5 3 . 6 3 5 1 . 7
70 3 6 8 .0 2 0 7 . C 2 9 2 . 7 8 8 5 . 3 7 9 0 . 6 8 1 1 .1 3 7 9 , 9 3 6 2 . 6 3 6 9 .  1
71 A 0 0 .9 2 6 0 . 5 3 3 8 .6 9 1 1 . 1 8 0 8 . 1 8 6 1 . 9 3 8 5 . 9 3 6 9 . 9 3 7 9 .1
72 A 09 .A 2 3 7 .C 3 1 3 .8 9 3 2 . 5 7 75 .1 8 1 6 . 3 1 0 1 . 9 3 8 1 . 0 3 9 1 . 1
7 i 3 8 1 . 6 2 1 6 . C 3 i 9 . 3 90 8 . 0 7 9 2 . 5 8 5 2 . 6 1 1 2 . 9 3 8 9 . C IO C. 1
71 1 6 9 .  5 2 6 7 . 6 37 A . b 9 1 2 . 9 6 9 6 . 6 0 2 8 .  0 1 3 2 . 3 1 C 3 .9 1 1 b .  7
75 A 7 2 .9 2 5 7 . 3 3 5 7 .1 8 9 7 . 5 1 1 1 .7 7 9 1 . 0 1 1 5 . 2 1 0 7 . 8 1 2 7 .8
76 1 7 0 . A 2 1 1 . 1 3 5 2 .9 8 9 1 . 6 6 7 0 .1 8 1 0 . 9 1 1 5 . 9 1 1 7 . 8 1 3 5 .2
77 1 2 9 . 7 2 8 1 . 2 3 7 1 . V 8 8 1 . 6 6 9 3 .6 0 3 0 .9 1 7 6 . 6 1 3 8 . 9 1 5 2 . 1
76 1 3 0 . 2 2 9 7 . 2 3 7 0 .7 9 0 2 . 0 6 6 8 .0 8 1 8 . 1 1 8 1 . 9 1 1 2 . 0 1 6 1 . 3
79 153 .7 2 7 1 . C 360 .6 8 9 7 . 1 6 1 1 .1 0 3 1 . 1 1 8 1 . 9 1 1 6 . 0 1 6 7 .E
80 1 6 5 . 9 2 9 9 . 0 3 9 3 .1 8 7 1 . 1 7 0 7 .1 8 0 7 . 7 1 9 8 . 3 1 6 2 . 6 1 8 0 . 2
81 1 1 6 . 3 3 6 7 . 1 1 0 3 . 6 8 1 9 . 7 7 1 6 .0 7 9 2 . 7 5 0 0 . 9 lo O .O 19C.C
81 1 5 3 . 7 2 9 1 . 1 3 7 i . e 7 3 6 .  3 6 1 3 . 2 6 9 5 . 9 5 2 1 . 0 5CC.C 5 1 1 .9
8b 1 1 6 . 9 2 1 1 . 5 3 5 5 .1 8 1 1 . 3 6 9 5 . 7 7 1 6 . 0 5 5 0 . 9 5C9.3 5 2 7 . C
90 5 3 1 .1 2 8 7 .  7 1 ^ 1 .6 8 3 9 . 6 7 1 3 .3 7 9 0 .3 5 0 6 . 7 5 1 6 . 7 5 6 1 . 7
9o 6 0 0 .1 1 0 3 .3 5 3 i  .3 8 1 8 . 9 6 9 8 . 9 76 2 .9 6 2 7 . 7 5 9 2 . C 6 1 0 .8

102 6 9 8 . 1 5 5 1 . 9 6 1 2 . 0 7 1 1 . 7 5 8 1 .5 6 1 1 .1 6 6 2 . 2 6 3 1 . i b l 7 . 9
111 6 3 3 .5 3 c b .  2 5 1 7 .5 7 9 7 . 8 5 67 .3 6 1 9 .  3 6 9 1 , 1 6 C 9 .7 6 8 1 . 2
120 7 1 1 . 1 1 1 2 . 6 6 C c 7 1 0 5 3 . 5 1 61 .0 5 9 5 . 7 7 2 7 . 9 3 5 0 . 8 6 9 c .  7
132 5 0 0 .2 3 00 .  7 AC? .b 5 2 7 . 5 2 3 9 .1 1 1 5 .  5 7 2 9 . 2 6 9 1 .  1 7C0 .7
138 1 3 5 . 1 1 9 8 .6 3 1 3 .9 701 . 6 1 9 2 .8 5 7 5 . 7 7 2 1 . 9 3 2 6 .  0 5 3 2 .8

6 1 8 1 0 - 3
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6 1 8 1 0 - 6
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FLECHT SEASET 163-ROD BUNDLE FLOW BLOCKAGE TASK 

SUMMARY AND COMMENT SHEET

Run:

Test date:  

Test type:  

Parameter:

61916

9 /1 7 /8 2

Forced re f lood  

Stepped f low e f f e c t

AS-RUN TEST CONDITIONS:

Upper plenum pressure

I n i t i a l  peak clad temperature and locat ion

I n i t i a l  peak rod power:

Per iphera l  rods 

Bypass rods 

Blockage Is land rods 

Flooding ra te

Coolant temperature  

I n i t i a l  bundle water leve l

0.277 MPa (4 0 .2  ps ia )

8 7 7 . r C  (1 6 1 0 .8»F ) ,

8N-1 .93 m (76 I n . )

2.29 kw/m (0 .699  k w / f t )

2.29 kw/m (0 .699  k w / f t )

2 .30  kw/m (0 .701 k w / f t )

154 mm/sec (6 .07  I n . / s e c )  for  

7 sec

21 mm/sec (0 .81  I n . / s e c )  onward 

5 2 .2 “C (126“F)

-2  mm ( - 0 . 1  I n . )

COMMENTS:

I n l e t  mass f low ( 1 )

Power decay:. ( 1 )

-0.8% for  e n t i r e  tes t

per ip hera l  rods,  0% constant  

bypass rods,  -0.5% constant  

blockage rods, 0% constant

1. R e la t ive  to run 32333

6 1 9 1 6 -1



^LcC^T SkAStT 163 kOu BUKDLE TEST SERIES
8 US SU-i 0ER61916

KbO/cL  C V T i h l l i al HAXIMOb TEHPFRATU® F TURNAROUND OLc SC h OUkNwF
C*iAN. hw ^ 1 Fl OuW I EHr*E AATufi c RISE T l i c T cNFk C A lb k : l i n e

( L b b  M ( wc o F ) tOEG P) (SECONDS) (D tG  F j ( ScCOihOS }

'TO i -  C 3 bo / . b9c  . 5 . 1 . 5 6 3 c . 6 .2
lOrt 2 -  C fc bb4.. 9 0 7 . 1 3 . 2 .5 0 6 ^ . 3 2 . 4

a -  i s 1 2 3 c . 1 2 5 b . 2 2 . 3 .0 t O i . 7 7 . 7
; 11 13c 5 . I b l 9 . 5 b . 2 7 . C 7b>». 1 2 b .  i

7H «»- c 12 135c . I b i l . 59 . 2 6 . 0 7 c b . 1 2 5 . t

bK *»- C 13 1 3 7 c . 1 9 3 6 . 6 6 . 3 8 . 5 7 73 . 1 3 2 . 3
b^  C !-» 13Ca • I b l b . 5 1 . bO.O b i t . 1 2 1 . 9

iZo <1- C 17 1353 . 1395 . b 2 . 2 6 . 0 c 5 3 . 1 2 0 .  9
3C b”  C 2 t 152«» * 1 7 3 7 . 2 1 3 . 6 8 . 5 b 7 t . 2 0 5 . (
70 p -  C 21 1577 . 1 7 9 0 . 2 1 3 . 7 0 . 0 I C i l . 1 9 9 .1

5 -  C 2-t 1 5 5 o . 1 7 o 7 , 2 1 7 . 8 7 . 0 1 3 1 0 . 2 0 2 . 9
bt b- 7 33 1 5 b c . 162 5 . 2 8 0 . 9 1 . 5 b b i  . 2 6 i  • t
oO 7 15 5l . l b C 3 . 3 5 3 . 1 1 1 . 5 b b b . 2 7 1 , t
-rH 3 -  ^ lbbc> . 1 8 7 6 . 3 0 2 . 1 1 6 .5 I G i c . 2 7 8 .  t
7b 5 - i C 5b 1 5 1 3 . 1 6 9 6 . 3 8 b . 1 1 2 . 0 9 7 c . 2 6 3 . 7

7 r  5 - i i o2 I b 5 2 . 1 6 6 9 . b l 7 . 1 1 9 . 0 9 7 0 . 2 9 6 .  9
5 - i a 0*1 153C • I 6 £ C . 3 b l . 1 0 8 . 5 e e b . 3 0 6 . 9

2 i  0 -  c b7 a 5 9 a . 1 9 1 7 . 3 2 6 . 9 b . 5 b b i . 3Co .  e
50 6 -  C 7C l 5 c C . 1 8 3 9 . 3 3 9 . 1 1 3 . 0 9 6 7 . 3 0 5 .  ;
b j  0 -  C 7b 15Cb . 1796 . 2 6 9 . 9 5 . 5 bbO. 3 1 7 . 7

In 6 -  C 6 t 1553 . 1669 . 3 1 6 . 9 5 . 0 9 2 0 . 3 0 2 .  7
l i e  0 “  C bw 155c . 163b . 2 8 2 . 9 3 . 5 b bb . 3 0 7 .7

bri o -  2 b7 1 3 b o . 1 8 b 3 . b b b . 1 3 3 . 5 6 5 c . 3 b 2 . 0
5rt b -  2 9b 153B . 1 9 2 9 . 3 9 1 . 1 2 0 . 0 9 5 3 . 3 4 0 . 9

e>- 2 105 1 3 b 7 . 1896 • 5 5 1 . 1 3 7 . 0 127 b . 3 1 b . t

brt c -  3 111 1 ^ 2 1 . 1 8 7 6 . b 5 5 . 1 3 b . 5 9 2 0 . 3 5 0 . 9
^ 0  0— 3 12b 1 5 5 0 . 1 9 3 0 . 3 7 2 . 1 1 1 . 0 9 * 3 . 3 5 0 .  c

i l H  0 -  S 13b lb B 3  • 1936 • b 5 5 . 1 3 b . 0 7 b c . 3 6 b .  C
VU 6 -  <1 l b 3 1 5 5 5 . 1 9 7 2 . b l 7 . 1 3 9 . 5 9 5 b . 3 6 1 .  6
* i j  b -  5 165 1 5 3 b . 1 9 7 1 . b 3 7 . 1 6 3 . 5 9 2 2 . 3 7 b . t

b(1 0 -  5 I b t 1 5 9 2 . 1 9 4 7 . 3 5 5 . 1 1 b . 5 9 5 0 . 3 5 6 . 8
e J b -  e 192 I 5 b j . 1 9 7 0 . 3 8 7 . 1 3 0 . 0 b b b . 3 7 b . k
VJ b -  c 193 1 5 6 7 . 1 9 9 9 . b 3 1 . 1 3 2 . 0 6 97 . 3 8 b .  9

i l F  0 -  t 1 73 1 5 6 0 . 1 9 5 2 . 3 9 2 . 1 3 1 . 0 9 x 6 . 3 7 0 .6
bb 7 -  C 261 I b t o  • 1 6 5 1 . 3 8 2 . 1 1 1 . 0 7 5 6 . b 3 0 .  3

7 J  7 -  t 3 09 l b 9 c . 1 8 9 1 . 3 9 5 . 1 8 1 . 5 6 6 1 . b 9 2 . b
7b 7 -  t 312 1 5 3 7 . 2 0 1 b . b 7 7 . 2 2 1 .1 b c 3 . b b c .  t

11c 7 -  6 325 I b 9 3 . 1 9 2 2 . b 2 9 . 1 7 2 . 0 6 9 i . b b 3 .  7
bL B -  C 337 1 3 1 2 . 1 9 0 b . 5 9 2 , 1 6 7 . 0 7 6 5 . 5 3 7 . 6
7ri B -  C 3b5 1 3 9 c . 1 9 9 9 . 6 5 3 . 2 2 9 . 1 9 2 c . 5 2 3 . 1

7K b -  0 3bb 13bb « 1 9 4 9 . 5 8 5 , 1 9 3 . 0 b o t . 5 3 2 . t
5J B -  t 3bb i i b i  • 1 7 6 5 . 6 2 3 . 1 9 1 . 5 bc6# 5 7 b .  9
7d b -  fc 3ob 119C. 1627 . bB7 . 2 1 0 .1 667 . 57b . t
7 t  b -  3 3s3 l l C b . 179C. 6 8 1 . 2 6 7 .1 7 b i . 6 0 6 .  i
brt b -  3 367 1C57. 152 5 . b 6 0 . 2 9 6 .1 7 00 . 6 1 1 . 9

bC b -  3 389 l C 5 i . 1591 . 5 b 0 . 2 6 5 .1 7 i i . 6 1 2 . C
I I F  b -  3 39b I C s l . 1 7 0 b . 6 5 3 . 2 65 .1 6 6 7 . 6 1 3 . C

7 B 1 0 -  C bOe 656 • I b 5 1 . 5 9 5 , 3 1 3 .1 6 . 2 . 6 b t .  1
e h l O -  C b i b t t o . 1 3 5 b . b 9 b . 3 2 5 .1 be A. 6 b 7 .  C
b M j -  C b l 7 667 . 1 3 7 b . 50P . 1 9 7 . 0 6 5 a . 6 3 8 .  1

b N i u -  C b l e 66.. . 152 2 . t b l . 1 9 3 . 5 6 60 . 6 4 2 .  £
b r t l i -  C b29 bb6 . 6 9 5 . 1 9 8 . 2 0 8 .1 5 7 5 . 6 4 3 .  i
b o l l -  C b 3 * 6 b b . l l b b . b 0 5 . 2 7 5 .1 bOc. 4 7 0 . c

i i e i i -  c b32 ebb . 1 1 9 9 . 5 0 5 . 2 7 2 .1 5 i c . bbb . 4

5 J 1 1 -  b b3e 6 7 5 . . 8 1 6 . I b l . 1 4 7 . 0 6 .  5. 6 2 9 .  5
7 d l i -  b b37 tbO . 1188 . 5bP , b O ? . l 7 0 6 . 5 9 3 .  C
b J l i -  t ■^3iL ____  69o . 9 2 5 . 2 3 5 . 3 39 .1 57b . 6 5 b .  7

6 1 9 1 6 - 2



i t JN 6 i 9 1 6  HEATER ROD S T A T I S T I C A L  DATA

i n i t i a l  T t n P  I i / a E  r> NAX TEHP (OEG f ) T U » N a R*JJNd I J N t  l i l t )

e t c  V >•6 AO f lA X NI H MEAN NAX M S SEa S
iZ 6 0 6  • S 66<i . O 6 0 5 . 5 6 9 2 . 1 6 9 0 . 0 6 9 1 . 1 1 . ^ 1 . 5 1 . 5

6 9 3 . 6 * 6 6 2 . 5 07«».6 9 0 7 . 0 6 7 3 . 9 " 9 7 . 0 2 . 5 2 . 5 2 . 5
S'* 1 2 3 1 . 6 1 1 6 9 . 0 1 2 0 9 . 0 1 2 5 3 . 5 1 2 0 6 . 7 1 2 2 6 . 7 2 5 . 0 3 . 0 1 3 . C

1 3 6 3 . 0 x 3 5 2 . 2 1 3 c 7 . 2 1 9 3 6 . 1 1 3 9 5 . 9 1 9 2 0 . 8 9 0 . 0 2 5 . 0 3 1 . C
oO 1 5 7 7 . 1 1965  .  9 1 5 3 5  . 2 1 6 0 6 .  2 1 6 1 6 . 3 1 7 2 9 . 0 8 7 . 0 6 1 . 0 6 9 .  5
t 7 1 6 0 3 . 1 1 5 1 3 .  1 l 5 C l  . 1 1 9 0 3 . 3 1 7 5 1 . 2 1 8 1 6 . 2 1 1 1 . 5 6 t .  5 9 1 . 9
69 1 5 3 2 . 7 1 9 0 6 . 3 1 5 1 7 . 5 1 8 7 6 . 9 1 7 2 1 . 0 1 9 0 1 .  1 1 1 6 . 5 9 1 . 5 9 9 . 7
70 1 6 0 ^  . 2 1 9 7 9 . 0 1 5 j 2 . 7 1 0 9 7 . 6 1 7 7 2 . 9 1 8 2 5 . 0 1 1 7 . 0 7e .  ? 9 7 . 5
7i 1 5 3 o . 1 1 9 5 2 . V 1 9 9 9 . 2 1 6 7 9 . 5 1 7 8  5 . P 1 8 9 9 . 8 1 2 0 . 0 6 7 . 0 l C b . 6
IZ 1 6 0 2 . C 1 ^ 6 7 . C 1 5 9 0 . 9 1 9 2 9 . 0 1 7 9 6 . 0 1 8 7 1 . 1 1 2 3 . 5 9 2 . 0 1 0 0 . 1
73 1 3 9 1 . 2 1 9 5 0 .  5 1 5 2 6 . 5 1 9 0 6  . 6 1 7 8 5 . 8 1 8 9 9 . 9 1 3 7 . 0 9 *  .  C 1 C 5 . 1
7<» 1 5 9 * * . 4 1 3 7 9 . 6 1 5 i 3 . t 1 9 2 8 . 6 1 8 9 3 . 3 1 8 9 0 . 3 1 3 3 . 5 9 2 . 0 i l 9 . 9
75 1 5 9 9 . 6 1 9 2 1 . C 1 5 2 9 . 2 2 1 5 9 . 1 1 6 3 0 . 9 1 9 0 3 . 8 1 3 9 .  5 9 1 . 5 1 1 6 . 6
76 1 6 1 0 . 0 a ^ 6 9  .  9 1 5 5 2  . 5 1 9 7 2 . 3 1 8 5 1 . 2 1 9 2 1 , 7 1 9 0 . 0 1 0 6 . 0 1 2 2 . 9
77 1 5 9 2 . 3 i 9 9 0 . 5 1 5 9 6 . 6 1 9 6 0 . 3 1 6 6 3 . 7 1 9 9 1 . 1 1 6 3 . 5 1 C 7 . 5 1 2 6 . 7
76 1 6 0 V . 7 1 5 1 0 . 6 1 5 6 5 . 2 1 9 9 0 . 7 1 6 7 0 . 5 1 9 6 0 . 8 1 9 2 . 5 1 1 0 . 0 1 3 9 . 6
7V 1 6 0 7 . 5 1 5 0 6 . 6 1 5 6 0  . 2 2 0 1 0 . 9 1 0 7 2 . 7 1 9 6 5 . 7 1 9 0 . 5 1 1 6 . 5 1 3 C . 9
dO 1 5 9 0 . 1 l 5 0 9 . S 1 5 5 5 . 5 2 0 3 2 . 6 1 6 9 0 . 8 1 9 8 7 . P 1 6 9 . 0 *  .  0 1 3 9 .  1
Oi 1 5 6 5 . 0 1 9 0 7 . 3 1 5 9 2 . 2 2 0 2 7 . 9 1 9 3 7 . 9 1 9 8 9 . 8 1 6 3 . 5 1 2 3 . 0 1 3 0 . 9
OH 1 5 3 1 . 6 1 9 2 2 .  1 1 9 0 0 . 7 1 9 9 3 . 0 1 7 3 2 . 2 1 0 5 6 . 7 1 5 3 . 5 1 1 *  .  0 i 3 3 . 0
OO 1 ^ 6 2 . 5 1 9 7 2 . 3 1 5 3  6 . « 2 0 0  9 . 5 1 8 1 8 . 9 1 9 0 9 . 0 2 2 1 . 1 1 1 9 . 5 1 7 0 . 9
90 1 5 3 9 . 2 1 9 C 5 . C 1 9 9 * . 7 2 0 9 6 . 6 1 8 7 7 . 2 1 9 5 8 . 0 2 3 9 . 1 1 3 9 . 0 1 9 2 . 0
96 l 9 0 o . 2 x 2 7 0 . 2 1 3 5 9 . 9 2 0 9 9 . 3 1 6 3 2 . 0 1 9 6 1 . 8 2 9 8 . 1 1 5 6 . 0 2 0 5 . 1

iQZ 1 1 9 7 . 1 1 C 7 9 . 1 1 1 6  *  .  C 1 0 5 6 . 9 1 6 2 7 . 3 1 7 9 2 . 7 2 6 7 . 1 1 7 9 . 5 2 1 9 . 2
i l l 1 1 0 9 . 2 1 C 9 2 . 1 l C / 0 . 2 1 7 9  0 . 2 1 5 2 5 . 0 1 6 8 9 . 8 2 9 6 .  1 1 7 6 . 5 2 9 6 . C
IZt 9 2 0 .  9 0 2 l  .  2 0 6 c  .  C 1 6 9 9 . 3 1 1 5 9 . 9 1 5 0 6 . 6 3 2 5 . 1 1 5 1 . C 2 5 3 . 9
132 6 9 7 . 6 0 6 .  9 6 9 2 . 9 1 3 3 6 . 3 6 5 5 . 3 1 1 3 6 . 8 3 1 1 . 1 1 9 3 . 0 2 5 0 . 7
136 6 9 0 . 0 6 3 9 .  6 6 6 9 . 6 1 1 6 7 . 9 8 1 6 . 0 9 7 9 . 8 9 0 2 . 1 1 3 9 . 5 2 6 0 . C

Kj .< 6 i « 1 6  HEATER ROD s t a t i s t i c a l  DA T a

TcNP k l S L  (DEO QUENCH TEN8 ( DEC F) OUtMw H T i n t ( 3 E C )

t t E V f UX M>« 8 t A h NAX H I N NEAN NAX h i s n e a s
12 6 . 3 5 . 2 5 . 6 6 3 7 . 6 6 2 6  .  2 6 3 2 . 5 6 . 5 0 . 2 6 . 9
29 1 3 . 1 1 . 9 1 2 . 9 66  5 . 3 6 5 8 . 1 6 6 2 . 8 3 2 . 9 2 9 . 0 3 C . 9
39 2 7 . 0 1 7 . 7 2 ^ . 6 6 3 9 . 6 7 7 9 . 9 8 0 9 . 8 8 1 . 9 7 6 . 9 7 0 . 7
96 7 0 . 1 9 2 . 2 5 9 . 5 8 5 3 . 0 7 7 3 . 2 6 0 6 . 8 1 3 2 . 3 1 2 0 . 6 1 2 9 . 5
60 2 3 3 . 3 1 3 9 . C 1 0 6 . b 1 0 2 0 . 1 6 9 1 . 2 9 6 3 . 2 2 1 3 . 9 1 9 0 . 9 2 0 5 . 6
67 3 5 3 . 3 2 1 3 . 9 2 5 5 . 1 1 0 0 7 . 9 8 7 8 . 1 9 9 6 . 0 2 7 1 . 8 2 5 C . C 2 5 9 . 6
69 3 9 2 . 1 2 0 6 .  b 2 0 3 . 6 1 0 1 7 . 8 0 7 7 . 9 9 3 2 . 0 2 9 8 . 5 2 6 9 . 7 2 7 0 . 6
7 0 3 8 9 . 5 2 3 7 .  6 2 9 2 . 0 9 8 6 . 3 6 9 9 . 3 9 5 1 . 2 2 9 7 . 8 2 7 7 . 0 2 0 5 . 5
71 9 1 7 . 3 2 6 9 . 9 3 5 0 . 6 9 7 0 . 3 8 8 9 . 9 9 2 3 . 9 3 0 6 . 9 2 0 9 . 6 2 9 0 . 5
72 9 2 3 . 6 2 6 6 . 6 3 2 9 . 7 1 0 0 9 . 1 6 6 2 . 5 9 2 8 . 0 3 2 2 . 6 3 0 2 . 7 3 1 0 . 3
73 3 6 0 . 7 2 0 9 . 1 3 2 3 . 9 9 o 2  . 9 0 0 6 .  5 9 3 7 . 7 3 3 2 . 3 J C i . 9 3 1 c . 9
79 9 0 0 . 1 2 9 v .  6 3 / 7 . 2 9 8  9 . 7 7 9 7 . 9 9 1 9 . 1 3 9 8 . 8 3 2 3 . e 3 35.4.
75 6 0 2 . C 2 b c .  7 3 7 9 . 6 9 8 9 . 2 5 2 6 . 7 8 8 2 . 9 3 6 3 . 0 3 2 1 . 9 3 9 0 . 9
76 9 6 9 . 5 2 6 0 . 2 3 6 9 . ^ 1 0 0 9 . 1 7 9 1 . 5 9 1 7 . 3 3 6 9 . 0 3 3 1 . 9 3 5 9 . 3
77 991  . 2 3 2 9 . 5 3 9 2 . 6 97  7 . 9 7 7 9 . 5 9 1 1 . 1 9 0 0 . 3 3 5 6 . 0 3 7 0 . 0
70 9 3 9 . 3 3 9 0 .  2 3 9 ; / . ? 9 8  3 . 5 7 3 6 . 9 9 0 1 . 5 9 0 9 , 8 3 o 3 . b 3 0 0 . 9
79 9 6 0 . 9 3 2 0 . 5 3 9 7 . 9 9 7 8 . 9 6 0 2 . 2 8 9 7 ,  A 9 0 1 . 8 3 6 1 . 9 3 0 7 . 6
80 4 . 09 . 9 3 6 9  .  6 9 3 2 . 3 9 7 9 . 7 7 9 2 . 5 8 9 6 . 3 9 1 3 . 8 3 0 9 . 9 9 CC.  7
81 9 9 5 . 3 9 1 9 .  5 99  /  .  5 9 9 7 . 8 6 5 1 . 6 8 8 2 . 1 9 2 9 . 5 3 9 9 . 9 9 1 C . 9
89 9 7 1 . 2 3 0 1 . 5 3 6 0  . 0 8 2 1 . 2 7 0 8 . 2 7 6 5 . 9 9 9 9 . 5 9 2 2 . t 9 3 5 . 1
06 9 3 6 . 1 3 1 7 . 3 3 7 c . 0 9 2 3 . 0 7 7 0 . 2 8 9 9 .  9 9 7 2 . 9 9 3 1 . 3 9 9 9 . C
90 5 9 1 . 1 3 9 5 . L 9 o c  . 3 9 3 5 . 3 7 6 6 . 7 8 7 1 . 5 5 0 8 , 6 9 6 9 . 0 9 6 0 . 9
96 6 7 7 . 7 5 1 0 .  9 6 0 6 . 9 9 2 6 . 5 7 9 7 . 2 8 3 3 .  2 5 5 0 . 0 5 1 0 . 9 5 3 3 . 3

1 02 6 8 6 . 5 9 0 7 . 1 6 3 1 . 7 39 3 . 8 6 2 6 . 0 7 2 6 . 1 5 8 7 . 1 9 6 0 .  7 5 6 2 . 3
111 7 0 9 . 7 9 6 6 . 5 6 1 9 . 6 9 9 9 . 9 6 6 6  .  5 7 9 6 .  8 6 1 7 . 1 5 3 9 . 0 6 0 2 .
1 2 0 7 0 6 . 7 2 9 9 . 9 6 3 7 . 0 1 0 8 8 . 7 5 5 9 . 9 6 7 9 .  2 6 5 2 . 8 1 5 9 . C o l o . l
132 6 3 9 . C 1 6 7 . 9 9 9 9 . 9 8 0 2 .  3 5 1 8 . 9 58 6 .  5 6 5 8 . 1 9 7 0 . 1 6 2 9 . ( .
1 30 5 9 0 .  3 1 9 C . 7 3 i 5 . 2 7 7 6 . 7 5 7 9 . 2 6 7 9 .  « 6 5 9 . 7 1 5 1 . 9 5 1 1 . 3

6 1 9 1 6 - 3
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75.000
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0.0

FLECHT SEASET lUNOLES 
8UN 6 1 9 1 6  
C M /S rM  2 2 6 / 1

1750.0

1500.0

1250.0

1000.0

8 8 8 8
8 8 2

TIME ( SECONDS )

TIME ( SECONDS )

8

F l E C m T S E A S E T  B U N D L E  
RUN 6 1 91 6

35.000

30.000

20.000

10.000

o

o
>ro1/'
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3

Rod H E , 1.52 m (60 I n . )
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1200.0 

1000.0 

BOO.00

o

K  6 0 0 .0 0

<
m
w

*  * 00.00

200.00 

100.00

FLECHT SEASET iUNOLES 
RUN 6 1 9 1 6  
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1750.0

1500.0

1000.0
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8
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2 g 2 g 2

•

8

a.
X

TIME ( SECONDS )

2 0 0 .00

175.00

150.00

125.00

100.00

75 .000

5 0 .000

2 5 .000  

0. 0

o
o

8
o
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FLECHT SEASET 163-ROD BUNDLE FLOW BLOCKAGE TASK 

SUMHARY AND COMMENT SHEET

Run: 62015

Test date:  9 /2 0 /8 2

Test type: Forced re f lood

Parameter: I n l e t  subcooling e f f e c t

AS-RUN TEST CONDITIONS:

Upper plenum pressure 0.277 MPa (4 0 .2  ps la )

I n i t i a l  peak clad temperature and loca t io n  8 7 7 . 1®C (1 6 1 0 .8“F ) ,

8N-1 .93  m (76 I n . )

I n i t i a l  peak rod power:

Per iphera l  rods 2.32 kw/m (0.707 k w / f t )

Bypass rods 2.29 kw/m (0 .699  k w / f t )

Blockage Is land rods 2.29 kw/m (0 .697  k w / f t )

Flooding ra te  25 mm/sec (0 .9 8  I n . / s e c )  for

60 sec

27.7 mm/sec (1 .09  I n . / s e c )  fo r  

140 sec

29.7 mm/sec (1 .17  I n . / s e c )  

onward

1 1 9 .4“C (247*F)

- 2 . 5  mm ( - 0 .1  I n . )

Coolant temperature  

I n i t i a l  bundle water leve l

COMMENTS:

I n l e t  mass f low . ( 1 ) -2.6% for  f i r s t  60 seconds, -1.1% fo r  next 140 

seconds, -8.6% for next 100 seconds, and 0% t h e r e a f te r

Power decay:^^^ per ip hera l  rods,  +̂ 1% constant  

bypass rods,  -0.5% constant  

blockage rods, -0.7% constant

I .  R e la t ive  to run 32114

3542X;1/081583 62015 1



F t tC H T  S2A5ET ;163 ROD BUNDIE TEST SERIES

ROD/tLEV T l N l l l A L
RUN

n a x x n u n
NUNBER62015

t e n p e r a t u r f t u r n a r o u n d QUENCH
CHAN. NO AT flC O C TENFERATURE RISE TINE TENPREATURE

96 1 -  C 3

(0£C F) 

6 7 7 .

( J E 6  F)

69 9 .

(DE6 F)

2 2 .

(SECONDS)

6 . 5

(DE6 FJ 

5 61 .
lOH 2 -  C 6 8 8 3 . 9 3 4 . 5 1 . 1 1 . 0 6 5 7 .

96 3 -  3 9 1 2 1 8 . 1 3 1 0 . 9 2 . 3 1 . 0 6 5 6 .
3J 4 -  C 11 1 3 5 7 . 1 5 1 2 . 1 5 5 . 3 6 . 5 6 3 5 .
7h 4 -  C 12 1338 . 1 5 1 7 . 1 7 9 . 4 6 . 0 6 3 5 .

8K 4 -  C 13 1 3 6 1 . 1 5 4 5 . 1 8 4 . 4 6 . 0 8 2 3 .
8N 4 -  ,C 14 1 3 6 1 . 1 5 2 6 . 1 6 6 . 4 5 . 0 6 6 3 .

12*) 4 -  c 17 1 3 4 7 . 1 4 8 9 . 1 4 3 . 3 6 . 5 6 6 3 .
58 5 -  C 2€ 15C 7 . 1 7 7 7 . 2 7 0 . 6 8 . 0 8 6 3 .
76 5 -  C 21 1 5 5 9 . 1 6 1 8 . 2 6 0 . 7 0 . 5 9 3 6 .

96 5 -  ,C 24 1 5 3 2 . 1 7 9 7 . 2 6 5 . 6 6 . 0 9 3 6 .
5e 5 -  7 33 J5 3C . 1 6 1 4 . 2 6 3 . 7 3 . 0 8 7 2 .
86 5 -  7 45 1 5 3 8 . 1 8 5 3 . 3 1 8 . 1 0 1 . 5 87C.
9H 5 -  9 52 1 4 7 9 . 1 8 1 4 . 3 3 5 . 8 6 . 5 9 1 4 .
76 5 - 1 0 59 1 4 9 9 . 1 8 4 1 . 3 4 2 . 1 0 9 . 0 6 5 9 .

7F 5 - 1 1 62 1445 . 1 8 0 5 . 3 6 0 . 1 0 9 . 5 8 5 2 .
46 5 - 1 1 64 1530 . 1 8 5 0 . 3 2 0 . 7 1 . 5 635 .
21 6 -  C 67 1 5 9 1 . 1 9 1 9 . 3 2 8 . 7 0 . 5 8 3 0 .
50 6 -  C 7C 1489 . 1 8 0 3 . 3 1 3 . 9 0 . 5 8 4 3 .
6J 6 -  -C 74 1 5 2 2 . 1 8 0 0 . 2 7 8 . 7 2 . 5 797,

7rt 6 -  C 66 1543 . 1 8 6 7 . 3 2 4 . 7 4 . 0 8 50 .
l i e  6 -  C 80 1532 . 1 8 2 5 . 2 9 4 . 7 4 . 0 6 5 2 .

6H 6 -  2 97 1365 . 1 7 6 3 . 3 9 9 . 1 4 2 . 0 8 27 .
5H 6 -  2 99 1527 . 1 8 7 6 . 3 4 9 . 9 5 . 0 6 5 1 .
9£ 6 -  2 105 1 3 2 8 . 1 8 5 5 . 5 2 7 . 1 4 3 . 5 2 6 4 .

8H 6 -  3 111 14C7. 1 7 9 8 . 3 9 1 . 1 4 3 . 0 8 2 9 .
46 6 -  3 124 1 5 4 7 . 1 8 8 4 . 3 3 7 . 1 0 8 . 0 826 .

l l r t  6 -  4 134 1 4 6 5 . 187 5 . 4 1 0 . 1 4 4 . 5 7 3 0 .
90 6 -  4 143 1 5 3 9 . 1 9 3 6 . 3 9 6 . 1 0 8 . 5 8 4 6 .
91 6 -  5 165 1 5 1 2 . 1 8 9 5 . 3 8 3 . 1 4 4 . 0 9 1 6 .

9H 6 -  5 166 1 5 8 7 . 1 9 2 3 . 3 3 6 . 7 2 . 5 9 1 4 .
8 j  6 -  6 192 1 5 5 9 . 1 9 0 9 . 3 5 0 . 1 1 6 . 5 673 .
9u 6 -  6 193 1 5 5 1 . 1 9 4 8 . 3 9 7 . 1 1 2 . 5 8 45 .

I I F  6 -  6 173 1 5 4 8 . 1 9 1 6 . 3 6 8 . 1 0 6 . 5 8 5 0 .
46 7 -  C 261 1469 • 177 3 . 3 0 4 . 7 1 . 5 7 2 7 .

70 7 -  6 309 1 4 7 0 . 1 8 2 6 . 3 5 6 . 1 1 5 . 0 7 5 1 .
76 7 -  6 312 1 5 1 0 . 1 8 7 2 . 3 6 2 . 1 1 6 . 5 8 5 4 .

l i e  7 -  6 325 1 4 8 4 . 1 8 4 9 . 3 6 5 . 1 1 0 . 5 6 54 .
5C 8 -  C 337 1 3C 7 . 1 7 5 6 . 4 4 9 . 1 1 9 . 0 756 .
7H 8 -  C 345 1342 . 1 8 2 9 . 4 8 7 . 1 7 2 . 5 8 7 4 .

7R 8 -  ,C 346 1 3 5 9 . 1 7 9 1 . 4 3 3 . 1 4 0 . 0 745 .
51 8 -  t 366 1 1 3 9 . 1 5 7 2 . 4 3 2 . 2 1 2 . 2 6 4 7 .
78 8 -  6 368 1 1 4 0 . 1 5 2 9 . 3 6 9 . 2 0 5 . 2 6 3 9 .
7e 9 -  3 383 1 0 9 8 . 1 5 7 7 . 4 7 9 . 1 7 2 . 5 700 .
8H 9 -  3 387 1C45. I 4 8 6 , 4 4 1 . 1 7 3 . 5 6 2 9 .

9C 9 -  3 389 1C45. 1 4 9 6 . 4 5 1 . 2 0 6 . 2 669 .
l i F  9 -  3 394 1037 . 1 4 9 5 . 4 5 6 . 2 0 5 . 2 6 4 4 .

7 8 1 0 -  C 408 8 6 0 . 1 3 5 9 . 4 9 6 . 2 1 2 . 2 6 0 1 .
8 H 10 -  C 415 862 . 1 4 0 9 . 5 4 6 . 2 0 7 . 2 5 2 b .
b R lO *  >C 417 860 • 138 3 . 5 1 5 . 2 1 1 . 2 63 5 *

8 H 1 0 -  C 416 88b  . 1 3 6 1 . 4 9 2 . 1 4 3 . 0 6 4 0 .
t r t U -  C 429 692 . 9 4 8 , 2 5 6 . 1 2 3 . 0 7 17 .
9 6 U -  C 431 68e • 1 0 8 4 . 3 9 6 . 1 7 4 . 0 716 .

i i e i i -  .c 432 ( 9 i . 1 1 4 5 . 4 5 4 . 2 1 2 . 2 526 .

5 J 1 1 -  t 438 6 7 6 . 9 6 3 . 2 8 6 . 1 7 6 . 0 561 .
7 f l U -  8 43? 647 • 1 0 7 4 . 4 2 7 . 2 1 8 . 2 419 .
6 ^ 1 1 -  8 438 6 8 5 . 9 1 9 . 2 3 5 . 1 4 5 . 0 55 3.

QU^HCI-
T l H t

(SECONDS)

27 ,^
5 5 .

172«e 
17̂ . fc

1 8 1 .7
1 6 9 .  3
1 7 0 .<  
2 6 2 .S
2 7 6 . 7

2 7 9 .  
3 3 9 . 7  
3 4 8 . t 
3 5 4 . C 
3 6 1 . S

3 7 0 . t
3 6 2 .5  
3 6 6 .  8
3 8 1 . 5 
3 9 5 .9

3 7 6 .8  
3 7 6 .  8 
4 0 1 .  2 
4 C 9 .9  
6 6 5 .  2

41 0 .C  
4 1 5 .  ? 
4 1 9 . 7  
4 2 3 .  7 
4 2 8 . 1

4 1 6 . 8
4 3 6 . 8  
4 4 1 .  8
4 2 6 . 8  
4 7 6 .  1

5 2 0 .  4 
5 1 C .9  
5C2.1  
5 4 6 .  ) 
5 2 1 . 9

5 4 3 . 4  
5 b i . 2  
5 8 1 .1  
604 . i 
6 0 8 . C

5 95 .2
5 9 5 .2  
6 3 0 .  2 
5 74 . '  
6 2 2 .  5

6 2 7 . 2  
2 9 0 .  3 
5 0 1 . 7  
6 2 8 .  C

6 1 8 .2  
6 7 2 .4  
6 2 3 .  <

6 2 0 1 S - 2



MUN 6201S HEATER ROD S TA T IS T IC A L  DATA

I N I T I A L  TENP IC EL M NAX TENP (DES F) t u r n a r o u n d  t i n e  tSECi

El e v NAX NIN NEAK NAX NIN NEAN NAX NIN NEAR
12 6 8 A .6 6 7 7 . A 6 6 1 . 3 7 0 6 . 8 6 9 9 .5 7 0 3 . 3 6 .5 6 .5 6 .5
2A 8 8 3 . 2 8 6 0 .5 8 6 9 .6 9 3 3 . 8 9 0 7 . 0 9 1 8 . 0 1 1 . 0 1 0 .5 1 0 .6
39 1 2 1 8 .1 1 1 7 3 . A 1 1 9 2 .6 1 3 1 0 . 0 1 2 7 6 . 5 1 2 9 0 . 6 3 1 . 5 2 7 . 5 3 0 .1
AS 1 3 6 8 .0 1 3 3 6 .5 135 A .7 1 5 A A .5 1 A 89 .A 1 5 2 A .5 5 6 . 0 3 6 . 5 A 3 .2
60 1 5 6 0 .8 1AA6.7 1 5 2 0 .8 18 A B .9 1 6 6 8 . 0 1 7 7 3 .7 7 0 . 5 5 0 .5 6A .1
67 1 5 9 6 .6 1 5 0 0 .1 15AS.1 1 8 6 A .8 1 7 7 5 . 7 1 8 1 8 .1 1 0 1 . 5 6 1 . 0 7 0 . A
69 1 5 2 A .0 1A 78 .8 1 5 0 7 .9 1 8 2 0 .6 1 7 6 0 .1 1 8 0 0 .2 8 8 . 5 6 7 . C 7 6 .1
70 1 5 9 8 .7 1A73.A 15 2 A .9 1 8 6 8 . 2 1 8 0 8 .2 1 8 2 8 .3 1 0 9 . 0 6 1 . 0 7 5 .7
71 1 5 3 0 .5 1AAA.6 1A 8A .0 1 8 5 0 . 1 1 7 9 9 . 2 1 8 1 6 .1 1 0 9 . 5 7 0 .5 8 5 . 2
72 1 5 9 1 . 2 1 A 5 5 .2 1 5 3 7 .1 1 9 1 9 . A 1 8 0 0 . 3 1 8 5 8 .7 1 1 3 . 0 6 6 . 0 7 9 .0
73 1 5 8 5 . 7 1A 6 0 .6 1 5 1 6 .1 1 9 1 2 . 5 1 7 9 8 . 0 1 8 A 1 .0 1 1 7 . 5 6 6 . 0 8 3 . 7
7A 1 5 8 5 .7 136 A .8 1 5 0 2 .1 1 9 0 9 . 1 1 7 6 3 .5 1 8 5 8 .0 1 A 2 .0 7 0 .0 9 7 . A
75 1 5 9 2 .2 1A 07 .1 1 5 1 1 .7 1 9 0 7 . 9 1 7 9 8 .0 1 8 6 1 .8 1 A 5 .5 6 9 . 0 1 0 0 . 6
76 1 6 1 0 .8 1AA7.6 1 5A 1 .3 1 9 A 9 .3 1 8 5 A .6 1 8 9 2 .3 1AA.5 7 1 .5 9 A .8
77 1 5 8 6 .8 1A 7 2 .3 1 5 3 3 .3 1 9 3 9 .0 1 8 2 9 . 7 1 8 9 6 .  A 1 A 5 .5 7 2 . 5 H A . 9
78 1 6 1 0 .8 1 5 0 3 . A 1 5 5 0 .5 1 9 6 5 . A 1 8 6 5 . 9 1 9 1 2 .6 1 5 1 .5 7 1 .0 1 1 2 . 9
79 1 5 9 2 .2 150 A .5 15 5 A .6 1 9 5 3 . 9 1 8 7 0 .5 1 9 2 1 .2 1 5 2 . 5 7 2 . 5 1 1 9 .1
60 1 5 7 3 .8 1 5 0 2 .3 15A 5 .3 1 9 8 A . 9 1 8 8 0 .6 1 9 A 0 .2 1 A 5 .0 7 3 . 6 1 1 5 . 7
81 1 5 6 8 . A 1A73.A 1 5 2 9 .2 1 9 5 8 . 5 1 8 5 5 .7 1 9 3 2 .3 1 6 8 . 0 8 5 . 5 1 2 1 . 5
8A 1 5 1 6 . A 1A 1 2 .5 1 A 7 9 .6 1 88 A .C 1 6 7 6 .8 1 7 7 1 . 3 1 A 5 .5 6 1 . 5 9 0 . 3
66 1 5 6 6 .2 1A 70 .2 1 5 2 2 . A 1 8 7 6 .1 1 7 6 2 .3 1 8 1 1 .5 1 A 5 .5 6 5 . 5 9 3 .6
90 1 5 1 7 .5 1A21.C 1A 7 6 .6 1 8 9 5 . 3 1 7 9 8 .0 1 8 A 7 .8 1AA.5 7 1 . 0 1 1 1 . 5
96 1 3 8 9 .1 126A.C 1 3 A 3 .3 1 8 7 6 . 1 1 7 5 5 .6 1 8 1 9 .3 1 9 8 . 5 1 0 0 . 0 1 A 8 .9

102 1 1 9 0 .0 1C32 .6 11A 8.A 1 6 5 A . 8 1 5 2 9 . A 1 6 0 2 . 9 2 1 2 . 2 1 A 5 .5 1 8 7 .2
111 1 0 9 7 .8 1 0 3 6 .9 1 0 6 0 .3 1 5 7 7 .1 1 A 3 0 .6 1 5 1 2 . A 2 1 2 .2 9 7 . 5 1 7 9 . 1
120 9 2 6 . 6 8 2 A .3 8 6 6 . 5 1 A 6 1 . 6 1 2 6 7 .1 1 3 9 6 .5 2 1 A .2 1 2 8 . 5 1 9 3 . 3
132 6 9 2 . 1 6 8 1 . 6 6 8 7 . 9 H A S .  A 9 A 8 .3 1 0 6 6 .7 2 1 3 .2 1 2 3 .0 1 6 8 .6
136 6 8A .8 6 A 7 .0 6 6 5 . A 107 A . 0 9 1 9 . A 1 0 1 5 .3 2 1 8 . 2 1 A 5 .0 1 9 1 .5

RUN 6201S HEATER ROD S TA T IS T ICA L  DATA

TENP RISE (DEC fl QUENCH TENP (DEC F i OUEn CH t i n e  (SEC)

ELEV NAX HIN NEAK NAX NIN NEAN NAX HIN NEAK
12 2 2 .1 2 2 . 0 2 2 . 0 5 6 5 . 8 5 5 5 . 0 5 6 0 . 6 3 0 . 0 2 7 . 4 2 8 . 7
2A 5 0 . 6 4 6 . 5 4 6 . 2 6 5 6 . 9 6 2 4 .4 6 4 0 . 0 5 5 . 4 5 3 .1 5 4 .2
39 1 0 A .2 9 1 . 6 9 7 . 7 8 6 6 . 7 8 0 7 . 9 8 3 9 . 7 1 1 9 . 4 1 1 1 . 4 1 1 5 . C
A8 1 8 7 . 0 1 4 2 .5 1 6 9 .8 8 8 3 . 0 8 2 1 .2 8 4 6 . 8 1 8 1 . 7 1 6 9 . 3 1 7 3 .5
60 2 8 8 . 1 2 1 7 . 9 2 5 2 . 9 9 6 6 . 4 8 4 1 .3 8 9 0 . 8 2 9 2 . 7 2 7 3 . 0 2 8 3 . 2
67 3 1 7 . 6 2 4 3 . 2 2 6 9 . 0 9 0 6 . 7 8 1 2 .2 8 7 0 . 5 3 5 0 . 5 3 2 6 . 8 3 3 8 . 9
69 3 3 5 . 1 2 5 5 . 6 2 9 2 .2 9 1 3 . 8 8 1 6 .5 8 5 3 . 8 3 7 1 . 0 3 5 0 . 7 3 5 8 . 7
70 3 A 2 .0 2 6 9 . 4 3 0 3 . A 9 1 5 . 2 7 8 8 .8 8 5 4 . 6 3 7 7 . 6 3 5 7 . 0 3 6 5 . 5
71 3 6 0 . 2 3 0 1 . 6 3 3 2 .2 8 8 8 . 4 8 1 5 .2 8 4 7 . 5 3 8 2 . 9 3 6 3 . 9 3 7 3 . C
72 3 8 9 . 2 2 7 6 . 5 3 2 1 . 6 8 6 3 . 7 7 9 7 .3 8 3 9 . 9 3 9 5 . 9 3 7 6 . 8 3 8 6 .2
73 3A9.A 2 9 8 . 2 3 2 3 .0 9 0 0 . 1 7 7 2 .7 8 3 9 .1 4 0 3 . 1 3 7 6 . 0 3 9 2 .1
7A A 3 9 .8 3 0 5 . 1 3 5 5 .9 8 9 7 . 3 7 5 2 . 5 8 4 4 . 0 4 1 0 . 0 3 9 3 . 0 4 C 2 .3
75 A1A.3 2 9 9 . 9 3 5 0 .1 1 0 8 9 . 9 6 2 6 .8 8 5 4 . 7 4 1 7 .1 3 9 1 . 8 4 0 7 . 6
76 4 2 1 . 6 2 9 8 . 1 3 5 0 . 9 9 2 6 . 4 7 3 0 .3 8 5 7 . 2 4 2 6 . 9 3 9 8 .1 4 1 7 . 4
77 4 1 7 . 1 3 2 3 .8 3 6 3 .2 9 1 8 . 1 7 5 6 . 6 8 6 6 . 3 4 4 8 .1 4 1 6 . 8 4 2 7 . 4
78 3 9 8 . 1 3 3 2 .2 3 6 2 . 0 9 3 2 . 7 7 3 3 . 7 8 5 6 . 0 4 5 7 . 6 4 2 4 . 9 4 3 5 . 6
79 4 2 7 . 0 3 2 3 .7 3 6 6 . 6 9 4 4 . 0 6 5 1 . 8 8 5 9 . 2 4 5 1 . 0 4 1 9 . 9 4 4 0 . 8
80 4 A 9 .0 3 5 5 .1 3 9 4 . 9 8 9 9 . 9 7 8 8 .4 8 5 3 . 3 4 6 6 . 9 4 4 0 . 1 4 5 2 . 4
81 4A 9 .A 3 5 2 .  A 4 0 3 .1 9 0 7 . 5 7 8 9 .1 8 4 0 . 7 4 6 9 . 8 4 5 1 . 9 4 5 8 . 6
8A 3 8 3 . 9 2 4 2 . 9 2 9 1 . 4 7 8 3 . 2 6 7 0 . 7 7 2 6 . 7 4 8 6 .1 4 6 8 . 2 4 7 7 . 6
86 3 2 9 . 4 2 2 5 . 1 2 6 9 .1 8 4 1 . 4 7 1 8 .2 7 8 0 . 6 5 1 1 . 5 4 7 1 . 1 4 8 9 . 6
90 4 1 5 . 6 3 3 8 .6 3 7 1 .0 8 6 9 . 1 7 5 1 .2 8 1 8 . 6 5 3 6 . 0 4 9 1 . 9 5 1 5 . 4
96 5 4 7 . 6 4 0 7 .0 4 7 6 .0 8 7 4 . 1 7 2 1 . 2 7 8 9 . 5 5 6 6 . 0 5 2 1 . 9 5 4 6 .  3

102 5 8 7 . 9 3 8 9 .2 4 5 4 . 6 9 6 5 . 6 5 9 4 .5 6 8 4 . 4 5 9 5 .2 4 7 2 . 0 5 6 7 .5
111 5 1 3 . 2 3 6 5 . 0 4 5 2 .1 7 4 8 . 5 6 0 9 .2 6 7 3 . 5 6 1 4 . 2 5 8 2 .2 6 0 0 . 4
120 6 0 5 .  A 4 2 2 . 6 5 2 7 .9 1 1 3 0 . 2 5 2 8 .0 6 4 1 . 1 6 4 1 . 1 2 5 9 . 7 6 0 8 .  5
132 4 5 4 . 3 2 5 6 .1 3 7 6 .8 7 1 6 . 5 2 8 6 .8 5 5 2 . 9 6 4 3 . 2 2 9 0 . 3 5 6 5 .8
138 A 2 7 .1 2 3 4 . 6 3a 9 .6 80 8 . 2 4 1 9 .2 5 7 4 .1 6 7 2 . 4 4 6 2 . 3 6 0 3 .  1

6 2 0 1 5 - 3
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FLECHT SEASET 163-ROD BUNDLE FLOW BLOCKAGE TASK 

SUMMARY AND COMMENT SHEET

Run: 62117

Test date:  9 /2 1 /8 2

Test type: Forced re f lood

Parameter: Hot /co ld  channel e f f e c t

AS-RUN TEST CONDITIONS:

Upper plenum pressure 0.277 MPa (4 0 .2  ps la )

I n i t i a l  peak clad temperature and lo c a t io n  8 7 1 .6®C (1600.9®F) ,

7 6 -1 .7 0  m (67 I n . )

I n i t i a l  peak rod power:

Per iphera l  rods 1.31 kw/m (0 .400  k w / f t )

Bypass rods 1.31 kw/m (0 .400  k w / f t )

Blockage Island rods 2.31 kw/m (0 .705  k w / f t )

Flooding ra te  20 mm/sec (0 .79  I n . / s e c )

Coolant temperature 53®C (127*F)

I n i t i a l  bundle water lev e l  - 6 . 9 8  ram ( - 0 . 2 7 5  I n . )

COMMENTS:

There was no corresponding te s t  conducted In the 161-rod unblocked bundle;  

however, rod temperatures and heat t ra n s fe r  c o e f f i c i e n t s  were compared to

those of run 61607, which was run a t  the same condit ions but w i th  a u n i ­

form power p r o f i l e .

3542X;1/081583 62117 1



f lE C H T  SEASET 163 ROO BUNDLE TEST SERIES 
RUN NUNBER6211?

ROD/ELEV T1N111A6 r a b i n u r TENPERATURE TUINAROUNO OLENCh OUENCh
Cn a N. no a 7 F L O i l rEMFERATURE RISE TINE TENPREATURE I l N i

(DEO F ) (UE4 F) (DEC FI (SECONDS) IO E (  F I (SECONDS)

94 1 -  0 3 6 9 2 . 7 2 1 . 2 9 . 9 . 0 5 6 6 . 2 5 . C
lOH 2 -  0 e 9 0 3 . 9 6 1 . 7 8 . 1 9 . 0 6 6 3 . 5 1 . 6

94 3 -  3 9 1 2 4 3 . 1 4 3 0 . 1 6 6 . 3 5 . 0 76 3. 9 2 .  t
3J 0- C 11 9 6 0 . I I I B . 1 3 9 . 5 0 . 5 7 0 4 . 1 1 1 . 1
7H <1- C 12 1 3 3 6 . 1 5 6 4 . 2 4 7 . 4 5 . 5 766 . 1 3 0 . C

6A 4 -  C 13 1C53. 1 2 9 2 . 2 3 9 . 5 3 . 0 7 6 6 . 1 1 6 . 6
»N 4 -  C 14 9 5 3 . U 1 6 . 1 6 5 . 4 9 . 0 747 . 1 0 8 . 3

lED 4 -  C 17 9 5 6 . 1 1 1 2 . 1 5 5 . 4 9 , 5 7 4 2 . 1 0 9 . 9
5 t 5 -  C 20 1 4 4 6 . 1 7 6 1 . 3 1 3 . 6 7 . 5 6 9 9 . 1 7 8 . 4
74 3- C 21 1 5 6 7 . 195 3 . 3 6 6 . 6 9 . 0 6 9 1 . 1 7 6 . 6

44 5 -  C 24 1 5 6 6 . 1 9 3 6 . 3 6 9 . 7 1 . 0 6 6 6 . 1 7 7 . 4
5£ 3- 7 33 1 4 6 4 . 1 6 6 7 . 4 0 3 . 9 2 . 5 9 0 6 . 2 0 9 . 9
»4 3- 7 45 1 5 7 1 . 207 6 . 5 0 8 . 1 0 7 . 0 9 3 3 . 2 1 7 .C
4H 3- 9 52 1 5 1 5 . 205 6 . 5 4 3 . 1 0 6 . 0 1 0 1 4 . 2 2 0 . C
74 S - iC 59 1 5 2 6 . 2 0 6 1 . 5 3 2 . 1 0 7 . 5 9 4 3 . 2 2 3 . 6

7F S -1 1 62 1 4 7 6 . 2 0 4 4 . 5 6 7 . 1 0 7 . 0 9 9 9 . 2 3 1 . 9
44 5 - 1 1 64 1 1 3 2 . 1 6 4 7 . 3 1 5 . 9 9 . 0 9 2 0 . 2 2 0 . 6
21 6 -  C 67 1 1 1 4 . 1 4 4 5 . 3 3 0 . 9 3 . 5 636 . 2 2 3 . 0
5D 6 -  0 70 1 1 3 4 . U 9 5 . 5 6 1 . 1 0 9 . 0 9 6 4 . 2 2 1 . 7
eJ 6 -  -C 74 1 0 7 2 . 1 3 5 3 . 4 6 1 . 1 0 7 . 0 6 6 7 . 2 2 8 . C

7N 6 -  C 66 1 0 7 3 . 1 4 3 4 . 3 6 1 . 9 9 . 0 6 0 3 . 2 2 0 . 3
l i e  6 -  C BE lC 9 e . 1 3 6 0 . 4 6 2 . 1 0 9 . 0 6 71 . 2 2 4 . 0

t r t  6 -  2 97 13BB. 205 2 . 6 6 4 . 1 6 1 . 5 9 0 2 . 2 3 7 . C
5 m 6 -  2 99 1 1 6 6 . 1 7 1 6 . 3 3 2 . 1 1 0 . 0 9 37 . 2 4 1 . 9
9 E 6— 2 105 1 2 4 6 . 1 6 6 9 . 6 2 3 . 1 2 6 . 0 1 3 6 6 . 2 2 7 . 1

BH 6 -  3 111 1427 . 2 0 6 3 . 6 3 6 . 1 6 4 . 0 9 3 1 . 2 6 3 . 2
44 6 -  3 124 114B . 1 6 3 3 . 5 0 5 . 1 0 6 . 0 6 7 7 . 2 4 3 . 9

l l r l  6 -  4 134 1 4 4 9 . 1 9 7 6 . 5 2 7 . 1 4 6 . 5 794 . 2 6 2 . 0
9S 6 -  4 143 11B 6. 177 3 . 5 6 6 . 1 2 6 . 0 9 2 3 . 2 3 3 . 6
9J 6 -  5 165 1 3 1 1 . 2 0 3 0 . 5 3 9 . 1 4 9 , 5 9 3 6 . 2 7 7 . 9

9M 6 -  5 166 1 1 1 4 . 1 3 6 3 . -4 4 9 . 1 1 2 . 0 669 . 2 4 7 . 7
BJ 6 -  t 192 1 5 0 3 . 1 9 3 0 . 4 2 6 . 1 3 3 . 5 9 2 6 . 2 7 4 . 1
9J 6 -  6 193 1 1B 9 , 1 7 7 2 . 5 6 3 . 1 2 6 . 5 9 2 1 . 2 6 6 .  0

I I F  6 -  t 173 1 1 6 1 . 1 7 0 4 . 3 4 3 . 1 2 1 . 0 6 9 1 . 2 3 7 . 0
44 7 -  C 261 1C93. 1 3 6 4 . 4 7 1 . 9 6 . 5 7 3 0 . 2 6 9 . 1

70 7 -  « 309 1 4 4 2 . 196 3 . 3 4 0 . 1 4 2 . 5 644 . 3 4 0 . 6
74 7 -  t 312 1336 . 2 1 3 6 . 6 2 0 . 1 5 3 . 5 1 1 0 3 . 3 C 3 .9

H E  7 -  t 325 1 0 3 0 . 1 6 3 0 . 6 0 0 . 1 3 7 . 0 6 3 3 . 3 2 0 .6
5 l B -  C 337 9 1 4 . 1 3 9 6 . 4 6 2 . 1 3 9 . 0 727 . 3 3 1 . 1
7ri • -  C 345 1334 . 2 0 9 2 . 7 3 6 . 1 7 6 . 0 7 9 9 . 3 6 6 . 1

7 a B -  C 346 9 6 5 . 1 3 6 6 . 6 0 0 . 1 5 9 . 5 624 . 3 4 1 .  7
52 • -  6 366 6 1 6 . 1 3 9 9 . 3 6 1 . 2 0 2 . 1 6 3 6 . 3 7 3 .1
7B B -  t 366 626 . 1 3 6 3 . 3 5 4 . 1 2 9 . 3 6 3 9 . 3 7 4 .1
7£ 9 -  3 3B3 1 1 0 6 . 1 6 7 0 . 7 6 4 . 1 7 4 . 5 736 . 4 1 0 .  7
BM 4 -  3 347 1 0 6 6 . 167 4 . 6 0 6 . 1 6 2 . 5 7 1 6 . 4 0 9 .  1

9C 9 -  3 3B9 7 7 1 . 1 3 4 1 . 3 6 9 . 1 8 7 . 0 6 6 4 . 3 9 4 . 1
H E  » -  3 3 94 6 2 2 . 1 4 4 6 . 6 2 3 . 2 0 0 . 1 6 6 0 . 3 6 3 . 2

7 B 1 9 -  t 406 6 2 6 . 1 1 7 0 . 3 4 4 . 1 6 9 . 0 609 . 3 7 2 .  1
BH1>- C 415 BB6. 1 3 6 1 . 6 9 3 . 2 1 1 .1 636 . 4 3 3 .  2
m o -  0 417 661 . 1 2 6 1 . 3 6 0 . 2 3 1 . 1 66 1. 4 0 6 .  1

I n  1 0 -  c 411 633 . 1 1 0 4 . 4 71 . 1 4 1 . 3 6 2 0 . 4 0 7 .  1
6 H 1 1 -  0 429 6 9 6 . 1 0 0 6 . 3 1 0 . 2 2 6 . 1 3 30 . 4 3 0 .1
4 4 1 1 -  0 431 703 . 1 3 4 2 . 6 3 9 . 1 6 3 . 3 673 . 3 0 9 .6

l l E l l -  0 432 534 . 1 0 3 2 . 4 9 6 . 1 7 9 . 5 311 . 3 9 9 . 9

i J i i -  E 436 5 2 0 . 7 1 1 . 1 91 . 2 9 0 .1 60 3. 3 7 3 .  )
? m -  fc 437 490 . 9 3 1 . 4 4 1 . 2 4 1 .1 779 . 3 0 7 .4
Ba I I -  t 436 6 9 3 . 1 0 3 7 . 3 4 4 . 2 2 1 . 1 367. 4 3 9 .  7



I N I T I A L  TENP (DEC Ft

NUN 6 21 1 7  HEATER ROO S T A T IS T IC A L  DATA 

MAX TENP ( d e c  F) TURNAROUND TINE (SEC)

ELEV NAX HIN HEAN NAX HIN n e a n NAX HIN NEAN
12 6 9 2 . 1 5 1 9 .9 5 7 7 . 6 7 2 1 . A 5 3 6 .9 5 9 9 . 1 9 . 0 6 . 0 6 .  5
2A 9 0 2 . 9 6 3 6 . 5 7 2 7 . 0 9 6 1 .  3 6 8 0 .6 7 6 2 . 5 2 0 . 0 1 9 . C 1 9 . 7
3<) 1 2 A 3 .1 6 3 5 . 7 9 6 5 . 7 1 A 2 9 . 6 9 5 3 . A 1 1 0 1 .3 3 6 . 0 3 5 . 0 3 5 . 7
All 1 3 6 3 .6 9 5 3 .  A 1 1 2 A .7 1 6 0 3 . 1 1 1 1 2 .3 1 3 3 A .0 5 3 . 0 A l . O A 6 .2
60 1 5 8 6 .6 1 0 1 9 . A 1 2 7 7 .0 1 9 5 2 . 8 1 2 A 3 . I 1 5 8 A .6 8 0 . 5 5 6 . 0 7 1 . 3
67 1 6 0 0 .9 1 0 6 5 .6 1 2 9 5 .2 2 0 7 8 . 2 1 3 A 1 .6 1 6 6 7 .3 1 0 7 . 0 7 7 . 0 9 0 . 2
69 1 5 1 5 .3 1 0 7 3 .0 1 2 3 0 .7 2 0 5 8 . 3 1 A 3 3 .8 1 6 6 6 .6 1 0 6 . 0 9 5 . 0 9 9 . A
70 1 5 2 8 .3 1 0 5 9 .6 1 1 6 6 . A 2 0 6 0 . 7 1 3 7 0 .1 1 5 5 6 . 0 1 0 7 . 5 6 6 . 0 9 7 . 1
71 1 A 7 7 .7 lO A b .3 1 2 6 2 .0 2 0 A A .3 1 3 9 2 .3 1 7 7 2 .3 1 1 0 . 0 9 6 . 5 1 C 3 .6
72 1 1 A 7 .5 1 0 6 6 .6 1 1 0 0 .8 1 7 5 7 . 9 1 A 0 3 .9 1 5 A 6 .6 1 3 1 . 0 9 0 . 5 lO A .A
73 1 1 3 0 .9 1 0 3 1 .6 1 0 6 6 .3 1 7 2 7 . 7 1 A 0 5 .0 1 5 2 9 .3 1 2 1 . 5 9 1 . 0 1 0 7 .6
7A 1 3 9 0 .2 1 0 6 7 .9 1 1 6 5 .6 2 0 5 2 . 5 1A27.A 1 6 5 8 . 0 1 6 1 . 5 9 5 . 5 1 1 6 . 5
75 1 A A 3 .5 1 07 A .1 1 2 1 2 . 7 2 0 6 3 . 0 1 A 2 6 .5 1 6 9 8 .1 1 6 A .0 9 A .5 1 2 2 . 5
76 1 A A 8 .6 1 0 6 1 .3 1 1 6 7 . 9 2 0 1 3 . 9 1 A 3 6 .0 1 6 5 1 . A 1 A 9 .0 9 6 . 0 1 1 7 . 7
77 1 S 2 0 .7 1 0 7 5 .1 1 3 5 A .7 2 0 7 0 . 0 1 A 5 6 .3 1 8 2 A .3 1 5 9 . 0 9 5 . 0 1 2 A .5
7S 1 5 6 8 . A 1 0 6 0 .2 13A C.3 2 1 3 0 . 3 1 A 5 1 .0 1 8 1 2 .1 1 5 9 . 0 9 A .5 1 2 5 .  A
79 1 5 9 5 .5 1 0 5 2 . A 1 3 6 5 .9 2 1 6 6 . A 1AA7.8 1 6 5 5 .7 1 6 0 . 5 1 0 5 . 5 1 2 7 . 3
«0 159A .A 1 0 6 1 .7 1 3 3 9 .7 2 1 5 A .1 1 A 3 9 .2 1 6 2 1 .6 1 5 9 . 5 9 6 . 5 1 2A .A
«1 1 5 7 9 .3 1 0 1 7 . A 1 3 9 5 . A 2 1 6 8 . A 1 A 5 5 .2 1 6 6 8 .9 1 6 0 . 5 1 0 3 . 0 1 2 9 . 6
6A 1 5 A 6 .7 1 0 2 1 .5 1 2 2 5 .9 2 1 5 5 . 3 1 A 1A .6 1 6 9 6 . A 1 5 8 . 0 9 6 . 5 1 2 3 . 1
66 1 5 8 9 .0 1 0 3 0 .7 1 3 6 2 .6 2 1 9 1 . 1 1 3 9 3 . 3 1 6 5 7 .9 1 6 2 . 5 9 2 . 0 1 3 2 . 9
90 1 5 3 8 .1 7 1 3 . 0 1 3 1 9 .A 2 2 1 0 .  A 1 3 6 A .9 1 8 8 1 .1 1 6 3 . 5 9 0 . 5 l A l . A
96 1 A 2 1 .1 9 0 3 . 9 1 1 6 3 .5 2 1 6 8 . A 1 3 A 6 . 0 1 6 1 0 .9 1 8 0 . 0 9 3 . 5 1 5 1 . 2

102 1 1 9 6 .2 7 5 1 .5 1 0 3 5 .3 2 0 A 6 . 6 1 3 6 2 .6 1 7 A 1 .6 2 0 2 . 1 1 2 9 . 5 1 5 9 . 7
111 1 1 2 0 .6 7AA.3 9 6 6 . 1 1 9 0 3 . 3 1 1 A 0 .2 16A 3 .A 2 2 A .1 1 3 9 . 5 1 7 8 . 7
120 9 3 5 . 9 6 0 8 . 1 7 7 7 . 7 1 7 2 7 . 7 9 6 5 . 6 1 A 0 8 .5 2 A A .1 9 3 . 0 1 6 0 . A
132 7 0 2 . 6 5 3 2 . 6 6 A 7 .6 1 3 5 0 . 1 7 6 5 .1 1 1 2 7 . 6 2 2 8 . 1 6A.C 1 7 7 . 2
136 6 9 3 . 2 A 8 9 .9 5 7 5 . 2 1 0 9 6 . 7 7 1 0 .9 9 3 8 . 9 2 9 0 . 1 1 1 6 . 0 2 0 7 . C

NUN 6 21 1 7  HEATER ROD S TA T IS T ICA L  DATA

TENP RISE (DEC E l QUENCH TENP IDEG F) QUENCH T I N t (SEC)

ELEV NAX HIN n e a n NAX HIN NEAN NAX HIN NEAN
12 2 9 .2 1 7 . C 2 1 . A 5 8 6 . 0 A 9 6 .5 5 2 9 . 8 2 5 . 0 1 6 . 5 1 9 . 5
2A 7 8 .  A A A . l 5 5 . 5 6 6 2 . 6 5 6 9 .2 6 2 8 . 8 5 1 . 8 3 3 . 0 A O .6
39 1 6 6 . 5 1 1 1 .A 1 3 5 . 6 7 6 3 . 0 7 1 9 . 6 7 5 5 . 0 9 2 . 6 7 3 . 8 7 9 . 7
A6 2 A 9 .9 1 5A .7 2 0 9 . 3 6 2 7 . 3 7 0 9 . 0 7 6 0 . 9 1 3 0 . 0 1 0 6 . 3 1 1 6 . 2
60 3 7 0 . 0 2 2 3 . 7 3 0 7 . 6 9 1 0 . 9 7 6 3 . 5 6 5 0 . 7 1 7 8 . A 1 6 1 . 3 1 7 1 . 2
67 5 0 7 .6 2 5 7 . 6 3 7 2 .1 9 3 5 . 0 7 6 1 . A 6 6 2 . 6 2 1 7 . 0 1 9 1 . 2 0 1 . 6
69 5 A 3 .0 3 6 0 . 6 A 3 e . l 1 0 1 3 . 7 6 3 1 .9 9 0 A .2 2 2 0 . 0 1 9 9 . A 2 1 0 . 1
70 5 3 2 . 3 2 6A .A 3 6 9 . 6 1 0 0 6 . 2 6 0 3 .3 6 8 6 . 0 2 2 5 . 8 2 06 .  C 2 1 2 . 5
71 5 6 6 . 6 3AA.0 A 9 0 .3 9 9 9 . 1 6 1 0 . 7 9 2 7 . 9 2 3 1 . 9 2 1 7 . 7 2 2 A .3
72 6 3 9 . 0 3 0 5 . 1 A A 5 .6 1 0 1 6 . 1 7 9 2 .6 8 6 0 . 5 2 3 1 . 1 2 1 9 . 9 22A .C
73 6 0 8 . 5 3 0 9 . 7 A A l . l 9 9 5 .  A 6 0 9 . 7 6 8 1 . 9 2 3 3 . 1 2 1 6 . 9 2 2 7 . C
7A 66A .A 3 1 6 .2 A 92 .A 9 6 2 . 2 7 9 5 . 0 8 7 2 . 7 2 6 0 . 1 2 3 0 . 7 2AC.5
75 6 3 5 . 5 3 1 8 .5 A 6 5 .5 1 2 9 2 . 2 6 6 6 .6 9 1 1 . 1 2 6 6 . 9 2 2 6 . 3 2 A 5 .1
76 5 8 7 . 7 3 3 3 .  A A 6 3 .5 9 7 6 . 6 7 9 3 . 9 6 8 6 .  A 2 6 3 . 0 2 3 1 . 9 2 A 8 .7
77 5 7 5 . 2 36A.C A 6 9 .6 9 6 0 . 7 7 9 3 . 9 8 8 A .1 2 9 0 . 9 2 A 7 . 7 2 6 5 . 6
76 5 8 3 . A 3 A 3 .9 A 7 1 .9 1 1 6 2 . 0 7 1 1 .3 9 0 8 . 5 2 9 5 . 8 2 A 9 .3 2 6 6 . 1
79 6 2 0 . 3 3 6 0 . 3 A 6 9 .6 l l l A . A 7 9 5 . 7 9 2 1 . 7 2 8 9 . 8 2 A 6 .0 2 7 2 . A
60 6 3 9 . 9 3 6 7 . 2 A 6 2 .1 1 0 3 9 . 0 6 1 0 .2 9 0 5 . 7 2 9 A .8 2 6 1 . 7 2 7 7 . 9
81 5 9 7 .6 3 6 7 . 3 A 7 3 .5 1 0 3 3 . 6 7 7 6 . 7 9 0 3 . 1 2 9 8 . 5 2 6 7 . 7 2 6 6 . A
6 a 608 .  6 3 6 0 . 1 A 70.A 1 0 0 3 . 6 6 7 9 .5 7 7 3 . 3 3 1 2 . 6 2 6 2 . 6 2 9 3 . 5
66 6 0 6 . 5 3 3 1 . 6 A 9 5 .2 1 1 0 3 . 9 7 0 3 i7 6 0 3 .3 3 3 1 . 1 2 7 6 . 0 3 0 6 .6
90 7 A 6 .5 3 5A .1 5 6 1 .7 1 1 A A .5 7 A 6 .2 OTA. 5 3 A 3 .1 3 C 3 .9 3 2 7 . C
96 7 8 1 . 3 3 9 6 . 6 6 2 7 . A 1 0 2 3 . 2 7 0 1 .2 8 3 7 . 2 3 6 9 . 1 3 3 6 . 5 3 5 3 .6

102 8 5 0 . 5 55A .A 7 0 6 .3 7 6 9 . 3 5 9 6 .6 7 0 0 . 1 3 9 1 . A 3 6 9 . 1 3 6 1 . 6
111 6 0 6 . 3 3 7 6 . 2 6 7 5 . 3 9 9 9 . 1 61A.A 7 2 7 . 6 A 1 5 .3 2 A 3 .6 3 9 A .6
120 6 2 7 . 7 3 5 7 . 7 6 3 0 . 6 1 1 7 3 . 7 5 90 .1 6 9 9 . 7 A 3 5 .9 2 3 9 . 0 3 9 7 . 2
132 6 A 6 .5 2 3 2 . A A 8 0 .0 0 7 3 . 2 A 7 9 .0 5 6 3 . A A A O . l 3 0 9 . 8 A 06 .E
138 AAO.9 1 9 1 .1 3 6 3 .6 9 7 A . 2 5 6 7 . A 7 A 7 .8 A 3 9 .7 1 6 0 . 7 2 9 6 . C

6 2 1 1 7 - 3
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Rod 9G, 1.52 m (60 i n . )
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FLECHT SEASET 163-ROD BUNDLE FLOW BLOCKAGE TASK 

SUMMARY AND COMMENT SHEET

Run; 62211

Test date:  9 /2 2 /8 2

Test type: Forced re f lood

Parameter; Pressure e f f e c t

AS-RUN TEST CONDITIONS:

Upper plenum pressure 0.137 MPa (1 9 .9  ps la )

I n i t i a l  peak clad temperature and loca t io n  8 7 1 .0“C (1599.8®F) ,

8N-1 .93  m (76 i n . )

I n i t i a l  peak rod power:

Per iphera l  rods 1.31 kw/m (0 .400  k w / f t )

Bypass rods 1.31 kw/m (0 .398  k w / f t )

Blockage is land rods 1.31 kw/m (0 .400  k w / f t )

Flooding ra te  28 mm/sec (1 .1  i n . / s e c )  for 30

seconds

27 mm/sec (1 .06  i n . / s e c )  onward 

Coolant temperature 33.9*C (94®F)

I n i t i a l  bundle water lev e l  - 2 . 5  mm ( - 0 . 1 0  i n . )

COMMENTS:

I n l e t  mass flow:^^^ L in e a r ly  increasing to -2.6% by 30 seconds, step 

decrease to 0%, and 0% th e r e a f t e r

Power decay:^^^ per ip hera l  rods,  -0.5% constant

bypass rods,  -0.5% l i n e a r l y  increasing to -1% by 400 

seconds

blockage rods,  -0.5% constant

1. R e la t iv e  to run 31922

6 2 2 1 1 -1



f^LECHT SEASET 163 ROD BUNDLE TEST SERIES 
RUN NUNBER62Z11

r d o / e l e v T l N I T l A l NAXinUH TEMPERATURE TURNAROUND OUEhCh OUENCF
CriAN. Nu AT FLLUD 

(DE6 F>
TENFERATURE 

(OEO FI
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(DEO F I
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(DEC F I
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(SECONDS!

96 1 -  0 3 6 5 9 . 6 7 0 . 1 2 . 6 . 0 9 9 9 . 2 7 . C
lOH Z- C 6 8 7 5 . 9 0 1 . 2 6 . 1 0 . 5 5 9 3 . 5 7 . 2

96 3 -  3 9 121C . 1 2 5 5 . 9 5 . 1 9 . 0 6 3 6 . 1 0 6 . 9
3J 9 -  0 11 1 3 9 7 . 1 9 0 5 . 5 8 . 1 6 . 0 6 1 6 . 1 9 9 . E
7H 9 -  C 12 1 3 3 7 . 1 9 0 3 . 6 5 . 1 7 . 0 6 1 6 . 1 9 7 . t

6K 9 -  C 13 1 3 6 0 . 1 9 2 6 . 6 7 . 1 6 . 5 6 9 2 . 1 9 7 . 9
«N 9 -  C 19 1 3 9 7 . 1 9 0 6 . 5 9 . 1 8 . 0 6 3 9 . 1 9 9 . 9

12U 9 -  0 17 1 3 9 0 . 1 3 9 3 . 5 9 . 1 5 . 0 6 5 5 . 1 9 9 . 9
5£ 5 -  C 20 1 5 0 0 . 1 6 0 1 . 1 0 1 . 5 0 . 5 7 9 3 . 2 0 9 . 9
76 5 -  0 21 1 5 5 9 . 1 6 9 9 . 8 5 . 9 9 . 0 6 9 7 . 2 0 6 . 9

96 S -  0 29 1 5 2 6 . 1 6 1 7 . 8 9 . 9 9 . 5 7 0 1 . 2 0 6 . C
SE 5 -  7 33 1 5 2 9 . 1 6 2 9 . 9 5 . 5 1 . 0 7 2 9 . 2 9 1 . 7
«to 5 -  7 95 1 5 9 1 . 163 7 . 9 6 . 9 8 . 5 7 6 6 . 2 3 9 . 9
9H 5 -  9 52 1 9 6 2 . 1 5 6 6 . 1 0 9 . 2 2 . 5 7 6 5 . 2 9 3 . 1
76 5 - 1 0 59 1 9 9 < . 1 6 0 9 . 1 1 3 . 7 5 . 0 773 . 2 5 9 . 9

7 f  5 - 1 1 62 1 9 3 6 . 1 5 5 1 . 1 1 3 . 7 5 . 0 6 7 1 . 2 5 2 . 1
96 5 -1 1 69 1 5 2 2 . 1 6 9 2 . 1 2 0 . 5 2 . 5 76C. 2 6 5 . 9
21 6 -  C 67 1 5 7 9 . 1 6 9 9 . 1 2 1 . 5 1 . 5 7 6 7 . 2 6 7 . E
50 6 -  0 70 I 9 6 0 . 156 e . 1 0 8 . 5 1 . 5 7 5 3 . 2 6 6 .  1
61 6 -  0 79 1 5 1 6 . 1 6 1 9 . 1 0 2 . 5 3 . 0 7 9 2 . 2 7 9 . C

7H 6 -  C 66 1 5 9 2 . 1 6 6 2 . 1 2 0 . 5 3 . 0 7 9 5 . 2 6 3 . 9
H E  6 -  0 BC 1 5 2 6 . 1 6 1 7 . 6 9 . 5 1 . 0 7 6 2 . 2 6 7 . 9

6H 6 -  2 97 1 3 5 2 . 1 5 1 2 . 1 6 0 . 1 0 5 . 5 7 6 7 . 2 7 2 . 9
5H 6 -  2 99 1 5 1 7 . 1 6 9 6 . 1 3 1 . 7 9 . 0 7 99 . 2 6 2 . C
9E 6 -  2 105 1 3 3 9 . 1 5 9 7 . 2 6 2 . 1 1 2 . 0 1 2 0 2 . 2 5 5 . 6

6H 6 -  3 111 1 3 9 0 . 1 5 3 5 . 1 9 5 . 1 0 6 . 0 6 9 7 . 2 7 6 . C
•9 6  6 -  3 129 1 5 3 9 . 1 6 6 5 . 1 2 6 . 5 2 . 5 7 7 9 . 2 6 9 . C
I I H  6 -  9 139 1 9 6 2 . 1 6 1 2 . 1 5 0 . 1 1 0 . 0 6 5 2 . 2 9 2 . C

90 6 -  9 193 1537 . 1 6 8 7 . 1 5 0 . 7 9 . 0 8 0 6 . 2 9 2 . 9
9J 6 -  5 165 1 5 1 1 . 1 6 2 2 . 1 1 1 . 9 9 . 5 7 6 6 . 2 9 6 . 6

9« 6 -  5 166 1 5 8 9 . 1 7 0 1 . 1 1 7 . 5 1 . 0 7 7 5 . 2 9 9 . 1
6J 6 -  6 192 1 5 6 1 . 1 6 5 6 . 9 7 . 7 1 . 0 6 2 6 . 2 9 6 . 9
90 6 -  6 193 1 5 5 1 . 1 7 0 2 . 1 5 1 . 7 6 . 5 6 2 6 . 3 0 9 .  C

I I F  6 -  6 173 1 5 9 3 . 1 6 6 5 . 1 2 1 . 7 9 . 5 7 6 2 . 3 0 1 . C
96 7 -  0 261 1 9 6 5 . 1 5 6 9 . 1 0 5 . 5 2 . 5 6 9 5 . 3 3 3 . t

70 7 -  6 309 1 9 7 1 . 1 5 8 7 . 1 1 6 . 7 5 . 5 7 2 9 . 3 6 7 . 5
76 7 -  6 312 1 5 1 3 . 1 6 1 3 . l o o . 5 1 . 0 7 7 9 . 3 5 2 . E

H E  7 -  6 325 1 9 8 3 . 1 5 9 2 . 1 0 9 . 5 2 . 0 7 2 5 . 3 6 9 . 6
5L « -  0 337 1 2 9 6 . 1 9 9 9 . 2 0 1 . 1 1 7 . 5 6 9 6 . 3 9 9 . 1
7r« B -  0 395 1 3 9 7 . 1 5 5 1 . 2 0 9 . 1 0 0 . 5 6 6 0 . 3 9 3 . 5

7K B -  C 396 1 3 9 9 . 1 5 3 0 . 1 8 7 . 1 0 1 . 0 6 9 9 . 3 9 1 . C
5 l  B -  6 366 1 1 1 7 . 1 3 1 8 . 2 0 1 . 1 0 1 . 0 6 2 9 . 9 2 2 . C
7B B -  6 36B 1 1 1 7 . 1 3 2 9 . 2 1 2 . 1 9 2 . 0 5 6 2 . 9 2 9 . 1
7E 9 -  3 3 b 3 1 0 9 3 . 1 3 1 0 . 2 1 7 . 1 9 2 . 5 6 0 1 . 9 3 3 . 2
Bri 9 -  3 3B7 1C 36 . 1 2 0 7 . 1 6 9 . 2 0 8 . 1 596 . 9 2 6 . 2

9 t  9 -  3 3B9 1 0 3 9 . 1 2 2 1 . 1 8 7 . 1 9 9 . 0 5 6 2 . 9 3 7 . 1
H E  9 -  3 399 1 0 3 3 . 1 2 0 6 . 1 7 3 . 1 0 9 . 5 6 9 5 . 3 6 1 .  3

7 6 1 0 -  0 9 08 8 9 1 . 1 0 9 9 . 2 5 8 . 1 5 3 . 0 6 0 6 . 9 2 6 . C
BH IO -  C 915 8 9 6 . 109 2 . 2 9 9 . 1 7 9 . 0 5 3 7 . 9 5 0 . 9
6K1U-  0 917 8 5 5 . 1 0 7 5 . 2 2 0 . 1 7 9 . 0 5 9 9 . 9 9 2 . 3

B N IO -  0 91B 8 7 0 . 1 1 1 2 . 2 9 2 . 1 1 9 . 5 5 9 6 . 9 6 1 . C
6H 11-  0 929 6 7 6 . 7 5 7 . 8 0 . 7 6 . 0 9 7 5 . 3 9 1 .  6
9 6 1 1 -  0 931 6 6 6 . 7 9 8 . 8 0 . 5 0 . 0 396 . 2 1 2 . 6

H E l l -  0 932 6 6 0 . 7 5 2 . 9 2 . 5 9 . 5 3 9 1 . 3 7 5 . 5

5 J H -  6 936 6 7 0 . 7 3 2 . 6 2 . 9 1 . 5 9 6 6 . 3 9 6 . 6
7 B 1 1 -  6 937 6 3 6 . 7 9 7 . 1 6 0 . 1 5 9 . 5 9 3 6 . 3 6 1 .5
B i l l -  6 938 ----- --------6 7 2 . 7 9 0 . 6 8 . 5 3 . 0 9 9 6 . 9 0 0 . e
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k UN 62211 HEATER ROD S TA T IS T IC A L  DATA

I N I T I A L  l£ h P  <DE6 P) HAX TEHP (DE6 F) t u r n a r o u n d  t i n e (SECI

fcLfcV HAX n iN fIfcAh HAX HIN MEAN HAX HIN HEAh
12 6 6 1 . 7 6 5 8 . 5 6 5 9 .9 6 7 3 . 2 6 7 0 .1 6 7 1 . 5 6 .0 5 .5 5 .8
2** 8 75 .C 8 ^ 5 . C 8 5 6 .7 9 0 0 . 6 6 6 7 .7 8 6 0 . 1 1 0 . 5 1 0 . 0 1 0 .2
39 1 2 0 9 ,7 1 1 5 5 .6 1 1 7 7 .8 1 2 5 A .6 1 2 0 1 .A 1 2 2 2 . 2 1 5 . 0 l A . O l A . S
^6 1 3 6 6 .9 1 3 3 7 . A 1 3 5 9 .2 1 A 2 6 .5 1 3 9 3 .3 1 A 1 1 .7 1 8 . 0 1 5 . 0 1 6 .5
60 1 5 5 8 .7 1 6 2 6 . A 1 5 1 c . 9 1 6 5 8 .1 1 5 0 2 .3 1 6 0 0 . 8 5 2 . 5 1 6 . 5 A 2 . I
67 1 5 8 6 ,6 1 A 9 6 ,0 15A A .6 1 6 7 6 .6 159 A .A 1 6 3 2 . 6 5 3 . 0 1 6 . 5 A C . l
69 1 5 1 9 .6 1A82.C 1 5 0 A .7 1 6 2 5 .1 1 5 7 3 . 8 1 6 0 1 .9 5 A .0 2 2 . 5 A 7 .2
70 1 5 8 7 ,9 1 A 6 0 .6 1 5 1 6 .3 1 6 6 8 . 0 159A .A 1 6 2 0 .9 7 5 . 0 5 0 .5 5 9 . 6
71 1 5 2 i . 8 1 A 3 6 ,1 1 A 7 7 .5 1 6 A 1 .6 1 5 5 1 .1 1 5 9 1 .3 7 5 . 0 5 0 . 5 6 2 . A
72 1 5 8 0 .3 1AA2.A 1 5 3 0 .1 1 6 9 9 . 8 1 5 8 7 .9 1 6 A 8 .7 9 2 . 5 5 0 .5 5 7 ,6
73 1 5 7 3 .8 1 A 2 5 .3 1 5 0 6 .8 1 6 9 0 . 0 1 5 6 5 .1 1 6 2 6 . 9 7 6 . 5 5 0 . 5 5 6 .  A
7^ 1 5 7 9 .2 1 3 5 2 .2 1 A 9 3 .7 1 6 9 1 .0 1 5 1 2 .0 1 6 2 9 .5 1 0 7 . 5 5 1 . 5 7 1 , 6
75 1 5 8 6 .8 1 3 9 0 .2 1 5 0 5 .2 1 6 8 7 . 6 1 53 A .8 1 6 3 0 . 8 1 0 6 . 0 5 0 . 5 7 1 , 9
76 1 5 9 9 ,8 1 A A 1 .3 1 5 3 5 .8 1 7 1 7 . 7 1 6 1 1 .9 1 6 6 3 .1 1 1 0 . 0 5 0 . 0 6 8 ,6
77 1 5 8 3 .6 1 A 6 2 .7 1 5 3 C .3 1 7 0 3 . 2 1 5 7 1 .6 1 6 5 1 .2 1 3 9 . 0 5 1 . 0 6 0 . 9
78 1 5 9 9 .8 7 0 1 . 6 1 5 1 9 .3 1 7 2 8 . 9 1 1 A 0 .2 1 6 A 7 .7 1 6 A .0 5 2 . 0 8 0 . 8
79 159 0 *1 1 A 9 5 .9 1 5 5 2 .2 1 7 0 3 . 2 1 6 A 1 .6 1 6 6 7 . 6 1 1 A .5 1 7 . 0 7 7 . 7
ttO 1 5 7 7 .1 1 A 9 0 .9 15A C.7 1 7 1 7 , 7 1 6 3 9 . A 1 6 8 0 . 7 1 0 6 . 0 1 7 . 5 8 3 , 1
81 1 5 7 1 .7 1 A 6 9 .1 1 5 2 7 .1 1 7 0 2 .1 1 6 1 3 . 0 1 6 7 0 . A 9 6 . 0 5 0 . 0 76 .C
64> 1 5 2 1 .6 1 3 9 8 .6 1 A 7 6 .6 1 6 0 6 , A 1 5 0 6 .6 1 5 6 8 .0 5 3 . 0 1 5 .5 30.C
86 1 5 7 3 .8 1 A 5 9 .5 1 5 2 3 . A 1 6 5 1 . 5 15A 2.A 1 6 1 0 .2 5 3 . 0 1 5 . 5 2 7 . 1
90 1 5 2 0 .7 1 A 1 6 .9 1 A 7 7 .7 1 6 3 5 . C 1 5A A .5 1 5 9 6 .6 1 3 8 . 5 2 2 . 0 6 5 . 6
90 1 3 9 2 .3 1 2 8 5 . V 1 3 A 3 .0 1 5 9 2 . 2 1 A87.3 I 5 A 7 . 3 I A 7 . 5 7 A .5 1 1 2 .  A

102 117A.A 1C89.S 11A A .5 1 A 0 C .2 1 3 0 5 .8 1 3 A 6 .0 1 9 8 . 0 9 7 . 5 1 5 A .2
i l l 1 0 9 2 .6 iC 1 9 ,A 1 C 5 2 .2 1 3 1 0 . 0 I I T A . A 1 2 3 6 ,3 2 0 6 . 1 7A .0 1 6 0 . A
120 9 0 7 . 0 8 0 A .6 8 5 3 . 7 1 1 9 1 . C 9 6A .8 1 0 9 7 . 6 1 9 7 . 0 7 7 .5 1 6 2 . 1
132 6 7 6 . A 6 5 9 . 6 6 6 6 . 6 7 9 3 . 2 7 2 3 . A 7 5 5 . 9 1 1 7 . 0 AO.O 7 2 . C
138 6 7 2 . 2 6 0 7 . C 6 3 9 . 0 7 9 7 .  A 6 6A .8 7 2 0 . 0 I S A . 5 2 6 . 0 6 7 . 2

RJN 62211  HEATER ROD S TA T IS T ICA L  DATA

TEHP RISE (OEO F i QUENCH TEHP 1 DEG F I QUENCH TIHE (SEC)

ELEV HAX HIH Hean HAX HIN HEiN HAX HIN h e a k
12 1 1 . 6 1 1 . 6 1 1 . 6 5 1 9 , 6 A 9 8 .7 5 0 6 . 3 2 8 , 7 2 7 . 0 2 7 , 9
2A 2 5 . 9 2 1 , 7 2 3 .A 5 A 3 .3 5 3 3 .1 5 3 8 . A 9 7 . 2 5 A .9 5 5 .7
39 A 7 .7 3 9 , 6 A t , A 6 A 5 ,C 6 2 6 . A 6 3 5 . 1 1 0 9 . 1 1 0 3 . 9 1 0 6 , 1
A8 6o .  6 5 3 . 6 6 1 . 5 66 6 . 6 6 1 7 .5 6 3 8 . 3 I A 7 . 8 1 A 2 .7 1 A 5 .1
60 1 0 7 .5 6 6 . 3 8 9 . 8 7 A 3 . 1 6 8 2 .6 7 0 6 .  A 2 1 2 .  A 2 0 1 . 7 2 0 7 . 7
67 1 0 6 ,8 6 9 . 6 6 6 . 0 78 7 . 7 6 6 7 .6 7 0 3 . 6 2 9 2 . 0 2 3 8 . 8 2 A 3 .3
69 1 0 5 ,5 7 6 . 9 9 7 , 2 7 6 5 . 1 7 0 0 .8 7 2 8 . 8 2 6 0 . 0 2 A 3 .1 2 5 1 , 3
70 1 3 3 . 6 6 0 . 1 1 0 a . 6 6 0 7 . 6 7 1 0 .7 7 5 2 . A 2 6 0 . 7 2 5 2 . 8 2 5 5 , A
71 1 1 9 , 6 1 0 A .2 1 1 3 .8 6 7 1 . C 7 1 8 . 9 7 7 6 . 3 2 6 5 . 9 2 5 2 . 1 26C.C
72 1 5 9 , 6 8 9 . 1 1 1 8 ,6 6 1 0 , 3 7 3 5 .0 7 6 0 . 8 2 7 A .0 2 6 3 . 9 2 6 8 , 9
73 1 3 9 ,6 9 3 . 6 1 1 8 .1 6 0 0 , 7 7 0 7 .3 7 5 9 .  A 2 7 9 . 1 2 6 A .1 2 7 2 , 5
7A 191 ,2 1 0 2 . 5 1 3 5 , 8 6 3 0 , 0 7 0 6 .8 7 7 1 .  1 2 8 3 . 0 2 7 2 . 9 2 7 8 , 5
75 1 7 2 ,7 9 2 . 6 1 2 5 ,5 6 A 7 .3 A6A.1 7 A 9 .6 2 9 0 , 0 2 7 A .3 2 6 3 . 6
76 1 7 2 . 6 8 9 , 5 1 2 7 .2 6 3 6 . 1 6 5 2 .0 7 8 2 . 5 2 9 A .  A 2 8 0 . 0 2 8 9 .1
77 1 6 2 .6 9 1 , A 1 2 0 . 9 6 5 5 . 1 7 1 9 .0 7 9 0 . 3 3 0 6 . 9 2 8 7 . 8 2 9 5 . 6
78 A 38 . 7 7 3 . 7 1 2 8 . 5 6 7 7 . 0 6 0 8 .3 7 8 A .1 3 1 5 . 1 2 9 3 . 6 3 0 1 . A
79 1 5 7 .5 7 3 , 2 1 1 5 .3 9 5 6 . 3 6 7 5 . 6 7 9 3 . 8 3 1 7 . 9 2 9 5 . 9 3 0 A .9
80 1 8 2 . 9 7 9 .  7 lA C .O 8 6 0 .  3 7 1 8 .5 7 9 1 . 1 3 2 1 . 6 3 C 2 .0 3 1 2 . 2
81 2 1 0 .9 1 0 1 . 6 i A 3 . 3 9 1 0 . 7 7A1.8 8 0 6 . 8 3 2 3 . 8 3 0 7 . 0 3 1 5 . 3
8A 1 0 8 . 0 7 6 , C 9 1 . 5 7 8 9 .  A 6 3 6 .3 6 8 9 . 5 3 3 9 . 6 3 2 2 . 1 3 3 3 . 3
66 1 0 7 . 9 7 2 . 6 6 t  •» < 0 1  « t 6 2 8 .1 6 9 9 . 1 3 5 3 .1 3 2 8 . 1 3 A 1 .5
90 1 5 1 . 9 9 3 , 2 1 1 8 ,9 9 0 6 . 6 7 0 5 .0 7 5 8 . 8 3 7 0 . 0 3 5 0 . 0 3 6 1 . 2
96 2 A 9 .6 1 5 9 , 7 2 0 a . 3 8 9 0 .  7 6 7 2 .9 7 3 A .9 A O O . l 3 7 3 .8 3 8 9 . 5

102 2 5 6 . 6 1 A 3 ,9 2 0 1 . 5 7 2 6 .  A 5 A 8 .6 6 2 0 . 7 A 2A .1 3 6 7 . 8 A 1 2 .6
111 2 3 6 , 3 1 3 1 . 3 1 8 a . 1 7 A 0 .6 53A .5 5 9 1 . 2 A 3 9 .1 3 5 1 . 8 A 2 6 .2
120 30A ,6 160 .  1 2A 3 .8 8 A 6 .7 3 6 7 .7 9 6 9 . 1 A 6 7 .2 2 1 7 . 8 A 29 .A
132 1 2 2 ,1 6 3 . 9 8 9 ,1 A 7 5 .2 3 9 1 .5 A 2 3 .3 A A O . l 2 1 2 . 6 3 7 5 .A
138 1 5 9 , 8 5 7 . 6 8 1 . 0 6 0 3 , 7 A 37 .6 A 8 0 .5 A 0 0 . 6 A C . l 3 0 3 . 8
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1200.0
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<r
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flecht s e a s e t  blo cked  bundle
RUN 62211 31922
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1750.0
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500.00

o
o
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8 8 8 i g § 2 8
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RUN 62211

2 0 .0 0 0

1 0 .0 0 0

0 .0

-5.0001

8  8  8  8  8

i i i i i
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1 0 0 0 .0

~ 800.00

o
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1 2 0 0 .0

1 0 0 0 .0  

~  8 0 0 .COUl
o
w
o

~  600.00 
oc
3
<
ae

5  * 0 0 .0 0  
w
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1 0 0 .0 0

FlCCNT SCASCT llOCKCO 8UNDLE 
RUN 62211 
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o
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§ 2 1  
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FLECHT SEASET 163-ROD BUNDLE FLOW BLOCKAGE TASK 
SUMMARY AND COMMENT SHEET

Run: 62304
Test date: 9/23/82
Test type: Forced reflood
Parameter: Flooding rate effect

AS-RUN TEST CONDITIONS:

Upper plenum pressure 0.277 MPa (40.2 psia)
In i t ia l  peak clad temperature and location 877.1®C (1610.8®F),

BN-1.98 m (78 In . )
In i t ia l  peak rod power:

Peripheral rods 2.30 kw/m (0.701 kw/ft)
Bypass rods 2.29 kw/m (0.699 kw/ft)
Blockage Island rods 2.30 kw/m (0.700 kw/ft)

Flooding rate 155 mm/sec (6.1 In./sec)
Coolant temperature 53.3®C (128®F)
In i t ia l  bundle water level +5.1 mm (+0.20 In .)

COMMENTS:

Carryover tank f i l le d  up at approximately 80 seconds.

Inlet mass flow:^^^ -3.6X linearly decreasing to OX by 20 seconds and
+0.5X thereafter

Power decay:^^^ peripheral rods, OX constant 
bypass rods, -0.5X constant
blockage rods, - 0.5X linearly decreasing to OX by 115 
seconds

1. Relative to run 31701

3542X:1/081583 62304-1



fLECHT SE*SET 163 ROD BUNDLE TEST SERIES 
RUN NUNBER623D^

ROO/feLkV T lN l l lA L NAXIHUI4 TEMPERATURE TURNAROUND OtENCH QUENCh
CHAN. NO a 1 F l t t O t e h p e r a t u f e RISE TIME TEHPR6A1URE TINE

1CE6 f i (0 E 6  F) (DEC F) (SECONDS) (DEC F) (SECQk DS)

96 I -  C 3 6 6 3 . 6 9 0 . 7 . 2 .0 6 3 4 . 6 .6
lOH 2 *  C 6 695« 9 1 0 . 1 5 . 3 .0 7 54 . 1 3 .9

96 3 -  3 9 1 2 2 4 . 1 2 4 9 . 2 5 . 3 .5 8 7 6 . 2 6 . 4
3J C 11 1 3 6 3 . 1 3 9 4 . 3 2 . 4 .0 6 7 0 . 3 6 .5
7H C 12 1 3 4 6 . 1 3 8 1 . 3 3 . 4 .0 6 4 0 . 38.C

6K C •13 13 6 6 * 1 4 0 3 . 3 5 . 4 .0 6 6 6 . 36.C
bti C 14 13 6 1 * 1 3 9 1 . 3 1 . 3 .5 8 6 6 . 3 6 .9

120 4 -  C 17 135 2 * 1 3 6 2 . 3 0 . 3 .5 6 6 5 . 3 7 .9
i t  5 -  C 20 1 5 1 1 . 1 5 5 1 . 4 0 . 4 .0 90C. 5 2 .5
76 5 -  C 21 1 5 6 7 . 1 6 0 6 . 3 9 . 4 .0 9 4 4 . 5 1 .5

96  5 -  lO 24 1 5 3 9 . 1 5 7 8 . 3 9 . 4 .0 9 4 0 . 5 1 . C
5E 3 -  7 33 15 4 6 * 1 5 8 1 . 4 1 . 4 .0 6 6 6 . 6 0 .5
66 3 -  7 45 1 5 5 ^ . 1 5 9 5 . 4 0 . 4 .0 6 1 5 . 6 1 .4
9 n 5 -  9 52 1 4 9 2 . 1 5 3 6 . 4 4 . 4 .0 7 45 . 6 0 . 7
76 5 -1 0 59 1 5 1 0 . 1 5 5 2 . 4 2 . 4 .0 6 2 9 . 6 3 .4

7F 5 -1 1 62 1 4 5 3 . 1 4 9 5 . 4 2 . 4 .0 6 4 4 . 5 6 . 3
46 5 -1 1 64 1 5 3 9 . 1 5 6 1 . 4 2 . 4 .0 6 0 1 . 6 5 .7
21 6 -  C 67 1 5 9 6 . 1 6 3 2 . 4 2 . 4 .0 6 4 7 . 6 6 .6
3D 6 -  0 7C 1 4 9 5 . 1 5 3 5 . 4 0 . 4 .0 6 0 6 . 6 6 .C
6J 6 -  jC 74 1 5 2 7 . 1 5 6 7 . 4 0 . 4 .0 6 3 4 . 6 6 . 4

7H 6 -  C 66 1 5 5 2 . 1 5 9 0 . 3 8 . 4 .0 6 2 6 . 6 5 .7
H E  6 -  C 60 1 5 5 3 . 1 5 9 2 . 3 9 . 4 .0 6 1 2 . 6 5 .4

6H 6 -  Z 97 1 3 7 2 . 1 4 1 0 . 3 8 . 3 .5 8 2 1 . 5 8 .5
3N 6 -  2 99 1 5 3 4 . 1 5 7 5 . 4 1 . 4 .0 7 8 6 . 6 7 .4
9£ 6 -  2 105 1 3 5 0 . 1 4 0 7 . 5 7 . 7 .5 4 0 2 . 8 9 .3

BH 6 -  3 111 1 4 1 6 . 1 4 5 4 . 3 8 . 4 .0 8 5 3 . 6 l .  4
46 6 -  3 124 1 5 5 5 . 1 5 9 6 . 4 2 . 4 .0 6 3 2 . 6 9 .9

I I H  6 -  4 134 1 4 6 1 * 1 5 1 7 . 3 7 . 4 .0 7 6 9 . 5 0 . 5
90 6 -  4 143 1 5 4 6 . 1 5 6 6 . 4 0 . 4 .0 7 90 . 7 1 . 3
94 6 -  3 165 1 5 2 4 . 1 5 6 4 . 4 0 . 4 .0 6 8 b . 6 7 .4

9H 6 -  5 166 1 5 9 0 . 1 6 3 3 . 4 3 . 4 .0 6 3 1 . 7 2 .2
BJ 6 -  6 192 1 5 7 2 . 1 61 C . 3 8 . 4 .0 9 3 9 . 6 3 .9
90 6 -  6 193 1 5 5 6 . 1 5 9 9 . 4 1 . 4 .0 7 8 6 . 7 3 . C

I I F  6 -  6 173 1 5 5 6 . 1 5 9 6 . 4 1 . 4 .0 7 9 2 . 7 2 .9
46 7 -  0 261 1 4 6 4 . 1 5 2 5 . 4 1 . 4 .0 7 7 6 . 8 0 .9

70 7 -  6 309 1 4 8 1 . 1 5 2 2 . 4 1 . 4 .0 7 7 1 . 8 8 .1
76 7 -  e 312 1 5 2 2 . 1 5 6 5 . 4 3 . 4 .0 8 8 7 . 7 9 .2

H E  7 -  6 325 1 4 6 7 . 1 5 2 8 . 4 1 . 4 .0 7 5 0 . 8 8 .9
5L B -  C 337 1 3 0 9 . 1 3 4 8 . 3 9 . 4 .0 7 0 0 . 9 8 . C
7H 6 -  0 345 1 3 5 9 . 1 3 9 9 . 4 0 . 4 .0 7 24 . 9 5 .7

7K a -  iC 346 1 3 6 0 . 1 4 0 1 . 4 1 . 4 .0 7 1 2 . 9 4 . 6
54 6 -  6 3 66 1 1 3 9 . 1 1 7 6 . 3 7 . 4 .0 6 6 3 . 1 C 4 .6
78 B -  t 366 1 1 2 4 . 1 1 5 9 . 3 5 . 4 .0 6 3 2 . 1 0 5 .5
7E 9 -  3 383 1 1 0 0 . 1 1 3 4 . 3 4 . 4 .0 5 9 4 . l l l . C
BH 9 -  3 387 1C 54 . 108 6 . 3 2 . 4 .0 5 6 4 . 1 1 1 .5

9C 9 -  3 369 1C 42. 1 0 7 0 . 2 8 . 4 .0 5 8 9 . 1 0 8 .4
H F  9 -  3 394 1C 40. 1 0 7 0 . 3 0 . 4 .0 5 6 2 . 1 0 9 .4

7 8 1 0 -  0 406 65C . 8 7 8 . 2 8 . 4 .5 2 8 6 . 6 4 . C
b H lO - 0 415 6 6 3 . 8 9 0 . 2 8 , 4 .5 5 3 6 . 6b • 4
B K IO - iC 417 6 6 3 . 8 9 0 . 2 6 , 4 .5 4 6 5 . 6 0 .6

b m io -  C 416 6 7 9 . 9 0 9 . 3 0 . 4 .5 4 2 7 . 6 6 .4
6 H 1 1 - 0 429 6 9 5 . 7 1 2 . 1 7 . 4 .0 6 1 2 . 1 7 .1
9 6 1 1 -  0 431 6 9 1 . 7 0 9 . 1 8 . 4 .0 6 2 3 . 1 5 .1

l l E l l -  (C 432 6 9 3 . 7 1 0 . 1 7 . 4 .0 6 1 4 . 1 6 . C

5 4 1 1 -  t 436 6 7 4 . 6 9 1 . 1 7 . 4 .0 5 5 0 . 2 7 . C
7 B 1 1 - fc 4 37 6 4 3 . 66 0 . 1 7 . 4 .0 5 4 9 . 2 7 . t
8 4 1 1 -  6 436 666  • 7 0 3 . 1 7 . 4 .0 5 9 1 . 2C .4
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tiUK 6 2 3 0 ^  NEATER ROD S TA T IS T IC A L  DATA

i n i t i a l  t e n p  ( dec F ) HAX TENP (DEC F ) t u r n a r o u n o  T in e

ELEV MAR K IN r e a r HAX MIN MEAN NAX MIN
12 689 <8 6 8 2 .7 6 8 9 .1 6 9 2 .1 6 9 0 .D 6 9 1 .9 2 .0 2 .0
2A 8 9 9 .6 8 6 6 .7 8 7 6 .3 9 1 0 .1 8 8 1 .2 8 9 1 .1 3 .0 3 .0
39 1 2 2 9 .3 1 1 7 9 .9 1 1 9 3 .9 1 2 9 9 .3 1 1 9 9 .3 1 2 1 8 .0 3 .5 3 .5
98 1 3 7 8 .6 1 3 9 8 .C 1 3 6 1 .7 1 9 0 9 .3 1 3 8 0 .7 1 3 9 3 .3 9 .0 3 .5
60 1 5 6 7 .3 1 9 3 9 ,9 1 5 2 2 .8 1 6 0 7 .5 1 9 7 9 .5 1 5 6 2 .3 9 .5 3 .5
67 1 6 0 2 .0 1 5 1 2 .1 1 5 5 7 .7 1 6 9 2 .7 1 5 5 3 .2 1 5 9 8 .0 9 .5 3 .5
69 1 5 3 2 .7 1 9 9 1 .6 1 5 1 7 .0 1 5 7 3 .8 1 5 3 5 .9 1 5 5 7 .0 9 .0 9 .0
70 1 6 0 3 .1 1 9 7 6 .6 1 5 2 9 .9 1 6 9 9 .9 1 5 1 9 .6 1 5 7 1 .1 9 .0 9 .0
71 1 5 3 9 .2 1 9 5 3 .1 1 9 8 9 .6 1 5 8 1 .9 1 9 9 9 .8 1 5 3 2 .1 9 .5 9 .0
72 1 5 9 3 .3 1 9 5 3 .1 1 5 9 1 .6 1 6 3 7 .2 1 9 9 3 .7 1 5 8 2 .9 9 .0 9 .0
73 1 5 8 7 .9 1 9 9 3 .5 1 5 2 3 .1 1 6 2 7 .3 1 9 8 9 .1 1 5 6 9 .1 9 .5 9 .0
79 1 5 8 5 .8 1 3 7 2 .2 1 5 0 7 .2 1 6 2 5 .1 1 9 1 0 .3 1 5 9 7 .9 9 .0 3 .5
75 1 5 9 5 .5 1 9 1 5 .7 , 1 5 1 8 .9 1 6 3 7 .2 1 9 5 9 .2 1 5 5 9 .8 5 .0 9 .0
76 1 6 0 9 .7 1 9 5 5 .3 1 5 9 7 .6 1 6 5 1 .5 1 9 9 9 .8 1 5 8 8 .9 9 .0 3 .5
77 1 5 9 0 .1 1 9 8 9 .1 1 5 9 3 .6 1 6 3 2 .8 1 5 2 0 .7 1 5 8 3 .6 9 .5 9 .0
78 1 6 1 0 .8 1 5 2 1 .8 1 5 6 0 .8 165 3 .7 1 5 6 3 .0 1 6 0 1 .2 9 .5 9 .0
79 1 6 0 3 .1 1 5 0 7 .7 1 5 6 2 .2 1 6 9 3 .8 1 5 9 8 .9 1 6 0 2 .9 9 .5 9 .0
80 1 5 8 2 .5 1 5 0 9 .5 1 5 5 0 .0 1 6 2 2 .9 1 5 9 6 .7 1 5 9 1 .7 9 .5 9 .0
81 1 5 7 7 .1 1 9 7 3 .9 1 5 3 3 .5 1 6 1 6 .3 1 5 1 8 .5 1 5 7 5 .9 9 .5 9 .0
89 1 5 9 2 .9 1 9 2 8 .5 1 9 9 9 .7 1 5 8 1 .9 1 9 6 7 .0 1 5 3 3 .9 9 .0 3 .5
86 1 5 8 6 .8 1 9 7 5 .5 1 5 3 5 .5 1 6 2 6 .2 1 5 1 3 .1 1 5 7 5 .1 9 .0 3 .5
90 1 5 2 9 .9 1 9 2 3 .2 1 9 8 6 .8 1 5 7 2 .7 1 9 6 3 .8 1 5 2 8 .0 9 .0 9 .0
96 1 9 0 0 .7 1 2 5 3 .5 1 3 9 9 .1 1 9 9 2 .9 1 2 9 1 .1 1 3 8 9 .3 9 .5 9 .0

102 1 1 9 3 .1 1 0 1 9 .3 1 1 9 9 .1 1 2 3 9 .7 1 0 9 7 .2 1 1 8 6 .8 9 .0 9 .0
111 1 0 9 9 .8 1 0 3 6 .C 1 0 6 9 .5 1 1 3 9 .0 1 0 6 6 .8 1 0 9 5 .5 9 .0 9 .0
120 9 2 3 .5 8 2 0 .1 8 6 6 .3 9 5 1 .3 8 9 8 .1 8 9 9 .7 5 .0 9 .0
132 6 9 5 .3 6 8 5 .8 6 9 1 .2 7 1 2 .0 7 0 3 .6 7 0 8 .9 9 .0 9 .0
138 6 8 5 .8 6 9 2 .8 6 6 9 .2 7 0 2 .6 6 5 9 .6 68 0 .8 9 .0 9 .0

RUN 6230A HEATER ROD S TA T IS T IC A L  DATA

TEMP RISE (DEC F I OUENCH TENP 1(DEC F> QUENCH t in e (S E C I

ELEV HAX MIN MLa A NAX MIN MEAN HAX MIN h ear
12 7 .3 7 .3 7 .3 6 3 9 .2 6 2 7 .9 6 3 0 .9 6 .9 6 .6 6 .6
29 1 5 .5 1 9 .5 1 9 .6 7 5 9 .2 7 9 7 .6 7 5 1 .6 1 3 .9 1 3 .0 1 3 .3
39 2 5 .9 2 0 .8 2 9 .2 8 7 5 .7 8 1 5 .9 8 5 9 .9 2 7 .5 2 6 .9 2 7 .0
98 3 9 .8 2 9 .5 3 1 .7 8 8 7 .5 8 3 9 .9 8 6 7 .6 3 8 .0 3 6 .5 3 7 .3
60 9 3 .3 3 5 .3 3 9 .5 9 9 9 .3 8 5 0 .3 9 0 5 .7 5 3 .3 5 1 .0 5 2 .0
67 9 2 .2 3 6 .8 9 0 .3 8 9 1 .7 7 3 1 .9 8 9 9 .3 6 2 .1 5 8 .6 6 0 .3
69 9 9 .3 3 7 .9 9C .1 8 6 0 .5 7 9 5 .9 8 1 7 .3 6 9 .0 6 0 .7 6 2 .3
70 9 3 .0 3 9 .0 9 1 .2 8 5 9 .9 8 2 0 .0 8 3 9 .7 6 5 .5 6 3 .9 6 9 . 3
71 9 9 .9 9 1 .2 9 2 .5 8 9 3 .9 7 6 9 .3 8 1 2 .9 6 5 .7 5 8 .3 6 3 .9
72 9 3 .9 3 7 .9 9 1 .2 8 5 8 .0 7 6 0 .9 8 2 3 .1 6 7 .9 6 5 .9 6 6 .3
73 9 3 .3 3 6 .8 9 0 .9 8 5 9 .2 7 9 5 .1 8 1 9 .0 6 8 .9 6 9 .6 6 7 .2
79 9 2 .5 3 8 .1 9 0 .7 8 7 1 .9 7 7 6 .7 8 1 9 .9 6 9 .2 5 1 .1 65 .2
75 9 6 .0 3 6 .8 9 0 .9 1 1 3 3 .0 7 1 8 .7 8 9 8 .9 7 0 .9 3 2 .9 6 3 .9
76 9 3 .8 3 6 .6 9 0 .9 9 3 7 .1 7 6 9 .1 8 3 6 .9 7 1 .5 5 0 .5 6 6 .7
77 9 3 .5 3 6 .6 9 0 .0 9 3 0 .1 7 8 5 .0 8 7 2 .8 7 3 .0 5 3 .3 6 5 .2
78 9 5 .5 3 6 . C 9 0 .5 9 6 9 .7 7 9 1 .9 8 5 5 .9 7 3 .9 9 3 .1 6 7 . C
79 9 9 .6 3 6 .6 9 0 .7 1 0 9 9 .6 7 9 2 .8 8 7 6 .7 7 5 .9 9 6 .9 6 6 .6
80 9 9 .9 3 8 .1 9 1 .7 1 0 9 3 .1 7 9 9 .6 8 7 3 .6 7 6 .9 9 2 .9 6 8 .2
81 9 5 .5 3 9 .0 9 2 .9 9 9 8 .6 8 0 6 .1 8 8 6 .3 7 7 .5 9 9 .6 6 9 .  C
89 9 3 .3 3 5 .6 3 8 .7 93 9 .0 7 2 2 .7 7 9 1 .3 8 1 .7 6 2 .5 7 7 .9
86 9 2 .9 3 6 .6 3 9 .6 9 2 9 .8 7 0 3 .3 7 7 9 .5 8 3 .9 6 7 .2 6 0 .9
90 9 3 .3 3 7 .6 9 1 .1 9 9 0 .8 7 1 5 .9 7 7 7 .5 9 0 .2 7 9 .2 8 7 .9
9b 9 2 .5 3 7 .5 9 0 .2 8 3 3 .5 6 7 3 .3 7 3 9 .8 9 8 .0 9 1 .2 9 5 .8

102 9 1 .7 3 3 .0 3 7 .6 7 2 2 .1 6 0 2 .0 6 7 1 .9 1 0 5 .5 1 0 2 .5 1 0 9 . C
111 3 9 .2 2 6 .6 3 1 .0 6 6 1 .7 5 6 1 .9 5 8 9 .6 1 1 2 .5 9 9 .0 1 0 9 .7
120 3 1 .0 2 9 .6 2 6 .9 6 7 3 .1 2 8 9 .6 9 8 9 .8 1 0 6 .9 1 9 .2 7 9 .7
132 1 7 .8 1 6 .7 1 7 .2 6 2 3 .0 5 8 3 .8 6 0 6 .0 2 0 .5 1 5 .1 1 7 .5
138 1 7 .9 1 9 .7 1 6 .6 5 9 1 .2 2 8 3 .5 9 9 9 .9 5 3 .0 2 0 .9 3 1 .9
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FLECHT SEASET 163-ROD BUNDLE FLOW BLOCKAGE TASK 

SUMMARY AND COMMENT SHEET

Run:

Test date:  

Test type:  

Parameter:

62413

9 /2 7 /82

Forced re f lood  

Peak power e f f e c t

AS-RUN TEST CONDITIONS:

Upper plenum pressure
I n i t i a l  peak clad temperature and locat ion

I n i t i a l  peak rod power:

Per iphera l  rods 

Bypass rods 

Blockage Is land rods 

Flooding ra te  

Coolant temperature  

I n i t i a l  bundle water leve l

0 .276 MPa (4 0 .0  ps ia )
8 7 5 .9®C (1 6 0 8 .6 * F ) ,

8N-1 .98  m (78 I n . )

3.284 kw/m (1.001 k w / f t )  

3.28  kw/m (0 .999  k w / f t )  

3.27 kw/m (0 .997 k w / f t )

38.1 mm/sec (1 .50  I n . / s e c )  

53.8®C (129“F)

- 5 . 6  mm ( - 0 . 2 2  I n . )

COMMENTS:

With the Increase In  the peak power to 3 .3  kw/m (1 k w / f t ) ,  the power 
supplies were reconfigured wi th  54 rods In each so as not to exceed the 
power l i m i t a t i o n s .  Rods G-15,  H-15, 1 -15 ,  and J-15 were moved from the 
p er ip hera l  rod supply to the blockage Is land  rod supply,  and rods 1 -6 ,  
J -6 ,  C-8,  C-9,  D-9,  D-10,  E-10,  C-11, D-11,  and C-12 were moved from the 
bypass rod supply to the blockage Is land rod supply.

Carryover tank f i l l e d  up a t  approximately 460 seconds.

I n l e t  mass f low:^^^ -6 .6 X  l i n e a r l y  decreasing to -2 .6 X  by 500 seconds

Power decay:^^) per iphera l  rods, OX l i n e a r l y  Increasing to +1.5X by 400 
seconds
bypass rods,  OX e x p o n e n t ia l ly  Increasing to -2 .5 X  by 400 
seconds
blockage rods, OX l i n e a r l y  Increasing to - I X  by 400 
seconds

No heat t ra n s fe r  plots  are Included.

1. R e la t iv e  to run 34524
6 24 13 -1



FUCHT SEASET 163 ROD BUNDLE TEST SERIES 
RUN NUNBER62A13

RbD/ELEV TlNIIiAi. NAXINUN TEMPERATURE TURNAROUND 9UENCH OUENCF
chan, no AT FLOOt 

(DEO F>
tehferature

IQE6 FI
RISE 
lOEG F)

TINE
(SECONDS!

TENPREATURE 
(DEC F)

TIME
(SECQNOSI

96 1- 0 3 685. 712. 27. 5.5 594. 22.(
IDM 2- iC 6 698. 957. 59. 8.0 694. 49.C
96 3- 3 9 1225. 1362. 136. 25.5 822. 96.3
3A 6- 0 11 1354. 1564. 210. 42.0 838. 143.9
7H 6- 0 12 1337. 1550. 213. 41.5 779. 147.9

6A 6- .0 13 1359. 1580. 222. 42.0 795. 151.t
BN ♦- C 14 1360. 1558. 198. 40.0 839. 141.9

120 4- C 17 1343. 1540. 198. 41.0 839. 140.9
SE S- 0 20 1493. 1856. 363. 66.5 992. 214.4
76 5- 0 21 1549. 1914. 365. 56.5 963. 212.9

96 5- 0 24 1540. 1894. 354. 57.5 949. 218.1
5£ 5- 7 33 1524. 1858. 334. 69.0 915. 262.7
86 5- 7 45 1546. 1903. 358. 70.0 965. 266.0
9M 5- 9 52 1500. 1801. 301. 60.0 822. 266.0
76 5-tC 59 1501. 1866. 365. 80.5 879. 287.9

7F 5-11 62 1442. 1736. 293. 55.5 1182. 205.746 5-11 64 1527. 1911. 384. 69.0 886. 296.6
21 6- 0 67 1579. 199 4. 415. 82.5 1007. 294.9
50 6- ,C 70 1484. 1848. 364. 92.5 873. 296.0
60 6- C 74 1517. 1893. 376. 80.0 694. 305.4

7« 6- 0 66 1538. 194 2. 404. 71.5 930. 292.2
lie 6- C 80 1545. 1936. 391. 81.0 914. 296.7
BN 6- 2 97 1367. 1723. 356. 60.0 867. 269.0
5H 6- 2 99 1530. 195 5. 425. 81.5 886. 314.1
9E 6- 2 105 1337. 1898. 560. 111.5 1344. 232.6

BH 6- 3 111 1412. 1765. 352. 61.5 909. 274.0
46 6- 3 124 1545. 195 3. 408. 81.0 912. 321.9

UN 6- 4 134 1487. 1889. 401. 70.0 770. 264.3
9D 6- 4 143 1533. 1995. 463. 99.0 847. 323.C
90 6- 5 165 1530. 188 0. 349. 60.0 916. 309.9

9H 6- 5 166 1579. 1996. 417. 79.0 967. 325.4
80 6- 6 192 1575. 1952. 377. 62.0 1045. 299.9
90 6- 6 193 1543. 2017. 474. 99.0 882. 335.0

llF 6- 6 173 1552. 1967. 414. 89.0 869. 334.6
46 7- 0 261 1476. 1769. 293. 44.5 621. 376.9

70 7- 6 309 1462. 1827. 366. 86.0 905. 368.776 7- 6 312 1506. 1831. 325. 55.5 1006. 345.Clie 7- 6 325 1477. 1876. 399. 99.0 890. 410.7
SL 8- 0 337 1298. 1756. 457. 99.0 824. 457.9
7H 8- 0 345 1345. 1808. 463. 99.5 830. 429.1

7K 8- C 346 1347. 179 7. 450. 96.0 820. 447.1
50 8- 6 366 1135. 147 8. 343. 85.5 705. 493.078 8- 6 368 llOt. 1455. 347. 95.5 696. 498.7
7E 9- 3 363 1C86. 1525. 439. 236.1 727. 483.18H 9- 3 387 1046 . 1457. 411. 239.1 745. 483.0

9C 9- 3 389 1033. 1421. 388. 111.5 713. 511.0IIF 9- 3 394 1036. 1391. 355. 82.5 826. 448.7
7B10- 0 4 08 843. 1297. 454. 139.5 655. 564.06N10- ,C 415 858. 1398. 539. 241.1 662. 519. 16K10- C 417 859. 1303. 443. 153.5 642. 564.0

8N10- 0 418 874. 1404. 530. 146.5 761. 564.06H11- 0 429 692. 937. 245. 106.0 559. 564.09611- iC 431 692. 1096. 404. 248.1 716. 380.7
llEll- C 432 688. 987. 300. 131.5 671. 367.0

5011- 6 436 672. 889. 217. 98.0 571. 564.0
7811- 6 437 644. 99 3. 349. 159.5 569. 564.0
8011- t 438 692. 934. 242. 153.5 631. 564.0

6 2 4 1 3 - 2



INITIAL TENP (DEC F)
RUN 62A13 HEATER ROD STATISTICAL DATA 

HAX TENP IDEG F) TURNAROUND TINE (SEC)

ELEV NAX HIN HEaF HAX HIN NEAN NAX HIN HEA).
12 689.8 679.3 679.2 712.0 701.6 706.1 5.5 5.0 5.2
2A 897.7 857.9 872.6 956.5 913.2 929.0 8.0 8.0 8.C
3G 1225.9 1167.2 1187.9 1361.7 1303.6 1323.2 27.0 25.0 25.9
A8 1369.8 1337.9 1352.1 1590.1 1590.2 1565.3 93.0 30.0 9C.1
60 1579.9 1926.9 1512.7 1965.9 1689.5 1859.3 78.0 59.5 60.7
67 1587.9 1993.7 1597.5 1999.7 1809.3 1889.7 79.0 55.0 65.6
60 1520.7 1996.9 1509.0 1878.9 1782.9 1893.3 89.5 60.0 75.5
70 1596.6 1991.9 1511.6 1995.8 1816.1 1880.3 90.0 62.0 77.6
71 1527.2 1992.9 1977.8 1911.9 1735.5 1850.6 79.5 55.5 66.9
72 1581.9 1998.8 1532.7 1999.1 1897.8 1928.8 95.5 65.5 80.6
73 1585.E 1958.5 1516.9 2003.9 1851.2 1909.9 102.0 66.0 83.6
70 1578.2 1367.C 1998.2 1979.6 1723.3 1909.2 99.0 57.0 79.2
75 1589.7 1912.5 1509.8 1972.3 1769.6 1906.9 100.0 61.5 80.6
76 1607.5 1991.9 1538.9 2099.3 1870.5 1951.8 99.0 61.5 82.7
77 1579.3 1978.8 1535.9 2013.9 1791.3 1933.1 100.5 55.0 78.7
78 1608.6 1507.7 1553.8 2078.2 1817.3 1952.7 99.0 99.0 76.3
79 1605.3 1989.5 1559.1 2002.2 1873.8 1950.8 96.5 99.5 75.6
80 1570.6 1500.1 159C.5 209 2 .0 1868.2 1973.1 101.5 93.5 77.C
81 1589.7 1959.5 1526.3 2063.0 1852.3 1997.2 97.0 99.0 72.9
89 1529.0 1920.C 1987.1 1808.2 1657.0 1792.1 99.0 92.5 50.9
86 1593.3 1999.9 1527.9 1922.9 1762.3 1815.1 80.5 27.0 57.3
90 1527.2 1917.8 1979.6 1916.0 1803.7 1859.8 99.0 55.5 79.2
96 1391.2 1251.5 1391.9 1897.6 1755.6 1821.5 137.5 88.0 101.5

102 1199.3 IClO.l 1193.9 1578.1 1955.2 1513.6 202.1 66.0 117.6
111 1099.8 1029.7 1057.9 1525.0 1382.8 1951.3 293.1 82.5 136.C
120 913.2 815.C 861.8 1930.6 1192.0 1395.3 253.1 89.0 169.7
132 700.5 682.7 691.2 1095.7 908.0 997.2 298.1 96.5 172.3
138 692.1 693.6 665.0 995.7 889.9 955.3 269.1 98.0 163.3

RUN 62AI3 heater ROD STATISTICAL DATA 
TENP RISE (DEC F) OUENCH TEnP (DEG F| OUlNCH tine (SEC)

ELEV HAX HIN heaf HAX HIN NEAN HAX HIN HEAF
12 27.3 26.2 26.9 599.5 588.1 591.3 29.0 22.6 23.6
29 58.8 59.6 56.9 699.9 662.7 678.5 99.0 96.5 97.9
39 192.8 127.9 135.7 839.9 817.9 825.7 99.9 95.9 97.6
98 237.9 197.5 213.2 895.8 778.5 822.1 151.8 190.8 199.5
60 390.5 258.1 391.6 1093.9 998.8 977.3 225.9 210.5 217.1
67 362.9 306.7 337.2 996.8 795.3 921.7 272.8 256.8 269.9
69 363.5 285.5 339.3 933.0 821.7 899.6 286.5 268.0 278.1
70 387.5 399.3 368.7 1009.3 879.5 995.5 292.0 276.7 283.7
71 919.2 293.1 372.6 1182.9 828.9 955.9 296.6 2C5.7 269.8
72 930.8 363.7 396.1 1006.5 817.2 917.7 305.9 292.2 298.7
73 917.6 371.9 393.0 999.8 829.9 910.7 309.9 293.7 303.1
79 939.3 356.3 906.0 959.1 798.8 886.9 320.0 262.0 3C3.7
75 957.3 350.5 397.1 1085.9 539.9 899.6 321.9 207.9 295.9
76 962.6 359.1 913.9 993.2 769.7 910.0 339.3 269.3 312.2
77 961.8 312.6 397.6 1060.2 850.0 957.7 335.0 293.5 295.6
78 973.9 268.3 399.0 1323.9 735.0 953.8 395.8 155.7 309.1
79 981.7 289.2 396.7 1209.3 729.2 979.7 399.5 166.2 293.2
80 513.2 298.7 932.6 1950.9 767.9 1D08.9 359.9 126.3 308.2
81 529.9 316.9 920.9 1950.8 907.7 1092.0 358.9 193.3 298.6
89 298.3 206.2 255.0 1029.9 815.2 869.6 385.9 261.9 355.2
86 378.3 195.8 287.7 1399.6 818.6 998.8 391.0 196.9 396.8
90 922.1 325.3 380.2 1929.1 899.9 953.9 929.9 231.9 381.1
96 535.9 935.6 979.6 1339.6 78 5.6 903.8 960.3 285.0 920.7

102 991.1 306.9 370.2 887.8 663.8 763.7 998.7 380.6 955.9
111 969.9 399.3 393.9 1006.C 983.3 750.1 569.0 380.9 986.6
120 582.1 377.C 983.5 889.3 970.3 690.3 569.0 391.8 520.9
132 903.6 225.3 305.9 715.6 559.2 626.7 569.0 380.7 979.9
136 398.8 217.3 290.2 819.1 596.6 630.9 569.0 330.1 510.6

6 2 4 1 3 - 3
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FLECHT SEASET 163-ROD BUNDLE FLOW BLOCKAGE TASK 

SUMMARY AND COMMENT SHEET

Run:

Test date:  

Test type:  

Parameter:

62503

9 /2 8 /8 2

Forced re f lood  

V ar iab le  f low e f f e c t

AS-RUN TEST CONDITIONS:

Upper plenum pressure 0 .274 MPa (39 .7  ps ia )

I n i t i a l  peak clad temperature and locat ion  8 7 1 .6"C ( 1 6 0 0 .9 " F ) ,

BN-1.93 m (76 I n . )

I n i t i a l  peak rod power:

Per iphera l  rods 

Bypass rods 

Blockage Island rods 

Flooding ra te  

Coolant temperature  

I n i t i a l  bundle water leve l

2.30 kw/m (0 .700  k w / f t )

2.29 kw/m (0 .699  k w / f t )

2.29 kw/m (0 .699  k w / f t )  

V ar iab le  (see page 62503-18)  

5 2 .8 ‘’C ( 1 2 7 ^ )

+2.8 mm (+0.11 I n . )

COMMENTS:

None

3542X:1/090683 62503-1



FLECHT SEASET 163 ROD BUNDLE TEST SERIES 
RUN NUNBER62503

ROD/ELÊ TINITIAL KAXIHUN TENPERATURE TURNAROUND BLENCH OUENCF
chan, no at FLOuC IENFERATURE RISE TINE TENPREAIUAe TINE

(CEC F) (UE£ F) (0E6 F) (SECONDS) (0E£ F) (SECONDS)
96 1- 0 3 677. 695. 16. 5.0 569. 21.9IDH 2- C 6 686. 92 5. 36. 6.0 666. 66.C96 3- 3 9 1213. 128 2. 69. 12.0 776. 66.7
3J 6- C 11 1350. 1673. 123. 36.0 773. 129.97H 6- 0 12 1360. 1671. 132. 37.5 771. 132.9

BK 6- C 13 1355. 1666. 133. 39.0 751. 137.7BN 6- C 16 1369. 1660. 110. 36.0 609. 126.612D 6- C 17 1361. 166 3. 103. 29.5 636. 125.9SE i -  0 20 1666. 1728. 239. 65.5 965. 203.976 5- 0 21 1569. 1769. 220. 55.0 961. 201. t

96 i -  C 26 1523. 1751. 226. 76.0 923. 206.7
SE 5- 7 33 1526. 1603. 279. 69.0 937. 265.e66 5- 7 65 1563. ISO 7. 266. 83.0 927. 273. 29H 5- 9 52 1663. 160 3. 319. 96.5 626. 266.E
76 5-10 59 1503. 1796. 295. 66.0 76L. 307.9

7F 5-11 62 1665. 1767. 302. 99.0 65b. 3C7.9
66 5-11 66 1530. 1B50. 320. 96.0 655. 325. t
21 6- 0 67 1577. 1666. 309. 95.5 966. 327.9
50 6- 0 70 1661. 1605. 326. 102.0 609. 326.7
63 6- IC 76 1519. 1785. 266. 95.0 693. 336.1

7H 6- C 66 1537. 1B66. 327. 99.0 806. 326.iHE 6- 0 BO 1538. 1636. 300. 91.0 691. 326.7BH 6- 2 97 1366. 1757. 393. 121.0 657. 365.95H 6- 2 99 1526. 1673. 366. 101.5 666. 363.79E 6- 2 105 1330. 1821. 691. 117.5 262. 761.1

BH 6- 3 111 1606. 1771. 365. 123.5 912. 356.3
66 6- 3 126 1566. 1896. 351. 99.5 663. 376.tIIH 6- 6 136 1669. 1766. 316. 66.5 692. 377.6
90 6- 6 163 1532. 1936. 603. 116.5 900. 383.9
93 6- 5 165 1511. 1626. 313. 191.0 655. 600. t

9H 6- 5 166 1560. 1919. 339. 102.5 921. 363.(
63 6- 6 192 1560. 1691. 331. 109.0 690. 602.190 6- t 193 1565. 1967. 602. 117.5 83V. 610.9

IIF 6- 6 173 1566. 1699. 351. 102.0 66b. 397.766 7- 0 261 1669. 1600. 331. 101.5 696. 669.6

70 7- 6 309 1666. 1906. 636. 196.0 616. 567.776 7- 6 312 1510. 1976. 666. 213.1 676. 529.6HE 7- 6 325 1666. 1660. 616. 166.5 783. 539.E5L B- 0 337 1296. 166 0. 561. 173.5 76b. 612.17H 6- 0 365 1366. 1979. 631. 250.1 796. 611.9

7K B- C 36t 1169. 1696. 569. 215.1 75L. 606. t53 B- 6 366 1130. 1711. 561. 760.1 669. 656.97b 8- 6 366 1117. 166 2. 565. 250.1 666. 655.77£ 9- 3 363 1C92. 1816. 727. 310.1 732. 640.1BH 9- 3 367 1066. 1636. 590. 196.0 701. 693. 6

9C 9- 3 369 1036. 166 2. 606. 311.1 701. 646.7IIF 9- 3 396 1032. 1709. 677. 313.1 67 2. 696. 17610- 0 606 666. 1571. 725. 366.1 616. 736. 1
6H10- 0 615 656. 1568. 69k. 396.1 633. 732.16IC10- 0 617 656. 1633. 576. 365.1 626. 731.1

6N10- C 616 671. 1660. 609. 205.1 660. 731. 16HI1- 0 629 691 . 1109. 616. 615.1 606. 760.9
9611- 0 631 66b. 1622. 736. 376.1 6i». 617.7

llEll- 0 6 32 675. 1616. 760. 377.1 610. 762. 1

5311- t 636 66b. 917. 231. 163.5 616. 726.1
7611- 6 637 665. 1376. 6 6 1 . 617.1 >79. 762.7
6311- 6 636 66k . 105 6. 367. 665.1 591. 766.9

6 2 5 0 3 - 2



RUN 62S03 HEATER ROD STATISTICAl DATA
INITIAL TANP ICEC f ) MAX TEMP (DES F) TURNAROUND TIME (SEC)

Bl BV AAX HlN rtAh NIX NIN NEAN NAX Nlh NEAN
12 679.5 677.4 670.6 697.4 695.3 696.7 5.0 5.0 5.C
2*f 666.4 660. 5 66** .0 924.5 696.7 906.7 6.0 b.O b.c
39 1212.b 1163.C 1162.0 1261.7 1236.6 1254.0 17.0 12.0 15.4
Mo 1367.0 1339.5 135C.2 1466.4 1443.5 1472.3 39.0 27.0 35.4
to 1540.9 14C7.2 150 2.5 1766.9 1531.5 1707.6 76.0 32.C 56.6
t7 1567.9 1495.9 154<i«6 16 3 5 • 4 1715.5 2764.3 96.5 61.0 64.6

1517.5 1463.C 1503.6 1602.5 1716.6 1769.2 98.5 bl.C 9C.7
70 1591.2 1431.7 1512.5 1836.5 1781.3 1799.9 102.5 72.0 69.C
71 1530.5 1440.3 1479.1 1650.1 1746.7 1795.7 99.0 79.0 93.7
72 1560.3 1447.6 1531.2 1696.5 1764.6 1643.6 126.0 8b.0 96.6
73 1573.6 1457.4 1517.1 1903.3 1781.3 1626.5 102.5 64.0 95.7
7A 1576.C 1363.6 1494.3 1692.0 1723.3 1646.2 121.0 92.5 1C2.5
75 1561.4 1406.1 15C7.6 1696.5 1771.3 1643.2 136.0 90.5 104. 3
7b 1600.9 1443.5 1533.6 194 5.6 1763.5 1679.6 122.5 64.5 1C3.6
77 1560.3 1475.6 153C.7 1961.9 1792.5 1677.6 191.0 97.0 12C.1
7b 1599.6 15C7.7 1547.5 1967.7 1734.4 1689.7 169.0 74.0 111.9
79 1590.1 1495.9 1549.6 1972.3 1762.3 1697.6 168.0 76,0 119.7
ec 1566.4 1491.6 1537.5 1964.9 1753.4 1919.0 199.0 95.5 126.4
61 1565.2 1457.4 152C .5 1961.9 1645.5 1915.6 193.0 ICC.5 14C.6
tM 1525.1 1413.6 I4o0 .6 1646.7 1732.2 1793.0 206.1 1CC.5 152.8
9t 1573.6 146C.6 1522.0 1942.4 1757.9 1655.2 229.1 99.5 176.8
90 1516.4 1396.6 1473.9 2015.1 1612.7 1919.6 231.1 1C2.5 197.C
9b 1390.2 1250.4 1336.4 2029.1 1794.7 1929.2 251.1 161.5 219,5

IC2 1163.6 1C17.4 1139.0 1656.C 1662.5 1760.0 260.1 229.1 251.8
111 1091.6 1C29.V 1053.6 1616.4 1553.2 1716.5 347.1 194.0 3C3.1
120 913.2 610.6 65C.7 1732.2 1263.6 1574.6 433.1 192.5 323.7
132 691.1 675.3 663.3 1434.9 915.3 1294.3 415.1 326.1 378.5
13b 667.9 629.1 655.4 1334.2 917.3 1191.3 445.1 163.5 355.6

A UN62503 HEATE6 ROD :STATISTICAL DATA
TENP f t l i i (CE9 F J QUENCHTENR(DEC F) QUENCH TiNfc (5EC)

blEV HAX NIN fcAh NAX NiH NEAN NAX NIH NbAH
12 I7.b 17.8 17.8 576.4 566.6 570.6 23.0 21.9 22.6
24 38.2 36.2 38.9 64 6.0 628.2 639.4 46.0 43.5 44.6
39 78.0 67.7 72.1 600.1 770.6 782.8 91.1 86.4 86.5
4b 136.1 1C2.9 122.1 833.9 750.6 789.5 137.7 125.9 130.C
6C 242.3 124.4 205.C 1003.8 639.4 935.5 213.8 199.7 206.C
67 282.2 211.C 239.7 954.6 752.1 883.1 276.8 255.8 266.C
89 319.5 223.9 265.8 919.0 825.4 858.3 303.8 278.5 289.7
70 364 .1 245.3 287.4 96 6.3 760.0 866.7 313.6 289.9 3C1.7
71 361.1 263.4 316.6 677.5 786.8 843.7 325.8 307.9 314.5
72 376.3 268.1 312.5 943.5 603.8 863.4 343.8 323.8 331. C
73 352.1 273.8 3C9.3 934.0 644.1 875.3 354.7 323.8 339.6
74 424.9 295.8 351.9 920.1 721.2 863.9 366.5 345.9 355.6
75 391.6 264.9 335.4 911.8 476.2 819.9 376.8 347.6 365.4
76 414.5 269.6 346.0 952.4 691.7 880.1 390.8 360.8 378.C
77 440.1 308.6 346.9 956.5 766.1 864.6 417,5 378.8 390.9
78 419.8 161.2 342 .2 962.5 614.0 864.2 431.6 386.5 40i . 6
79 407.6 198.1 346*8 1009.5 613.9 879.4 423.7 3«7.9 41C. 4
to 457.7 202.3 38̂.4 94 5.7 717.3 865.2 441.4 411.9 428.9
bl 459.7 260.4 395.3 902.8 606.2 862.5 449.7 431.5 439.1
84 338.5 295.1 312*3 053.4 689.3 751.3 481.1 446.9 468. S
88 385.5 199. 8 333 .2 903.6 747.9 820.7 508.9 455.0 485.9
90 525 .8 342.8 445.7 926.7 755.5 831.1 565.9 524.8 541.5
98 687.2 450. C 5VC.8 665. C 723.5 803. 7 624.8 586.9 604. C

102 728.8 545.C 641.0 741.5 619.7 672.4 657.1 636.6 649.6
111 742.1 490. 5 660 .b 603.2 665.8 720.1 702.7 677.C 690.6
120 686. 5 435. 7 718.1 1005.3 529.0 656.0 738.7 577 .7 721.2
132 757 .5 234 .7 811.8 638.C 542.8 614.5 751.0 617.7 726.9
13b 705 .1 231.5 535.9 1044.7 579,5 684.5 782.7 421.6 665.2

62S03-3
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FLECHT SEASET 163-ROD BUNDLE FLOW BLOCKAGE TASK 

SUMMARY AND COMMENT SHEET

Run: 62605

Test date:  9 /2 9 /8 2

Test type: Forced re f lood

Parameter: Data r e p e a t a b i l i t y  (second)

AS-RUN TEST CONDITIONS:

Upper plenum pressure 0 .272 MPa (39 .5  ps ia )

I n i t i a l  peak clad temperature and lo c a t io n  8 7 2 .7®C (1 6 0 2 .0 * F ) ,

76 -1 .7 0  m (67 I n . )

I n i t i a l  peak rod power:

Per iphera l  rods 2.29 kw/m (0 .698  k w / f t )

Bypass rods 2.29 kw/m (0 .699  k w / f t )

Blockage Island rods 2.29 kw/m (0 .699  k w / f t )

Flooding r a te  38 .6  mm/sec (1 .5 2  I n . / s e c )

Coolant temperature 52.2®C (126®F)

I n i t i a l  bundle water leve l  +5.6 mm (+0 .22  I n . )

COMMENTS:

Carryover tank f i l l e d  up at  approximately  375 seconds.

I n l e t  mass f low:^^^ -0.4% constant

Power d e c a y : p e r i p h e r a l  rods,  -0.5% l i n e a r l y  Increasing to -1% by 400 

seconds

bypass rods,  +0.5% l i n e a r l y  changing to -0.5% by 400 

seconds

blockage rods, 0% constant

1. R e la t iv e  to run 61005

62605-1



FIECHT SEASET 163 ROD BUNDLE t e s t  s e r ie s
RUN NUN BER62605

kQonit^ T J h lT lA L NAXINUN TENPERATURE TLRNARDUND QLENCH QUENCH
CHAh. NU AT FLUUC TENPERATURE RISE TINE TENPREATURE TlHE

(CEO F) (ilE O  F) (OEG F) (SECONDS) (OEG F ) (SECONDS)

96 1 -  0 3 6 7 6 . 6 8 9 . 1 5 . 6 .5 5 8 5 . 1 6 . C
lOH 2 -  C e 8 9 7 . 9 2 9 . 3 2 . 7 .0 6 5 6 . 6 2 .2

96 3 -  3 9 1 22 6 * 1 2 8 9 . 6 1 . 1 6 .0 7 7 1 . 8 2 .C
3J 6 -  C 11 1 3 5 7 . 1 6 6 1 . 1 0 3 . 2 2 .0 7 6 6 . 1 1 5 .2
7M 6 -  C 12 1 3 7 3 . 1 6 8 2 . 1 0 9 . 2 3 .5 7 6 6 . 1 1 9 .6

8K 6 -  C 13 1 3 6 5 . 1 5 0 0 . 1 1 5 . 2 6 .5 7 3 6 . 1 2 0 .C
8H 6 -  C 1^ 1 3 6 7 . 1 6 5 0 . 1 0 3 . 2 1 .0 7 6 6 . 1 1 6 .6

12D 6 -  C 17 1 3 6 2 . 1 6 3 2 . 9 0 . 2 2 .5 7 6 9 . 1 1 3 .8
56 5 -  C 20 1 5 1 9 . 1 6 9 9 . 1 8 0 . 6 7 .5 8 6 7 . 1 6 6 .6
76 5 -  C 21 1577 • 1 7 6 6 . 1 6 9 . 3 6 .5 8 5 0 . 1 6 8 .6

96 5 -  0 2A 1 5 5 6 . 1 7 1 8 . 1 6 3 . 3 6 .5 6 6 5 . 1 7 0 .6
56 5 -  7 33 1 5 6 7 . 1 7 3 0 . 1 8 3 . 5 5 .5 8 1 9 . 1 9 7 . t
66 5 -  7 65 1 5 6 2 . 1 7 3 9 . 1 7 7 . 3 5 .5 8 3 1 . 1 9 9 .6
9M 5 -  9 52 1 5 1 1 . 1 6 7 1 . 1 6 0 . 2 3 .5 7 1 0 . 2 0 1 .2
76 5 - lC 59 1 5 3 2 . 1 7 2 2 . 1 9 1 . 3 6 .5 7 9 3 . 2 2 0 .1

7F 5 -1 1 62 1 6 7 8 . 1 6 5 6 . 1 7 8 . 3 7 .0 6 7 6 . 1 7 6 . fc
66 5 -1 1 6A 1 5 6 1 . 1 7 5 0 . 1 8 9 . 6 7 .5 8 1 6 . 2 2 1 .3
21 6 -  C 67 1 5 6 6 . 1 7 9 5 . 2 2 8 . 5 1 .5 9 0 6 . 2 2 1 .2
50 6 -  0 70 1 5 0 6 . 1 7 0 7 . 2 0 2 . 5 5 .5 8 1 5 . 2 2 0 .2
6J 6 -  X 7A 1 5 5 6 . 1 7 3 1 . 1 7 7 . 6 6 .5 6 5 1 . 2 2 5 .2

7H 6 -  C 66 1 5 5 2 . 1 7 6 6 . 2 1 6 . 5 5 .0 6 6 0 . 2 1 9 .1
116 6 -  C 80 1 5 6 8 . 1 7 5 7 . 2 0 9 . 6 7 .0 8 66 . 2 2 2 .2

8H b -  2 97 1 6 1 6 . 1 6 0 2 . 1 8 6 . 6 2 .0 8 3 6 . 1 9 8 .2
5H 6 -  2 99 156C . 1 7 6 6 . 2 0 6 . 6 6 .5 8 11 . 2 3 3 .1
96 6 -  2 105 1 3 8 9 . 172 6 . 3 3 6 . 8 6 .5 1 3 7 6 . 1 6 1 .8

8H 6 -  3 111 1 6 5 0 . 1 6 2 2 . 1 7 2 . 5 7 .0 8 9 6 . 2 0 3 .C
66  6 -  3 12« 1 5 7 2 . 1 7 7 9 . 2 0 7 . 5 5 .0 8 6 8 . 2 6C .2

l l H  6 -  ^ 13A 15C 1. 1 7 2 1 . 2 2 0 . 5 7 .5 7 6 1 . 2 1 5 .C
90 6 -  6 163 1 5 5 0 . 1 8 2 5 . 2 7 5 . 7 6 .5 8 1 3 . 2 3 8 .6
9J 6 -  5 165 1 5 6 2 . 1 7 1 3 . 1 7 1 . 5 1 .5 8 9 2 . 2 2 7 .3

9H 6 -  5 166 1 5 8 8 . 1 8 0 3 . 2 1 5 . 5 7 .5 8 8 2 . 2 6 6 .C
6J 6 -  t 192 1582 . 1 7 8 5 . 2 0 2 . 7 3 .5 95C . 2 3 2 .6
90 6 -  t 193 1 5 6 1 . I8 6 0 . 2 7 9 . 7 3 .5 8 8 1 . 2 6 0 .7

I I F  6 -  t 173 1 5 6 0 . 1 8 0 7 . 2 6 7 , 7 0 .0 8 1 5 . 2 6 9 .C
66 7 -  0 261 1 5 1 0 . 1 6 5 1 . 1 6 2 . 3 6 .0 7 6 7 . 2 6 2 .1

70 7 -  t 309 1 6 9 b . 1 7 0 9 . 2 1 3 . 6 2 .0 8 5 7 . 3 0 5 .1
76 7 -  b 312 1 5 6 8 . 1 7 5 6 . 2 0 8 . 6 6 .0 9 2 7 . 2 9 1 *1

116 7 -  6 325 1 6 7 6 . 1 7 2 3 . 2 6 8 . 7 8 .5 6 2 2 . 3 1 1 .1
5L 8 -  0 337 1 3 2 1 . 1 6 2 6 . 3 0 6 . 1 0 6 .0 7 9 6 . 3 3 6 .2
7H 8 -  0 365 1 3 6 6 . 1 6 6 1 . 2 9 5 . 8 2 .0 79C . 3 3 5 .2

7K 8 -  C 366 1 3 8 6 . 1 6 5 6 . 2 7 0 . 8 8 .5 7 9 6 . 3 3 0 .7
54 8 -  t 366 1 1 7 1 . 1 3 8 8 . 2 1 7 . 5 3 .5 6 8 8 . 3 6 3 .8
78 8 -  6 368 1 1 6 1 . 1 3 8 0 . 2 3 8 . 5 8 .5 6 6 2 . 3 6 1 .3
76 9 -  a 383 1 1 1 3 . 1 6 5 2 . 3 3 9 . 1 7 6 .0 6 8 2 . 3 8 1 .7
8H 9 -  a 387 IC 7 5 . 1 3 6 6 . 2 7 1 . 1 7 2 .0 6 2 6 . 3 8 0 .1

9C 9 -  3 389 IC S C . 1 3 1 7 . 2 6 7 . 8 2 .5 6 5 6 . 3 7 9 .C
I I F  9 -  3 396 1 C 6 1 . 1 2 9 9 . 2 3 9 . 8 1 .0 9 2 6 . 2 5 7 .e

7 8 1 0 -  0 608 8 1 3 . 1 1 7 2 . 3 5 9 . 1 5 9 .0 6 0 7 . 6 0 2 .2
8 H 1 0 - C 615 866 . 1 2 1 0 . 3 6 6 . 1 3 0 .5 6 0 7 . 3 9 6 .1
S iC lO - C 617 8 7 2 . 1 1 9 5 . 3 2 3 . 1 6 6 .0 6 1 7 . 6 C 2 .6

8 H 1 0 - C 618 8 7 7 . 1 2 6 6 . 3 6 9 . 1 1 6 .5 6 6 2 . 3 9 9 . i
6 M 11 - C 629 6 8 7 . 8 6 0 . 1 7 6 . 1 6 5 .5 5 3 6 . 3 8 3 .2
9 6 1 1 -  0 631 6 7 8 . 8 3 3 . 1 5 6 . 5 6 ,5 6 9 6 . 8 7 .7

l l f c l i -  0 632 6 8 9 . 8 6 2 . 1 7 3 . 5 3 .5 3 8 6 . 2 6 0 . 5

5 J 1 1 -  6 636 6 6 5 . 8 2 6 . 1 7 9 . 1 0 9 .0 51C. 3 9 7 .2
7 8 1 1 -  6 637 5 5 8 . 86 3 . 3 0 6 . 1 6 8 .0 5 6 0 . 3 5 9 .3
8 J 1 1 -  6 638 666 . 8 3 3 . 1 6 7 . 8 1 .5 5 1 6 . 3 9 6 . C

62606-2



IN IT IA L  T£NP (0 £ 6  f)

RUN 62605  HEATER ROD S T A T IS T IC A L  DATA 

MAX TEHP ( d e c  F ) t u r n a r o u n d  t in e  (SEC)

ELEV HAX HIN NEAN HAX HIN HEAN HAX HIN h ear
12 6 7 9 .3 6 7 1 .1 6 7 3 .2 6 8 9 .0 6 8 5 .8 68 7 .9 9 .5 9 .0 9 .3
2A 8 9 6 .7 8 6 0 .5 6 7 5 .3 9 2 8 .7 8 9 1 .5 9 0 6 .3 7 .0 6 .5 6 .7
39 1 2 2 8 .5 1 1 8 5 .8 1 2 0 1 .1 1 2 8 9 .0 1 2 5 3 .5 1 2 6 2 .9 1 6 .5 1 2 .5 1 9 .1
<ttt 1 3 8 9 .1 1 3 9 1 .6 1 3 6 8 .3 1 5 0 0 .1 1 9 3 1 .7 1 9 7 9 .6 2 6 .5 2 1 .0 2 3 .1
60 1 5 7 7 .1 1 9 1 3 .5 1 5 2 9 .9 1 7 9 8 .9 1 5 3 1 .5 1 6 8 8 .6 9 7 .5 3 9 .5 3 7 .5
67 1 6 0 2 .0 1 9 9 9 .C 1 5 5 9 .5 1 7 7 5 .7 1 6 9 1 .0 1 7 3 9 .0 5 5 .5 3 5 .0 9 1 .7
69 1 5 5 0 .0 1 5 1 1 .0 1 5 2 9 .2 1 7 3 0 .0 1 6 7 1 .3 1 7 1 1 .6 6 1 .5 2 3 .5 9 9 .5
70 1 5 8 5 .7 1 9 9 1 .6 1 5 3 0 .7 1 7 7 6 .8 1 7 1 8 .8 1 7 3 8 .7 6 9 .0 3 6 .5 9 9 .2
71 1 5 6 0 .8 1 9 7 7 .7 1 5 0 1 .9 1 7 5 0 .1 1 6 5 5 .9 1 7 0 2 .0 6 3 .0 3 7 . C 5 1 .5
11 1 5 9 7 .7 1 9 8 2 .C 1 5 5 0 .3 1 8 0 8 .2 1 7 0 6 .5 1 7 5 9 .2 6 7 .0 3 7 .5 5 1 .6
73 1 5 7 6 .0 1 9 8 5 .2 1 5 3 2 .1 1 7 9 0 .2 1 6 9 2 .2 1 7 9 2 .7 6 3 .5 3 9 .5 5 3 .7
79 1 5 7 3 .8 1 9 1 5 .7 1 5 2 5 .5 1 7 9 6 .9 1 6 0 2 .0 1 7 9 6 .5 7 9 .5 9 9 .0 6 0 .1
75 1 5 8 1 .9 1 9 9 9 .9 1 5 2 6 .9 1 7 9 9 .7 1 6 2 1 .8 1 7 9 2 .9 7 8 .5 9 7 .0 6 2 . C
76 1 5 9 3 .3 1 9 9 2 .6 1 5 5 3 .8 182 9 .7 1 7 2 1 .0 1 7 8 2 .3 7 6 .5 9 9 .0 6 0 .9
77 1 5 8 7 .9 1 5 0 5 .5 1 5 5 0 .3 1 8 3 3 .1 1 6 5 1 .5 1 7 6 7 .3 8 3 .5 3 9 .5 6 3 .6
78 1 5 9 0 .1 1 5 1 3 .1 1 5 6 9 .6 1 8 9 5 .5 1 6 9 6 .5 1 7 8 5 .9 9 0 .0 3 5 .5 6 3 .1
79 1 5 9 8 .7 1 9 8 9 .1 1 5 6 2 .6 1 8 3 0 .8 1 7 3 2 .2 1 7 8 8 .7 8 1 .5 3 5 .5 6 9 .0
80 1 5 8 5 .7 1 9 9 5 .8 1 5 5 1 .3 1 8 5 0 .1 1 7 3 5 .5 1 8 0 2 .5 8 1 .5 3 6 .5 6 8 .3
81 1 5 7 9 .9 1 9 9 9 .0 1 5 9 3 .2 1 8 3 9 .2 1 7 1 9 .3 1 7 8 8 .7 9 2 .5 9 9 .5 6 9 .1
89 1 5 6 9 .1 1 9 7 1 .3 1 5 1 6 .7 1 6 8 7 .8 1 5 9 8 .7 1 6 5 9 .2 5 8 .5 2 2 .5 3 3 .6
86 1 5 9 3 .3 1 9 5 9 .2 1 5 3 8 .0 1 7 5 1 .2 1 6 9 1 .6 1 6 9 8 .6 6 9 .5 2 2 .5 9 2 .1
90 1 5 9 7 .8 1 9 3 7 .1 1 9 9 8 .7 1 7 8 2 .9 1 6 9 3 .8 1 7 2 0 .5 8 1 .0 9 6 .0 6 2 .2
96 1 9 2 0 .0 1 2 9 3 .2 1 3 6 9 .3 1 7 9 9 .5 1 6 1 7 .9 1 6 7 0 .6 1 0 8 .0 6 7 .0 8 6 .3

102 1 2 2 0 .1 1 1 9 1 .3 1 1 8 7 .5 1 9 9 9 .8 1 3 7 9 .6 1 9 3 1 .3 1 6 7 .0 5 3 .5 1 0 5 .6
111 1 1 1 3 .3 1 0 9 6 .2 1 0 7 6 .6 1 9 5 2 .0 1 2 7 2 .3 1 3 5 0 .9 1 7 6 .0 7 0 .5 1 3 3 .2
120 9 1 5 .3 8 1 2 .9 8 6 6 .7 1 2 7 9 .9 1 0 7 2 .0 1 2 0 5 .0 1 7 9 .0 7 5 .0 1 2 7 .3
132 7 0 2 .6 6 7 6 .5 6 8 8 .9 9 1 1 .1 8 2 2 .2 8 5 9 .7 1 6 5 .5 9 7 .5 9 1 .5
138 6 6 5 .9 5 5 8 .2 6 2 3 .5 8 6 2 .5 7 1 9 .3 8 0 3 .2 1 9 8 .0 2 9 .0 8 2 .8

TENP RISE (DEC F )

RUN 62605  HEATER ROD S TA T IS T IC A L  DATA 

QUENCH TENF (DEC F ) QUENCH T lH E (SEC)

ELEV HAX HIN HEa K HAX H IN HEAN HAX HIN HEAK
12 1 9 .7 1 9 .7 1 9 .7 5 8 8 .0 5 8 0 .2 5 8 9 .3 1 9 .3 1 8 .0 1 8 . e
29 3 2 .0 3 0 .0 3 1 .0 6 5 3 .8 6 3 8 .0 6 9 6 .0 9 2 .2 9 0 .3 9 1 .0
39 6 8 .8 5 5 .3 6 1 .6 7 7 0 .7 7 5 3 .6 7 6 9 .5 8 3 .6 8 0 .1 8 1 .7
98 1 1 5 .3 9 0 .1 1 0 6 .3 7 7 9 .5 7 3 6 .2 7 5 9 .9 1 2 0 .0 1 1 3 .8 1 1 6 .9
60 1 8 0 .2 118..C 1 6 3 .7 8 8 6 .7 8 9 8 .2 8 5 9 .8 1 7 3 .9 1 6 9 .8 1 6 8 .3
67 2 1 9 .2 1 5 8 .1 1 7 5 .3 8 8 1 .9 6 9 7 .5 8 1 9 .6 2 0 5 .1 1 9 3 .8 1 9 9 .9
69 2 0 3 .8 1 6 0 .3 1 6 2 .9 8 5 9 .6 7 0 9 .7 8 1 7 .6 2 1 2 .2 1 9 9 .7 2 0 5 .3
70 2 5 8 .5 1 8 3 .1 2 0 6 .0 9 1 0 .2 7 9 2 .9 8 9 9 .3 2 2 0 .1 2 0 7 .7 2 1 2 .2
71 2 2 6 .0 1 7 6 .2 2 0 0 .1 8 7 6 .1 7 3 5 .5 8 2 0 .8 2 2 1 .3 1 7 8 .8 2 0 7 .7
72 2 9 9 .1 1 7 6 .8 2 0 6 .6 9 0 6 .2 7 8 9 .9 8 9 6 .6 2 2 5 .2 2 1 9 .1 2 2 2 .3
73 2 3 3 .3 1 7 0 .9 2 i  0 .6 9 0 5 .0 7 8 9 .9 8 9 9 .8 2 3 0 .0 2 2 0 .1 2 2 5 .1
79 2 6 6 .2 1 8 0 .5 2 2 1 .0 868  .  9 7 8 3 .1 8 2 9 .5 2 3 5 .2 1 9 5 .9 2 2 9 .8
75 2 5 8 .3 1 6 6 .0 2 1 6 .0 1 2 1 2 .6 6 9 9 .9 8 7 3 .6 2 9 0 .2 1 9 8 .1 2 2 9 .C
76 2 7 5 .2 1 9 3 .3 2 2 8 .9 9 9 3 .5 7 6 0 .8 8 5 2 .9 2 9 5 .2 2 0 9 .0 2 3 9 .1
77 2 8 8 .5 1 9 5 .9 2 1 7 .0 1 0 1 7 .8 8 3 0 .0 9 1 7 .5 2 5 0 .1 2 1 2 .0 2 2 8 .C
78 2 7 9 .1 1 9 0 .3 2 2 0 .6 1 1 9 8 .9 7 2 9 .3 9 0 7 .6 2 5 9 .2 1 8 1 .3 2 3 9 .9
79 2 8 8 .3 1 5 3 .C 2 2 6 .0 1 1 7 8 .8 7 2 6 .3 9 9 1 .0 2 5 2 .9 2 0 6 .0 2 3 5 .5
80 3 1 9 .1 1 6 2 .8 2 5 1 .2 1 1 8 7 .9 8 3 0 .9 9 3 9 .5 2 6 9 .9 2 0 2 .0 2 9 5 .8
81 3 0 9 .8 1 8 5 .1 2 9 5 .5 1 0 9 5 .2 8 5 2 .2 9 5 8 .2 2 6 5 .1 2 3 0 .0 2 9 8 .C
89 1 5 9 .3 1 1 5 .3 1 3 7 .9 1 0 1 0 .5 7 3 7 .1 7 9 8 .3 2 8 9 .2 2 2 6 .0 2 7 2 .2
86 2 2 0 .5 1 1 2 .1 le O .6 1 0 2 8 .1 7 6 7 .7 8 9 2 .9 2 8 9 .8 2 5 5 .1 2 7 7 .9
90 2 6 3 .9 1 7 8 .3 2 2 1 .7 1 0 2 5 .0 7 6 9 .9 8 7 0 .7 3 1 9 .0 2 9 1 .1 3 C 1 .7
96 3 9 8 .6 2 6 9 .8 3 0 6 .3 9 0 2 .6 7 2 6 .1 8 2 8 .2 3 9 9 .1 3 1 8 .7 3 3 1 .3

102 2 8 9 .0 2 0 6 .8 2 9 3 .7 7 5 9 .8 6 3 3 .9 6 9 7 .9 3 6 3 .6 3 9 6 .0 3 5 7 .1
111 3 5 3 .5 2 0 9 .9 2 7 2 .3 1 0 0 2 .2 6 2 6 .3 7 1 0 .9 3 8 9 .3 2 1 9 .9 3 5 9 .3
120 3 8 1 .8 2 3 0 .1 3 3 6 .3 9 2 3 .3 5 0 9 .9 6 3 8 .7 9 0 2 .9 1 2 7 .8 3 6 1 .2
132 2 1 9 .8 1 3 9 .5 1 7 1 .9 6 9 9 .3 3 8 5 .5 5 2 5 .1 9 0 9 .2 8 7 .7 3 0 1 .5
138 3 0 9 .9 1 1 9 .3 1 7 9 .7 6 8 3 .8 5 0 1 .8 5 5 9 .0 3 9 7 .2 3 5 .0 3 1 3 .9
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0.0

$93.31
riCCHT SCASCT BLOCKED BUNDLE TEST $a$05 
1=MASS INJECTED ?=T0TAL MASS INVENTORY 
3»STEAM OUT ^̂ LIOUIO COLLECTED 5-MASS IN BUNDLE

400.00

300.00

aoo.oo

100.00

0.0
oo oo oo oo oo oo oo oo ooo

<
X

TIME (SECONDS)

^  4.esoo

a  *.0000  
Ui

*“ 3.5000
Ui

X
_ 3.0000 

*  a.5000
o

-  ?.0000 
<

1.5000
Ui

1.0000

0.5000

0.0

ELECHT SEASET ILOCKCO lUNOLE TEST SERIES
b 2
O U

6 0 5
E N C H  T I K E S  ( A L L T / C )

h e a t e r R O D S

•

.

• •

•

• I ' •

• • # •

•
• •

-

•

•

13.9»* 

1?.500

10.000

7.5000 

5.000C

2.5000 

0.0
oo
oo

OUEMCH TIME (SEC)
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BLOCKED BUNDLE TEST (2605 
1-2 2-3 3-* *-5 5-6

FLECHT SEASET 
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>
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F L E C H T  S E A S E T  163- R O O  B U N D L E  F L O W  B L O C K A G E  T A S K  

S U M M A R Y  A N D  C O M M E N T  S H E E T

R u n ;

T e s t  d a t e :  

T e s t  t y p e :  

P a r a m e t e r :

62819

10/ 7/82

G r a v i t y  r e f l o o d  

P r e s s u r e  e f f e c t

A S - R U N  T E S T  C O N D I T I O N S :

U p p e r  p l e n u m  p r e s s u r e

I n i t i a l  p e a k  c l a d  t e m p e r a t u r e  a n d  l o c a t i o n

I n i t i a l  p e a k  r o d  p o w e r :

P e r i p h e r a l  r o d s  

B y p a s s  r o d s  

B l o c k a g e  I s l a n d  r o d s  

I n j e c t i o n  r a t e

C o o l a n t  t e m p e r a t u r e  

I n i t i a l  b u n d l e  w a t e r  l e v e l

0.141  M P a  ( 20.3  p s l a )

871 . 6“ C ( 1600 . 9 " F ) ,

8N - 1.93  m (76 I n . )

2.30  k w / m  ( 0.701  k w / f t )

2.29  k w / m  ( 0.699  k w / f t )

2.30  k w / m  ( 0.701 k w / f t )

5.76  k g / s e c  ( 12.7  l b / s e c )  f o r  

14 s e c

0.780  k g / s e c  ( 1.72  l b / s e c )  

o n w a r d

73 . 2“ C ( 91“ F )

+ 0.51 mm ( + 0.02  I n . )

C O M M E N T S :

D o w n c o m e r  f i l l e d  u p  b y  a p p r o x i m a t e l y  20 s e c o n d s  a n d  r e m a i n e d  f i l l e d  u p  t o  

220 s e c o n d s .  C a r r y o v e r  t a n k  f i l l e d  u p  b y  250 s e c o n d s  a n d  u p p e r  p l e n u m  

f i l l e d  u p  a t  290 s e c o n d s .

T h e r e  w a s  n o  c o r r e s p o n d i n g  t e s t  c o n d u c t e d  I n  t h e  161- r o d  u n b l o c k e d  b u n d l e ;  

h o w e v e r ,  r o d  t e m p e r a t u r e s  w e r e  c o m p a r e d  t o  t h o s e  o f  r u n  63018 ,  w h i c h  w a s  

c o n d u c t e d  a t  t h e  s a m e  c o n d i t i o n s  b u t  a t  0.274  M P a  (40  p s l a )  p r e s s u r e .

3542X : 1/081583 62819-1



FLECHT SEASET 163 RQi) 6UND1.E TEST SERIES 
RUN NUNiEK62«19

ROO/ELEV T IN IT IA l NAXIHUN TENFERATURE TURN AROJND QUENCH QUENCH
CHAN. NO AT FLOOO TENFERATURE RISE TINE TENFREATURE TINE

(0E6 FI (0E« F I (0 E 6  F I (SECONOS) (OEe F) (SECONOS)

9C 1 -  0 3 692 . 69 7 . 9. 1 .9 69 9 . 3 .5
lOH 2 -  0 6 870 . 88 1 . 1 1 . 9 .0 772 . 1 9 .9

9C 3 -  3 9 11 98 . 1 2 22 . 2 9 . 9 .0 709 . 7 9 .9
3J 9 -  0 11 1392. 1372. 31 . 9 .9 663 . 1 2 9 .9
7H 9 -  0 12 13 39 . 1 3 68 . 39 . 9 .5 6 6 9 . 1 2 7 .9

•  K 9 -  0 13 13 92 . 1367. 3 9 . 9 .9 6 7 2 . 1 2 7 .9
RN 9 -  0 19 1391. 1370. 3 0 . 9 .B 6 6 1 . 1 2 9 .3

120 9 -  0 17 13 29 . 13 99 . 3 0 . 9 .9 6 9 6 . 12 2 .9
5E 5 -  0 20 19 79 . 1993 . 79 . 9 2 .0 763. 16 6 .8
76  9 -  0 21 1 9 9 3 . 1613 . 7 0 . 9 3 .9 799. 18 6 .9

96 9 -  0 29 1 9 17 . 19 90 . 73 . 9 1 .9 796 . 1 8 7 .9
9E 9 -  7 33 19 17 . 1 9 71 . 9 3 . 9 2 .0 739. 20 9 .8
06 9 -  7 99 1 9 3 9 . 1997. 6 2 . 9 2 .D 723 . 2 2 9 .1
9M 9 -  9 92 19 73 . 1923. 9 9 . 9 .9 6 1 8 . 2 2 9 .1
76 9 -10 99 19C0. 1991. 5 1 . 9 .0 752 . 2 2 2 .9

7F 9 -11 62 19 93 . 19 91 . 97 . 9 .9 1 0 39 . 1 1 8 .3
96 9 -11 69 1 9 29 . 1 9 86 . 6 2 . 9 2 .0 737 . 2 3 2 .1
21 6 -  0 67 1 9 79 . 1690 . 7 7 . 92 .B 782. 23 9 .1
90 6 -  0 7P 1 9 89 . 1933 . 9 9 . 9 .0 6 9 9 . 2 3 9 .0
6J 6 -  0 79 19 17 . 19 76 . 59 . 9 2 .0 729 . 2 3 6 .2

7N 6 -  0 66 19 39 . 1997. 6 2 . 9 2 .0 7 3 9 . 23 3 .8
H E  6 -  0 80 1 9 1 0 . 1988. 78 . 9 2 .0 739. 2 3 9 .9

OH 6 -  2 97 13 63 . 19 09 . 97 . 9 .5 78 9 . 1 6 0 .9
9H 6 -  2 99 1 9 2 0 . 1992. 7 3 . 9 2 .0 717. 2 9 0 .7
9E 6 -  2 109 13 30 . 1916. 1 8 6 . 9 7 .0 23 8 . 9 9 9 .2

OH 6 -  3 111 19 03 . 19 98 . 9 9 . 9 .9 83 7 . 16 6 .9
96 6 -  3 129 19 39 . 16 10 . 71 . 9 2 .0 7 9 2 . 2 9 7 .1

I I H  6 -  9 139 1 9 6 9 . 1929. 6 0 . 9 1 .0 791 . 129.8
90 6 -  9 193 19 32 . 16 99 . 1 1 2 . 9 2 .9 702 . 2 9 9 .2
9J 6 -  9 169 19C8. 15 98 . 5 0 . 9 .9 1 1 17 . 19 0 .8

9R 6 -  9 166 1 9 73 . 1699. 8 6 . 9 7 .0 769 . 290 .1
t J  6 -  6 192 19 96 . 1 6 26 . 70 . 9 0 .0 999 . 2 0 7 .9
90 6 -  6 193 19 93 . 16 79 . 13 6 . 9 7 .9 798 . 2 9 1 .8

I I F  6 -  6 173 1 9 37 . 16 29 . 88 . 5 7 .0 717 . 292 .2
96 7 -  0 261 1981. 1917. 37 . 9 .9 739 . 2 8 9 .u

70 7 -  6 309 19 69 . 1 9 36 . 6 7 . 9 2 .0 8 1 9 . 2 7 6 .1
76 7 -  6 312 1 9 19 . 1963. 9 9 . 9 .9 87 2 . 2 6 9 .2

H E  7 -  6 329 19 62 . 19 77 . 1 1 9 . 7 7 .5 796 . 3 0 9 .2
9L 8 -  0 337 1 2 90 . 19 70 . 180 . 1 0 2 .9 729 . 328 .2
7H i -  0 399 1 3 30 . 1992. 162 . 8 8 .9 81 3 . 30 1 .2

7K 8 -  0 396 1 3 9 3 . 1906. 163 . 1 0 8 .0 72 6 . 319 .9
92 8 -  6 366 11 26 . 1 1 62 . 36 . 9 .9 6 7 9 . 3 9 3 .1
78 8 -  6 368 11 37 . 1167.. 30 . 9 .9 69 9 . 3 6 6 .1
7E 9 -  3 383 10 88 . 1209. 116 . 1 9 1 .0 69 6 . 37 9 .8
8M 9 -  3 387 1 0 30 . 1139. 1 0 9 . 13 9 .9 6 9 3 . 372.2

9C 9 -  3 389 10 37 . 1063. 96 . 7 3 .9 61 2 . 37 9 .9
H F  9 -  3 399 1 0 3 3 . 1099. 66 . 1 0 1 .9 690. 3 3 7 .1

7 8 1 0 - 0 908 837 . 99 1 . 115 . 9 8 .0 990 . 9 1 3 .2
OHIO- 0 919 892 . 1099. 232 . 1 9 2 .0 596 . 90 0 .2
8K 10 - 0 917 891. 983 . 132 . 1 1 2 .9 996 . 9 0 9 .C

8N10- 0 918 869. 10 93 . 190 . 10 3 .9 612 . 9 0 6 .9
6H 11- 0 929 670 . 723 . 9 3 . 13 1 .0 969 . 390.2
9 6 1 1 - 0 931 662. 777 . 115 . 19 7 .5 9 9 9 . 329.3

H E H -  0 932 666 . 7 0 9 . 93 . 8 9 .9 922 . 29 0 .2

9 2 1 1 - A 986 696. * t u 1 7 . 9 .3 928. 2 2 8 .0
7 8 1 1 - 6 937 611 . 678 . 6 7 . 8 3 .0 297. 26 9 .2
8 2 1 1 - 6 938 697 . 719 . 97 . 11 2 .9 297 . 333.2

62819-2



RUN 6ZS19 HEATER ROD STATISTICAL DATA

IN IT IA L  TENP (DEC F) NAX TENP (DEC FI TURNAROUND TINE (SEC)

ELEV NAX NIN NEAN NAX NIN NEAN NAX NIN NEAN
12 6 3 5 .6 651.2 652.9 6 6 0 .6 6 5 5 .6 6 5 7 .6 I .  5 1 .5 1 .5
2A 8 6 9 .8 8 6 3 .9 853.6 8 8 1 .2 8 5 5 .3 8 6 6 .6 6 .0 6 .0 6 .0
39 11 9 8 .2 1162.3 1165.9 1222 .2 1 1 66 .1 1189 .0 6 .0 6 .0 6 .0
68 13 6 1 .7 I3 2 9 .D 1363.7 1 3 91 .2 13 5 8 .5 1376.7 6 .5 6 .0 6 .6
60 1 5 6 3 .5 1389 .1 1692.2 1 6 1 6 .1 16 2 2 .1 1567.1 6 3 .5 6 .5 32 .2
67 15 99 .8 1689.6 1539.0 1628 .6 1 5 3 5 .9 1588 .8 62 .5 7 .0 2 3 .8
69 1 5 1 2 .0 1673 .6 1695.0 1 5 6 8 .6 15 16 .6 1567.3 6 1 .5 7 .0 2 6 .8
70 1 5 8 6 .8 1605 .9 1505.2 1 6 3 0 .6 16 9 0 .5 1562 .9 5 6 .5 9 .5 2 5 .3
71 15 2 6 .0 1631 .7 1677.3 1 5 8 5 .7 16 90 .5 15 68 .9 5 7 .5 9 .5 6 1 .6
72 15 78 .1 1653 .1 1528.1 1 6 5 5 .9 15 16 .2 1592 .7 5 9 .0 9 .5 3 5 .5
73 15 7 2 .7 1660 .6 1515.3 1 6 5 3 .7 15 1 5 .3 1585 .2 7 9 .9 9 .5 66 .1
76 1576.P 1362 .7 1691.0 1 6 32 .8 16 09 .3 1557 .8 8 0 .5 7 .9 3 6 .2
7J 1 5 7 6 .0 1602 .9 1503.7 1 6 3 1 .7 166 7 .8 1576.9 7 2 .0 9 .5 3 7 .0
76 1 6 0 0 .9 1660.3 1529.7 1 6 8 8 .9 1 6 9 5 .8 1609.6 7 1 .0 9 .5 68 .6
77 1 5 7 2 .7 1667 .0 1523 .9 1 6 7 6 .8 1 5 0 6 .6 1601 .5 9 0 .0 9 .5 6 1 .7
78 1 5 9 6 .6 16 96 .9 1538.2 1 7 1 3 .2 1 5 6 1 .9 1623.1 91.8. 7 .0 69 .0
79 1 5 7 7 .1 16 85 .2 1538.7 1 6 7 0 .2 1 5 5 8 .6 1619 .0 8 7 .5 7 .0 62 .3
8D 1 5 5 8 .6 16 83 .0 1526.6 1 7 0 5 .6 1 5 8 6 .6 1636 .0 8 9 .5 9 .5 6 9 .3
81 15 5 1 .1 1657.6 1512.3 1 7 0 7 .7 15 37 .0 1615 .1 9 1 .0 9 .5 6 3 .3
86 15 3 7 .0 1622.1 1666.9 1 5 7 6 .9 16 58 .6 1520 .2 6 .5 6 .0 6 .5
86 1 5 7 2 .7 1663.8 1518 .6 1 6 0 9 .7 15 0 0 .1 15 59 .9 89 .8 6 .5 9 .5
90 15 1 6 .6 1399 .7 1671.2 1596 .6 1 6 9 0 .5 1550 .5 1 0 3 .0 9 .5 65 .8
96 1 3 8 3 .8 12 50 .6 1331.6 1 5 8 1 .6 16 60 .1 1518 .0 1 1 6 .0 8 6 .5 1 0 1 .3

102 1 1 7 8 .5 1062 .1 1166.1 1 2 5 8 .7 11 26 .7 1200.1 12 8 .5 6 .5 5 2 .1
111 10 8 8 .5 1015 .3 1068.6 1 2 0 5 .5 1050 .3 1128 .5 1 5 1 .0 9 .5 106.8
120 9 0 2 .9 8 0 5 .6 85IC.3 1 1 0 9 .2 •6 5 .0 99 5 .6 1 5 7 .5 6 1 .5 1 1 7 .6
132 6 7 0 .1 656 .6 663.5 77 6 .5 6 8 3 .7 72 2 .1 1 5 7 .5 85 .5 12 5 .1
138 6 5 7 .5 611.2 633.7 7 1 6 .1 6 6 1 .7 6 7 0 .7 11 2 .5 6 .5 58 .6

RUN 62819 HEATER ROD STATISTICAL DATA

TENP RISE (DEC F I CUENCH TEHP (DEC FI OUENCH TINE (SECI

ELEV NAX NIN NEAN NAX NIN NEAN NAX NIN NEAN
12 5 .3 6 .2 6 .9 6 6 8 .0 2 3 1 .9 5 0 7 .9 7 .2 3 .5 6 .8
26 1 1 .6 10 .3 1 1 .0 7 7 1 .8 7 3 7 .1 76 9 .3 1 6 .8 1 6 .6 16 .6
39 2 6 .0 20 .7 23.1 7 1 6 .1 6 9 6 .2 70 6 .9 7 9 .6 7 5 .6 7 6 .6
68 3 6 .8 29 .5 3 1 .0 7 0 6 .0 6 6 0 .6 67 6 .2 1 2 7 .9 1 2 0 .6 1 2 6 .3
68. 7 9 .3 33 .0 56 .9 7 9 5 .1 7 2 1 .9 751.1 196.9 1 8 6 .6 1 8 9 .6
67 81 .3 28 .6 69.8 860 .3 6 1 8 .0 71 9 .1 22 5 .2 2 0 9 .8 220.1
69 6 8 .1 39 .8 52 .2 7 5 9 .3 6 1 7 .9 71 6 .8 22 8 .1 225.1 22 6 .3
70 8 5 .5 63 .8 5 7 .7 7 7 3 .2 7 2 3 .9 7 6 9 .7 23 1 .1 2 2 2 .9 22 8 .2
71 1 0 6 .3 67 .0 71 .7 1036 .6 6 2 6 .1 77 7 .8 2 3 3 .2 1 1 8 .3 2 0 2 .9
72 8 5 .6 66 .7 6 6 .5 7 8 1 .8 6 1 6 .2 72 6 .0 2 3 6 .3 2 3 3 .6 2 3 6 .9
73 9 7 .5 53 .6 6 9 .9 7 6 8 .6 6 8 0 . 6 73 0 .5 26 0 .1 2 3 6 .2 23 7 .1
76 9 5 .0 66 .5 6 6 .8 8 1 6 .3 6 6 5 .5 7 6 5 .6 2 6 2 .5 113 .7 21 7 .6
75 1 0 8 .8 66 .9 7 1 .2 8 7 1 .0 6 8 7 .6 76 2 .9 26 7 .1 133 .6 2 1 6 . :
76 1 1 2 .2 69 .5 7 9 .7 9 3 6 .3 7 0 2 .5 7 5 9 .6 26 9 .2 125 .8 226 .3
77 1 3 0 .8 39 .6 7 7 .6 1 1 1 6 .7 7 0 6 .5 89 1 .9 25 5 .0 1 1 2 .6 193 .6
78 1 6 6 .3 39.0 8 6 .8 11 28 .2 6 7 8 .7 8 66 . 6 25 7 .2 1 1 3 .7 2 0 6 .6
79 1 6 1 .9 61 .2 80 .3 11 35 .1 6 1 3 .0 87 6 .3 26 3 .1 13 0 .3 202 .8
80 1 8 5 .8 6 7 .7 107.6 1 2 2 8 .1 6 9 8 .9 88 5 .5 2 6 6 .2 1 2 1 .3 22 0 .2
81 1 9 0 .2 67.7 102.8 1076 .9 7 5 1 .8 96 2 .8 27 0 .1 17 7 .8 21 2 .3
86 6 1 .0 26 .7 3 5 .3 1 0 06 .0 6 8 8 .0 77 6 .5 28 7 .2 1 7 8 .9 25 7 .5
86 7 0 .6 36 .7 6 1 .3 1109 .8 6 6 9 .6 81 9 .0 2 9 1 .2 17 8 .3 255.1
90 1 3 7 .3 62 .8 7 9 .6 1006 .1 6 9 9 .5 81 0 .6 2 6 1 .2 282.5
96 2 6 1 .6 127.5 186.6 9 0 5 .2 6 8 6 .2 781.2 336*1 272 .8 315.2

102 8 6 .0 30 .0 5 6 .0 77 1 .8 .6 1 6 .6 _ 6 91 .6 36 6 .1 3 2 6 .1 366.5
111 1 6 1 .6 36 .0 8 C .I 6 9 0 .5 5 8 6 .9 6 3 9 .5 38 8 .2 337.1 3 6 9 .;
120 2 3 2 .1 39.3 165.1 6 6 8 .6 26 7 .0 56 5 .7 6 1 3 .2 3 0 1 .9 386.1
132 1 1 6 .9 22.1 5 8 .6 5 2 1 .9 2 6 5 .9 62 9 .2 6 0 8 .2 2 9 0 .2 337.8
138 6 7 .2 16 .8 3 7 .0 56U.7 267 .0 37 3 .9 3 3 3 .2 220 .1 25 8 .9

62819-3
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FLECHT SEASET 163-ROD BUNDLE FLOW BLOCKAGE TASK 
SUMMARY AND COMMENT SHEET

Run: 62919
Test date: 10/8/82

Test type: Gravity ref lood
Parameter: Mass In jec t ion  rate

AS-RUN TEST CONDITIONS:

Upper plenum pressure 0.139 MPa (20.1 psia)
I n i t i a l  peak clad temperature and location 871.6®C (1600.9®F),

8N-1.93 m (76 I n . )
I n i t i a l  peak rod power:

Peripheral rods 2.30 kw/m (0.700 kw / f t )
Bypass rods 2.30 kw/m (0.700 kw / f t )
Blockage Island rods 2.30 kw/m (0.700 kw / f t )

In jec t ion  rate 5.62 kg/sec (12.4 lb/sec) for
4.5 sec
0.594 kg/sec (1.31 lb/sec) 
onward

Coolant temperature 32.2®C (90“ F)
I n i t i a l  bundle water level +5.6 m (+0.22 In . )

COMMENTS;

The In jec t ion  flow was reduced In th is  test so that the downcomer would
not f i l l  up during the tes t .

Carryover tank f i l l e d  up at approximately 380 seconds.

There was no corresponding test  conducted In the 161-rod unblocked bundle; 
however, rod temperatures were compared to those of run 62819, which was 
conducted at the same conditions but at reduced time for high flow 
In jec t ion .

3542X:1/081583 62919-1
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75 1 56 1 . 9 1 3 9 5 . A 15CW.0 1 9 6 2 . 6 I 6 A 2 . 2 1 9 1 9 . 7 1 3 3 . 0 S3 . ? 1 1 2 . t
I t 1 60 0 . 9 l < i 2 9 . t 1 5 ^ c . c 20Ab. fc 1 9 0 3 . 3 1 9 6 3 . 8 1 3 2 . 5 SS.C * 1 3 . S
77 1 5 7 9 . 9 1A67.C 1 5A 3. 7 2 0 2 3 . 3 I 6 5 A . 6 19AB. 3 1 A 1 . 5 S t . 5 l i t .  A
7e l 5 9 t t . t l 5 C b . ? 1 5h c . *» 20AC.E 1 8 2 2 . 9 1 9 5 6 . A 1 4 A . 0 fab .  0 * l A . t
79 1 56 2 . 5 i A 9 l . t 15Aa. c 2 0 1 9 . 6 1 6 3 6 . 5 1 9 6 1 . 5 1 A 2 . 5 fa6.5 l i t . 7
cw 1 5 6 1 . 9 i A'»C.5 1 5 3 ^ . 6 20A 0 . E I  8 37 . 6 1 9 7 0 . 2 l AO . O E i . C 117.2
bl 1 5 5 6 . 7 i 9 A 6 . 7 1 5 l A . 6 20j 1 .C 1 8 0 7 . 1 1 9 5 2 . 6 1 5 8 . 0 9 0* 5 12 0 • w
bA 1 5 3 3 . 7 l A i 7 . f c 1^6*1 .1 1 6 1 2 . 7 1 6A 7 . 1 1 7 7 2 . 6 1 1 1 . 5 70.C S3 . 5
be 1 57 3 . C l A t 2 . 7 l l l ^ . A 19 i 6 . C 1 7 A 6 . 7 1 8 2 9 . 7 1 0 8 . 5 5 e . 5 SA.A
9C 1 5 0 9 . 9 1 37 6 . 5 1A6 7 .7 1 9 7 5 . 7 I  8 0 3 . 7 1 8 8 0 . 3 1 2 A . 0 9 3 . 5 i C S . t
96 1 3 6 0 . 7 12AC.C liAi: .A 1 9 3 9 . C 1 7 5 5 . 6 1 8 3 2 . 1 l A l . O S t . ? 121.2

102 1 1 7 3 . A iC2<«. t 1137.c 1 6 1 1 . 9 I A 5 7 . A 1 5 3 8 . 2 1 1 7 . 0 b 5 . 0 I C l . c
H i 1 0 7 9 , 2 aCI C .  1 lC*i *i  . c 15 2 C. 7 1 3 5 3 . 2 l A A A . A 1 2 7 , 0 I C t . i * l s . l
1-2 C 9 0 7 . C t C 2 . 5 65c . 3 13 7 A . 3 1 10 9 . 2 1 2 6 9 . 6 1 7 0 . 5 1 1 6 . 5 1 3c • t
132 6 7 i * l 6 57 .  5 t CA . A 9 9 3 . b 8 9 0 . A 9 2 5 .  5 l A l . O 1 1 7 . 0 i  2 S • S
l i t 6 6 2 . 7 6 26*  1 6S 6 . U 9 2 A . 5 8 0 5 . 6 8 6 1 .  3 1 3 9 . 0 125 .u 132.C

TE^P HlSc (UE^ F i

HUH 6^919 HEATER ROD STATISTICAL TATA 

OUENCH TEHP (DEC F) QUcNLH l ink  (SEC)

ElEV MAX M n PtAN MAX MIN mEIN max MK MtAb
12 6.3 5.2 5 . t 6A6. 5 235.2 37A.8 6.0 A.i 6. S
2a 12. A iC. 3 A*.A 671.9 625.6 6A 6 . A 38.6 27.t 33.2
39 AI.A 26.S AA.C 73 A.; 70A.0 721.5 117.9 ICb.c 11c.t
AC lAi.A 102.6 120.5 797.2 696.8 729.A 179.A * 6c. A 170.t
60 3A7.A 7A.t c 7 w. 3 822.7 7A3.2 792.1 253.5 2A3.7 2At.t
c7 AlO.C 272.1 3cv.5 773. 5 633.5 7A7.C 300.9 262.S 269,7
tv 39?.C iOi. t 35c.1 763.1 701.7 7A9.0 306.1 2S7.0 aC2,a
70 A63.S 3Ci.7 3 7 ? . 2 769.6 7A3.3 768. 2 313.9 3C2.S • 3 0 e, 3
7i S6A.2 361.S Ai 5 .C 769.C 690.1 737.1 321.9 icC.t 317.C
72 A97.0 32a. 7 3V7.A 80A.C 7AA.2 768.9 329.9 31A.9 323.t
73 A70.C 3AS.t 3S...5 619.9 7AA.5 771.1 339,9 323.0 32S,?
7A 526.1 3AV. 1 Aaa. i 792 .9 731.A 767.e 3A3.0 31b.0 33 3 ..
7a A93.2 35A • 1 AiS.i 659.5 A76.6 766. 9 350.8 31S.V 33t.c
76 511.t 395.5 A3 / .c 8ck.7 660.9 782.8 35A.9 325.9 3At ,A
77 512.3 36? •( Ac*i .c 8b3.C 7AA.7 816.7 363.9 33A.C A A 1 . *
7b 500. t 293.1 Ai? .A 1069.A 650.5 815. 1 369.9 296.7 351.-
7v Ao6 . S 277.4 Ai / . 7 lo o t . 2 663.3 8A2.7 372.7 311.7 313 . 3
faO Slv.C 29t .̂ S Aav . t 1069.3 692.3 830.6 36A.6 320.9 36? .*
61 503.6 32o. 1 AAa.C 92e.l 770.3 853.6 187,6 35*.o 36S .:
t  A 326.6 cot. b cc C .5 VOc .C 700.8 755.7 A13.0 3 t t.c 39?. V
66 3t* . A 1E5. 1 3iw.3 911.3 696.9 775.5 A17.1 i b t . l ACA. C
SO A7b.e 3 a5 . t AC* .5 972 .6 731.6 817.7 AA0,A All.S A33.3
96 579.A A lb . 3 AVf.c 65A .6 700.6 787. 3 AQ8.6 AAb.k A7A.A

iC2 A50. 3 iAt.7 Abw.5 7A6. 5 620.7 679.2 526.1 A65.i 510. 3
i l l A7J.C 325 . t Ai.;.i 69A.A 601.8 6A6. 1 563.1 A bO . A tAC.7
12c 502.7 aCc. t Aa7.3 032.3 391.3 60A. 2 568.1 3 tt.7 560 .:
l ie 32B.t I t l . c 2o i .2 615.3 371.5 A72.A 593.1 3Ao « 6 Afc7.7
i3B 272.3 151.3 21A.3 6A5.S 2A7.0 A70.6 555.1 296.9 Ate.:
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FLECHT SEASET 163-ROD BUNDLE FLOW BLOCKAGE TASK 

SUMMARY AND COMMENT SHEET

Run:

Test date;  

Test type:  

Parameter:

63018

lO /n / 8 2

Gravity  re f lood  

Pressure e f f e c t

AS-RUN TEST CONDITIONS;

Upper plenum pressure 0.276 MPa (4 0 .0  ps ia)

I n i t i a l  peak clad temperature and locat ion  8 7 1 .7®C (1 6 0 1 .0 “F ) ,

8N -1 .93 m (76 I n . )

I n i t i a l  peak rod power;

Per iphera l  rods 

Bypass rods 

Blockage Island rods 

In j e c t io n  rate

Coolant temperature  

I n i t i a l  bundle water leve l

2.29 kw/m (0 .699  k w / f t )

2.30 kw/m (0 .700  k w / f t )

2.29 kw/m (0 .699  k w / f t )

5.76 kg/sec (12 .7  lb /s e c )  for  

14 sec

0.780 kg/sec (1 .7 2  lb /s e c )  

onward

5 2 .2 “C (126»F)

- 9 . 4  mm ( - 0 .3 7  I n . )

COMMENTS:

Carryover tank f i l l e d  up at  approximately  200 seconds.

,.(1)I n l e t  mass f lo w ; '  ' +7% a f t e r  f low step decreasing to -1% by 40 seconds

Power decay .(1) per iphera l  rods, 0% constant 

bypass rods, -0.5% constant

blockage rods,  0% l i n e a r l y  Increasing to +2.5% by 270 

seconds

1. R e la t iv e  to run 33436
63018-1



l-LctHT SfeASET 163 POO BUHOLE TEST SERIES
RUN NUNBER6301E

ROD / c t cV T I M T I a * Ha XIHUH TE-PERATUP' t u r n a r o u n d
CHAh.  Ku A i  FL u CL TENr ' tKATjRE RISE TINE

i  Ofcb F ) (bEG F) (OEG F) (SECHNDS)

90 1 -  0 3 66V. 6 7 3 . 9. 1 . 0lOH2- C 6 bc7. 698 . 10. 2.09b 3- 3 9 12C3. 1223. 20. 9.033 9- C 11 1399. 1379. 25. 9.07H9- C 12 1390. 1366. 26. 9.0

6K 9- C 13 135t. 1366. 30. 9.0tt% 0 -  C 19 1397. 1373. 26. 9.0120 9- 0 17 139C. 1363. 23. 9.05E5- 0 2C 1966 . 1501. 35. 9.07b 5- 0 21 1537. 1579. 37. 6.5

9G5- C 29 15C7. 1592. 36. 6.556 5- 7 33 1522 . 1556. 3b. 9.06 b5- 7 95 1590. 1576. 38. 6.59H5- 9 52 1969. 1529. 90. 9.07b 5-lC 59 1502. 1595. 92. 6.5

7F5-11 62 1999 . 1960. 36. 9.090 5-li 69 1526. 1562. 3b. 9.021 6- C 6? 1573. 1612. 39. 6.550 6- 0 70 1983. 1516. 33. 9.063 0- C 79 1519. 1553. 35. 9.0

7M6- 0 66 1536. 1576. 38. 9.0life o- C 60 199b. 1539. 36. 9.06H6- 2 97 1365. 1399. 39. 9.05H6- 2 99 1525. 1560. 35. 9.09fe6- 2 105 1323. 1918. 95. 19.0

8H6- 3 111 19C9. 1993. 39. 9.090 6- 3 129 1592. 1560. 38. 6.5IIH b- 9 139 1977. 1515. 39. 6.5VDO- 9 193 1532. 1579. 92. 6.59j 6- 5 165 1510. 1593. 39. 9.0

9M6- 5 lob IW7- 1615. 38* 6.56J 6- t 192 1557. 1590. 39. 9.0
90 6- 6 193 1539. 1587. 98. 19.0IIF 6- 6 173 1533. 1565. 32. 9.096 7- C 261 1989. 1516. 32. 9.0

70 7- 6 309 1969 • 1509. 35. 9.076 7- 6 312 1507. 1592. 36. 9.0life 7- 6 325 1939. 1971. 37. 6.55L 6- 0 337 1298. 1351. 53. 23.57M6- C 395 1393. 1389. 96. 23.0

7K8- C 396 1396. 1389. 93. 9.053 6- 6 366 1127. 1160. 33. 9.076 b- t 36b 1133. 1163. 30. 9.07E9- 3 3o3 ICob. 1129. 37. 9.06H9- 3 387 1C9h. 1076. 39. 9.0

9C9- 3 3oV 1C90. 1071. 31. 9.0IIF 9- 3 39*. 1C37. 1069. 32. 9.07»10- C 90b 896 . 925. 79. 35.06H10- C 915 853. 960. 10b* 6b.06k10- C 917 656. 929. 72. bO.O

6N10- C 918 67i. 979. 103. 99.06H11- C 929 tv*. 707. 16. 9.0
9611- C 931 665 . 709. 19. b. 5llEli- 0 932 668. 705. 17. 9.0

5J11- 6 936 67*. 686. 15. 9.07ttll- 6 937 639. 669. 30. 39.0bJli- t 938 683. 69 8. lb. 6.5

QtfcNCh
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76̂*
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76̂*
7i<i *

7 36 .
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b ? 3 a
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b l 2 .
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7D3a 

127 b .
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7 o3 .
72b .
6 62 .
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1C1<̂.
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765.
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6 1 1 .

70V.
7 31 .
660 .
6 72 .
6 21 .

6 0 7 .
72b .
557.
6 0 5 .
bbV.

6 03 .
519.
6 76 .
55o .

603 .
2 c 7 .
5 13 .

QUENwh 
TlMz 

(3cCUhÔ)
3.7

*9.3
5 1 . 9
7 5 . 5
7 6 . 6

7 6 . 9  
7b .  6
7 6 . 9  

113 .  1 
1 1 0 . 9

113 .  C 
1 2 6 .  2 
1 92 .  3 
1 27 .  3 
1 1 7 . 3

8 3 . 9
1 53 . 9
1 5 3 . 9  
1 5 2 . 7
1 59 . 9

1 99 .  7 
153 .  1 

9 2 . t  
1 6 0 . C 

9 6 .  3

9 7 . 7  
1 66 .  1 

6 2 . 9  
1 6 9 . C 
1 1 0 . 9

1 6 7 . 9
1 0 2 . 9  
1 6 9 . C 
166 .  <.
1 9 8 . 9

l b l . 6  
1 9 6 . 7  
2 0 6 . 5  
2 2 6 .  9 
1 9 6 . 9

221.1 
2 2 1 . 7  
293 .  1 
2 9 7 . C 
2 9 6 . 1

2 52 . 1  
1 66 .  3
2 7 0 . 1  
2 6 9 .  : 
26? .1

2 7 7 . 1
1 7 6 . 1  

3 2 . 6
1 6 9 . 6

1 03 .  C 
1 7 3 . 0  
2 3 3 . 9
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k u n  6 i O i e  h e a t e r  rod  s t a t i s t i c a l  Data

I N i l A A L  U n R  (bfcto I*) HAX TErtP (OEG F) TUPHARu j h t  T i r t t  ( S t C )

6 LE V MAX h i  I'l n t  Ah HAX HIN NAX
1 2 6 7 3 . 2 6 69 . C 6 7 x . 5 6 7 7 . 9 6 73 . 2 6 7 5 . 7 1 . 5
ZM 6 67 . A 6 6 1 . 5 6 7 1 . 2 8 9 7 . 7 8 7 1 . 9 0 01 . 5 2 . 0
3V 1 2 0 3 . 5 11A5. A 1 1 6 9 . 6 1 2 2 3 . 3 1 1 6 6 . 1 1 1 8 9 . 0 9 . 0

1 3 6 5 . 9 1 3 3 9 . 5 1 3 9 9 . 7 1 3 6 6 . C 1 3 6 2 . 7 1 3 7 5 . 3 9 . 0
60 1 5 3 7 . C l 3 6 6  • 1 1 9 6 3 . 7 1 5 7 3 . 8 1 9 1 9 . 6 1 5 1 7 . 7 6 . 5
67 1 5 6 1 . A i AV O. 5 1 53 o * 9 1 6 2 2 . 9 1 5 2 0 . 9 1 57 8 . 8 9 . 0
6 ^ 1 5 1 9 . 7 lAfcA.  1 1 5 0 9 . 7 1 5 5 7 . 6 1 52 9 . 0 1 5 9 1 . 8 9 . 0
70 1 5 9 0 . 1 1 ^ 5 9 . 5 l 5 l 7 . 0 1 6 2 6 . 2 1 5 0 2 . 3 1 5 5 6 . 5 9 . 0
71 1 5 2 6 . 2 1 ^ 3 1 . 7 1 9 7 3 . 5 1 5 6 1 . 9 1 9 7 7 . 7 1 5 1 3 . 5 9 . 0
72 157«*.9 a^ 5 6 . 3 1 5 2 6 . 1 1611 . 9 1 9 9 3 . 7 1 5 6 5 . 0 9 . 5
73 1 5 7 2 . 6 1 A63 . 6 1 5 1 6 . 7 1 6 0 9 . 7 1 50 1 . 2 1 5 5 2 . 7 9 . 0
7<i 1 5 7 7 . 1 136S . 9 1 99P . 1 1 6 1 0  . 8 1 3 9 8 . 6 1 5 3 2 . 2 9 . 0
75 1 5 6 2 . 5 1 9 0 9 . 3 150C .5 1 6 1 6 . 3 199 3 . 5 1 5 9 3 . 2 1 3 . 0
7b 1 6 0 1 . 0 1 9 9 0 . 3 1 5 3 2 . 3 1 6 3 7 . 2 1 9 8 0 . 9 1 57 0 . 1 9 . 0
77 1577#1 1 9 7 7 . 7 1 5 1 6 . 5 1 6 1 5 . 2 1 5 0 9 . 9 1 5 6 9 . 7 1 3 . 0
7d 1 5 9 7 . 7 1 5 0 0 . 2 1 5 9 9 . 3 1 6 3 9 . 9 1 5 3 7 . 0 1 5 8 1 . 0 1 7 . 0
7S 1 5 0 1 . A 1 9 9 2 . 7 1 59 5 . 1 1 6 1 5 . 2 1 5 3 3 . 7 1 58 2 . 8 2 3 . 0
eu 1 5 5 6 . 7 1 9V 0. 5 1530  . 6 1 5 9 3 . 3 1 5 3 2 . 6 1 5 7 3 . 2 2 6 . 5
61 1 5 5 6 . 5 l 9 9 9  . 9 1 5 l 0 . 6 1 5 9 0 . 1 1 5 1 2 . 0 1 5 5 7 . 2 2 6 . 5
6<i 1 53 H . 6 1 92 5 .  3 1 9 0 6 . 6 1 5 6 6 . 2 1 9 5 2 . 0 1 5 1 8 . 9 9 . 0
6 6 1 5 7 6 . 0 1 9 6 6 . 1 1 5 2 1 . 0 1 6 0 6 . 9 1 50 0 . 1 1 55 9 . 2 6 . 5
90 1 5 1 1 . 0 1 3 7 3 . 3 I 9 t /  . 6 1 5 9 8 . 9 1 9 1 2 . 5 1 50 9 . 9 9 . 0
96 1 36 A . 9 i 2 6 7 « l 1 3 3 6 . 0 1 9 9 7 . 8 1 3 2 9 . 7 1 3 9 5 . 2 9 1 . 5

1 0 2 1 1 6 1 . 7 1C39.C 1 1 9 9 . 9 1 2 1 1 . 6 1 06 7 . 9 1 1 7 7 . 6 6 . 5
1 1 1 100 7 . 5 1 0 2 2 . 5 1 0 5 9 . 0 1 1 2 3 . 7 1 0 5 9 . 5 1 0 8 7 . 5 1 1 . 5
1 2 0 9 1 3 . 2 6 1 3 . 9 6 5 7 . 0 9 9 7 . 0 8 92 . 9 9 3 9 . 3 7 9 . 5
132 6 9 1 . 1 6 7 6 . 5 6 6 5 . 5 7 1 5 . 1 6 9 5 . 3 7 0 3 . 9 6 6 . 0
136 6 6 2 . 7 6 3 6 . 6 t C v . 6 6 V 6 . 9 6 6 0 . 0 6 6  0 . 9 3 9 . 0

i.C

<l«w 
<1 • W
S .C

s.o
<*.c
4|.C
5 • u 
<fC

<|«0
•̂0
•̂0
•̂c

<r«C
<••0
s.c

<>«u
<1.0

 ̂• c
6*5
6 • ̂
•̂0

ÊmK
I  • E 
^•C 
<|,C 
<|.C 
i . C
5.C 
b. ̂ 
b • > 
t .  5 
6.2
6 .  I 
6 . *  
t , t  

6.C 
5 . 6  
6 . 3  
6 .  5

1 0 . C 
1C. 3 
3.̂  
<1. 1 
5 . 2  

26 .  ^ 
•̂2 

e.t 
<•&. !  
1 ^ . 3  
I3.C

Kj n  63018  HEATER ROD STAT I ST I CAL  DATA

t e p p K16E (0E6 P J OUEHCH TErtP 1IDE6 F) QUtrtCH T i n t ( j Ec )

ELEv MAX M f i HCmP hAX r t lN •1EAN "AX r t iS PEa K
1 2 9 . 2 9 . 2 9 .2 669  . 8 6 5 V . 0 6 6 2 . 1 3.9 3.7 3.0
29 10.3 10.3 lc.3 7 6 2 . 5 7 92 . 9 7 5 0 . 5 19.3 1 9 . 1 19. i
39 2 0 . 7 I c . t i V . 2 7 6 8 .  7 7 0 6 . 7 7 3 8 . 3 5 2 . 5 5 1 . 9
98 2 9 . 5 2 2 . 1 2 5 . 6 7 5 3 . 9 7 13 . 6 7 3 3 . 2 7 8 . 9 7 5 . s 7 7 . 3
6 0 3 ^ . 0 2 6 . 5 3 9 . 0 8 6 3 . 8 7 7 9 . 0 8 3 6 . 1 1 2 0 . 0 1 1 0 . 9 1 1 9 . 3
67 1 3 2 . 9 3 1 . 9 9 C . 0 8 5 5 . 9 7 1 2 . 7 7 7 9 . 5 1 9 2 . 3 1 0 5 . 9 1 3 3 . 6
69 9 1 . 0 3 3 . 6 3 7 . 1 8 9 5 . 1 7 18 . 1 7 8 0 . 8 1 9 6 . 9 1 2 1 . 5 1 3 7 . 9
70 9 2 . e 36 .  ^ 3 V . 6 8 7 2 . 9 7 67 . 2 8 0 9 . 9 1 9 8 . 3 1 1 7 . 3 1 9 0 . 6
7 a 9 5 . 9 3 P . 7 9 9 . C 961.9 6 8 5 . 0 8 0 1 . 8 1 5 3 . 9 8 3 , 9 1 33 .  1
72 39 . 1 33.3 3 6 . 0 8 1 2 . 9 7 0 2 . 8 7 6 9 . 7 1 5 7 . 0 1 9 9 . 7 1 5 3 . 9
73 9 1 . 1 3 1 . 5 3 6 . 0 823  .5 7 21 . 5 7 6 7 . 0 1 6 1 . 9 1 5 2 . 6 1 5 6 . C
79 9 9 . 7 3 3 . 7 3 7 . 1 8 7 6 . 5 7 11 . 9 7 7 9 . 8 1 6 9 . 0 7 0 . 9 1 99 ,
75 9 7 . 0 3 0 . 3 3 0 . 7 9 3 7 . 3 5 35 . 1 7 7 6 . 2 1 6 8 .  1 7 9 . 6 1 30 . 1
76 9 2 . 2 3 3 . 5 3 7 . 8 1 0 3 1 . 3 7 2 9 . 6 7 9 9 . 9 1 7 0 . 3 7 6 . 9 1 9 0 . 577 9 5 . 5 3 2 . 2 3 C. 2 1 0 5 6 . 1 7 90 . 2 9 0 2 . 1 1 7 5 . 2 7 3 . 9 1 1 9 . 7
7b 9 7 . 6 3 0 . 3 3 6 . 7 1 0 7 3 . 5 7 20 . 3 8 7 6 . 7 1 7 5 . 9 6 7 . 6 12V.fc
79 5 9 . 5 3 1 . 9 3 7 . 8 1 0 5 2 . C 7 9 9 . 2 8 9 5 . 9 1 6 0 . 3 7 2 . 9 I 0 6 .  7
80 5 0 . 5 3a . 9 9 2 . 6 1 1 0 6 . 6 2 6 3 . 5 0 7 6 . 6 2 9 3 . 1 7 t . V 1 9 6 . 9
81 6o . 6 3 3 . 3 9 6 . 3 1 0 6 5 . 0 7 7 2 . 5 9 3 3 . 6 1 8 6 . 0 1 0 3 . 9 1 3 3 . 7
09 38 .  7 2 6 .  7 3i . 5 <?6l . 2 6 9 5 . 9 7 7 0 . 8 2 0 0 . 1 1 0 9 . 3 r 6 9 . 3
06 3 5 . 7 2 V . 2 33.2 9 9 9 . 3 6 6 6 . 9 8 09 .  1 2 0 3 . 1 1 2 0 . 8 1 6 6 . 6
VO 9 2 . 1 3 9 . 2 ^ 6 . 8 9 9 9 . 3 6 99 . 3 8 2 3 . 6 2 1 9 . 1 1 9 6 . 7 1 8 9 . 29o 9 9 . 8 9 2. . . 5 7 . 2 9 3 1 . 7 6 8 1 . 6 7 9 0 . 6 2 3 2 . 9 1 7 7 . 2 21C.<>

102 3 6 . 3 2 0 . O' 33.2 7 7 1 . 9 6 1 3 . 9 6 9 9 . 0 2 9 3 . 1 2 1 9 . 1 2 2 8 . 1
111 3o. I 2 6 . 6 3 3 . 6 7 6 5 . C 5 86 . 3 6 6 0 . 1 2 5 6 . 1 1 7 2 . 7 2 3 6 . C
120 1 2 2 . 9 2 7 . 9 7 7 . 9 7 5 9 . 9 5 35 . 6 6 2 6 . 9 2 7 7 . 1 1 3 7 . 7 2 9 5 .  3
132 2 7 . ^ 1 5 . 7 1 0 . 9 6 7 6 . 3 9 05 . 1 5 3 9 . 7 2 6 6 . 1 3 2 . 0 18C.2
130 30 . 5 1 9 . 7 1 9 . / 6 0 3 .  1 2 8 6 . 8 997 .  6 2 3 3 . 9 5 9 . 5 1 9 0 . 9

63018 -3
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APPENDIX I 

INSTRUMENTATION ERROR ANALYSIS

I - l .  INTRODUCTION

The error  associated with  the measured data from the FLECHT SEASET 163-rod  

blocked bundle te s t  series  was derived from e i t h e r  equipment manufacturer spe­

c i f i c a t i o n s  or system c a l i b r a t i o n  da ta .  Component c a l ib r a t io n s  were performed 

to v e r i f y  tha t  the manufacturers'  s p e c i f i c a t io n s  were met, and these manufac­

t u r e r s '  s p e c i f i c a t io n s  were used to compute the e r ro r  est imate fo r  the data 

path.  System c a l ib r a t io n s  were performed when component c a l ib r a t io n s  were not 

expedient or when an accuracy improvement could be accomplished wi th  a system 

c a l i b r a t i o n .  The system c a l i b r a t i o n  data were used to compute an est imate  of  

er ro r  for the system response, and c a l i b r a t i o n  standard equipment s p e c i f i c a ­

t ions were used to compute the e r ro r  of the c a l i b r a t i o n  data po in ts .  The 

t o t a l  system e r ro r  from a system c a l i b r a t i o n  is a function of  both equipment 

response error  and c a l i b r a t i o n  data e r r o r .

In a l l  cases of e r ro r  est imate ,  the standard d e v ia t io n  was computed and 

presented as the most probable e r r o r .  The d e r iv a t io n  of th is  e r ro r  ana lys is  

technique was presented in  paragraph D-7 of  the 161-rod unblocked bundle data  

r e p o r t . T h e  manufacturer -spec if ied  e r ro r  is the maximum possib le  e r ro r  

for  the respect ive  component. The standard d e v ia t io n  of  the er ro r  was c a lc u ­

la ted  from the maximum erro r  by the f o l lo w in g ,  based on a uniform d i s t r i b u t i o n  

over the er ro r  range:

2  ̂ E^
= Z _ 1 L  ( I - l )

i= l  3
where

0  = data path standard dev ia t ion  

Ê  = component i maximum error  

n = number of sources of e r ro r

1. Loftus,  M. J . ,  et a l . ,  "PWR FLECHT SEASET 161-Rod Unblocked Bundle, Forced 
and Grav i ty  Reflood Task Data Report ,"  NRC/EPRI/Westinghouse-7, June 1980.

3542X:1/061583 I - l



When a system c a l i b r a t i o n  was performed, the standard devia t ions  from the  

c a l i b r a t i o n  data and the c a l i b r a t i o n  equipment were combined by the fo l low ing  

equation to produce the best est imate  of  e r r o r :

( 1- 2 )

where

0  = data path standard d e v ia t io n

E  ̂ = c a l i b r a t i o n  data standard d e v ia t io n  
d

E  ̂ = c a l i b r a t i o n  equipment standard dev ia t ion

The c a l i b r a t i o n  data standard d ev ia t io n  Is a measure of the e r ro r  Involved In 

f i t t i n g  the c a l i b r a t i o n  data .  That I s ,

■

where

n
I

1=1 (Y, - Yf)‘

n -  2

1 /2

(1 -3 )

Y. =

c a l i b r a t i o n  point

predicted output from the c a l i b r a t i o n  curve 

number of c a l i b r a t i o n  points

The c a l i b r a t i o n  equipment standard d ev ia t io n  Is a measure of  the absolute  

error  of the c a l i b r a t i o n  p o in t .  I f  the c a l i b r a t i o n  po int In the above equa­

t io n  Is c a lc u la ted  from an equation of  the form

 ̂ '‘ l . ^ 2  .
Y = X3

then

2k n /  ox. \ ‘

' ‘i  ■ (■' ■ =7 )
and

(1 -4 )

(1 -5 )

( 1 - 6 )

3542X:1/061583 1-2



The standard devia t ions of best -e s t lm a te  e r r o r s ,  s t a t i s t i c a l l y  the most prac­

t i c a l  est imate of e r r o r ,  are presented In tables  I - l  through 1 -4 .  The maximum 

possible  e r r o r s ,  which are the sum of a l l  the possible  component e r ro rs  and 

c o n s t i tu te  the upper bound of e r r o r ,  are also presented In these t a b le s .

Tables I - l  through 1-4 provide a d e t a i l e d  l i s t i n g  of the e r ro rs  by data chan­

n e l .  (Table 4 -3  I d e n t i f i e s  channel locations and fu n c t io n s . )  A pp l ic a t io n  of  

the In formation In tab le  I - l  to the recorded data requires  an explanation  of 

the a n a ly s is .

The data path Is broken down In to  three  p a r ts :  sensor, c o n d i t io n e r ,  and

readout.  The sensor Is the device whose e l e c t r i c a l  output Is p ropor t iona l  to 

a physical  q uant i ty  ( temperature ,  pressure,  f low ,  power).  The cond i t ioner  Is  

a device which matches the e l e c t r i c a l  output of the sensor to the Input r e ­

quirements of the readout device.  The readout device measures and records the 

e l e c t r i c a l  value of the signal  from the co n d i t io n e r .  This recorded e l e c t r i c a l  

value Is subsequently used to compute the physica l  q u a n t i ty  I t  represents .

The errors  due to the transmission wires  between the elements are not Included  

In th is  a n a ly s is .  Transmission w ire  er rors  were very small (+ 0.001 percent)  

In comparison to the element e r r o r s ,  and were considered to be n e g l ig i b l e .

The e r ro r  values l i s t e d  for  sensor, c o n d i t io n e r ,  and readout are  the manu­

fa c t u r e rs '  s p e c i f i c a t io n s  In engineering  u n i t s .  These numbers were used to 

compute the most probable and maximum e r r o r ,  as p rev ious ly  descr ibed.  Where 

system c a l ib r a t io n s  were performed, the equipment c a l i b r a t i o n  data l i s t  the 

standard d ev ia t ion  and maximum e r ro r  as computed from the c a l i b r a t i o n  data 

points  In f i t t i n g  the points to a f i r s t - o r d e r  polynomial .  The c a l i b r a t i o n  

point standard dev ia t ion  Is computed using the method described above. The 

c a l i b r a t i o n  point maximum error  was computed from the c a l i b r a t i o n  equation by 

assuming that  the maximum error  occurs simultaneously In each component of the 

c a l i b r a t i o n  equat ion.

The o v e r a l l  system standard d ev ia t io n  Is ca lc u la ted  using the method described  

e a r l i e r  for combining standard devia t ions  (equation 1 - 2 ) .

3542X :1 /06 158 3  1 -3
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TABLE I - l

INSTRUMENTATION ERRORS

Computer
Sensor

Type

Error [ “C ( “F ) ]

Sensor Condit ioner Readout

Data Path

Most Probable Maximum

1-502 Heater rod bundle 
thermocouples

I

503-539 Loop
thermocouples

±1 ( ± 2 ) 
at  - 1 7 , 8 “C 
to 277“C {0 “F 
to 530'*F); 
+0.3775 at  
277“C to 
1316“G 
(530“F to 
2400®F); 
use +5*C 
(± 9“F)

maximum

+2 (+4)  
at  -17.8»C  
to 277“C (0*F 
to 530“F);  
+0.75 at  
277“C to  

1316“C 
(530“F to 

2400®F); 
use +10“C 
(+18®F) 
maximum

+0.3 ( 0 .5 ) + 2.03 (+3 .66 )

+0.3 (+ 0 .5 )

+0.3 ( 0 . 5 )

+ 2.03 (+3 .66 )

+ 2.03 (+3 .66 )

+1.32 (+2 .42 )

+3.12 (+5 .62 )

+1.74 (+3 .14 )

+5.894 (+10 .61)

+3.33 (+6 .16 )

+7.310
(+13.16)

+4.53 (+8 .16 )

+12.3 (+22 .2 )



TABLE 1-2

POWER INSTRUMENTATION ERRORS (a )

Computer

Channel Bundle Power

Error

Equipment Response (kw) C a l ib ra t io n  Standard (kw) System Results(kw)

Most Probable Maximum Most Probable Maximum Most Probable Maximum

540 Primary (400 kw) ±  3.27 ± 5 . 3 8 ±  0.515 ±  0.515 ±  3.31 ± 5 . 4 3
541 Secondary (400 kw) ±  0 .213 ±  0.280 ±  0.515 ±  0.515 ±  0.557 ±  0 .586

542 Primary (400 kw) + 3.32 ±  5.9 ±  0.515 ±  0.515 ±  3.36 ±  5.92

543 Secondary (400 kw) ±  0.170 ±  0.235 ±  0.515 ±  0.515 ±  0.542 ±  0.566

544 Primary (400 kw) i  4.25 ±  8.25 ±  0.515 ±  0.515 ±  4.28 ±  8.26

545 Secondary (400 kw) ±  0.045 ±  0.103 ±  0.515 ±  0.515 ±  0.517 ±  .525
Icn

a. The above errors  were ca lc u la ted  for te s t  run 62413 ( 1 .0  k w / f t  rod 
peak power).  The three heater rod zones were reconfigured so that  
each zone contained 54 rods.



TABLE 1-3

POWER INSTRUMENTATION ERRORS (a )

Computer

Channel Bundle Power

Error

Equipment Response (kw) C a l ib ra t io n  Standard (kw) System Results (kw)

Most Probable Maximum Most Probable Maximum Most Probable Maximum

540 Primary (298 kw) + 0.820 i  0.892 + 0.337 + 0.337 1 0.887 1  0.953
541 Secondary (298 kw) i  0.087 1 0.173 i  0.337 i  0.337 + 0.348 1 0.379

542 Primary (323 kw) + 1.583 + 2.54 + 0.439 + 0.439 + 1.643 + 2.577

543 Secondary (323 kw) i  0.103 i  0.178 + 0.439 + 0.439 + 0.451 + 0.474

544 Primary (202 kw) 1  2.289 + 3.068 i  0.279 t  0.279 1 2.31 t  3.1

545 Secondary (202 kw) i  0.068 i  0 .113 1 0.279 + 0.279 i  0.287 + 0.301
I
a>

a.  The above errors  apply to a l l  te s t  runs except run 62413. Heater  
rod zone c onf igura t ion  was as fo l lows:  zone A -  58 rods; zone 8 - 
64 rods; zone C -  40 rods.



TABLE I - A

FLOW AND PRESSURE MEASUREMENT INSTRUMENTATION ERRORS

I

Computer

Channel

Sensor

Type

Sensor

Er r or

C o n d i t lo n er  

Err or

Readout

Er r or

Data Path Er ror

Most Probab le Maximum

546 Flowmeter  
[ 3 . 8  X 10 -3  
m^/sec
(60  g a l / m l n ) ]

1 , 8 8  X 10-5  
m^/sec
0 . 2 9 8  g a l / m l n )

9 , 5  X 10-^  
m3/sec
( 0 . 1 5  g a l / m l n )

4 X 10-^  
m3/sec
( 0 . 0 6  g a l / m l n )

5 45 X 10-^  
m3/sec
( 0 . 0 8 6 4  g a l / m l n )

1 27 X 10-5  
m3/sec
( 0 . 2 0 2  g a l / m l n )

3 , 7 5  X 10 -5  
m3/sec
( 0 . 5 9 4  g a l / m l n )

547 Flowmeter  
[ 9 . 4 6  X 10 -3  
m^/sec
(200 g a l / m l n ) ]

1.31 X 10-5  
m3/sec
( 0 . 2 0 7  g a l / m l n )

9 , 5  X 10-^  
m3/sec
( 0 . 1 5  g a l / m l n )

1 36 X 10 -5  
m3/sec
( 0 . 2 1 6  g a l / m l n )

1 22 X 10-5  
m3/sec
( 0 . 1 9 3  g a l / m l n )

3 ,61 X 10 -5  
m^/sec
( 0 . 5 7 3  g a l / m l n )

5 4 8 ( a ) Flowmeter  
[ f l . 2 6  X 103 
m^/sec
(+200  g a l / m l n ) ]

54 9 -
561

D/P c e l l  
[ 7 . 4 5  kPa 
( 1 . 0 8  p s i ) ]

0 .01  kPa 
( 0 . 0 0 2 p s l )

0 .01 kPa 
( 0 . 0 0 2 p s 1 )

0 .01  kPa 
( 0 . 0 0 2 p s l )

0.012kPa
( 0 . 0 0 2 p s l )

0 .037kPa  
( 0 . 0 0 6 p s 1 )

562 D/P c e l l  
[ 7 4 . 7 4  kPa 
( 1 0 . 8 4  p s i ) ]

0 . 1 5  kPa 
( 0 . 0 2 2  p s l )

0 .11 kPa 
( 0 . 0 1 6  p s l )

0 .11 kPa 
( 0 . 0 1 6  p s l )

0 .124kPa  
( O . O l D p s l )

0 .370kpa  
( 0 . 0 5 4 p s l )

563 D/P c e l l  
[ 9 9 . 6 3  kPa 
( 1 4 . 4 5  p s 1 ) ]

0 . 2 0  kPa 
( 0 . 0 2 9  p s l )

0 . 1 5  kPa 
( 0 . 0 2 2  p s l )

0 . 1 4  kPa 
( 0 .0 21  p s l )

0 . 1 7  kPa 
( 0 . 0 2 4  p s l )

0 . 5 0  kpa 
( 0 . 0 7 2  p s l )

a .  Flowmeter  not  u t i l i z e d ;  c a l i b r a t i o n  e r r o r s  exceeded m a n u f a c t u r e r 's  s p e c i f i c a t i o n s



TABLE 1-4 ( c o n t )

FLOW AND PRESSURE MEASUREMENT INSTRUMENTATION ERRORS

Computer

Channel

Sensor

Type

Sensor

Error

Conditioner

Error

Readout

Error

Data Path Error

Most Probable Maximum

564 D/P c e l l 0 .23 0.17 0.17 0.19 0.57
[114 .6  kPa 
(16 .62  p s l ) ]

(0 .03 3 ) (0 .025 ) (0 .024 ) (0 .028) (0 .082 )

565 D/P c e l l 0 .16 0.12 0.12 0.13 0.39
[79.71 kPa 
(11 .56  ps1) ]

(0 .023) (0 .017) (0 .017) (0 .019) (0 .057)

566 D/P c e l l 0.12 0.090 0.090 0.097 0.30
[5 9 .8  kPa 
(8 .67 ps1)]

(0 .017 ) (0 .013 ) (0 .013) (0 .014) (0 .043 )

567 D/P c e l l 0.15 0.11 0.11 0.12 0.37
[74 .74  kPa 
(10 .84  p s l ) ]

(0 .022 ) (0 .016 ) (0 .016 ) (0 .018) (0 .054 )

568 D/P c e l l 0.6 0.4 0.40 0.46 1.37
[276 kPa 
( 4 0 p s l ) ]

(0 .08 ) (0 .0 6 ) (0 .058) (0 .067) (0 .198 )

569 D/P c e l l 0.21 0.15 0.15 0.17 0.51
[103 kPa 
(15 p s l ) ]

(0 .030) (0 .022) (0 .022 ) (0 .025 ) (0 .074 )

570 D/P c e l l 0.07 0.06 0.05 0.06 0.17
[34 kPa 
(5 p s l ) ]

(0 .01 ) 0 .008) (0 .007) (0 .008) (0 .025 )

571 D/P c e l l 0.4 0.31 0.30 0.34 1.02
[207 kPa 
(30 p s l ) ]

(0 .06 ) 0 .045) (0 .043) (0 .050) (0 .148)

I
CO



TABLE 1-4 ( c o n t )

FLOW AND PRESSURE MEASUREMENT INSTRUMENTATION ERRORS

Computer

Channel

Sensor

Type

Sensor

Error

Condit ioner

Error

Readout

Error

Data Path Error

Most Probable Maximum

572- D/P c e l l 0.17 0.13 0.12 0.14 0 .43573 [87.01 kPa 
(12 .62 p s l ) ]

(0 .025) (0 .019 ) (0 .01 8 ) (0 .02 1 ) (0 .06 2 )

574- PT c e l l 1 .72 1.03 0.992 1.30 3.75575 [690 kPa 
(100 p s l ) ]

(0 .250 ) (0 .150 ) (0 .144 ) (0 .188 ) (0 .5 4 4 )

576 PT c e l l 8.62 5.2 5.0 6.47 18.8

■
[3 .45  MPa 
(500 p s l ) ]

(1 .2 5 ) (0 .7 5 ) (0 .7 2 ) (0 .939 ) ( 2 .7 2 )



1 - 2 .  ItMPERATURE MEASUREMENTS

The errors  for temperature channels 1 through 539 using type K thermocouples 

for the sensor, a 65®C (150“F) re ference ,1unct1on for  signal  co n d i t io n in g ,  and 

the computer for readout are presented In tab le  I - l .  In the range of tempera­

tures from 277“C to 1316*C (530‘‘F to 2400“F ) ,  the sensor error  Is a percentage  

of the magnitude of the temperature.  For temperatures below 277®C (5 3 0 °F ) ,

the sensor error  Is constant.

1-3 .  POWER MEASUREMENTS

Computer channels 540, 542, 544 and 541, 543, 545 were,  re s p e c t iv e ly ,  the p r i ­

mary and secondary power measuring channels used for the forced and g r a v i ty  

re f lood  te s ts .  Three SCR ( s i l i c o n - c o n t r o l l e d  r e c t i f i e r )  un its  regulated the 

amount of power to the tes t  bundle to a maximum of 1 .3  megawatts. Watt t ra n s ­

ducers,  u t i l i z i n g  the H a l l - e f f e c t  method, were used to record the power d e l i v ­

ered to the test  bundle. C a l ib ra t io n s  were performed on the watt  transducers  

at per iod ic  In te rv a ls  to meet the manufacturer 's  s p e c i f i c a t io n s .  A system 

c a l i b r a t i o n  was performed on the power recording systems during the test  

s e r ie s ,  and the combined data were used to compute the equipment response 

c a l i b r a t i o n  data most probable and maximum e r ro rs .  The c a l i b r a t i o n  standard 

data values were derived from the c a l i b r a t i o n  standard (YEW meter)  component 

e r r o r .  The system resu l ts  were derived from the system c a l i b r a t i o n  data and 

the c a l i b r a t i o n  standard error  est imates.  The errors  for the power meas­

urement channels are presented In tables  1-2 and 1-3 .

1-4 .  FLOW MEASUREMENTS

Channels 546 through 548 were the In je c t io n  l in e  tu rb ine  meter computer chan­

nels .  The turbine  meters were c a l ib ra te d  by the manufacturer;  these data were 

used to determine the maximum sensor e r r o r .  M a nufac ture r -sp ec i f ied  errors  

were used for the signal  condi t ion ing  and readout. These errors  were then 

combined using equation ( I - l )  to provide the most probable e r r o r .  The errors  

for the flow measurement channels are presented In tab le  1-4.

35 4 2 / - . 1  / 0 6 1  5 8 '; I - 1 0



1 - 5 .  PRESSURE

Channels 549 through 576 were the loop pressure measurements channels;  the 

respect ive  errors  are presented in ta b le  1 -4 .  M a n u fac ture r -sp ec i f ied  e rrors  

were used for the data path component e r r o r s .  These were combined using 

equation ( I - l )  to determine the most probable errors  associated wi th  these 

channels .

3542X:1 /061583  I - l l



APPENDIX J 

CALCULATION TECHNIQUES

J-1 .  QATAR PROGRAM

The purpose of the QATAR model Is  to c a lc u la t e  the heat t ra n s fe r  c o e f f i c i e n t  

for  heater rods In the experimental  f a c i l i t y .  I t  accomplishes th is  by using 

a v a i l a b le  experimental  data (as read from data tapes) and a s - b u l l t  heater rod 

dimensions, coupled with  a mathematical  model (paragraph J - 2 ) .

The QATAR code consists of 13 over lays ,  to reduce the computer f i e l d  length  

required for  code execut ion.  These overlays consist  of  the fo l lo w in g :

0  The main program over lay ,  together  wi th  those subroutines
necessary to c a lc u la te  f i l m  c o e f f i c i e n t s

0  The over lay  which contro ls  the reading and checking of Input  
data ,  from both cards and tape

0 The over lay  which checks for r e s t a r t  and. I f  present,  proper ly
posit ions Input and output f i l e s  and sets In te r n a l  values

0  The over lay  which reads Input In formation from the main data
tape header and ca lcu la tes  several  In te r n a l  values based on th is  
Informat ion

0  The over lay  which checks card Input consistency and echoes the  
Information to pr in ted  output

0  The over lay  which echoes data tape header Information to p r in te d  
output

0  The over lay which reads Input from cards and performs
miscel laneous operations on the data

The program provides I t s  own dynamic f i e l d  length management, r e s u l t in g  In 

minimum operat ing expense.

The main program ge nera l ly  contro ls  the f low of most Input and output data  

read and generated by the program. A t y p ic a l  run Is conducted using the 

fo l low ing  steps:
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(1 )  Radial  node posUions are c a lc u la te d  based on b u i l t - i n  r a d i i  and 
I n t e r v a l  In form at ion .  I t  should be noted that  the code performs 
I t s  c a lc u la t io n s  In the r a d ia l  d i r e c t i o n  only .  Ax ia l  conduction  
Is  Ignored.

(2 )  The appropr ia te  time values are c a lc u la te d  fo r  each data po int  
produced.

(3 )  Header In formation  (run number, number of  data scans, and the  
l i k e )  Is w r i t t e n  to the output tape ,  data tapes are read and 
c o r r e c t l y  pos i t ioned ,  and the bundle power Is c a lc u la t e d .  The 
sink temperature Is assumed to be the s a tu ra t io n  temperature  
corresponding to the s p ec i f ie d  pressure for  the t e s t .

(4 )  The temperature data for  a rod thermocouple are read from the  
main data tape; miscel laneous In format ion  for  th a t  thermocouple,  
such as bundle pos i t ion  and a x i a l  and r a d ia l  power f a c t o r s .  Is  
read from a secondary data tape.

(5 )  The thermocouple Is considered good I f  the channel Is not I n ­
cluded In  the bad channel l i s t  and the f i r s t  temperature Is  
g reater  than 66®C (150®F).  I f  these two c r i t e r i a  are not met,  a 
short e n t ry  Is made on the output tape and data from the next  
channel are  read.

(6 )  Rod temperature p r o f i l e s ,  surface  heat f l u x ,  and heat t ra n s fe r  
c o e f f i c i e n t s  are ca lc u la ted  by successively c a l l i n g  subroutines  
conta in ing  the model described In paragraph J -2 .

(7 )  The data and resu l ts  of c a lc u la t io n s  performed In step (6 )  are  
w r i t t e n  to output.

(8 )  Steps (4 )  through (7 )  are repeated fo r  a l l  bundle thermocouple 
channels;  the run Is then terminated .

DATAR uses three p r in c ip a l  subrout ines.  Their  functions are as fo l low s:

0 To c a lc u la t e  the c o e f f i c i e n t  matr ix

0 To c a lc u la t e  the temperatures and surface heat f lu x  given the
c o e f f i c i e n t  matr ix

0 To In v e r t  the t r id la g o n a l  c o e f f i c i e n t  matr ix

Several  other subroutines perform miscellaneous c a lc u la t io n s ,  such as mater ia l

property  eva lua t ion  and data I n t e r p o l a t io n .
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J-2 .  Ca lcu la t ion  Method

A heat conduction problem Is termed an "Inverse heat conduction problem" I f  a t  

le a s t  one s p a t ia l  condit ion Is s pec i f ied  a t  an I n t e r i o r  po int  of a h e a t -  

conducting body. Because of th is  unorthodox c o n d i t io n ,  the so lu t ion  to an 

Inverse problem Is very complicated.  Even I f  the governing equations are  

l i n e a r ,  c la s s ic a l  methods such as Fourier analys is  and Laplace transformat ion  

f a l l  to y ie ld  a s o lu t io n .  For the Four ie r  method, the eigenvalues are not 

r e a d i l y  obta inable  from the r e s u l t i n g  Strum-Loulsval le  system of equations;  

hence, a Fourier  series  representa t ion  of  the so lu t ion  cannot be determined.  

Transformation techniques lead to a so lu t ion  In Laplace v a r ia b le  space, which 

defies  an Inverse transform In to  the rea l  time space. Although the numerical  

method Is not without d i f f i c u l t y ,  meaningful  re s u l ts  can be obtained I f  due 

care Is exerc ised.

The mathematical  formulat ions and methods used In DATAR to solve the Inverse  

heat conduction problem are described In the fo l low ing  paragraphs. The gov­

erning p a r t i a l  d i f f e r e n t i a l  equation and the associated d i f fe r e n c e  approxima­

t ion  are outl ined below. The key assumption used In  the development of the 

approximation Is that the nonl inear  c o e f f i c ie n t s  are slowly varying functions  

of the temperature of the system and may the re fo re  be t re a te d  as constants.

The v a l i d i t y  of th is  assumption Is addressed In paragraph J -10.  When the 

d i f fe re n c e  approximation has been obta ined, the so lu t ion  method Is described 

In considerable d e t a i l .

J -3 .  Basic Equations and Geometry

Let T ( r , t )  denote the temperature a t  pos i t ion  r and time t  In the ranges 

0 < r < b, t  > 0.  The ap p l ica b le  p a r t i a l  d i f f e r e n t i a l  equation Is

a . 3T k 3T , ,  , 3T , ,  , ,
3f  sF * f  "aF * < ! ' " -  f t  F  (J-1)

where k and c depend on T and are thermal co n d u c t iv i ty  and s p e c i f ic  heat ,  res ­

p e c t iv e ly ,  and p Is dens i ty .  Ax ia l  heat conduction Is neglected,  since  

c a lcu la t io n s  have shown an In s ig n i f i c a n t  e f f e c t  unless w i th in  approximately 25 

mm (1 I n . )  of the quench f r o n t .
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The fo l low ing  boundary and I n i t i a l  condi t ions are given:

= 0 ( 0 - 2 )

T ( a , t )  = T p ( t )  0<a<b (J -3 )

= -<j)/k ( 0 - 4 )

T ( r , 0 ) ,  the I n i t i a l  temperature d i s t r i b u t i o n .  Is a lso  given.

Equation ( 0 -2 )  assures symmetry at  r = 0. Equation (0 - 3 )  represents the meas­

ured temperature a t  an In te r n a l  point  a.  Equation (0 - 4 )  Introduces another  

unknown, the f lu x  to be determined.

Since the measured temperature Is given a t  d is c re te  t imes,  the p a r t i a l  d i f f e r ­

e n t i a l  equation may be viewed as a system of o rd inary  d i f f e r e n t i a l  equations,  

one equation fo r  each temperature measurement. The fa c to r  4> could then be 

computed at  each time step so tha t  the measured temperature Is obta ined; th is  

approach Is not used In DATAR. There are two primary reasons fo r  considering  

the t ra n s ie n t  behavior of the system: f i r s t ,  the experimental  e r ro r  In the

data ,  and second, the propagation time e f f e c t s  In the system. As shown below. 

I f  4) Is computed a t  each time step using only the measured temperature at  

tha t  time step,  then the f l u x  and externa l  temperature w i l l  behave e r r a t i c ­

a l l y .  The second reason, the propagation e f f e c t ,  occurs because the f lu x  <J> 

r e f l e c t s  the behavior of the rod a t  the boundary, and the temperature Is meas­

ured a t  an In te r n a l  po int  of  the rod.  The temperature propagation time of the 

rod must be accounted f o r ,  since the measured temperature r e f l e c t s  changes In 

the boundary temperature th a t  have occurred e a r l i e r .  I f  the propagation time 

Is greater  than 0 .5  second, then th is  t ransport  e f f e c t  must be allowed for by 

a d jus t ing  4> a t  one time step,  given the temperature measurements a t  fu tu re  

t imes.  A re p res e n ta t ive  propagation time Is not known, but rough estimates  

In d ica te  tha t  I t  Is  g reater  than 0 .5  second. A d e ta i le d  analys is  of th is  

phenomenon should prove useful  In any fu tu re  modi f ica t ions  of DATAR.

The s p a t ia l  aspects of the problem are now considered.  The physical  region  

under considerat ion (0 < r < b) Is composed of n r a d ia l  regions,  each with
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p o t e n t i a l l y  d i f f e r e n t  physical  p ro p e r t ie s .  The r e s u l t  Is  a set of  n p a r t i a l  

d i f f e r e n t i a l  equat ions,  one equation for  each reg ion .  At the In t e r f a c e  points  

of the regions,  temperature and heat t ra n s fe r  are required to be continuous.  

Let d be an In te r fa c e  point between regions  ̂ and R^; then,

11m T ( r , t )  = 11m T ( r , t )  ( J - 5 )

r e R̂  r c R̂

r -» d r d

11m k(T ) = 11m k(T)  ( J -6 )dr dr

r c R̂  .J r e R̂

r -» d r -» d

Given equations (J - 1 )  through ( J - 6 ) ,  the appropr ia te  d i f fe r e n c e  equation Is  

f i r s t  derived for each region separa te ly  using equation ( J - 1 ) ;  then the r e ­

gions are coupled by Imposing equations ( J - 5 )  and ( J - 6 ) .  Equations ( J - 2 )  and 

( J - 4 )  supply the boundary values ,  and equation ( J - 3 )  and the I n i t i a l  tempera­

tu re  d i s t r i b u t i o n  are used to develop the s o lu t ion  for t  > 0.

J -4 .  D i f ference  Equations

The fo l low ing  approximations are used fo r  the p a r t i a l  d e r iv a t iv e s  In equation  

( J - 1 ) :

[ T ( r  + A r , t )  -  2 T ( r , t )  + T (r  -  A r , t ) ]  ( J - 7 )

^ | I  ,  K [  r i^ ( 3 - 8 )

PC

The approximation of equation ( J - 7 )  neglects the term ( 3 k / 3 r )  ( 3 T / 3 r ) .  The 

j u s t i f i c a t i o n  for th is  omission fol lows from the fa c t  tha t  ( 3 k /3 r )  ( 3 T /3 r )  Is  

much smaller than k / r  ( 3 T / 3 r ) ,  the term In equation ( J - 8 ) .
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c, ak ak 3T 
Since ^  T" .3r 31 3r

3k ^  
3r 3r
k i L  
r 3r

may be w r i t t e n  as

r ^  
k 3r 3r

Now r is  smal l ,  less than 0 .1 .  I t  is  shown in  paragraph J-10 t h a t ,  fo r  each

m a t e r i a l ,  ( 1 / k )  ( 3 k / 3 r )  is less than 0 .0 1 .  In  f a c t ,  i t  is less than 0.001

for  almost a l l  a l l  m a te r ia ls .  F i n a l l y ,  3T/3r  is a wel l -behaved function  

of r .  Therefore the term omitted from equation ( J - 7 )  is less than 0.1 percent  

of the term in equation ( J - 8 ) .

The approximations of equations ( J - 7 ) ,  ( J - 8 ) ,  and ( J - 9 )  a lso make use of  the

fa c t  th a t  k and c are slowly vary ing funct ions of T. In paragraph J -10 ,  these

assumptions are j u s t i f i e d  by showing tha t  3k/3T and 3c/3T are  small .

Other approximations tha t  could be used instead of equation ( J - 7 )  have been 

te s ted ;  no apprec iable  d i f f e r e n c e  can be seen between the schemes which keep k 

constant and those which do not.

Note th a t  k and c are eva luated a t  T ( r ,  t  -  A t ) .  Here the assumption is made

th a t  T is  given a t  time t  -  A t ,  and the procedure is advancing to time t .

Since t is given at  time t = 0,  the required i n i t i a l  c ond i t ion  is supplied.

Equations ( J - 7 ) ,  ( J - 8 ) ,  and ( J - 9 )  are only used ins ide  each region; the 

i n t e r f a c e  between regions is covered in paragraph J -5 .
•

The approximations in equations ( J - 7 ) ,  ( J - 8 ) ,  and ( J - 9 )  are subst i tu ted  in to

equation ( J - 1 ) .  L e t t in g  r ^ .................r̂  ̂ denote the points  in a region R and

l e t t i n g  Ar^ = r^ .̂  ̂ -  r^ and T  ̂ = T ( r ^ , t ) ,  equation ( J - 1 )  may be re w r i t t e n  

as fo l lows:
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8, *  A ,T ,  .  C ,T ,^ ,  .  D, (0 -1 0 )

where the c o e f f i c i e n t s  are given by

= 1 -  ( A r ) ^ / 2 ( r ^ )  (J -1 1 )

A,  = - 2  -  { p , c ^ / k ^ ) ( A r ^ ) ^ / a t  ( 0 - 1 2 )

= 1 + ( f i r ) ^ / ( 2 r ^ )  (0 -1 3 )

= - q ; "  -  (P^c^/k^)(&r^)^  T°^*^/&t (0 -1 4 )

equations (0 -11 )  through ( 0 - 1 4 ) ,  p^, c^, k^, and denote the value atIn .

the point  r^ ,  and Is given by T ( r ^ ,  t -  A t ) .  Note that c  ̂ and

k  ̂ are evaluated using the previous temperature This assumption 1s r e ­

la ted  to the assumption used In d e r iv in g  equations ( 0 - 7 ) ,  ( 0 - 8 ) ,  and ( 0 - 9 ) .

In equations (0 -10 )  through ( 0 - 1 4 ) ,  the two points r^ and rj^ -̂j were used; 

these points reside at  a distance Ar from the region r .  The use of I n t e r ­

face and boundary condit ions e l im ina tes  these f i c t i t i o u s  po in ts .

0 -5 .  In te r fa c e  Conditions

Equations (0 -1 0 )  through (0 -14 )  hold for  each region.  The In t e r f a c e  condi­

t ions  In equations ( 0 - 5 )  and (0 -6 )  are  now appl ied and the redundant tempera­

tures are e l im in a ted .  Ignoring for a moment the l e f t -h a n d  boundary of region  

1 (the  o r i g i n )  and the r ight-hand boundary of  region n ( the  e x te rna l  s u r fa c e ) ,  

equation (0 -10 )  can be w r i t te n  for each of the In te r n a l  In t e r f a c e  po in ts .

For region R^, the equation for the r ight -hand  boundary may be w r i t t e n

Vk-l ‘  Vk * .  0, (3 -1 5 )

Here k denotes the r ight-hand end point  of  R^.
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For region R^+-|, the equation fo r  the l e f t - h a n d  boundary may be w r i t t e n

I I  I I  I I  I

I i Tq + + C^T2 = 0^b ! t ' + a ' t ! + c ‘ t ' = o' (J -1 6 )

Here 1 denotes the le f t -h a n d  end po int of  and primes are used on the co­

e f f i c i e n t s  and temperatures.

Because of the over lap of  the regions,  the temperatures -j, Tj^, and 

r e fe r  to the same s p a t ia l  points as do Tq ' ,  T.j ' ,  and T ^ ' ,  r e s p e c t i v e ly .

The I n t e r f a c e  cond i t ions ,  equations ( J - 5 )  and ( J - 6 ) ,  then lead to the f o l lo w ­

ing equations:

= t ' (J -17 )

.  r ̂ k̂l - -̂1 1 r ̂2 ~ ~̂G 1 , ,

1 [ 2(&r)̂  - "U1 2(Ar)̂ ^̂  J

Equation (J -1 7 )  requires  that  the temperatures are In agreement at  the I n t e r ­

face p o in t .  Equation (J -18 )  Is a d i f f e r e n c e  approximation to equation ( J - 6 ) ,  

which requires  tha t  the heat t ra n s fe r  out of region Is the same as the  

heat t ra n s fe r  In to  region R^^-j-

Equations (J -1 5 )  through (J -1 8 )  are a set  of  four equations In s ix  unknowns 

tha t  may be reduced to one equation In three  unknowns: the temperatures at

the In t e r f a c e  and a t  the adjacent points  on e i t h e r  s ide .  Using Tj ,̂

and fo r  these temperatures,  and l e t t i n g

_ S . l  <^'•>1
ki

equations ( J - 8 )  through (J -1 5 )  may be combined to obta in

Vk-1  ̂ Vk  ̂ ( J -19 )
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where the primed c o e f f i c ie n t s  are given by

= 8^(8^ + C^) (J -20 )

I I

I I

= 0C^(8^ + C^) (0 -22 )

\   ̂ (J -23 )

Equations (0 -1 0 )  and (0 -1 9 )  now provide a t r id la g o n a l  system fo r  the tempera­

tures In te r n a l  to the t o t a l  region under c ons idera t ion ,  0 < r < b. For a 

point In te r n a l  to a region R^, equation (0 -1 0 )  Is used, and fo r  In t e r f a c e  

p o in ts ,  equation (0 -1 9 )  Is used.

0 -6 .  Boundary Conditions

D er iva t ion  of  boundary condi t ion equations Is given In the fo l low ing  

paragraphs.

0 -7 .  Externa l  Surface Boundary — L e t t in g  represent the temperature a t  

the ex terna l  boundary, equation (0 -1 0 )  may be w r i t t e n

V H - ^  * V n  * S^N+1 = “n

Fur ther ,  equation (0 -4 )  may be w r i t t e n  In d i f fe r e n c e  form as 

Combining these two equations y ie lds

|6n * * V n ■ “n * ♦ < -̂̂ '■1
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J -8 .  In te r n a l  Boundary - -  For r = 0 ,  equation ( J - 1 )  and the condi t ion  In  

equation ( J - 2 )  may be used to der ive  the appropr ia te  equation fo r  Tq . Re­

w r i t i n g  equation ( J - 1 )  y ie ld s

^  I I  ^ k i i l  k 3 1  i l  . . .  , 1 2 7 1
ar 3r  ̂ " 3 ^ 2   ̂ r 3r = 3t ‘

At r = 0,  3T/3r  = 0; moreover the term ( 1 / r )  { 3 T /3 r )  may be replaced by 
2 2a T /3 r  a t  r = 0,  by using L 'H o s p l t a l ' s  r u l e ,  since 3T/ar  = 0.  Using these  

expressions,  equation (J -2 7 )  may be r e w r i t t e n  as

2 2 2 
The term 3 T /3 r  In equation (J -2 8 )  Is  approximated using (2T-| -  2TQ)/(ArQ) .

This expression Is the standard t h r e e -p o in t  d i f f e r e n c e  approximation to the

second d e r iv a t i v e  wi th  the symmetry cond i t ion  T  ̂ = T  ̂ being used, since

3T/3r = 0.

The d i f fe r e n c e  equation may be w r i t t e n

Vo • <̂0̂1 ■ “o

where the c o e f f i c i e n t s  are  given by

Cq = 4 (J -31 )

( J - 3 2 )
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Equations ( 0 - 1 0 ) ,  ( 0 - 1 9 ) ,  ( 0 - 2 6 ) ,  and (0 -2 9 )  form a l in e a r  t r id la g o n a l  set of  

N+1 equations In the N+1 unknowns Tq , .  . -tT^^. However, equation (0 -2 6 )  

Introduced another unknown, 4>, but equation ( 0 - 3 )  leads to one of the T 's .

As a r e s u l t ,  there  remain N+1 equations In N+1 unknowns. Let denote the 

given In te rn a l  temperature.  Since k and c depend on the temperature a t  time 

t  -  At ,  <)> Is not brought over to the le f t -h a n d  side of  the equations nor

Is moved to the r ight -hand s ide.  Ins tead,  <J> Is  est imated using the

values of T̂ i at  fu tu re  t imes.  Is t re a te d  as an unknown, thus keeping 

the t r id la g o n a l  s t ruc tu re  of the equat ions.

0 -9 .  Method of Solution

Let = ( T q ,  . . . ,  T|^); T  ̂ Is a t  t ime t .  T^"^ Is a s im i la r  vector a t  time

t  -  At .  Now l e t  A be the t r id la g o n a l  m atr ix :

A^

^N-1 '^N-l ^N-1

Let S be a diagonal m atr ix  wi th  the 1 - th  element given by

(Ar^)

At

Here c  ̂ and k  ̂ are evaluated a t  T^~^V
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Let £ be the vector with  the 1 - th  component given by

i r ; j T ^

F i n a l l y ,  l e t  4 be a vector wi th  6  ̂ = 0; 1 = 0 ............N-1; and 6̂  ̂ = Arj^

Equations ( J - 1 0 ) ,  ( J - 1 9 ) ,  ( 0 - 2 6 ) ,  and (J -2 9 )  may be abbrev ia ted as

AI^ = 01^ = fl 4- (J -33 )

Again,  Is unknown, but TjJ| Is known.

For s i m p l i c i t y ,  assume 1 = 1 ;  tha t  I s ,  the I n i t i a l  data fo r  time = 0 are  

given,  and the c a lc u la t io n  Is proceeding to time At.

Let P denote a p a r t i c u l a r  s o lu t ion  of the fo l low ing  equation:

AP*̂  = DP* '̂  ̂ a  (J -34 )

k-1 kwith P given.  S i m i l a r l y ,  l e t  H denote a homogeneous so lu t ion  of the

fo l lo w in g :

AH*̂  = (J -35 )

k-1with  H given.  Begin these sequences as fo l lows:

P° = (J -36 )

and

AĤ  = 6 (J -37 )

Define by = P̂  + then s a t i s f i e s  equation (J -3 3 )  In the form

AI^ = 01° + a  + <|>̂ A
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This may be proved as fo l low s .  M u l t ip ly in g  the equation d e f in in g  by A 

y ie lds

AI^ = A(P^ +

= AP̂  + <t»̂ AĤ

= DP° + a  + 4)^4

using equations (J -34 )  and ( J - 3 7 ) .  Not ice ,  however, tha t  P® = from 

equation ( J - 3 6 ) ;  the proof Is complete.

Moreover, I f

k k k 1 k-1 2 I k
T = P + 4) H + <|) H + . . .  + <t> H (J -38 )

k 1 2 k
then T s a t i s f i e s  equation (J -3 3 )  for  a l l  4> , 4> , . . . ,  4> . The proof of

th is  re s u l t  Is e a s i ly  given by Induction.

Therefore ,  given T^, fu tu re  temperatures may be approximated by t \  T^, . . . ,  T* ,̂ 

as fa r  as necessary.

Note tha t  the computation of P̂  and requires only the solv ing of a t r i ­

dlagonal system with the same matr ix  A [see equations ( J - 3 4 ) ,  ( J - 3 5 ) ,  and 

( J - 3 7 ) ] .

1 2 k  1
Given that  T , T , . . . ,  T have been computed, the values of ^ are chosen

so tha t  T|J| agrees with  Since there are k condi t ions and k

unknowns, the values of ^ may be obtained e x a c t l y .  However, the experimen­

t a l  e r ro r  In T^^^^ causes 4) to behave e r r a t i c a l l y  I f  th is  procedure Is 

fo l lowed.

I t  Is more reasonable to der ive  a r e la t io n s h ip  between the 4>' values,  and

then to obtain k equations In the one unknown, 4> \  In other Implemenl-
1 2  kt a t lo n s .  I t  Is assumed that  e i t h e r  4> Is constant ( t h a t  I s ,  4> = 4> = . . .  = 4> ) 

or that 4>'*^ Is a prescribed l in ea r  or quadrat ic function  of 4>\
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The approach 1n th is  study was to use the measured temperature p r o f i l e  to 

der iv e  a re la t io n s h ip  between and 

whole rod may be w r i t t e n  as fo l low s:

der iv e  a re la t io n s h ip  between and F i r s t ,  the heat balance for the

q ' ' ' V  -  <t»A = I y  X constant (J -39 )

where

V = volume of heated region

A = rod surface area

The 3 T /8 t  term In equation (J -3 9 )  cannot be computed before 4> Is ca lc u la te d ;  

however, I t  may be estimated by

(») 1 T  ̂ -  T^"^= 'o 'o
At

Here T^ Is the measured temperature Therefore  equation (J -3 9 )  may be

approximated,  y ie ld in g

T^ -  T^'^
q ' ' ' V  -  <|)\  = —  X  constant (J -40 )

A t ’

Assuming that  the constant Is Independent of t ime,  and w r i t i n g  equation (J -40 )  

for  both 1 and 1+1, the constant may be e l im in a te d .  Solve fo r  In terms

of 4> to obtain

^1+1 .1+1 ^1 ,1+1< J ) = E 4 > + F  (J -41 )

r 1 * l  J  r l + 1  4 4 .where E and F are given by

1,1 (Tj^^ - T ’ ) / (A t )^ ^ ^
1 1 - 1  1 

( t J -  T '  ' ) / ( A t ) '
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= [ ( q "  ' X V -  X (q-  "  )^ X v ] / A

This re la t io n s h ip  pred ic ts  the fu tu re  behavior of <t>' more accura te ly  than 

any of the aforementioned methods.

Moreover, a s im i la r  re la t io n s h ip  may be der ived fo r  . . .  In terms

of 4> . I f  these expressions for fu tu re  <(> values are  subst i tu ted  In to  equa­
te 1t ion  ( J - 3 8 ) ,  there resu l ts  the fo l low ing  expression for T 1n terms of H , 

. . .  and :

T-k k 1 „k
I  = a  + <t> B

k kwhere a and B are given by

^k ^ pk  ̂ X

gk ^k^ Y

1 1 kNow choose by the standard least-squares procedure so that T , . . . ,  T, . m m

■^data "^data-

,  ^^data ■ “ m̂  ^
♦ -  - f ------------------------------------

1 1 I  (B x B ) m m

where and B  ̂ represent the m-th components of the temperature vectors
1 1  1 

g and B . Therefore <t> Is chosen so that the computed temperatures for

the next k time steps best f i t  the measured temperatures for those k time

s t e p s .

Experience with th is  method suggests that k 3 Is an appropr iate  number of 

time steps.
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J-10.  V a r ia t io n  of k and c With Respect to T

In d e r iv ing  the d i f fe re n c e  approximations for  equations ( J - 1 )  and ( J - 4 ) ,  1t 

has been assumed that k and c are constants and that  they may be evaluated  

using the temperature of the previous time step.  Moreover, I t  has been 

assumed that  ( 1 /k  dk/dT) Is less than 0 .0 1 .  These assumptions are j u s t i f i e d  

by considering the fo l low ing  expressions.  For each m a t e r i a l ,  d k / d l ,

( 1 /k  d k /d T ) ,  and dc/dT are l i s t e d .  The expressions are obtained from the 

formulas In paragraph J-11.  For m a te r ia ls  In which c(T)  Is a l i n e a r  

I n t e r p o la t e  of a t a b le ,  dc/dT has been estimated by computing the maximum 

Ac/AT value ,  as fol lows:^^^

0 Boron n i t r i d e

^  = -8 .8889  X  10"^ B t u / h r - f t - “F^dl

1 dk -8 .8889  x 10'^ „ r - l

 ̂ 14.778 -  8.8889 x lO'^T
•F‘

^  = (0 .333492) 1.3611 x 10 ^e -  (1.3611 x 10'^ T) e tu / lbm-*F^

0 Kanthal

^  = 4 .3  X  10'^  B t u /h r - f t - ^ F ^  dl

1  dk _ 4 .3  X  10~^ „ p - l

 ̂ 9 .7  + 4 .3  x^lO T

^  = 0.0003  Btu/lbm-»F^

1. The re su l ts  of these computations are given In English engineering  u n i ts ,  
the form In which the data are analyzed by the code.
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0 Magnesium o x i d e

^  = (121.814) 0.010722 e e ^ u /h r - f t - » F ^

121.814 0.010722  ̂ 17015.835)
_____________________________ :__________________________________________T -1

 ̂ n o*;oQ 101 oii, „-0 .010722T 7015.835 ^0.2529 -  121.814 e + j

-3
^  -3  ( -1 .337 15  X  10 T) 2

= (0 .111256) 1.33715 x 10 e Btu/lbm-^F
dT

0  Nichrome V

^  = 5.75 X  10  ̂ B t u / h r - f t - “F  ̂dl

1  ^  .  5.75 X  10~^ „p -1

5.2  ♦ 5.75  X  1 0 ' ^  T

^  .  0.0002 B tu / lbm -“F ^

0  S ta in less  s te e l  304

^  -  4 .2  X 10  ̂ B t u / h r - f t - n ^

i  ^  ,  4 .2  X 10'^ „ p  -1

 ̂ 8 .4  + 4 .2  X  10'^  T

^  = 0.001 Btu/lbm-»F^
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S t a i n l e s s  s t e e l  316

= 4 .3  X 1 0 ' ^ B t u / h r - f t - “F^d I

1 dk 4 .3  X 10~^ „ r - lF
 ̂ 7 .5  + 4 .3  X  l O ' ^ T

= 0.001 Btu / lbm- 'F^dl

0  S ta in les s  s tee l  347

= 4 .2  X  1 0 ' ^ B t u / h r - f t - “F^dl

1  ^  4 .2  X  10~^___________  , p - l

 ̂ 8 .3  + 4 .2  X  10“  ̂ T

^  =  2 . 8  X  1 0 ' ^  Btu/ lbm-*F^

For each m a t e r i a l ,  excluding dk/dT and (1 /k  dk/dT) for magnesium oxide,  I t  Is  

c lear  that  temperature d e r iv a t iv e s  and the ( 1 / k )  (dk /dT)  term are a p propr i ­

a t e ly  smal l .  Because of the specia l  form of k (T)  for  magnesium oxide,  the 

analys is  of  dk/dT and ( 1 / k )  (dk /dT)  Is more complicated.  The In te r a c t io n  of 

the negat ive  exponent ial  term and the 1/T term makes precise estimates d i f f i ­

c u l t .  An a l t e r n a t i v e  approach Is to consider the o r ig in a l  da ta .  The k(T)  

functions f i t  the fo l low ing  tab le ;

T ["C ( “F ) ]  k [w/m^-K ( B t u / h r - f t - ”F ) )

212 2 0 .8  

392  1 6 . 3 3

752 9 . 5 3

1112 6 . 6 5

1472 4 . 9 1

183? 4 . 0 4

2 1 9 2  3 . 5 3
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The maximum &k/AT for th is  tab le  1s 0 .02  In the In t e r v a l  between 100“C and 

200*C (212®F and 392*F) .

The corresponding ( 1 /k )  (Ak/AT) value Is 0 .0 01 ,  as requ ired .

J-11.  M a te r ia l  Propert ies

QATAR contains a b u i l t - i n  l i b r a r y  of p e r t in e n t  m a te r ia l  p rope r t ies  which are  

u na l te ra b le  by the user,  to avoid p o te n t i a l  e r rors  and Incons is te nc ies .  Ther­

mal c onduct iv i ty  and s p ec i f ic  heat versus temperature curves are b u i l t  In for  

each of the m ater ia ls  shown In ta b le  J -1 .  A constant densi ty  Is b u i l t  In for

each of the m a te r ia ls ,  with the exception of magnesium oxide and boron n i t ­

r id e .  In these two cases, the user must supply the density  for the a p p ro p r i ­

ate m a te r i a l .  The thermal con d u c t iv i ty  and s p e c i f ic  heat of boron n i t r i d e  are  

not a function of the densi ty ,  since the heater rods are h igh ly  swaged, which 

provides for approximately 95-percent th e o r e t i c a l  densi ty .  Note tha t  the 

thermal conduct iv i ty  of magnesium oxide depends on the dens i ty .

Each thermal c onduct iv i ty  or s p e c i f ic  heat Is ca lcu la ted  by e i t h e r  a l e a s t -  

squares f i t  to a v a i la b le  data or a l in e a r  I n t e r p o la t io n  from a ta b le  of a v a i l ­

able data.  Table J-1 gives the source of the data for each m a t e r i a l .  A

summary of the methods used for each m ate r ia l  fo l lows:

0 Boron n i t r i d e

k = 25.571 - 0.00276 T w/m-'^C

(1 4.778 - 8.8889 x 10"^ T B t u / h r - f t - “F )

Cp = 201 7.74 - 1 396 .26e‘ ° ‘ °°^^^^ J/kg-'»C
_3

(0.48193 -  0 . 3 3 3 4 9 2 e ' ^ x  10 T 

p = Input quant i ty  [kg/m^ ( I b / f t ^ ) ]

0 kanthal

k = 1 6.789 + 0,0134 T w/m-''C (9 .7   ̂ 4 .3 x lO” '̂  T B t u - h r - f t - “F )
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TABLE J-1 

MATERIAL PROPERTY DATA SOURCES

M a te r ia l Property Source of  Data

Boron n i t r i d e K (a )
Cp Toulouk lan(^)
P Supplied by user

Kanthal K (c)
Cp (c )
P Suppl le r

Magnesium oxide K Kingery,  e t  a l .
Cp Toulouklan(^)
P Supplied by user

Nichrome V K Toulouklan'*^)
Cp Toulouklan^*^)
p Toulouklan^**)

Sta in less  s tee l  304 K WCAP-2808*f)
Cp Toulouklan^**)
P Toulouklan^**)

Sta in less  s tee l  316 K WCAP-2808(f)
Cp Toulouklan^**)
P Toulouklan***)

S ta in less  s tee l  347 K WCAP-2808*f)
Cp Toulouklan***)
P Toulouklan***)

Air K Baumelster*9)
Cp Baume1ster*9)
P Baumelster*9)

a.  The thermal conduc t iv i ty  of powdered boron n i t r i d e  Is dependent on 
several  f a c to r s .  The formula used fo r  th is  q uant i ty  r e f l e c t s  an 
engineer ing Judgment which considers those fac tors  p e r t in e n t  to the  
Westlnghouse use of th is  m a t e r i a l .

b. Toulouklan,  Y. S . ,  Thermophyslcal Propert ies  of Hlqh Temperature 
Sol id  M a t e r i a l s . Macmil lan,  New York,  1967.

c.  This q u a n t i ty  has been derived as a function  of temperature from 
data obtained on m ate r ia ls  of s im i la r  composition.

d. "Physical  Proper t ies  of Kanthal A l lo y s , "  6 -4 5 -0 7 ,  The Kanthal  
Corporation ,  Bethe l ,  CT.

e. K ingery,  W. D . ,  et  a l . ,  "Thermal Conduct iv i ty  X. Data fo r  Pure 
Oxide M a te r ia ls  Corrected to Zero P o ro s i t y , "  J. Am. Ceram. Soc. 3 7 , 
107-110 (1 954 ) .

f .  Mar t i  Balaguer,  L . ,  "MPD M a te r ia ls  Design Manual," WCAP-2808, July  
1966.

g. Baumelster,  T . ,  Mechanical Engineers Handbook. 6th e d i t i o n ,  
McGraw-H il l ,  New York,  1958.
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1 Inear In te r p o la t io n from the fo l low ing :

T [ *C ( * F ) ] Cp [J /kg-»C (Btu/ lb - **

-32 ( 0) 456.4 (0 .1 0 9 )

648 (1200) 753.6 (0 .1 8 0 )

760 (1400) 1172.3 (0 .2 8 0 )

871 (1600) 745.2 (0 .1 7 8 )

1204 (2200) 779.6 (0 .1 8 5 )

p = 7144.2 kg/m^ (446.0  I b / f t ^ )

0  Magnesium oxide

^MgO 

^MgO

-0 0192T
k = (0 .0273 -  13.15e + 4 2 0 .9 /T ) /2 2 3  w/m-'C

[py„n (0 .2529 -  1 21 .814 e ' ° - °^ °^^^^  + 7015.8 3 5 /T ) /2 2 3  B t u / h r - f t - » F ]

Cp = 1377.353 -  4 6 5 .8 0 5 e ' ° - ° °^ ^ °^ ^  J/kg-»C

(0.328976 -  0.111256e ' -33715x10 T B t u / l b - n )  

p = Input q uant i ty  (kg/m^ ( I b / f t ^ ) ]

0 Nichrome V

k = 8.997 + 0.0179 T w/m-“C ( 5 . 2  + 5.75 x 10'^  T B t u / h r - f t - “F ) 

Cp = l in e a r  In te r p o la t io n  from the fo l lo w in g :
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f ["C ( " F ) ] Cp [J /Kg-*C ( B tu / lb -» F ;

-32 (0 ) 427.1 (0 .1 0 2 )

260 (500) 502.4 (0 .1 2 0 )

482 (900) 535.9 (0 .1 2 8 )

593 (HOC) 577 .8 (0 .1 3 8 )

704 (1300) 623 .8 (0 .1 4 9 )

816 (1500) 653.1 (0 .1 5 6 )

871 (1600) 661.5 (0 .1 5 8 )

982 (1800) 653.1 (0 .1 5 6 )

p = 8361.63 kg/m^ (522.0  I b / f t ^ )

S ta in less s tee l  304

k = 14.535 4- 0.01308 T w/m-®C ( 8 . 4  + 4 .2  x 10 T Btu/hr

Cp = l i n e a r  In te r p o la t io n  from the fo l lo w in g :

r ["C (» F ) ] Cp [J/kg-®C (Btu / lb -®F

-32 0 372.6 (0 .0 8 9 )

149 (300) 372.6 (0 .0 8 9 )

260 (500) 378.9 (0 .09 0 5 )

371 (700) 389.4 (0 .0 9 3 )

482 (900) 404.0 (0 .09 6 5 )

593 (1100) 420.8 (0 .10 0 5 )

816 (1500) 458.4 (0 .10 95 )

926 (1700) 475.2 (0 .11 3 5 )

1038 (1900) 483.6 (0 .11 55 )

1093 (2000) 485.7 (0 .1 1 6 )

p -  8025.2 kg/m^ (501.3 I b / f t ^ )

S ta in le ss  s tee l  316

k = 12.978 ♦ 0.01339 1 w/m-*C (7 .S  + 4 .3  x 10'^ 1 B t u / h r - f t - * F )
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Cp = l in e a r  I n te r p o la t io n  from the fo l low ing :

T [*C (»F ) ] Cp [J /kg - *C  ( B t u / l b - “F ) ]

-32 (0) 439.6 (0 .1 0 5 )

204 (400) 510.8 (0 .1 2 2 )

315 (600) 540.1 (0 .1 2 9 )

427 (800) 561.0 (0 .1 3 4 )

871 (1600) 619.6 (0 .1 4 8 )

1038 (1900) 659.4 (0 .15 7 5 )

1204 (2200) 703.4 (0 .1 6 8 )

p = 7949.96 kg/m^ (496.3  I b / f t ^ )

0  S ta in less  s tee l  347

k = 13.064 + 0.0143 T w/m-“C (7 .55  + 4 .58  x 10 '^  T B t u / h r - f t - “F ) 

Cp = 447.99 + 0.211 T J/kg-^C (0 .107  + 2 .8  x 10'^  T B tu / lb -^ F )

p = 7905.1 kg/m^ (493.5  I b / f t ^ )

Air

k = 20.91 X 10  ̂ (T + 273)° '®^^ w/m-“C

[7 .3 5  X 10~^ (T + 460)®*®^® B t u / h r - f t - “F]

Cp = 1009.02 J /k g - “C (0.241 B t u / l b - “F)

p = 1.201 kg/m® (0 .075 l b / f t ® )

Although the option Is genera l ly  only used In the heater reg ion,  QATAR permits  

a mixture of any two m ater ia ls  to e x is t  In any r a d ia l  region.  In th is  I n ­

stance,  the propert ies  at each node In the region must be adjusted to account 

for the e f f e c t  of the mixture.  This Is accomplished as fo l lows:
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Let

X = volume f r a c t i o n  of m a te r ia l  A

Pa > K^, = proper t ies  of  m a te r ia l  A

PB* ^B = propert ies  of m a te r ia l  B

p, K, C = mixture propert ies

Then

p = xp^ + (1 -  X) Pg

K = xK^ + (1 -  x)Kg

.   ̂ (1 -  X)

This formulat ion provides an exact accounting of the mixture heat capac i ty  and 

a p a r a l l e l  conduction path approximation fo r  the e f f e c t i v e  thermal conductiv ­

i t y .  The approximation to the mixture  thermal con d u c t iv i ty  Is not expected to 

Introduce any s i g n i f i c a n t  e r r o r ,  however, since the only mixed region fo r  a 

normal case Is the second r a d ia l  reg ion,  which conducts less heat than any of 

the more e x t e r io r  regions.

J -12.  EFFECT OF POWER STEP ON HEAT TRANSFER COEFFICIENT

During the s e l f - a s p l r a t l n g  steam probe shakedown tes ts  p r io r  to the 21-rod  

bundle te s t in g .  I t  was learned that  the thermal response could be Improved by 

drying out the steam probe p r io r  to f lood .  There fore ,  the 21-rod bundle was 

heated up to a rod temperature of 871®C (1600®F) a t  a slow ra te  [ 1 . 3  kw/m (0 .4  

k w / f t )  peak] to evaporate water trapped w i th in  the steam probe.  The power was 

subsequently stepped up to the s p ec i f ie d  value a t  time of f lo o d .  However, 

approximately 2 seconds a f t e r  f lood was required  fo r  the power to achieve the 

spec i f ie d  value .  A f t e r  achieving the sp ec i f ie d  value ,  the power was decayed 

according to the ANS + 20 percent curve.  This rapid  power Increase during  

f lood I n i t i a t i o n  caused the QATAR code-ca lcu la ted  heat t ra n s fe r  to I n i t i a l l y  

decrease, turn around, and then Increase as f lood ing  continued.
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Although 11 was concluded In the 21-rod bundle program tha t  the power step a t  

f lood I n i t i a t i o n  had a n e g l ig ib le  e f f e c t  on the re f lo o d  heat t ra n s fe r  da ta ,  

the computer software was changed In the 163-rod bundle to a l low  th is  power 

step p r io r  to f lo o d ,  as shown In f ig u r e  J -1 .  The corresponding e f f e c t s  on the 

measured rod temperature and c a lc u la te d  heat t ra n s fe r  c o e f f i c i e n t  are  shown In  

f ig u r e  J -2 .

J -13.  QUENCH PROGRAM

The QUENCH program was u t i l i z e d  for  reduct ion of  heater rod and housing 

thermocouple data .  I h l s  program was designed to determine the fo l lo w in g  

q u a n t i t i e s :

0  I n i t i a l  temperature

0  Maximum temperature

0  Turnaround time

0  Quench time

0  Quench temperature

The I n i t i a l  temperature or temperature a t  f lood time was determined by I n t e r ­

po la t in g  between the temperature recorded a t  the l a s t  negative  time (p re f lo o d )  

and the temperature recorded a t  the f i r s t  p o s i t i v e  time (p o s t r e f lo o d ) .  The 

maximum temperature was determined by simply searching for tha t  temperature,  

and the turnaround time was the time a t  which the maximum temperature occurred

To determine the quench time and temperature ,  the fo l low ing  method was used.

The program advances s e q u e n t ia l ly  through a l l  the data for  each thermocouple 

channel,  looking at  f i v e  points at  a time [ T ( t )  a t  1 through 1 + 4 ,  f ig u r e  

J - 3 ] .  The f i r s t  c r i t e r i o n  applied Is tha t  the temperature,  T ( t ) ,  must be 

g reater  than 149®C (300®F) to q u a l i f y  as a p o t e n t i a l  quench c o n d i t io n .  I f  I t  

Is  not ,  the remaining c r i t e r i a  are skipped.

The second c r i t e r i o n  checks whether the slope of the temperature-t ime curve  

between the t h i r d  and four th points Is g reater  than 28®C (50®F) per second, 

tha t  I s ,  whether
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T(1 4- 3) -  T(1 4- 2) < -28"C/sec ( - 5 0 “F/sec)
t ( l  + 3) -  t ( l  ♦ 2)

The decis ion whether a quench ex is ts  or not Is made on th is  b as is .  I f  not,  

the remaining c r i t e r i a  are skipped and the program advances to the next data 

p o i n t .

The t h i r d  c r i t e r i o n  checks whether the absolute  value of  the slope between the

th i r d  and fourth  points Is two times g reater  than the absolute  value of the

slope between the f i r s t  and second p o in ts ,  tha t  I s ,  whether > 2S.|. I f  so, 

a quench condit ion e x is t s .  I f  not ,  the program skips out of the search and 

advances to the next set of data po in ts .

F i n a l l y ,  the program checks the absolute value of the slope between the fourth  

and f i f t h  data points (S'^,) and compares I t  to the absolute  value of the 

slope between the t h i r d  and fourth  points (S^).

I f  S'^ > S^, then the quench time and temperature Is defined to be the I n t e r ­

section of L ' i  and L ' 2  ( f i g u r e  J - 4 ) .

The QUENCH program also ca lcu la tes  a quench f ro n t  curve based upon a curve f i t

of the average quench time for  each e le v a t io n .  This quench f ro n t  curve Is 

subsequently d i f f e r e n t i a t e d  with  respect to time In order to obta in  a quench 

f ro n t  v e lo c i t y .

J -14.  FFLOWS PROGRAM

The FFLOWS program was u t i l i z e d  to c a lc u la t e  mass balance and void f ra c t io n

for each re f lood t e s t .  This program Is a m od i f ic a t io n  of  the mass balance

program used In the FLECHT SEASET 21-rod bundle te s t  s e r ie s .

The fo l low ing  c a lcu la t ions  were performed:

0  The In jec te d  mass was ca lcu la ted  from the I n l e t  tu rb ine  meter.

0  The l iq u id  c o l lec ted  was c a lcu la ted  from the d i f f e r e n t i a l
pressure c e l ls  on the carryover tank ,  upper plenum, and steam 
separator tanks,  assuming a l l  d i f f e r e n t i a l  pressure was 
e le v a t io n  head with water at  the s a tu ra t io n  temperature.
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o The steam f low was ca lc u la ted  from the o r i f i c e  p la te  d i f f e r e n ­
t i a l  pressure c e l l  using the measured steam temperature and 
local  pressure to obta in  the steam dens i ty .

0  The mass storage In the te s t  bundle was c a lc u l te d  using the 0 to
3.56 m (0 to HO I n . )  d i f f e r e n t i a l  pressure c e l l  reading ( c o r ­
rected for f r i c t i o n a l  pressure drop).

0  The mass storage In the downcomer was c a lc u la ted  from the
d i f f e r e n t i a l  pressure t ra n s m it te r  for  the g r a v i t y  re f lood  t e s ts .

Between 0 .494 and 3.41 kg (1 .09  and 7 .52  lb )  of  water c o l le c te d  In the a s p i r a ­

t in g  steam probe c o l l e c t i o n  tanks during a re f lo o d  t e s t .  This mass represents  

approximately 0.17 to 1 .44  percent of the In je c te d  mass. When th is  mass was 

added to the t o t a l  mass f low out of the system and the mass c o l le c t i o n  In the 

t e s t  system, the forced re f lo o d  te s t  mass balance was usual ly  w i th in  plus or 

minus 4 percent,  w i th  an average of 2 .6  percent,  and the g r a v i t y  re f lood  tes t  

mass balance was w i th in  1 percent ,  w i th  an average of 0 .4  percent.  The p e r ­

cent mass asp i ra ted  through the 17 bundle thimble  tube steam probes fo r  each 

t e s t  Is shown In f ig u r e  J-5 as wel l  as the t o t a l  asp i ra te d  mass (17 bundle 

steam probes and 3 upper plenum and exhaust l i n e  steam probes).

In ad d i t io n  to c a lc u la t io n  of the mass flows through the te s t  system, the 

space-averaged void f r a c t i o n  was ca lcu la ted  from the measured pressure drop 

over each of the 0 .30  m (12 I n . )  sections of the bundle.  The measured pres­

sure drop consists of three  e f f e c t s :  e le v a t io n  head, f r i c t i o n a l  pressure

drop, and a c c e le ra t io n  pressure drop due to l i q u id  v ap o r iza t io n :

A P  = A P  + A P  + A P

measured e le v a t io n  a c c e le ra t io n  f r i c t i o n

The r e l a t i v e  magnitude of each of these components was examined In the FLECHT- 

SET Phase A r e p o r t . I t  was concluded that  the vapor e le v a t io n  head and 

the ac c e le ra t io n  pressure drop were completely n e g l ig i b l e  and that  the f r i c ­

t io n a l  pressure drop was a second-order e f f e c t  compared to the l i q u id  e levat ion  

head. The small f r i c t i o n a l  pressure drop fo r  a g r a v i t y  re f lood ing  s i t u a t io n  

Is  a t t r i b u t e d  to the high I n je c t io n  r a t e ,  which qu ick ly  absorbs the bundle

1.  B l a ls d e l ,  J. A . ,  et  a l . ,  “PWR FLECHT-SET Phase A R e p o r t , ” WCAP-8238, 
December 1973.
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energy. Therefore,  the steam generation ra te  is  small during the t r a n s ie n t .

I t  was f e l t  tha t  forced low f lood ing  ra te  tes ts  would r e s u l t  in such substan­

t i a l  evaporat ion of  the in je c te d  f low tha t  f r i c t i o n a l  pressure drop could be 

important during the t r a n s i e n t .  Because the 12 a x i a l  d i f f e r e n t i a l  pressure 

c e l l s  on the te s t  bundle were plus or minus 3 .7  X 10 Pa (+ 15 in .  wg) p res­

sure t ra n s m i t t e rs ,  the f r i c t i o n a l  pressure drop could be acc ura te ly  accounted 

fo r  in the t e s t s .  In  th is  fa sh ion ,  i f  the f r i c t i o n a l  pressure drop was c a lc u ­

l a ted  fo r  a t e s t ,  th is  value could be subtracted from the measured pressure 

drop to obta in  the l i q u i d  e le v a t io n  head, and th e r e f o r e ,  the space-averaged 

void f r a c t i o n .

The f r i c t i o n a l  pressure drop was c a lc u la ted  as

2

f r i c t i o n  '  e 

where

L = length = 0 .30  m (12 i n . )

Pl3= bundle steam densi ty  evaluated from the average of 26 bundle 
steam probe readings a t  respect ive  e lev a t ions  and te s t  
section pressure

Og = bundle hydrau l ic  diameter = 4 ( f lo w  a re a ) /w e t te d  perimeter

Vjj = bundle steam v e lo c i t y  obtained from the mass f low ra te
through the exhaust or i f  i c e - p l a t e  = M/(p^j x bundle f low  
area)

f  = f r i c t i o n  fa c to r

64/Re fo r  Re<2000 

= 5 .5  X 10 '^  1 .0  + (20000 ^  + | | - )  for  Re>2000

Kg = g r id  pressure loss c o e f f i c i e n t

= CvE^ (2 )

1. Flow of F luids  Through Valves.  F i t t i n g s ,  and P ip es . Crane Co.,  New York,  
1979.

2. Rehme, K . ,  "Pressure Drop C o r re la t ion  for  Fuel Element Spacers," N uc i . 
Technol.  17. 15-23 (1 9 73 ) .
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Cy = 6 .5  for Re > 30,000

196 Re-0-33 for Re < 30,000

E = ^grld^^bundle

In c a lc u la t in g  the f r i c t i o n a l  pressure drop, the c r i t e r i o n  used to determine  

when the f r i c t i o n a l  pressure drop was Important r e l a t i v e  to the e le v a t io n  head 

w i th in  a 0 .30  m (12 I n . )  span was whether the measured a x i a l  d i f f e r e n t i a l  

pressure for that span was 0.014 HPa (0.21 psid)  or g reater  (a~50 p erce n t ) .

The span was considered to be f u l l  of  water or two-phase m ix tu re .  In th is  

case, no f r i c t i o n a l  pressure drop was ca lcu la ted  fo r  tha t  span. I t  should be 

noted that the pressure drop across a t o t a l l y  f u l l  0 .30  m (12 I n . )  span Is  

0.0029 MPa (0 .42  psid)  for saturated water at  0 .38  MPa (40 p s i a ) .  I f  the 

measured d i f f e r e n t i a l  pressure was less than 0.0014 MPa (0 .21  ps id)  fo r  a 

given span, then the f r i c t i o n a l  pressure drop was c a lc u la te d  for  the e n t i r e  

span and U s  value was subtracted from the measured pressure drop to obtain  

the e le v a t io n  pressure drop component. The c a lcu la ted  e le v a t io n  pressure drop 

was then used to ca lc u la te  the mass storage and the void f r a c t i o n  w i th in  the 

0.30 m (12 I n . ) span.

That I s ,

( A P -  /  P )
 ̂  ̂ measured ~ f r i c t i o n ^

^sat l lquld^^

where L = the distance between the d i f f e r e n t i a l  pressure c e l l s  [ 0 . 3 0  m 

(12 I n . ) ] .

Examples of the ca lcu la ted  f r i c t i o n a l  pressure drop for the e n t i r e  bundle for  

three tests  are shown In f igures  J-6 through J-8 .  These f r i c t i o n a l  pressure 

drop values represent the summation of  a l l  the In d iv id u a l  0 .30  m (12 I n . )  span 

f r i c t i o n a l  pressure drops for the bundle In which the measured pressure drop 

was less than 0.0014 MPa (0 .21  ps id)  In  each span. As these f ig u re s  show, the 

ca lcu la ted  f r i c t i o n a l  pressure drop was less than 10 percent of e le v a t io n  head 

for runs 61106 and 61509, averaging approximately 0.00007 to 0.00029 MPa (0.01

3542X:1/061783 J-35
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to 0.042 psid)  for each 0.30 m (12 I n . )  span. The ca lc u la te d  f r i c t i o n a l  pres­

sure drop decreased with time approximately the same as the steam f low h is to ry  

from the rod bundle. Ihe o s c i l l a t io n s  In the ca lcu la ted  f r i c t i o n a l  pressure 

drop were due to steam f low o s c i l l a t io n s  caused by the pressure contro l  valve  

v ar ia t io n s  during the t e s t .  The maximum c a lcu la ted  f r i c t i o n a l  pressure drop 

per 0 .30  m (12 I n . )  span of only 10 percent of the e le v a t io n  pressure drop for  

a 50-percent void f r a c t io n  mixture In tha t  span was considered a small correc­

t ion  to the measured pressure drop.

When the stepped f looding ra te  tes t  (run 61916) was conducted, a d i f f e r e n t  

trend was observed In the f r i c t i o n a l  pressure drop, as shown In f ig u r e  J-8.  

I n i t i a l l y ,  the ca lcu la ted  f r i c t i o n a l  pressure drop was g reater  than 20 percent 

of the e le v a t io n  head, because of the large  burst of steam f low generated by 

the high f looding r a t e .  The steam f low stayed high fo r  an a d d i t io n a l  10 sec­

onds a f t e r  the high In je c t io n  period ended. The large  steam f low was due to 

the b o l l o f f  of the high In jec te d  mass. Once th is  mass had been bo i led  and 

entra ined out of the bundle, the steam f low and r e s u l t in g  f r i c t i o n a l  pressure 

drop decreased s i g n i f i c a n t l y ,  and was qu i te  small to the end of the te s t .  

Therefore ,  the void f rac t io n s  ca lc u la ted  at  e a r ly  times In v a r i a b le  f looding  

ra te  tests  must be evaluated c a r e f u l l y ,  since the f r i c t i o n a l  pressure drop Is  

l a r g e .

In genera l .  I t  can be concluded that the f r i c t i o n a l  pressure drop Is small  

r e l a t i v e  to the water e le va t ion  head and can be accounted fo r  by the method 

out l ined  above. The only case In which the f r i c t i o n a l  pressure drop becomes 

large compared to e levat ion  head pressure drop Is the very e a r l y  period of 

forced stepped In je c t io n  te s ts .  In which a large  amount of b o l l o f f  occurs.

In the FFLOWS code, a comparison between the two methods of measuring the mass 

stored In the bundle was performed. The two methods Include the 0 to 3.66 m 

(0 to 144 I n . )  d i f f e r e n t i a l  pressure c e l l  and the sum of the 12 0 .30  m 

(12 I n . )  d i f f e r e n t i a l  pressure c e l l s .  As shown In f ig u r e  J-9 for run 61106,  

good agreement was achelved for the two measurement methods.
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In  the g r a v i ty  re f lood  t e s t s ,  a mass balance c a lc u la t io n  was performed around 

the downcomer. The f looding ra te  In to  the bundle was c a lc u la ted  using the 

fo l low ing  equation:

'’ input “"input “" in j

where

M. . = mass of water In the bundleInput

“"input “ f looding r a te  In to  the bundle

“" in j  ~ I n je c t io n  r a te  In to  the downcomer
Mp = mass of water In the downcomer

The f lood ing  ra te  In to  the bundle,  “ 3s obtained from the time ra te

of change of mass put In to  the t e s t  sec t io n ,  The I n j e c t i o n  r a te

In to  the downcomer was measured by the tu rb ine  meter.  The mass stored In  the 

downcomer was ca lcu la ted  using the output of the d i f f e r e n t i a l  pressure t r a n s ­

ducer which measured the l i q u id  le v e l  In the downcomer. Bundle f lood ing  rates  

c a lcu la ted  with  th is  technique are shown In f ig u r e  J -10 ,  along w i th  the down­

comer I n j e c t i o n  r a t e .

J -15.  DATA AVERAGING

A simple averaging technique was used fo r  reducing much of the data presented  

In th is  re p o r t .  This was done to c l a r i f y  graphic presenta t ion  of  re s u l ts  and 

to obta in  average values of o s c i l l a t i n g  q u a n t i t i e s  where use of  the I n s t a n t ­

aneous values could re s u l t  In la rge  e r r o r s .  The technique used consisted of  

rep lac ing  each data point  with  the mean value of  the o r i g i n a l  data po int  and a 

spec i f ie d  number of points before and a f t e r  the time of I n t e r e s t .  This 

process Is def ined by the fo l low ing  equat ion:

x i n____! V ' ̂ x(n )  ̂ x(n ^1)
-  t ( 1   ̂ A -  1) -  A(1 -  )  ̂ L ^
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where

x(n ) = f ( t )

At = I n t e r v a l  between data points

A1 = n X At

n = Integer
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APPENDIX K 

BUNDLE GEOMETRY ANALYSIS

The posttest  examination of the 163-rod blocked bundle revealed tha t  the pin  

connecting the f i l l e r  rods broke a t  the midplane e le v a t io n  [1 .8 3  m (72 I n . ) ] ,  

as had previously  been observed In the 21-rod bundle t e s t s .  The f i l l e r  rods 

were found to be s l i g h t l y  bowed In to  the bundle; th is  subsequently caused some 

heater rod bow on the per iphery of the bundle.  As observed through the 1 .83  m 

(72 I n . )  window p r io r  to bundle removal, there  was minimal separation between 

the lower gr id  assembly and the upper gr id  assembly, which Is attached to the 

upper seal p l a t e .  However, In removal of the bundle from the housing,  the 

lower gr id  assembly moved down approximately 0 .46  m (18 I n . ) ,  as shown In  

f ig u re  K-1,  a post tes t  photograph of the e n t i r e  bundle.  There was also some 

f i l l e r  rod bow In the gr id  span ju s t  above the midplane [ 2 . 1 0 - 2 . 6 2  m (83-103  

I n . ) ] ,  as shown In f ig u re  K-2.  The remainder of  the bundle was observed to be 

e s s e n t ia l l y  unchanged from U s  nominal p re te s t  geometry, except fo r  heater  

rod,  f i l l e r  rod,  and blockage sleeve surface o x id a t io n .

The heater rod bundle was disassembled row by row s t a r t i n g  from row 0,  and 

photographs were taken of the gr id  span for  each row wi th  the blockage 

sleeves.  The re la t io n s h ip  of the blockage Is lands to the photographs Is shown 

In f ig u re  K-3.  The p re te s t  and p ost tes t  photographs for  the e ight  rows with  

blockage sleeves (rows D through K) are shown In f ig u res  K-4 through K-19.  

These f igures  show that  the I n t e r i o r  of the bundle was unaffected by the 

f i l l e r  rod and heater rod bow on the periphery  of the bundle.  However, I t  was 

found that  7 of the 42 blockage sleeves had r o ta te d .  As shown In f ig u re  K-3,  

six  of the seven blockage sleeves ro ta ted  only approximately 30 degrees,  but 

one sleeve (on rod 6D) ro ta ted  approximately 90 degrees.

From the disassembly and Inspect ion of the bundle.  I t  has been concluded that  

the geometry of the heater rod bundle did not s i g n i f i c a n t l y  a f f e c t  the tes t  

d a t a .
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Fig u re  K -1 .  163-Rod Blocked Bundle,  P o s t t e s t

K-2
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Fig ure  K -5 .  Row 0 Heater  Rods, P o s t t e s t ,  1 . 5 7 - 2 . 1 1  m {6 2 -8 3  I n . )
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F ig u r e  K -7 .  Row E Heater  Rods, P o s t t e s t ,  1 . 5 7 - 2 . 1 1  m ( 6 2 - 8 3  1 n . )
Grid  Span
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Figure  K -8 .  Row F Heater  Rods, P r e t e s t ,  1 . 5 7 - 2 . 1 1  m ( 6 2 - 8 3  I n . )
Gr id  Span
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F ig u re  K -9 .  Row F Heater  Rods, P o s t t e s t ,  1 . 5 7 - 2 . 1 1  m (6 2 - 8 3  1 n . )
Grid  Span
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Figure  K-10. Row G Heater  Rods, P r e t e s t ,  1 . 5 7 - 2 . 1 1  m ( 6 2 - 8 3  1n . )
Grid Span
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Figure  K -11 .  Row G Heater  Rods, P o s t t e s t ,  1 . 5 7 - 2 . 1 1  m (6 2 - 8 3  i n . )
Gr id  Span
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F ig ure  K-12 . Row H Heater  Rods, P r e t e s t ,  1 . 5 7 - 2 . 1 1  m (6 2 - 8 3  1 n . )
Grid Span
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Fig u re  K-13 .  Row H Heater  Rods, P o s t t e s t ,  1 . 5 7 - 2 . 1 1  m (6 2 - 8 3  I n . )
Gr id  Span
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Figure  K-14 .  Row 1 Heater  Rods, P r e t e s t ,  1 . 5 7 - 2 . 1 1  m ( 6 2 - 8 3  I n . )
Grid Span
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F ig u re  K -1 5 .  Row I Heater  Rods, P o s t t e s t ,  1 . 5 7 - 2 . 1 1  m ( 6 2 - 8 3  I n . )
G r id  Span
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F ig ure  K-16 .  Row 3 Heater  Rods, P r e t e s t ,  1 . 5 7 - 2 . 1 1  m (6 2 - 8 3  i n . )
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F ig u re  K -17 . Row 3 Heater  Rods, P o s t t e s t ,  1 . 5 7 - 2 . 1 1  m (6 2 - 8 3  I n . )
G r id  Span
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Fig ure  K-18 .  Row K Heater  Rods, P r e t e s t ,  1 . 5 7 - 2 . 1 1  m (6 2 - 8 3  I n . )

Grid  Span
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F ig u re  K-19 . Row K Heater  Rods, P o s t t e s t ,  1 . 5 7 - 2 . 1 1  m ( 6 2 - 8 3  1 n . )
Grid  Span
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