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PREFACE 

The original Thermal-Hydraulic Test Facility (THTF) was designed to 
rrmit critical heat flux testing with high-pressure, high-temperature 

water in ;'ngle tubes and rods and in small rod bundles up to 8 ft in 
length at steady-state conditions. Plans for Modifying the TBTF, at that 
tine incomplete, to permit transient and blowdown heat transfer tests on 
full-length (12-ft) heater rods in a 7 * 7 array were begun in January 
1972 under the leadership of H. W. Hoffman, C. G. Lawson, and R. H. 
Chapman working in close collaboration with R. M. Scroggins and E. H. 
Davidson of the U.S. Atonic Energy Commission. Mechanical and elec
trical design, under the overall supervision of M. I. Lundin and L. V. 
Wilson, was carried out by J. L. Crowley, C. J. Claffey, C. U. Collins, 
W. K. Furlong, S. Kalaog,* H. R. Payne, F. C. Zapp, H. M. Brown, and 
P.. 0. Stulting. The instrumentation and controls design, under the over
all supervision of R. L. Moore and B. G. Eads, was carried out by A. H. 
Anderson, C. Brashear, J. U. Cunningham, D. G. Davis, D. E. Gray, W. R. 
feael, C. S. Meadors, W. Ragan, E. R. Rohrer, R. L. Shipp, Jr., and E. C. 
Keith. Specifications for the data-acquisition system were developed by 
C. D. Martin, J. L. Bedford, N. E. Clapp, and A. F. Johnson. Analysis 
effort Included contributions by J. P. Sanders, S. Malang, R. F. Bennett, 
and R. S. Stone. TBTF modification and operation, heater rod procurement, 
and bundle assembly were under the overall supervision of R. E. MacPherson. 
R. E. Helms, THTF Project Engineer, participated in all design meetings 
and supervised THTF modifications, assisted in the latter stages by R. E. 
Bohanan, C. A. Gifford, and J. E. Wolfe. Heater rod development was 
initially under the direction of D. L. Clark and subsequently R. W. 
McCulloch and W. E. Baucum. Bundle 1 was assembled under the direction 
of A. M. Smith. 

Assigned to Oak Ridge National Laboratory from Nuclear Research 
Center, Karlsruhe, Federal Republic of Germany. 
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SCMMART 

The ORIL Pressurized-tlater Reactor Slowdown Beat Transfer (PUR-BDoT) 
Program is an experimental separate—effects study of the relations among 
the principal variables that can alter the rate of blowdown, the presence 
of flow reversal and rereversal, tine delay to critical heat flux, the 
rate at which dryout progresses, and similar tine-related Z mictions that 
are important to LOCA analysis. Primary test results will be obtained 
from the Thermal-Hydraulic Test Facility (THTF), a large nomucleir 
pressurized-water loop that incorporates a 49-rod electrically heated 
bundle. Supporting experiments are carried out in two additional test 
loops — the Forced Convection Test Facility (FCTF), a snail high-pressure 
facility in which single heater rods ran be tested in annular geometry; 
and an air-water loop whic'i is used to evaluate two-phase flow-measuring 
Instrumentation. 

The THTF is an all tainless steel recirculating loop fabricated from 
4-in. pipe. The principal components are the test section (M.9 ft of 10-in. 
sched-140 pipe and flanges); three Graham "Keliflow" heat exchangers with 
a total heat removal capablty of 7.5 MH; a pressorizer (*vll ft of 12-in. 
sched-140 pipe); a two-stage Bingham pump that develops ii940 ft of fluid 
head at a flow rate of 700 gpm; four Instrumented spool pieces containing 
drag disks, gamma densitometers, turbine meters, and transient pressure 
and temperature sensors; and appropriate flow control valves and bypass 
Unes. The pressure-suppression system, although not a part of the 
primary recirculating loop, is an essential part of the TnTF. The 
pressure-suppression tank is connected to the primary recirculation loop 
by d-ln.-dlaa pipes. The 1160-gal pressure-suppression tank contains 
three spray nozzle manifolds (eacii .containing 24 nozzles) Installed 
parallel to the tank axis. A 1300-gpm pump recirculates water at an 
initial temperature of less tnan 100*P through these nozzles. The tank 
is vented to the atmosphere through an 8-ln.-diaa pipe. 

The rod bundle consists of forty-nine 0.422-ln.-dism indirect elec
trically heated rods spaced on 0.563-in. centers contained in a 4-ln. 
square shroud box. Based on an estimate of the conditions required for 
equal enthalpy rise In wall channels and interior channels, the centers 
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of the heater rods adjacent to the shroud box wall were spaced 0.312 in. 
from the side walls. Low-pressure-drop grid spacers are provided at 
1-12-in. Intervals along the shroud box, and a subchannel thermocouple 
flange at the shroud box outlet permits temperature Measurement to be 
made in the fluid in each flow subchannel between heater rods. Steady-
state temperatures and pressures are monitored at four different levels 
along the shroud box. 

Although the heater rod length varies from 18.5 to 21.5 ft, the 
active heated section consists of 12 ft of Inconel 600 or cupronlckel 
hcmtinfc elements on the interior of the rod arranged to give a stepped 
power profile with a local-to-average power ratio varying from 0.422 to 
1.67. The Integrated power distribution of the heater rod closely matches 
that of a symmetrical chopped-cosine profile typical of a nuclear fuel 
rod. Each heater rod contains 5 to 17 thermocouples; 1 to 5 of these are 
at various levels along the center of the rod and 4 to 12 are at various 
levels imbedded in grooves in the dual-walled sheath. Bundle 1 contains 
a total of 347 sheath thermocouples and 73 center thermocouples. 

With the pressurlzer half full, the total system volume is 21.4 ft 3. 
Based on a peak heater rod power of 17 kW/f t and a peak-to-average power 
ratio of 1.67, the power requirements for a single rod are 122 kV, or a 
total of 5.98 MW for the 49-rod bundle. Thus, the volume-to-power ratio 
is 3.58 ft3/MW, a value typical of PWR reactors. At a power level of 122 
kV/rod and an inlet temperature of 547*F, the outlet temperature is 640*F 
when the mass flow rate is 2.5 * 10 6 lb hr"1 ft - 2. System pressure is 
2250 psl. At blowdovn, the system will be vented to atmospheric pressure 
through either or both of the rupture disks; the contents of the loop 
("'160 gal) will then be transferred to the pressure-suppression system 
within 20 to 100 sec, depending on the size of the blowdovn no2zle. From 
immediately before until Immediately after blowdovn, over 500 sensors will 
be scanned at a rate of 20 times per second, resulting in over 3 * 10 6 

readings per test. 



1. OBJECTIVES 

The ORHL Pressorized-Vater Reactor slowdown Beat Transfer (PWR-BDnT) 
Separate-Effects Program is part of the overall light-water reactor safety 
research prograa) of the Kuclear Regulatory Commission (RRC). Other parts 
of the RRC prograa cover a wide range of experimental and analytical 
efforts froa laboratory-scale experiments to saall-scale experlaental 
nuclear plants. Separate-effects studies fall in scale between laboratory-
scale experiments and saall-scale nuclear plants and are designed to answer 
specific questions relevant to the hypothetical loss-of-coolant accident 
(LOCA). Soae of the different separate-effects studies sponsored by RRC 
are (1) evaluations of puap behavior during transients with two-phase flow, 
(2) studies of two-phase flow in dovneoaers, (3) experiments on the reflood 
characteristics of rod bundles, (4) tests of alternate emergency core-
cooling systems (ECCS), (5) evaluations of fuel rod behavior under extreme 
conditons that might occur during a LOCA, and (6) determination of heat 
transfer characteristics of rod bundles under transient conditions postu
lated for a LOCA. All the separate-effects studies are intimately related 
to the larger scale integral studies such as Seci*cale and LOFT as well as 

to the analysis programs that are developing improved computer codes to 
model both components and systems. 

Specific objectives of the ORNL-PVR-BDHT Separate-Effects Program are 
(1) to concurrently determine, for a wide range of parameters, pre-CHF 
(critical heat flux) heat fluxes, AT, heat transfer coefficients, and 
local fluid properties; time to CRT; and post-CHF heat fluxes, AT, heat 
transfer coefficients, and local fluid properties; and (2) to test the 
ability of existing codes, such as RELAP, to predict the behavior of the 
single-rod and 49-rod loops under blowdown conditions. 

The parameters to be studied Include: 
1. single- and double-ended coolant line breaks of varying area ratio, 
2. depressurlzatlon rates varying froa "fast" to "slow," 
3. different combinations of system power and pressure to obtain 

different values of departure from nuclear boiling ratio (DHBR), 
4. a range of power cutoff delays, 
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5. a range of power decay races, 
6. a ranee of power to systea volune ratios. 

Secondary objectives are (1) to obtain OIF data under steady-state 
conditions over a range of coolant pressures, inlet and exit subcooling, 
and inlet flow rate appropriate to PWR interests; (2) to evaluate the 
theraal-hydraulic behavior of the test loops during simulated operational 
upsets that include variations in local power, systea pressure, or coolant 
flow vsing the anticipated transient without scran (.VTWS), as described in 
UASH-1270,1 as a guide; and (3) to determine the effect of different 
spacer grids and power distribution profiles on both transient and steady-
state CHF. 

1Anticipated Transients uithout Scram for Uater-Cooled Pater Peactors, 
UASB-1270 (September 1973). 
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2. OVERALL PROJECT DESCRIPTION 

The Program is divided into 8 different tasks: 
Task 1. FCTF Operations 
Task 2. Analysis 
Task 3. THTF Operation 
Task 4. Two-Phase Flow Instrumentation 
Task S. Bundle Fabrication 
Task 6. Heater Procurement and Evaluation 
Task 7. Bundle Hydraulics 
Task 8. Program Planning 

Tasks 1, 2, and 4 to 8 are all in support of the primary program 
objective of obtaining experimental results in task 3 on the phenomena 
occurring during the transient blovdovn of the 49-rod THTF. 

2.1 Task 1. FCTF Operations 

The primary purpose of this task is to qualify prototype heaters 
for use in the THTF and to obtain blowdown heat transfer and steady-state 
CHF results for single rods in an annular geometry. Tests are conducted 
in the /CTF, which at present is limited to 1500 psi operating pressure 
with a temperature mt the inlet to the test section of 550*F and an outlet 
temperature of 592*F when the rod power is 144 kV. The test section is a 
concentric annulus formed by a 1 l/2-m.-OD, 1 l/4-in.-ID core barrel 
inside a pressure housing fabricated from 2-in. sched-80 pipe (IE « 1.939 
in.). A schematic view of the test section cross section is shown as Fig. 
1, and the principal loop components are illustrated In Fig. 2. In its 
present configuration, the FCTF has a volume-to-power ratio of 10 Mk/ft3, 
and only single-ended break tests are possible. 

2.2 Task 2. Analysis 

The primary purpose of this task is to provide pre- and posttest pre
dictions for all THTF blowdowns; to determine local transient heat transfer 
coefficients for all blowdown tests; to calculate "best-estimate" local 
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ORNL-OWG 74-107*4 

HEATER ROO 
0.423 in. 

-HEATER RESTRAINT 
3 PE* LEVEL AT 
9 w. SPACING 

CORE BARREL 
1 1/2-in. 00 X 1/8 in. THICK 

CORE BARREL RESTRAINT LUG 
3 PER LEVEL X 2 LEVELS 

CONTAINMENT 2-in. schcd-80 PIPE 
318 saMtm stMl, 051S-m. WALL 

Fig. 1. Cross-sectional view of FCTF test section. 

fluid conditions In the rod bundle; to perform error analyses for all 
THTF Instrumentation; and, perhaps most important, to evaluate results 
of all blovdovn tests and, based on these evaluations, develop plans for 
required future tests. 

2.3. Task 3. THTF Operation 

This task Is responsible for the day to day operation of the THTF, 
for accomplishing modifications required to meet program objectives, and 
for assuring that all instrumentation is functioning for blowdovn and 
steady-state CHF tests. 
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2.4 Task 4. Two-Phase Plow Instrumentation 

The objective of this task is to develop procedures for improving the 
accuracy of two-phase flow instrumentation. The current test series uti
lizes a duplicate of a THTF spool piece with a turbine meter, a drag disk, 
and a gamma densitometer identical to those used in the THTF. Air and 
water are metered separately into 4-in. glass pipe connected to the THTF 
spool piece; maximum air and water flow rates are 1000 scfm and 500 gpm 
respectively. Techniques currently under investigation for improving the 
accuracy of two-phase flow measurements are (1) screen dispersers to pro
duce uniformly dispersed flow upstream of flow-measuring stations, (2) 
measurement of AP across screens as an indication of mass flow rate, and 
(3) use of pressure-drop measurement across elbows as a means for deter
mining mass flow rate. 

2.5 Task 5. Bundle Fabrication 

The function of this task is to procure all components of heater rod 
bundles, assembly them into a unit, and verify location and functionability 
of thermocouples, as well as verify that moisture has not been introduced 
into either the boron nitride or magnesium oxide portion.; of the heater 
rod during bundle assembly. 

2.6 Task 6. Heater Procurement and Evaluation 

The purpose of this task is to procure prototype THTF heaters and to 
test and evaluate them in the single-rod test facility, FCTF. 

2.7 Task 7. Bundle Hydraulics 

The primary purpose of this task is to model the THTF heater rod bun
dle with COBRA/SCORE, to develop subchannel analyses relating local fluid 
conditions to spool piece measurements, and to experimentally determine 
mixing and pressure-drop characteristics of the 49-rod bundle. 

- •'••' Ii-w,£itiwi-;3sjfyii4 v:, r f , •• .-;i;;>-..\, •• 
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2.8 Task 8. Program Planning 

The primary purpose of this tvV is to coordinate the activities cf 
tasks 1 through 7 with NRC pro&ram objectives and to provide budgetary 
guidance to all tasks. 

2.9 Accomplishments in Previous Years 

A production heater rod (No. 150-74) sealed at the top with Viton 
0-rlngs was operated for over 99 hr in the FCTF before retirement with no 
operational problems. During this period, the rod was at 144 kV power 
for over 35 hr; it experienced 20 blowdowns and 34 on-off cycles. During 
these evaluation tests, results from the FCTF showed that under repeated 
blowdowns no gap developed between the BN and the inner stainless steel 
sheath. However, extensive tests under blowdown conditions showed that 
the gap resistance between the inner and outer sheaths may increase during 
the first few blowdowns but probably stabilizes thereafter. Based on 
these results, which were obtained as a by-product of the heater evalua
tion tests, a special series of tests was conducted to aid in the develop
ment of ORTCAL (sheath thermocouple calibration code). 

The THTF was completed. Hydrostatic tests of key components were 
made at pressures greater than 4000 psl, over 8 miles of thermocouple 
cable were Installed to connect heater rod thermocouples to the data-
acquisition system, and 40 yd 3 of concrete were required to buttress the 
pressure-suppression tank. The first isothermal blowdown was conducted 
on Feb. 21, 1975. 

On Apr. 18, 1975, Che second blowdown was attempted. After 6.9 hr 
of operation, the outboard seal failed at a system pressure of 1920 psl 
and a fluid temperature of «v381°F. The entire contents of the loop were 
vented (as steam) into the basement through the seal cavity. Posttest 
inspection showed heavy scoring on the faces of both the rotating tungsten 
carbide and stationary bronze seal rings; there was »\no an indication 
that a secondary 0-ring seal failed. Analysis of a blackish deposit on 
the face of the bronze seal ring shoved primarily lead and tin. None 
of the components of the seal were cracked or broken. Apparently, the 
seal failure was due to dynamic instability of seal components. After 
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Intensive effort, including replacement of one of the original Bingham 
seals with one Manufactured by the Duraaetallic Corporation, a blowdown 
was completed on Sept. 30, 1975, with no seal leakage problems. 

The TBTF isothermal blowdown tests series was completed on Oct. 17, 
1975. The results of the test series are summarized in Table 1. Pressures 
at the inlet plenum of the test section are shown in Fig. 3 for these blow-
downs. 

One of the major results in this series was obtained in test 002, a 
test in which the pressurizer was isolated from the remainder of the loop 
by a 1/4-in. orifice. As can be seen from Fig. 3, the slow release of 
fluid from the pressurizer completely dominated the depressurization of 
the remainder of the loop. 

Another significant result was obtained in test 002R. In this test, 
leaking pressure taps forced blowdown at a temperature of ^400"F instead 
of the planned 547*F. Since the pressuriser fluid was at 650*F, it was 
clearly identifiable as it passed various temperature sensors around the 
loop (Fig. 4). 

Finally, tests 021 and 023 (the two double-ended breaks in the iso
thermal test series) demonstrated that both flow reversal and rereversal 
could be obtained with the TRTF. This is illustrated in Fig. 5, which 
shows che mass flow rate as measured by the instrumentation in the spool 
piece at the outlet of the test section in test 023. 

Results of two-phase flow instrumentation studies in the air-water 
loop show that flow-dispersing screens are effective for conditioning two-
phase flow impinging on a drag disk and can be utilized as a resistance 
flowmeter in conjunction with mixture density measurements. Calibration 
of the instrumented spool pieces in steady-state two-phase (air-water) flow 
has shown a distinct advantage in using a two-velocity model in calculating 
mass flow instead of homogeneous flow models. Current studies Include (1) 
the comparison of the performance of photoaultlpller tubes and ionization 
chambers as radiation detectors in the gamma densitometers and (2) the 
design of a capacitance void meter. 
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Tr-ble 1. Isothermal tests — OtHL-PWH-BDOT Separate-Effects Program 

Test _ ̂  — » Oate _ Mo. Te 
Test conditions 

CD 
Pressure 
(p»i*) 

Brest, Significant results 
Area 
(ft2) Location 

001 2/21/75 -»450 

002 4/18/75 t380 

002 6/13/75 ^520 

1300 

1920 

2055 

0.0034 Outlet 

0.0067 Inlet 

0.0067 Inlet 

002R 8/16/75 %400 2250 0.006? Inlet 

002R2 8/28/75 547 2250 0.0067 Inlet 

021 9/30/75 547 2250 0.0135 

023 10/17/75 547 2250 0.0135 

Inlet 
Outlet 
(50:50 
•Pllt) 

Inlet 
Outlet 
(30:70 
•Plit) 

slowdown; first success
ful test of pump seal; 
loop inventory control 
problems 

Ho blowdowc; major fail
ure of pump seal 
slowdown; failed to 
achieve test conditions 
of 547*F and 2250 pslg 
because of excessive 
seal leakage. Results 
demonstrate effect of 
Isolation of pressurizer 
by 1/4-ln. orifice 
Blowdown; failed to 
achieve test conditions 
because of leakage at 
pressure taps. Wo ori
fice in pressurizer. 
Major result, Pressurizer 
fluid clearly identifi
able as it passed tem
perature sensors 
Blowdown; test conditions 
achieved, ceapleted sche
duled flow calibration 
tests; seal leakage con
trolled by Injecting high-
pressure aakeup fluid 
Slowdown; test condition* 
achieved, coapleted sche
duled flow calibration 
tests; no seal leakage. 
Major result. Deaonstrated 
capability for flow re
versal and rereversal 
Blowdown; test conditions 
achieved, completed flow 
calibrations; no seal 
leakage. Flow reversal 
and rereversal occurred 
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Fig. 5. Mass flow froa vertical outlet spool piece during isothermal 
blowdown 023 (positive flow is in save direction as flow prior to blowdown 
and toward exit break). 
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3. TECHNICAL APPROACH 

Emphasis in the ORNL-PUR-BDHT Program is on Che separate-effect* 
approach. This approach provides a key link between large-scale experi
ments (such as LOFT and Semiscale), whose measurements are largely inte
gral, and bench-scale tests which provide point information. The separate-
effects approach has several important consequences: 

1. The 7 x 7 heater rod bundle with a 12-ft-long heated section is 
sufficiently large that wall effects on central rods may be minimized while 
still maintaining a link to bench-scale experiments. 

2. Some measurements, such as heater rod sheath thermocouple measure
ments, are made in detail, thus approaching bench-scale experiments. 

3. Flow measurements, at the present state of the art, are only 
possible in spool pieces exterior to the heater rod bundle test section, 
as in the larger-scale Integral tests. 

4. The operating characteristics of the THTF must encompass a 
sufficiently wide range of operating conditions to permit generation of 
experimental results which will provide a severe test of phenomenologlcal 
theories as well as calculation procedures developed for PWR safety analysis. 

5. There is no attempt to make a 1:1 scaling of any PWR cooponents 
or test effects; instead, test conditions will bracket those of Interest 
In PWR safety analysis. This means that although many characteristics of 
a PWR are not modeled (i.e., downcomer volumes, inlet and outlet plenums, 
multiple pumps, steam generators, etc.), other characteristics such *s 
heated rod length, integrated axial power profile, ratio of system .:>lume 
to rod power, total rod power, teat section inlet temperature, system 
pressure channel temperature rises, and test section mass velocities are 
all similar to design values of PWRs. 

It is anticipated that the separate-effects test results will be used 
In a variety of way;. Among these are validation of presently available 
correlations for pre- and post-CHF heat transfer with special attention 
to their applicability to rod bundles; Identification of important phenom
ena governing the elm* to CHF; and provision of data for assessment of the 
amount of conservatism in computational models used in safety analysis. 
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In the latter case, the assessment will be aade by modeling the THTF and 
comparing predicted test results with actual test results. 

The advantage of the separate-effects approach is that it can pro
vide fundamental information on the transient response of heater rod 
bundles and single rods in annular geometry to controlled variation of 
loss-of-coolant parameters. Only by such procedures can the phenomena 
be determined that govern the time Co DKB and the effect of cross-channel 
flows, interchannel mixing, vapor binding, flow reversals, system volumes, 
power distribution, etc., on pre- and post-CHF heat transfer. As such, 
separate-effects studies complement integral studies that attempt to simu
late a particular reactor system. The separate-effects tests also bridge 
the gap between integral studies (which are closely analogous to reactor 
systems) and small-scale experiments specifically designed to provide 
quantitative results on the different phenomena involved. 
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4. FACILITY DESCRIPTION 

The Thermal-Hydraulic Test Facility (THTF) is a large noraiuclear 
experimental loop with a test section that contains a 7 x 7 array of 
12-ft stepped, chopped-cosine heater rods with an outside dlaaeter of 
0.422 in. Peak rod power is 7.0 RV/ft, and the peak-to-average power 
ratio is 1.67; the average Bass velocity coolant flow is 2.50 * 10* 
lb hr * ft 2, and the ratio of systea voluae to power may be varied fro* 
3.58 to A.44 ft3/MW. Other THTF design data are summarized in Table 2. 

A schematic view of the THTF is shown in Fig. 6, and a simplified 
flowsheet is shown in Fig. 7. Fluid discharged from the pump flows through 
two control valves, where excess puap head is dissipated and flow adjusted 
to the desired level by diverting a portion through the bypass line. Heat 
generated in the fluid by the puap is reaoved in the saall Grahaa "Heliflow" 
heat exchanger in the bypass line. The priaary flow then passes through 
Inlet Instrumented spool pieces 1 and 2, where flow conditions are monl-
tored by a combination of drag disk, gaaaa densitometer, turbine aeter, 
and temperature and pressure sensors in each spool piece. Flow enters the 
test section at the top of the rectangular shroud box, flows down along 
its length, and then enters the bottoa of the rod bundle at a base-line 
piessure of 2250 psi and a temperature of 547aF. With a base-line rod 
power of 122 kW (total bundle power of 5.98 Mtf), the fluid teaperature 
rise is i93*F through the 49-rod bundle. The fluid exits the rod bundle 
past 64 subchannel thermocouples through outlet spool pieces 1 and 2, which 
are identical to those on the inlet. Then ti>e enthalpy added by the test 
section heater rods is reaoved by Grahaa "Heliflow" heat exchangers A, B, 
and C, each with a rated capacity of 2.5 MW. Finally, the fluid returns 
to the puap section past the line froa the pressurizer, which, with its 
24 kW of independent heat, provides the priaary pressure control for the 
loop and at the saae tiae serves as a surge tank with i3.8 ft 3 of vapor 
voluae when the pressurizer is half full. 

At the instant of blowdown, the contents of the priaary loop aay be 
discharged through either of two rupture dink assemblies and appropriately 
sized orifices into the pressure-suppression systea, which consists of 
a 1500-gpa puap that continuously recirculates the 520-gal water Inventory 
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Tabic 2. Summary of TRTF design data 

Teat section 
Heater roda 

Number 49 
Diameter, in. 0.422 
Center spacing, In. 0.563 
Center to aide wall, in. 0.312 
Base-line maximum power, kW/ft 17 
Maximum/average power 1.67 
Base-line total rod power, kV 122 
Sheath thermocouples 347 
Center theraocouples 73 

Shroud box 
Inside dimensions, in. 4 x 4 
Outside dimensions, In. 6 x 5 1/2 
Grid spacing, In. il2 
Steady-state thermocouples 4 at 4 levels 
Steady-state pressure sensors 1 at 3 levels 
Subchannel fluid theraocouples 64 

(top of heater rod heated zone) 
Pressure housing 

Inside diameter, in. 8.75 
Outside diameter, in. 10.75 
length, ft 15 

Primary loop 
Nominal pipe diameter, in. 4 
Graham "Heliflow" heat exchangers 

Number 3 
Heat removal capacity, each, MW 2.5 
Maximum AP, each, psi 10 

Bypass Graham "Heliflow" heat exchanger 
Number 1 
Heat-removal capacity, MW 0.38 
Maximum AP, psl 5 

Preasurlzer 
Inside diameter, in. 10.50 
Length, ft 11 
Heat Input, ktf 

Steady state 24 
Haatup A3 

Pump 
type Bingham 3 * 6 * 17 CJM 
Number of stages 2 
Capacity, gpm 700 
Head, feet of fluid vl940 
Maximum pressure rating, psl 300O 
Maximum operating temperature, *F 600 
Pump power, kW 450 
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Table 2. (continued) 

Instrumented spool pieces 
Number 
Flow instruments ion 

Turbine meter 

Drag disk 
Densitometer 

1 3 7Cs source strength, Ci 
Beast diameter, in. 

Teaperature sensor 
Pressure sensor 

Inside diameter, in. 
Length, in. 

System volumes, ft3 

Main heat exchangers and associated 
outlet piping to valves 
Piping downstream of main heat exchanger 
valves and bypass valves to pump inlet 
Pump 
Pump outlet, bypass line to test section inlet 
Test section inlet, barrel, lever plenum, and 
inlet blowdowa 

Test section bundle and upper plenum 
Test section outlet blowdown line and outlet 
line to main heat exchanger 

Pressurlzer at midpoint between high- and 
low-level alarms 

Flow Technology 
(full flow) 
Raaapo 

25 
1 

18-asec response 

3.43d 
36 

1.23 

3.92 
1.49 
3.55 

3.34 
1.69 

2.52 

3.70 
21.44 

of the 1160-gal pressure-suppression tank through three tubular spray 
lines, each containing 24 nozzles. The pressure-suppression tank Is vented 
to the atmosphere through an 8-in. pipe. 

4.1 Test Section 

The test section pressure housing (Fig. 6) consists of two flanged 
««ctlons of 10-in., sched-140, 316 stainless steel pipes with an overall 
length of about 19 ft. Support Lrackets are attached to the lower spool 
section* which is about 15 ft long. The upper spool piece, about 4 ft 
long, is removable with the teat bundle. The heater rods protrude another 
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Fig. 6. Thermal-Hydraulic Test Facility-ORNL-PWR-BDHT Separate-Effects 
Program. 

3 ft through seal flanges at the upper end of the removable spool piece to 
make the overall test section assembly about 2i ft long. 

There are two inlet nozzles located on the lower container. Grayloc 
flanges are used to permit quick coupling and uncoupling. The upper of 
the two inlet nozzles will be used for the Initial operation. This arrange
ment more closely resembles the inlet annulus and plenum of the PWR reactor. 
The lower inlet will be capped until needed for possible future tests in 
which the shorter annulus is desired. In this event, filler plugs will be 
installed to reduce the volume of water available in the stagnant annulus. 
Other nozzle connections are also providei for possible use in the future 
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ORKL OWC 73-MS40R) 

NTERNAL HEATER T/ES 

HEATER SHEATH T/ES 
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SUB-CHANNEL 
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CONDUCTOR / Y///7//////A ^ - W A T E R - C O O L E D 
PLATE'' TERMINATOR 

Fig. 8. Test section using indirect heater rod in 49-rod bundle. 
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for additio^l shroud instrumentation, but they are capped for initial 
operation. 

The heater rods penetrate the upper end of the test section, and each 
rod is sealed with a Viton and an ethylene propylene O-ring in each of two 
seal plates that form an intermediate pressure chamber between the high 
pressure of the test section and the atmosphere. The O-ring heater seal 
must provide a sliding seal that allows differential expansion between the 
heater rods aiw* the test section container. The seal plates themselves 
are sealed by conventional static O-ring seals. 

The upper and lower test section container closures are fabricated 
from bolted blind flanges and sealed with conventional flexitallic gaskets. 
The nickel flange that is sandwiched between the lower weld-neck flange 
and the blind flange serves both as the anchor for the heater rods and as 
the conductor of heater rod current. A total heater current of almost 
30,000 A in the nickel electrode requires that it contain coolant passages. 
Holes drilled in the external portion of the electrode share cooling water 
with the eight water-cooled generator cables connected to the electrode. 
Loop water has. access to both upper and lower internal surfaces of the 
nickel flange to provide internal coolinjr. 

4.2 Test Bundle Instrument Flanges and Shroud 

The upper portion of the test section (consisting of the top container 
closure, the 33-in.-long outlet spool piece, the subchannel thermocouple 
flange, and the shroud box instrument flange) is attached to the shroud 
box ».hich contains the heater rod bundle and spacer grids. Figure 9 is 
a schematic drawing of the low-pressure-drop spacer grid assembly used in 
the THTF. Thirteen of these grids are spaced at <vl2-in. Intervals along 
the shroud box; the grids are positioned in the shroud box by 0.062-in.-
deep slots Into which the grid and integral spring spacer slide. 

The shroud box supports the spacer grids and forms the bundle flow 
channel. Thus, the dimensions of this portion of the bundle are very 
Important to the thermodynamic and hydraulic analysis of the rod bundle 
behavior. The shroud inside dimensions are nominally A in. square. The 
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thicknesses of the places forming the shroud (1 and 3/4 in.), the inter
locking of the shroud plates, plus the close spacing of shroud plate 
fasteners (1 1/2 in. renter to center for a tot«l of 418 fasteners) are 
specified to alnlaize deflection during blowdovn. 

The heater rod dlaaeter (0.422 in.) and center-to-center spacing 
(0.563 In.) were chosen as representative of typical PURs. However, a 
coaproaise had to be node in choosing the distance froa rod center to 
shroud box walls; two conflicting criteria bracket the design specifi
cation for this distance. First, it would be desirable for the flow 
channels bounded by two rods and the channel wall (or wall channels) to 
behave in a aanner similar to the interior channels (bounded by four rods) 
during the blowdovn transient. To accoaplish this, the equivalent hydraulic 
dlaaeter of the wall channels should be the sane as that of the interior 
channels. Calculations based on this criterion indicate that the distance 
froa the center of the outer row of rods to the wall should be 0.42C in. 

The other, and aore important, criterion is that the enthalpy rise 
in the wall channels during the heating phase be the sane as that of the 
fluid in the interior channels. To aeet this criterion, the aass flow 
of fluid in the wall channels aust be one-fourth the flow in the interior 
channels when the sane pressure gradient exists over all subchannels. 
This criterion assuaes that all the heat generated in the rods i* trans
ferred directly into the adjacent coolant and neglects the effects of 
clrcuaferential or axial conduction and the effect of fluid crossflow 
between subchannels. All the aspects that are neglected will tend to 
proaote unlforn enthalpy rise in all subchannels. The dlaenslon froa the 
shroud wall to the outer row of fuel pic simulators was calculated for 
full, 601, and 20Z design flow using two calculatlonal procedures. One 
aethod uses the Kays' correlation2 to determine the pressure loss at the 
grid spacer plus a multiplier on the friction loss in the bundle recommended 

2V. M. Kays and A. L. London, Compact Heat Exchangers, National Press, 
Inc., Palo Alto, Calif., 1955. 
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by Tong.3 The second method uses a correlation for the spacer loss devel
oped by deStordeur* plus normal frictional losses. The value of 0.312 was 
chosen from calculated results, which ranged fron 0.308 to 0.320 in., to 
Lest meet the constant enthalpy rise condition for all flow rates. Sixteen 
thermocouples project il/8 in. into the fluid stream from the shroud at 
four different levels (20.5, 54.5, 87.5, and 121.5 in. from lower end of 
heated zone) to monitor the increase in fluid enthalpy along the test 
section. Subchannel thermocouples (64 total) are located at the top of 
the heated rod zone to monitor fluid enthalpy at the exit from each sub
channel. Also located along the shroud box walls are pressure taps located 
5 1/2, 73, and 121 1/5 in. above the bottom of the heated rod zone. 
The shroud box is supported from the upper end by a special flange that 
is gasketed between test section container flanges. Sixteen thermocouple 
sheaths and three pressure instrument tubes from the shroud are routed 
through seven nozzle fittings extending radially from this support flange. 
An additional nozzle is supplied for use by the operator to vent trapped 
air from the flow annulus between the container and the shroud during the 
filling operation. 

A subchannel thermocouple flange is provided at the shroud outlet tc 
allow a temperature measurement to be made at each flow subchannel (64 
each) between heater rods. These thermocouples will be positioned near 
the termination of the rod heater length, which is located about 8 in. 
below the shroud outlet. The thermocouple sheaths will be supported by 
stiffening tubes that are anchored in the subchannel thermocouple flange 
and positioned in the shroud by a support grid. The sheaths are then 
routed to one of eight exit seal nozzles via eight covered troughs that 
form spokes in the flange. Flow from the test bundle is thus routed 
around the spokes and enters the test section outlet plenum formed by 
the upper spool piece. A photograph of this assembly is shown in Fig. 10. 

3L. S. Tong, Pressure Drop Performance of a Rod Bundle, op. 57-69 in 
Proceedings of a Symposium on Heat Transfer in Rod Bundles. American Society 
of Mechanical Engineers, New York, Dec. 3, 1968. 

'•A. N. deStordeur, Nucleonics W 6 ) , 74 (1961) 
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4.3 Heater Rods 

The indirect heater rod used in the THTF test bundle is a 0.422-in.-OD 
rod vith a 12-ft-long, stepped, chopped-cosine profile and an overall 
length of 18 to 21 ft depending on its location in the rod bundle (Fig. 11). 
The heater rod is double ended, vith the sheath and ground-lead extension 
welded together at the lower end and vith the power lead in insulated froa 
the sheath at the upper end. Heat generated by the tubular heating eleaent 
en the interior of the heater rod is conducted through boron nitride insula
tion to the dual-walled outside sheath of the rod. Thermocouples are 
located on the centei line of the rod as veil as in grooves in the inner 
layer of the dual-wal1ed outer sheath. 

The heater eleaent consists of a series of oversleeves swaged over a 
central heater tube to provide a series of heat-generation zones. The 
center 36 in. consists of only the basic Inconel 600 heater tube, thus 
giving the highest resistance to provide a aaxiaua heat-generation rate 
of 19.8 fcW/ft at '̂ 600 A. Successive oversleeves of Inconel 600 or cupro-
nickel of appropriate wall thicknesses and lengths are swaged over the 
appropriate length of the heater eleaent. Each of these oversleeves ex
tends to the end of the heater eleaent, thus eliainating any butt joints 
within the heater eleaent itself. As successive sleeves are added between 
the center zone and the ends, the resistance — and thus the heat generation 
rate — of that particular zone decreases so that the series of step changes 
bracket the desired chopped-cosine power profile as shown in Fig. 12. The 
lengths of the steps for different power levels were chosen to aatch the 
integrated power profile rf the chopped-cosine power profile (Fig. 13). 
Nominal heated zone lengths, power ratios, and local powers for THTF heater 
rods are given in Table 3. 

Heaters for bundles 1 and 2 were purchased with four different totals 
for thermocouples per rod and five different noainal locations for thermo
couples. These are suaaarized in Table 4. Thermocouples both on the rod 
center and in the rod sheath are 0.020-in.-0D sheathed Chroael-Aluael 
thermocouples with MgO insulation between the theraocouple and the stainless 
steel theraocouple sheath. The central rod theraocouple sheaths are insu
lated from the Inconel heater eleaent by MgO. The sheath thermocouples are 
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Fig. 11. Indirect heater rod assembly. 
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Fig. 12. Power profile of prototype heater. 

Table 3. Noainal power profile for the THTF indirect 
heater with average pove*- of 12 kV/ft 

Length of 
heated zone Power rat io . Local power 

fro» beginning 
( in . ) 

local/average rat*» 
(kW/ft) 

0-18 0.422 5.06 
18-31.5 0.597 7.16 

31.5-42 1.065 12.78 
42-54 1.285 15.42 
54-90 1.67 20.0 
90-102 1.285 15.42 

102-112.5 1.065 12.78 
112.5-126 0.597 7.16 

126-144 0.422 5.06 
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Fig. 13. Integrated power profile of stepped, chopped-coslne heater 
rod coapared to the Integrated power profile of a saooth chopped-coalne 
curve. 
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Table 4. Summary of heater rod designation and 
total number of thermocouples 

_ lumber of thermocouples 
Center Sheath Total 

H 5 
J 5 
K 5 
M 2 
P 1 

10 15 

12 17 

12 17 

10 12 

6 5 

located, two to a groove, in axial grooves aachined in the 0.030-in.-tnick 
inner sheath. After the tips of the thermocouple sheath are spot weired 
at the proper location in the groove, stainless steel filler rod is a«!ded 
to the remainder of the groove and the 0.010-in.-thick outer sheath swaged 
over the inner sheath. Cross sections of che different heater rod designs 
are shown in Fig. 14. 

One of the important characteristics of the heater rod is the tine 
constant of the sheath thermocouples. First-order theory suggests the 
time constant is given by 

T - iVc /hA , P 
where 

T - heater rod time constant, 
0 - mean density, 
V - volute of thermocouple assembly, 
c • mean specific heat, 
P 

h • surface heat transfer coefficient, 
A - heat transfer area. 

A variety of tests have been conducted to determine the sheath thermocouple 
time constant: heatups and cooldovns of a heater rod suspended horizontally 
in air, quench test* in which the heater rod is heated from 1200 to 1500*F 
in iir and then dropped into water, and forced convection cooldown tests 
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Fig. 14. Heater rod cross section (0.422 in. diam). 

at different rlow rates in the FCTF. Typical results for heatup and cocl-
down tests in air are shown In Fig. 13; these results are cf particular 
interest since an external thermocouple was tack welded to the external 
sheath in close proximity to a sheath thermocouple. As can be seen from 
Fig. 15, the sheath thermocouple reading followed the external thermocouple 
reading very closely throughout the heating and cooling transients. A more 
quantitative measure of the sheath thermocouple time constant is shown in 
Fig. 16, which is a plot of measured values of T VS estimated values of the 
heat trarjfer coefficient for a wide range of conditions. The significance 
of these time cow*tants lr illustrated in Fig. 17, which shows the estimateJ 
response time for a sheath thermocouple to indicate a change of 15*F in an 
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Fig. 15. Response of heater rod thermocouple to a step change In rod 
power. 

initial surface temperature of 600°F for a range of final surface tempera
tures . 

It seemed desirable to locate the thermocouples in the heater sheath 
as near as possible to the end of & power section becpvse DNB has been 
predicted to occur first at this location. Since the heat flux on the 
heater rod surface near a power step is different from that in the undis
turbed region, the distance betwee. power step and thermocouple location 
should not be too small. 

To find the best position, the temperature field and the heat flux at 
the rod surface have been calculated for a wide range of parameters, the 
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Fig. 17. Response time for sheath thermocouple to indicate 15°F change 
from initial temperature of 600°F. 

most important of which is the heat transfer coefficient. The higher the 
heat transfer coefficient, the smaller will be the transition zone between 
two heat flux regions. This can be seen in Fig. 18, which shows the steady-
state heat flux distribution vs length for a large range of heat transfer 
coefficients. The lowest value for h (5 Btu ft 2 hr * °F 1 ) corresponds 
to the nondestructive infrared test in open air with about 200°F surface 
temperature. The lowest coefficient observed in blowdown experiments in 
the single-rod loop was about 100 Btu ft "2 o, However, it can be shown 
that the transition zone between the two heat flux regions is always smaller 
in a transient case than in the steady-state case with the same coeffi
cient. If, for example, the coefficient drops suddenly from 10,000 to 
100 Btu ft"2 °F _ 1 and the power goes to zero at the same time, then, even 
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Fig. 18. Surface heat flux near a step change in heater rod power as 
a function of surface heat transfer coefficient. 

after 7 sec, the heat flux 0.5 in. from the step change in power would be 
only about 11 lower than that in the undisturbed region. Figure 18 gives 
about 32 deviation for the steady-state case with the sane coefficient. 

As an overall result of these calculations, the 0.5-ln. distance 
between power step and thermocouple location appears to be enough to make 
the influence of the power step on the readings of the sheath and center 
thermocouples negligibly small for conditions typical of the early stages 
of a blowdown test. 
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The nominal locations of thermocouples in the different heater rods 
are summarized in Table 5 together with location of power steps and spacer 
grids. Of course, accurate locations of the heater rods cannot be deter
mined until after the heater rod bundle is installed in the THTF. 

4.4 Heater Rod Bundle 

Type H, J, M, and P heater rods (with 15, 17, 12, and 5 thermocouples, 
respectively) were used in the fabrication of bundle 1. Figure 19 is a 
closeup photograph of the shroud box, a spacer grid, and the subchannel 
thermocouple array with approximately half of the heater rods inserted. 
The upper end of the heater rod bundle is shown in Fig. 20; this photograph 
was taken after completion of bundle fabrication with protective wraps on 
the heater rod thermocouple leads. 

After the assembly of THTF bundle 1 was completed, all thermocouples 
were tested for open circuits; 347 of 351 sheath thermocouples and 73 of 
103 center thermocouples were still in good condition. The distribution 
of heater rods (with nominal 5, 12, 15, and 17 thermocouples) in the rod 
bundle is shown in Fig. 21, where open thermocouples are identified under 
each rod position. The locations of thermocouples at different levels in 
bundle 1 are shown schematically in Fig. 22. 

4.5 Instrumented Spool Pieces 

The four Instrumented spool pieces (Fig. 23) for the THTF were fabri
cated from 4-in. sched-160 pipe machined to an inside diameter of 3.50 in. 
A Flow Technology, Inc., full-flow bidirectional turbine meter (Fig. 24) 
is located with the turbine blade center line 6.27 in. from one end. A 
Ramapo Instrument Company bidirectional drag disk was located with the drag 
disk positioned on the center line of the spool piece 5 1/2 in. from the 
end of the spool piece opposite the turbine meter. A pressure transducer 
with an -ir-cooled standoff and a thermocouple station are Iocsted 9 In. 
from the drag disk end of the spool piece. A horizontal gamma densitometer 
with a 25-Ci 1 3 7 C s source and a beam diameter of 1 in. is positioned at the 
middle of the spool piece. 
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GRID NUMBER 

NUMBER AND TYPE OF THERMOCOUPLE 
S - SHEATH. C - CENTER 
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SUffOftT 
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Fig. 24. Turbine flow transducer assembly. 

A.5.1 Turbine —ter-drag disk calibration 

Calibration tests were performed on the flowmeters in the calibration 
flow loop at Daniel Industries, Inc. (Houston, Tex.), using water, at 
approximately ambient conditions, as the flowing fluid. These calibration 
tests were perforaed 
1. to determine the calibration equations and associated error bands for 

each of the five turbine and four drag disk flowmeters tested; 
2. to note the differences between the calibration equations for each of 

the individual flowmeters; 



3. to determine the effects on the flowmeter accuracy of the installation 
geometry and close proximity between the turbine and drag disk flow
meters; 

4. to determine the effects of the direction of flow (forward vs reverse) 
on the accuracy of the flowmeters; 

5. to determine the effects of a "worst-case" piping configuration on 
the accuracy of thw meters. 

Calibration tests were performed on five turbine flowmeters and four 
drag disk flowmeters. For all tests, the flowmeters were installed in the 
THTF instrument spool piece, which was then installed in the test section 
of the Daniel Industries calibration fLo» loop. The test section was 
constructed so as to provide simulation of either an "ideal" flow config
uration (i.e., straight entrance and exit piping) or a "worst-case" flow 
configuration (i.e., closely coupled elbows at the inlet and outlet to the 
blowdown heat transfer instrjment spool). Calibration tests were performed 
for both configurations with the turbine flowmeter or the drag disk flow
meter, or both, installed in the THTF instrument spool piece. The THTF 
instrument spool was also revetsed in the test section to simulate both 
directions of flow (i.e., the turbine flowmeter upstream or the drag disk 
flowmeter upstream). Extensive tests were performed on one turbine and 
one drag disk flowmeter for all geometrical and flow direction cot.fis'.ira-
tlons. The balance of the flowmeters were tested primarily in the "ideal" 
configuration. The reference flow conditions for the calibration tests 
were obtained from the Daniel reference turbine flcvmeter, which was 
calibrated in place using the Daniel 8-in. ball prover calibrator system, 
the calibration of which is traceable to the National Bureau of Standards 
(SBS). 

The results of the calibration tests indicate that the turbine flow
meter error (2a standard deviation: 95.41 confidence level) is better 
than 0.7Z of full scale (1000 gpm) for all conditions and configurations 
tested and thit the error below 0.7Z is dependent on the geometric config
uration. The drag disk flowmeter error (2c standard deviation: 95.it 

confidence level) is better than 1.2? of full scale (2.5 * 10 s lb ft*1 

sec'2) for any given test configuration, but there was an appreciable 
effect of flow configuration on the dr*? disk calibration results. 
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Typical results for calibration of the turbine meter with water are 
shown in Fig. 25; the good agreement of the results for different flow 
configurations la readily apparent. Typical results for calibration of 
the drag disk with water are shown in Fig. 26. The line shown on the 
figure is an "eyeball" fit to the high flow rate results for three of 
the four configurations that were .*.n moderately good agreement. The 
greatest deviations from this line were observed at low flow rates in 
the "ideal" configuration, when the turbine -aeter was upstream of the 
drag disk. Subsequent analysis showed this deviation to be entirely due 
to zero shift. Almost all the results for the "worst-case" configuration 
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Fig. 25. Water calibration results for THTF turbine meter. 
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vere above the line by ̂ 35% when the drag disk was upstream of the turbine 
meter. 

For spool piece operation at blowdown conditions, the effects of 
elevated temperatures on instrument readings must be considered. Two 
factors must be conside/ed in the calibration of the drag di->k. First, 

•- -^'."•^^y^i^iti^g^ 



47 

the temperature sensitivity of strain gauge asseably results in zero 
shift over an extended temperature range. Second, the drag . isks are 
designed for a constant drag coefficient over a normal range of operation. 
However, heatup from ambient to blowdown conditions reduces the kinematic 
viscosity by an order of magnitude. The resulting increase in Reynolds 
number makes a drag crisis possible, v fth a consequent drastic reduction 
In dreg coefficient. 

During the heatup for the isothermal tests, steady-state flow data 
were taken for a preliminary calibration of the effects of elevated tem
peratures on the operation of the drag disks. Heatup of the THTF for the 
isothermal tests proceeded in a stepwise manner, thus permitting steady-
state flow tests at temperatures between ambient and blowdown conditions. 

Each of the heatup tests included a no-flow condition which provided 
Information on zero shift as a function of temperature. Figure 27, which 
includes data from different isothermal tests, shows reasonable repro
ducibility among runs. The drag disks in the two horizontal spool pieces 
show similar behavior and exhibit the least zero shift, approximately 
—1000 lb ft"1 sec~2 at the blowdown temperature of 550*F. The zero shifts 
for the vertical outlet and inlet spool pieces were M.500 and approximately 
- J200 lb ft"1 sec"2 respectively. The zero shift for the vertical inlet 
spool piece at 550*F is equivalent to a flow rate of about 350 gpm in a 
direction opposite steady-state flow. 

Preliminary analysis of the drag disk hot calibration results indi
cates that for Reynolds numbers (based on target diameter) greater than 
3 x 10 s, the drag coefficient is 0.615 ± 71 and Is *vl for Reynolds numbers 
less than M.0 5. This behavior is consistent with data in the literature 
on the occurrence of a drag crisis in this same Reynolds number range. 

4.6 Pump 

The pump used in the THTF was designed and fabricated in the period 
1965-67 by the Bingham Pump Co., Portland, Ore. The 3 * 6 * 17 CHM pump 
(Serial No. 250920) is a two-stage, double-volute, horizontal, center-line-
mounted, heavy-duty, centrifugal unit suitable for continuous operation at 
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high system temperatures and pressures. Performance curves arj shows in 
Fig. 28. 

This pump was specifically designed for high-pressure service and 
uses a still shaft to minimize deflection. T.ie volute casing is radially 
split at each end with removable cover-stuffing box units to enable dis
assembly without disturbing the connecting piping or the driver unit. 
The puap has babbitted journal bearings at each end of the shaft and a 
duplex ball thrust bearing on the outboard end. A self-contained oil-ring-
type lubrication system, with oil Level maintained by constant level oilers, 
provides lubrication for the nearings. Shaft seals are patented Blnghaa 
high-pressure units Isolated froa the hlgh-teaperature zones by an air 
gap. Seal cooling is accomplished by a closed internal systea utilizing 
a pumping disk on the pump shaft to circulate cooling water from the seal 
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stage, Serial No. 250920 (tef. Bingham curve 24740). 
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chamber through a heat exchanger and back to the seal. The two seal 
coolant heat exchangers furnished with the pump are models 8 x 60-12 Graham 
"Helifijw" units with a tube-side design pressure of 3000 psig and hydro
static test pressures of 4S00 psig on the tube side and 150 psig on the 
shell side. 
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5. INSntCHEKTATION 

The THTF is instrumented to measure temperature, flow, fluid density, 
pressure, differential pressure, heater rod power, and time under both 
steady-state and transient conditions. Additional in'frumeatation is pro
vided to assure reliable operation of the facility, Including scans for 
detecting out-of-liait and unsafe conditions, annunciators to alert the 
operators to the existence of such conditions, and Interlocks to initiate 
appropriate protective actions upon detection of such conditions. 

5.1 Location 

The locations of the principal instruments used to obtain test results 
are shown schematically in Fig. 29 and listed in Table 6. In addition to 
the instruments Identified in Fig. 29, there are 347 sheath thermocouples 
and 73 center thermocouples in the heater rods of bundle 1; 64 subchannel 
thermocouples; 16 thermocouples projecting into the fluid on the inside of 
the heater rod shroud box; and 3 pressure taps at different locations along 
the shroud box. The location of all THTF instrumentation is shown on plan 
and elevation drawings in Appendix C. 

5.2 Pressure and Differential Pressure 

Line pressure gauges and force-balance transmitters are used for 
normal monitor and control functions during pretest operations. For 
steady-state sensing prior to blowdown and for CHF tests, Foxboro and 
Barton electronic force-balance transmitters, Helse precision bourdon-
tube gauges, and stralr-gauge transducers are used. For sensing blowdown 
pressure transients, Precise Sensors, Inc., air-cooled, flush-diaphragm, 
strain-gauge transducers are used. For sensing transient differential 
precsure, Baldwin Electronics, Inc., strain-gauge transducers are used. 
The manufacturer has stated that these transducers have a frequency 
cutoff at about 500 Hz. 

The strain-gauge pressure and differential pressure transducers have 
a specified static error band of ±0.51. (Static error band is the error 
band applicable at room conditions in the absence of any vibration, shock, 
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Table 6. Prlaary loop instruaentation froa which test 
results are derived 

PE-156 Pressure at inlet plenum of test section 
PE-106 Pressure of pressurizer vapor 
PE-76 Pressure at pup suction 
LT-100 Pressurizer level 
PE-26 Pressure at spool piece 1 (inlet) 
PE-174 Pressure at spool piece 2 (inlet) 
PE-224 Pressure at spool piece 1 (outlet) 
PE-42 Pressure at spool piece ? (outlet) 
PjE-46 a AP across main heat exchangers 
PjE-78 
Q 

AP across pump 
FE-18 Turbine aeter in spool piece 1 (inlet) 
FE-166 Turbine aeter in spool piece 2 (inlet) 
FE-216 Turbine aeter in spool piece 1 (outlet) 
FE-24 Turbine aeter in spool piece 2 (outlet) 
F -E-22 mf Drag disk in spool piece 1 (inlet) 
F XE-170 mf Drag disk in spool piece 2 (inlet) 
F -E-220 •f Drag disk in spool piece 1 (outlet) 
F *E-38 mf Drag disk in spool piece 2 (outlet) 
TE-24 Teaperature spool piece 1 (inlet) 
TE-172 Teaperature spool piece 2 (inlet) 
TE-222 Temperature spool piece 1 (outlet) 
TE-40 Temperature spool piece 2 (outlet) 
DE-20 Density spool piece 1 (inlet) 
DE-168 Density spool piece 2 (inlet) 
DE-218 Density spool piece 1 (outlet) 
DE-36 Density spool piece 2 (outlet) 
TE-162 Teaperature test section inlet 
TE-212 Temperature test section outlet 
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Fig. 29. Thenal-Bydrelic Test Facility. O W L - r W llovdotm B M C 
Transfer Separate-Effects Progrsn. 

or acceleration.) However, the overall accuracy of these transducers 
during the bloadovn transient may be degraded both by high operating 
tenperaturea and by the teaperature tranalenta. Typical nanafactvrer 
speciflcatlona are a coapensatad teaperatore range of +75 to 600*F, a 
theraal zero shift of less than 0.020% of full scale par *? over the 
coapensated teaperature range, and a tberaal sensitivity shift of lass 
than 0.010X of full scale per *F over the cosjpeasatad teaperatvre range. 
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In view of the above, it is evident that in the worst case, overall 
error for these transducers could be as such as ±181 of full scale under 
blovdovn conditions. To minimize this source of error, air-cooled 
standoffs with a water-filled pressure tap line are used to isolate the 
transducer from the loop temperature environment. For pressure aeasure-
aents, the transducer is aounted on the end of this standoff and thus 
operates at a temperature considerably below that of the fluid in the 
systea; for AP measurements, the transducer is located equidistant between 
two such taps. The air cooling should also reduce flashing of the water 
in the AP taps. 

5.3 Temperature 

Chromel-Alumel thermocouples and platinum resistance thermometers 
(RTDs) are used to measure temperature. The RTDs are used for precision 
steady-state measurement to establish base temperature conditions in the 
loop prior to blowdown and during CHF tests. Stainless-steel-sheathed, 
magnesium-oxide-insulated, Chromel-Alumel thermocouples are used exten
sively to obtain blowdown and CHF test data. Sheathed couples in the 
Watlow indirect heater have outside diameters of 20 mils. Exposed-junction 
thermocouples (Hanaac Corporation) are used in a few locations where very 
fast temperature transients (>10 Hz) must be measured. For routine moni
toring of operation temperatures, 0.125-in.-OD sheathed thermocouples are 
installed. All thermocouples providing test data are of preaiua-grade 
material (error band being the greater of either 2*F or ±3/8% of reading) 
purchased in accord with appropriate standards. Thermocouple cold-junction 
compensation is handled by aultiterminal 150"F reference junction compen
sators. 

5.4 Flow 

Both single-phase (liquid-gas) and two-phase (water-steaa) flow 
measurements are required in the THTF. Liquid flow, where no change of 
phase is involved, is measured directly using turbine meters or indirectly 
through pressure drops across orifices or in pipe elbows. Turbine meters 
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are installed where precision and wide rangeabllity are required. Orifices 
{-»2X accuracy) and pipe-elbow taps (5 to 10Z accuracy) serve where less 
precision is acceptable. 

The ««asors for two-phase flow neasureatent are Installed in instru
mented spool pieces located in the test section Inlet and outlet lines. 
One sensor, a Raaapo Instrument Company drag disk, develops a signal pro
portional to pV2 (the aoaentua flux), where p and V are the fluid density 
and velocity, respectively. Fluid density at each drag disk station is 
measured by scans of a ganaa densltoaeter. Since die strain gauges in 
drag disks are teaperature sensitive, a correction factor based on pre-
blowdown calibration tests at different temperatures aust be applied to 
the drag disk data. 

Flow Technology, Inc., full-flow bidirectional flowmeters are also 
Installed In the Instrument spool pieces. The output of a turbine meter 
is proportional to fluid velocity and Is nearly Independent of temperature 
and density. The performance characteristics and Inherent accuracy of the 
turbine meter are superior to those of die drag disk; however, It Is not 
as rugged as the latter and engenders pressure drops that alght be excess
ive under certain conditions. Flow-homogenizing devices are Installed 
upstream of both flew-neasurlng devices in order to obtain aore reliable 
results. 

The densitometer consists of a 25-Ci I 3 7 C s Bonoenergetic gaaaa source 
with associated collimator, scintillation photoaultlplier-type detector, 
and current amplifier. Depleted uranlca Is used for the collimator and 
source shield material In the TBTF to avoid cooling problems that would 
exist with lead. 

5.5 Voltage and Current 

In the dc power system, currents are sensed by Instrument shunts; an 
amplifier with high naawin aode tolerance Is required to Isolate the data-
acquisition systen from the dc voltage on each shunt. Voltage is aeasured 
using resistive voltage dividers. 
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5.6 Time 

The time of blowdown initiation (I.e., the moment at which the rupture 
disks are broken) la Indicated by multiple break wires located just down
stream of the rupture disks. These vires are broken by the water rushing 
Into the blowdown lines, and the consequent interruption of the continuity 
signal defines tine t - 0. 

5.7 Data-Acquisltioc System 

The TBTF data-acquisition system consists of (1) data sensors and the 
associated signal-conditioning equipment, (2) two 14-channel analog magnetic 
tape recorder/reproducer systems, (3) a timing and tape search subsystem, 
(4) a 512-chennel, high-speed, computer-controlled digital-data-acquisition 
system (CCDAS), and (5) multichannel analog strip-chart recorders. Test 
data (from Immediately preceding to the end of blowdown) are recorded on 
the CCDAS and the analog magnetic tape system. Selected parameters not 
expected to vary widely during blowdown and all process control variables 
are registered on analog strip-chart recorders. 

Fast transient data from pressure transducers, densitometers, etc., 
are recorded by ih* analog magnetic tape system, while slower speed (<2 Hz) 
data are handled by the CCDAS. The CCDnS also serves for on-site digitiza
tion of data on the analog magnetic tapes. The analog strip-chart recorders 
are used primarily to obtain "quick-look" data during CHF experiments and, 
possibly, for monitoring key variables during blowdown. In some cases, 
individual signals may be recorded In parallel on more than one system. 
Systems were not paralleled where the possibility of Interaction existed; 
however, since all the data-acquisition systems have high input Impedance 
and the output impedance of all signal sources is expected to be low, 
interaction Is not expected to be a problem. 

The time code generator-translator is used to supply timing signals 
to both the magnetic tape and CCDAS during data runs and to decode the 
time information on the magnetic tape during posttest digitisation. The 
associated tape search unit expedites location of the data to be digitized 
and initiates and stops digitization of data at preset time limits, thus 
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minimising operator involvement and eliminating digitization of extraneous 
data. 

All test data are recorded digitally on IBf-360-compatible magnetic 
tape. On-site readout of data froa the CCDAS Is available via the ASS-33 
teletype. An on-site "quick look" at digitised data Is available through 
use of software routines which plot the data on die CCDAS display oscillo
scope. 

5.8 Error Analysis of Critical Instmnentation in the THTF 

The error analysis to date Is a theoretical analysis of the 99.71 con
fidence limits on the measurement of density, pressure, differential pres
sure, flow, and nans flow. The information on which the results are bnsed 
comes mainly from manufacturer's specifications and calibrations by inde
pendent testing. These results should be considered prelimlna*- and 
primarily applicable to steady-state data. Hopefully, the error bands 
given are outside limits and can be decreased as more experience and data 
are gained. The drag disks and gamma densitometers, in particular, will 
require considerably more scrutiny. 

Since the error analysis thus far has been strictly a paper study, 
the interpretive factors that will be applied to the data are not included. 
In addition, errors that may occur during the blowdovn transient (I.e., 
frequency response limitations and errors dae to thermal gradients) are not 
Included. The temperature shift, drag crisis, or whatever <*auses the 
apparent span shift In drag disks is not Included and will require con
siderable analysis (and perhaps further testing) to deflse quantitatively. 

Data from test 021 indicate that the primary pressure transducers are 
within the error bands specified below during steady state prior to blow-
down. Except for FE-106, the pressure transducers appear to be within 
tl.2X of full scale during steady state for test 021. To attain this 
degree of accuracy, the transducers were calibrated in situ at ambient 
conditions prior to the test. The voltage signals for densitometers DE-36, 
DE-168, and DE-218 wexe quite stable at steady state prior to blowdown in 
test 021; DE-20 was Axhlbitlng variations of about H Z of full-scale vol
tage signal. 
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Some of the r r w s chat were assumed to be unpredictable or random 
arc amenable to calibration techniques and ££? latir prove to be quite 
systematic and correctable. It should be well uoderstood that these 
.esults are pralisiaary and should b«. interpreted carefully in light of 
the information on which they are baaed and the assumptions made. 

5.8.1 Pressure measurement 

The pressure-measurement system consists of a pressure transducer, a 
span and zero adjusting network, an instrumentation amplifier, and either 
the CCDAS or an analog tape recording system. The components and sources 
of error are listed below: 

Pressure transducer 

Source of error fcTST 
Combined nonllnearlty and hysteresis <0.5Z of span 
Imprecision <0.1Z of span 
Zero shift with temperature <0.00S6Z of span/*C 
Sensitivity shift with temperature <0.0056Z of span/*C 

Botes: 

1. The temperature effects were assumed to be completely correlated, 
that is, the zero and sensitivity shifts produce errors in the saae 
direction at the same rate. This is a "worst-case" assumption. 

2. It was assumed that the temperature of the transducer would vary 
between 69.5 and 200*F under the influence of th* loop heat and the 
cooling air to the transducer and the air-cooled pressure tap. 

3. The errors due to sensitivity shift will be a linear function of 
pressure, making the overall error some function of pressure. 
However, In this analysis the sensitivity error was assumed constant 
at its maximum value to simplify calculations and produce a conser
vative estimate. 

Span and zero adjusting network 

It was assumed that the errors introduced by environmental effects on 
this passive network of resistors would be negligibly small, since the 



59 

network is in the instrument cabinet it the control room where the tem
perature is almost constant. 

Instrumentation amplifier 

Source of ttror Error 
Gain instability tO.OOlZ/'C 
Output offset (G - gain) ±(10 + 0.5G) i:V/#C 

The errors due to bias current drift and equivalent noise voltage fnd 
current are extremely small and were neglected. Also, errors due to pover 
supply fluctuation were neglected because of the high power supply rejec
tion capability and the assumption that the power supply is very stable. 

CCDAS 

According to the manufacturer's specifications, the overall inaccuracy 
is less than ±0.3Z of span on any of the CCDAS ranges. 

Analog tape system 

According to manufacturer's specifications, the overall accuracy is 
less than ±1Z of span. 

Overall system 

Considering all sources cf error listed above, the 99.7Z confidence 
limits on error in pressure measurement are +2.7Z -f span on the CCDAS and 
•2.9Z of span on the analog tape system. 

5.8.2 Flow measurement 

The flow-measurement system consists of a turbine flow transducer, & 
flow rate monitor, and the CCDAS and analog tape system. 

Turbine flow transducer and flow rate monitor 
The turbine flow transducer and flow rate monitor were calibrated as 

a unit prior to their Installation in the facility. This calibration indi
cated that the 99.IX confidence limits were +1.05Z of span, considering ell 
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uncertainty factors and assuming a proper calibration agaiast a standard 
with less than 0.11 of span error. 

These confidence liaits are applicable only for ambient-temperature 
water. Further work is required to establish uncertainty for other condi
tions. 

Overall system 

The overall systea inaccuracy should be less than 1.0942 of apan, with 
99.72 certainty, on the CCDAS. Similarly, it is less than 1.45Z of span on 
the analog tape system. 

5.8.3 Mass-flow rgasurement 

The mass-flow-measurement system consists of a drag disk flowmeter, a 
span and zero adjustment network, an instrumentation amplifier, and the 
CCDAS and the analog tape system. 

Drag disk flowmeter 

The drag disk flowmeter was calibrated wxth ambient-temperature water 
and found to have a span uncertainty of less than 1.82, with 99.72 confi
dence. 

Span and zero adjustment network 
Errors were assumed to be negligible. 

Instrumentation amplifier 

Errors were the same as those calculated for the instrumentation 
amplifier on the pressure-measurement system. 

Overall system 

The uncertainties in measurement, of mass flow (momentum flux) were 
less than 4565 lb ft"1 sec"2 on the CCDAS and less than 5148 lb ft"1 sec~; 

m m 
on th? analog tape syst«s, with 99.172 confidence. 
5.8.4 Pressure-difference measurement 

The pressure-dlfference-measurement system consists of a lifft.ential 
pressure transducer, a span and zero adjustment network, an instrumentation 
amplifier, and the CCDAS and the analog tape system. 
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Differential pressure transducer 

Source of error Isxsa. 
Calibration Inaccuracy 0.5Z of spar 
Nonllnearity 0.2SZ of span 
Nonrepeatabillty 0.10Z of span 
Hysteresis 0.101 of span 
Zero shift vlth temperature 0.028Z of span/*C 
Sensitivity shift with temperature 0-0281 of span/*C 

Note: It vas assumed that the temperature of the transducer would vary 
between 69.5 and 150.5*F under the influence of ambient air temperature. 

Zero and span adjustment network 

Errors were assumed to be negligible. 

Instrumentation amplifier 

Same as on pressure and mas3-flow measurement. 
Overall system 

The uncertainty In pressure-difference measurement is less than 10.7 
psi on the CCDAS and less than 14.3 psi on the analog tape system, with 
spans of 1000 psi. For the systems with spans of 200 and 50 psi, the 
uncertainties are approximately the same percent of span. 

5.8.5 Density-measurement system 

The density-measurement system consists of a gamma source ( 1 3 7Cs), 
a scintillator, a photoaultlpller, two signal-conditioning amplifiers, 
and the CCDAS and analog tape system. 

Scintillator and photomultlplier 

The scintillator and photomultipller are estimated to be accurate to 
within IX, according to the manufacturer's specifications. 

Signal-conditioning amplifiers 

The first signal-conditioning amplifier is a current-to-voltage con
verter with * single-pole low-pass filtering characteristic at a frequency 
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of 1I6OO Hz. Its sources of error are as iollovs: 

EEXQX 
<100 pA over 298 K 
±50 uV/#C and 
±100 uV/V (power supply) 
<0.56 pA 
±50 ppa/*C 

Source of error 

Bias current offset drift 
Input offset voltage drift 

Input noise current 
Drift of gain resistor 

The second signal-conditioning aaplifier has the ssae sources of 
error •» the first, except drift in the gain-setting resistor since it is 
a unity gain voltage follower. 

Overall systei accuracy 

Because of the exponential relation of density o to photoaultiplier 
current, the error in density aeasureaent is a strong function of density. 
The relation *« illustrated graphically in Pig. 30. 
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gasjM-densitoseter density Measurement vs fluid 
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6. RESULTS EXPECTED 

Current program plans call for fabrication and testing of a -inlsnww 
of three heater rod bundles, two vith a uj—utrical, stepped, chopped-
cosine power profile and the third bundle with a skewed power profile. 
Because of Halted operating experience with the 12-ft heated length 
heaters, their lifetime cannot be predicted; as a basis for planning, it 
has been arbitrarily assumed that the first 49-rod bundle might survive 
10 blowdovns or 40 hr of operation with power on the rods, whichever is 
Halting for heater rod lifetl**.. 

6.1 Isotheraal Slowdowns 

Ir.otbermal blowdowns with no rod bundle in the loop are part of the 
loop shakedown tesfcs. During isotheraal tests the break area will be 
varied in order to determine the break area required to obtain a given 
transient. These tests will also permit determination of an appropriate 
contraction coefficient to be used in conjunction with the Moody choked-
flow model In R£LAP. 

It is not cettain what effect heat transfer from the loop walls will 
have on the blowdown response of the THTF. It would bs expected that this 
effect increases with increasing initial temperature and thit the dispar
ity between calculated and experimental pressure traces would be relatively 
greater for a run starting at a higher temperature, if wall effects are 
not included in the calculation. RELAP can model loop walls as slabs or 
cylinders undergoing both convectlve and boiling heat transfer. These 
nc-power runs may provide a basis for evaluating this aspect of the RELAP 
calculation. If this heat transfer Is significant. It may be possible to 
Instrument a portion of pipe or the test section and experimentally deter
mine the heat removed. With no bundle, the effect of steam formation in 
the test section on flows should be easily observed, as the entire test 
section will be at approximately the same pressure and temperature. These 
experimental data may be compared to a calculated rate of steam formation 
from depressurizatlon. 



64 

The test sequence envisioned for isothermal blowdowns is summarized 
in Table 7. Tests 001, 002, and 003 make up the first set of tests. 
Their primary purpose is to determine the relationship between the break 
area and the tiae rate of change of pressure. In these tests the pump 
will be turned off at the instant of blowdown, since it is believed that 
this represents the least hazard to the pump. 

Tests Gil, 012, and 013, which sake up the second set of lsctneraal 
tests, are identical to the first set of tests except that the pump is 
to be left on after blowdown initiation. After test 011, a critical re
view will be made of pump vibration and seal coolant temperatures to 
determine whether it will be safe to conduct the remaining two tests in 
this series. 

Tests 021 and 024 are double-ended isothermal blowdown tests fox 
exploring depressurization rates with different break area ratios and 
possibly with the pump both off and on during blowdown. The execution 
of these four tests depends strongly on analysis of the results of prior 
tests. 

Although ten isothermal tests are outlined in Table 7, only five of 
these are scheduled for the shakedown phase of operation: 001, 002, 002 
repeated with an orifice in the pressurizer to restrict the flow from the 
pressurizer during the transient, 021, and 023. The remainder of the 
tests will be performed as the schedule permits. 

6.2 Powered-Rod Blowdowns 

The controlling feature of the program test philosophy is one of 
separate-effects studies. This means that there are no plans to demon
strate a 1:1 correspondence between events occurring during a blowdown 
in the THTF and a postulated LOCA in a PWR. Instead, sufficient versa
tility has been designed into the THTF rhat the effect of a wide range 
of operating parameters on LOCA events can be ii. ̂ stigated. 

The test matrix for the first heater rod bundle is given in Tab^e 8. 
Nominal rod power of 122 kU was chosen as typical of current power level 
in PWRs with a peak power of 17 kW/ft and a value of peak-to-average power 
of 1.67. 
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Tabic 8. OHL-BDnT Separate-Effects Program test matrix — first 4»-rod bwadle 

Variable Test So. Variable 
100 101 102 103 104 105 

Rod power 
ktf/rod 
Btu h r _ 1 / r o d 

0 
0 

30.5 
0.0089 

122 
0.0357 

122 
0.0357 

122 
0.0357 

Power 
reactor 

Coolant mass flow rate 
kg =~* h r _ l * 10 ' 
lb hr" 1 ft"* » 10" s 2.5 

1 t •* 

2.5 
12.2 
2.5 

12.2 
2.5 

12.2 
2.5 

case 

Break location (and area 
ratio where applicable) 1* 

In (0.5A) 
Out (0.5A) 

Oui In (0.5A) 
Ojt (0.5A) 

?/? In (0.5A) 
Out (0.5A) 

Break s i ze - A 
cm2 

f t 2 

12.54 
0.0135 

6.27 
0.0067 

12.54 
0.0135 

•7 12.54 
0.0135 

Tine heater rod power on 
after blowdown i n i t i a 
t ion , sec 

XAC d 0 0 * 

Coolint in le t temperature 

•F 
286 
547 

286 
547 

236 
547 

286 
547 

286 
547 

Coolant teatperature r i s e 
VC 
•F 

0 
0 

M l 
1.24 

•>-52 
--93 

L52 
-.93 

--52 
%93 

Systea pressure 
KPa 
psi 

15.51 
2250 

15.51 
2250 

15.51 
2250 

15.51 
2250 

15.51 
2250 

Pump condition during Off 
blowdown 

Sheath thermocouple upper 
set point' 
*C SA C 

*F WAC 

Off 

T 
T~' 

Off Off 

+ 27.8 
v 50 

Off 

*Based on a peak power of 51.8 kW/c (17 kW/ft) ami a peak-to-average 
power of 1.67. 

Out » outlet; In » inlet. 

°NA - Not applicable. 

Possibility of checking power tlae delay trip. 

"coolant inlet temperatures are tentative. Final values will be 
selected after operational experience provides Information on conditions 
required to prevent flashing in control valves. 

Power trip circuit shutoff is tentatively to be set at a temperature 
27.8*C (50*F) greater than the maximum temperature of any sheath thermo
couple at steady state, but this set point amy be altered based on future 
calculations. 
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Test 100 Is an isothermal blowdown test with the heater rod bundle In 
place to obtain information on the pressure drop characteristics of the 
rod bundle during blowdovn for use in tuning the RELAP aodel. Test 101 is 
the first blovdowii to be conducted with power on the heater rods. The 
total power will be one-fourth of noainal, and the heater rod power will 
be turned off at the instant of blowdown. The primary purpose of test 101 
is to develop operational experience with the THTF with power on the heater 
rod bundle. Test 102 will be a full-power double-ended break in which the 
heater rod power is turned off at the Instant of blowdown. The primary 
purpose of this test is to gain additional operational experience with the 
THTF with power on the heater rods and to obtain results on the effect of 
the split between orifice area ratios on the system flow rates. Test 103 
will be a full-power double-ended break in which the heater rod power is 
turned off at the Instant of blowdown. Break area ratios will be selected 
based on the results of test 102. Test 104 will be a full-power double-
ended break in which the heater rod power remains on sufficiently long to 
insure that transient CHF occurs. Test 105 will be a blowdown which, based 
on results of all previous tests, attempts to match depressurlzatlon rates, 
flow rates, etc., of a typical calculated PWR cold-leg guillotine-break 
LOCA. 

A heater rod power programmer is scheduled to be available for test 
108. As soon as the characteristics of this device are known, the decay 
power profile for tests 108 to 110 will be determined in consultation with 
NRC. 

A key feature of this program will be the determination of steady-state 
CHF for all initial conditions used in blowdown tests. Since a steady-state 
CRT test may be equivalent to a blowdown test with regard to bundle lifetime, 
only a limited number of steady-state CHF tests can be performed. Should 
the test bundle still be operational at the end of test 110, a series of 
steady-scate CHF tests will be performed covering a range of tea*- variables. 

The test matrix outlined above presumes that as the test sequence 
progresses there is no indication of operational difficulties which could 
endanger the rod bundle. Should there be an indication of operational 
difficulties, they will either be corrected or the test matrix variables 
will be altered. 
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Appendix A 

DESIGN OF THE MECHANICAL AND ELECTRiCAL SYSTEMS 
FOR THE THERMAL-HYDRAULIC TEST FACILITY (THTF) 

ABSTRACT 

The Thermal-Hydraulic Test Facility (THTF) is a 7.5-MW nonnuclear 
test facility designed to permit testing of full-length, multirod bundles 
under typical PWR core conditions of power level, power profile, coolant 
temperatures, pressures, and flow rates. Capability is provided for a 
wide range of ccnultions, including steady-state critical heat flux (CHF) 
determinations, operational upsets, and loss-of-coolant (LOCA) tests. 

The all stainless steel primary system is designed for pressures up 
to 2500 psig and for temperatures up to 650*F. The system is designed to 
accommodate a 49-heater-rod bundle, with blowdown capability over a metered 
flow range of 100 to 600 gpm. A pump, specially designed for blowdown 
service and operating with a bypass flow control system, provides more 
than adequate flow and head for the expected range of test conditions. 
A pressure-suppression system absorbs the thermal energy during loss-of-
coolant tests. 

Rupture disk assemblies of the inlet and outlet of the test section, 
with two-phase flow instrumentation measuring separately the loop and test 
section blowdown flows, simulate coolant-line breaks. Indirectly heated 
rods (i.e., rods in which heat is generated by an internal element and 
transferred through boron nitride insulation to the sheath) are used to 
simulate nuclear fuel rods in both power level and axial profile. 

Power is> supplied to the electrically heated test bundle from four dc 
generators, each rated at 7140 A at 350 V. Heat removal capability of 7.5 
MW is provided by three heat exchangers, which reject heat to a large 
building-wide recirculating demlneralized cooling-water system. 
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1. FACTIONS ASB DESIGN REQUIREMENTS 

1.1 Functions 

The Thermal-Hydraulic Test Facility (THTF) serves as a vehicle for 
studying experimentally the thermal-hydraulic response of heater-rod 
bundles under operating conditions that are of Interest in analysis of 
PWR loss-of-coolant accidents (LOCAs) as well as transients associated 
with sore normal operating modes. The test section is a 7 * 7 array of 
12-ft-heated-length heater rods seometxically modeling (except for solid 
bounding walls) a section of a PWR core; this pressurlzed-vater-cooled 
test section will bracket expected PVR conditions in respect to heater 
element power level and distribution, rod surface temperatures, and coolant 
temperatures and pressures during both steady-state and blowdovn periods. 

The experimental program utilizing this facility concentrates on two 
areas of transient heat transfer — with priority on the first — in which 
existing uncertainties influence PWR accident analyses: 

1. Heat transfer during the early stages of a LOCA (i.e., prior to 
emergency coolant injection). Initially, the effects of combined power, 
flow, and pressure transients and later the separate Influences of each of 
these variables will be examined. 

2. Heat transfer during the pre- and post-CHF (critical heat flux) 
phases of operational transients with the primary variables of power, flow, 
and pressure spanning ranges anticipated with PWRs. Tests and analyses 
will emphasize development of understanding and accurate descriptions of 
thermal-hydraulic processes within the rod bundle. 

1.2 Operational Requirements 

Design requirements for the facility are dictated primarily by the 
desire to vary the test parameters independently over ranges spanning that 
of current PWR designs. Test section operating conditions of Interest are 
shown in Table A.l. System pressures at the test section outlet vary from 
saturation to normal reactor operating pressure (2250 psia). Maximum mass 
velocity is consistent with current PWR coolant flow rates; the lower limit 



70 

Table A.l. THTF test section operating conditions 

Variable Range of Interest 

Coolant pressure, psia To 2250 
Coolant Inlet teaperature, *F 520 to S60 
Coolant teaperature rise, "F 60 to 90 
Coolant mass velocity, lb* hr" 1 ft"2 0.6 to 3.0 * 10 6 

Peak rod power, k»:/ft 19.8 
Average rod power, kV/ft 12 
System volume/power ratio, ft3/Mtf >3 
Slowdown break area Single- or double-ended variable 

area 
Break location Inlet, outlet, varied flow split 

on flow is selected to perait determination of CRT over a fivefold span 
of velocity. 

The test section is a full-length, full-scale aodel of a quarter sec
tion of a PVR core fuel assembly using electrically heated rods to slnalate 
fuel rods. Later test bundle; aay Include unheated rods to simulate instru
ment tubes and control rod thimbles. Power levels for the heater rods 
will range from average conditions to that of the hot channel In a PWR 
core; axial and radial power distributions will be characteristic of 
idealized PUR cores. The large number of tests necessary to fully charac
terize core behavior and the estimated high cost of the heater-rod bundle 
require that the facility end test section be capable of repeated steady-
state CHF and transient blowdown tests without significant damage and that 
the time period from system startup to test completion be minimized. 

1.3 Structural Requirements 

The high-pressure primary circulation system of the THTF is designed 
for operation with subcooled water at 2500 pslg and 650*F except that (1) 
the pressurlzer design is for 2500 psig and 750*F, (2) a section of the 
pump discharge piping is designed for 3000 psig and 600*F, and (3) the 
pump ±3 limited to 600*F maximum operating temperature. Further, pump 
design specifications limit rates of temperature change during normal 
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operation Co 15#F/aln during heating and 25*F/min during cooling; very 
rapid changes of temperature and pressure will occur during the blowdown 
tests. The pun; and other flow components are to be capable of operation 
throughout Che blowdown period under conditions of coolant flasn evapora
tion. All piping and components of the facility shall conform to require
ments of the applicable codes and standards listed in Section 1.5. 

The circulating test coolant is high-purity -^mineralized water; the 
principal factor in material selection for the test facility is avoidance 
of conCamlnaclon of the water by corrosion products and/or other impurities. 
The ability to withstand repeated tests without damage imposes an addi
tional restraint on test section materials, particularly of the heater 
rods. Rod bundle geometry is to remain fixed throughout the Initial test 
program; this requirement precludes determination of the effects of fuel-
rod swelling and bowing. 

1.4 System Configuration and Essential Features 

The THTF is a complete and independent test facility with no inter
facing requirements to other systems other than building or plant-wide 
utilities. The physical configuration of the facility Is primarily deter
mined by Che arrangement of major components as requir.id by the available 
building space, the location of existing components and systems, economics 
and good practice in piping layouts, and Che desired versatility of test 
section piping connections. The facility includes (l) a closed recircu
lating primary loop capable of providing a wide range of thermal-hydraulic 
operating conditions to the electrically heated test sections; (2) instru
mentation, controls, and data-acquisition systems necessary for loop oper
ation and test data analysis; (3) test section power supply up to 10 MT; 
and (4) a primary fluid blowdown system with pressure suppression. 

The facility was constructed by upgrading an existing facility built 
for steady-state or slow transient CHF studies with pressurized water in 
a single heated tube or annulus. Significant features provided from the 
original system Include building space and utilities, dc test section power 
up to 5 W with water-cooled conductors and necessary Instrumentation and 
controls, a recirculating dealnerallzed coolant-water system, a 2.5-MW 
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primary heat excuasg*- for removal of heat generated In the test section, 
cad certain loop instrumentation and controls. 

The new primary loop Includes the circulating pv». pressurizer, heat 
exchangers, and bypass piping and is operable without the test section 
installed. High-pressure, high-temperature quick-disconnect flanges pro
vide flexibility for Tlov component rearrangement. The test section 
housing (containing the multirod bundle and flow shroud) has coolant 
Inlet nozzles at the bottom zi*4 top of the housing. Load orifices in 
the blowdown nozzles will simulate CTdraulic resistances of the "second 
loot." 

1.5 Quality Assurance, Codes, and Stiodards 

The THTP was designed, fabricated, and operated as a quality-level 
III—IV facility. (Quality levels are assigned from I to IV in order of 
decreasing quality assurance requirements.) Essentially, thia swans that 
the electrical, structural, and piping systems are quality level III and 
come under the jurisdiction of the various appropriate laboratory and 
industrial codes. Less critical portions, such as the demlneralized-
coollng-water aysten, are quality level IV to which different standards 
apply. 

The codes and standards selected for each component and/or subsystem 
in the THTF pressure boundary, along with major systems outside of the 
pressure boundary, are summarized in Table A. 2. Some of these codes and 
standards £.re discussed below. 

1.5.1 Codes and Standards for Heat Exchangers 

Heat removal capability over a wide range of operating conditions is 
required in THTF. The method selected involves the use of three identical 
heat exchangers (A, B, and C) with appropriate valving to control the pri
mary fluid flow rate through the exchangers and the cooling water flow 
rate. In addition, heat exchanger A has the means for controlling the 
cooling water temperature to minimize the log-mean temperature difference 
when operating with low heat removal rates at high primary fluid tempera
ture levels. 
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Table A.2. Codes and standards applied to the TBTF 

System or component Quality 
level Code or standard applied 

High-pressure primary syst< 
Piping 
Valves 

Heat exchangers 

Pump 
Pressurizer 

Test section container 
Heater rods 

Pressure-suppression system 
Piping 
Tank 
Pump 

Demineralized cooling-water 
system piping 
Instrumentation and data-
acquisition system 

Power supply system (dc) 

III 
III 

III 

III 
III 

III 
III 

III 
III 
III 

IV 

III 

III 

Support structure IV 

Power Piping Code B 31.1.0 
ASKE Sect. Ill, Class 2, 
Spec. I-10520-QG-002-S-1 

ASME Sect. VIII, DIv. 1, 
Spec. M-10520-RM-001-X-1 
See text 
ASME Sect. Ill, Class 2, 
Spec. M-1O520-RM-O05-5-O 

ASME Sect. VIII, DIv. 1 
Spec. E-10520-RM-004-S-O 

ASME Sect. VIII, Div. 1 

UCC Tech. Spec. P-l.l, 
Subsection 107 

OftNL I&C DIv. standards 
and procedures 

National Electrical Code, 
NEMA, IEEE, and Under
writer Laboratories 
standards, ORNL standards 
and procedures 

AISC specifications ard 
standard practices 

Some unique features of the Heliflow heat exchangers, manufactured 
by Graham Manufacturing Company, Inc., are particularly advantageous for 
applications such as those encountered in the THTF. (See Sect. 1.5.5 for 
a detailed description of the heat exchanger.) Normally, exchangers 
designed to operate at high system pressures require rather thick tube 
sheets to withstand the attendant pressure loadings. If significant tem
perature levels are involved, serious thermal stress problems may be 
encountered. These problems are alleviated in the Heliflov exchanger by 
replacement of the thick tube sheets with relatively thin tubing manifolds, 



74 

with the tubes being spirally wrapped around the inner eanifold and ter
minating at a second manifold. Differential expansion -^suiting from tem
perature gradients along the tube length is easily accommodated by the 
spiral tube configuration. Additional benefits are derived from these two 
Lasic features. For example, the method of spiraling produces a well-
defined secondary flow path so that the exchanger functions with either 
countercurrent or cocurrent flow without bypassing. Also, the spiral 
arrangement minimizes the space requirements for installation. This 
feature is particularly Important to the THTF, fince it is necessary to 
install the additional heat removal equipment in a very limited space. 

Based on the features discussed above, Graham Heliflow heat exchangers 
have found wide application in the nuclear industry, and this type of unit 
was selected for the original THTF construction. Heat exchanger A was pur
chased in 1969 for that purpose in accordance with an ORNL specification 
covering design, fabrication, testing, and materials. The specification 
required the unit to be designed, constructed, and stamped in accordance 
with Section VIII, Division 1, of the Code. This was considered adequate 
for the dssign criteria then applicable to the THTF (i.e., quasi-steady-
state critical heat flux research). 

Ear'y in the conceptual design of the modifications to increase the 
capability of the THTF to permit blowdown heat transfer tests on 49-rod 
bundles operating at typical F/R conditions of power, flow, and temperature 
levels, sufficient datailed iesign was performed eo ascertain that two heat 
exchangers (B and C) identical t< A would satisfy the requirements and 
provide adequate flexibility in the test program. Specifications were 
written, and procurement of these long-delivery items was Initiated. 

Based on technical and programmatic considerations discussed above, 
it is concluded that primary system heat exchangers (B and C) procured 
in accordance with Section VIII, Division 1, of the ASME Code will be 
fully adequate to satisfy the requirements and goals of the THTF. 

In addition to the primary system heat removal equlpnent, a small 
heat exchanger is required in a bypass flow loop around the main circu
lating pump. This exchanger (D) is designed to remove the heat generated 
by the oversized puw.p so that the loop temperature level can be maintained 
at the desired set point. Since the same considerations applicable to 
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units B and C are appropriate to unit D, a saall Heliflow heat exchanger 
was selected. 

Based on a cyclic stress analysis, a Modification of the weld joint 
design of the inlet manifold-baseplate junction was proposed to improve the 
cyclic lifetime of the Grahaa heat exchangers. The details of the design 
•edification were then proposed *y Graham and accepted by the project 
management (see Fig. A.]). 

OHML-OIICTS-TOM 

(2) 3/32-m--di*n HOLES 

K\\\\\\\S\S 
43B4-HC-72 
96C6C-14S 

(213/32-in.-dmm HOLES 

4393-HC-72 
126C8C-22S 

Fig. A. l . Weld joint modification for Graham Heliflow heat ex
changer. 
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Since Che previously purchased heat exchanger does not have this Modi
fication, one of the new Modified heat exchangers will be placed in the A 
position. The A position heat exchanger will be used for temperature con
trol since It receives aore thermal cycles than do positiona B and C. 

1.S.2 Codes and standards for circulating pump 

The number of manufacturers that produce pumps suitable for the pres
sure, flow, and heat requirements of the TBTF is extremely limited. These 
manufacturers were contacted during the early conceptual design of the 
modifications to obtain approximate cost and delivery times for a pump 
having the desired capabilities. It was determined that the cost of such 
a pump would be in the range of $100,000 to $150,000 with delivery in 20 
to 30 months from the date of approval of drawings for fabrication. Both 
cost and delivery were unacceptable, based on project funding and schedule 
considerations. 

A high-head, hlgh-capatity circulating pump, which was originally 
purchased for an AEC blowdtvn test program at Battelle Northwest Labora
tories (BNVL), was made available to ORKL en an indefinite loan. Except 
for an excess on the developed head, the pvmp is well suited for the 
requirements or the THTF blowdown test program. The pump was designed 
and fabri ited In the period 1965 to 1967 by the Bingham Pump Coapany of 
Portland, Ore. Purchase order speclficationr were developed by BNWL based 
on their experience with previous pumps in blowdown test loops. Due to 
cancellation of the BNWL program, the pump was never put into service. 

The pump purchase order specifications required that the pump be 
designed to operate at suction temperatures in the range of 60 to 600*F 
and at suction pressures in the range of 100 to 2500 psig. Casing design 
conditions are 3000 pslg at 650*F to accommodate the developed head. There 
is no mention of an applicable code or of design stress values permitted in 
the structural components. However, Paragraph NC-3410 of Section III of 
the ASME Code permits the use of any design method of demonstrated adequacy 
for the service ccrHlltions. It is presumed that purchase of the pump from 
a reliable manufacturer and supplier of reactor-grade pumps would provide 
a design based on demonstrated adequacy. 
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Communication with individuals associated with specification and pur
chase of the pump gives soae insight into the philosophy with which the 
specifications were developed in early 1965 in an era before adoption of 
detailed quality assurance requirements. The specifications were developed 
baaed on previous experience with the performance of puaps in blowdown ser
vices. (Note that a detailed idealized blowdown sequence is given as 
design criteria in the specifications.) The puap was believed to be ur
gently needed at the time the order was placed, and details of design, 
fabrication, and inspection were apparently left to ehe discretion of the 
manufacturer. The purchaser was of the opinion that faulty design or 
weaknesses, if present In the pump, would appear quickly under operating 
conditions. Consequently, the specifications included testing, and accep
tance was based on satisfactory performance during a 100-hr test at 2000 
pslg, 600*F, and 500 gpa. This test, in addition to a 4500-psig hydrostatic 
test that was performed even though not required by the specifications, was 
taken as satisfactory evidence of structural integrity. A complete tabula
tion of materials used in the construction of the pump and most of the 
fabrication drawings are available. The drawings show weld details and 
note that the welds are to be llquid-penetrant inspecte_ after the first 
and final passes and in between as required. 

The manufacturer was contacted to determine if his records contained 
any information that might be used to infer the appropriate level of qual
ity assurance built into the pump. The following quotation is taken from 
the response to our request. 

"There are no quality assurance documents available. Codes were not 
specifically m&de applicable- except that it is our basic policy to 
design pumps '.o meet the requirements of ASME Section VIII. liquid 
penetrant examinations were made as well as heat treatments to assure 
ourselves that pressure parts would pass the 450C psl hydrostatic 
test and the 100 hour hot running test at 600*F. BNWL Inspection 
may have some Inspection and test records which, if any, should be 
available to you vlth the pumps. Our file dates to the period 
1965-1967 and reveals nothing more than the Hydrostatic Test and 
Performance Testing results possibly given to BNWL aside from the 
drawings and curves you have." 
We believe that structural integrity of the pump has been adequately 

demonstrated for steady-state operation at THTF design conditions. We know 
of no method that will provide assurance of its adequacy under blowdown 
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operation short of experience with the pump under those conditions, and 
this cannot be accomplished until checkout operation with THTF. A standby 
set of spare parts, as recommended by the Manufacturer, have been purchased 
to facilitate maintenance. The Manufacturer provides service engineering 
contractural assistance in pump installation and startup operation, and we 
plan to utilize this service. The pump will have been in storage approxi
mately seven years when the startup operation gets under way. To minimize 
difficulties during startup, bearings and seals will be replaced. Neverthe
less, it is entirely possible that difficulties with bearings and seals will 
be encountered during the shakedown period. We have no indication of expec
ted performance and life expectancy of the shaft seals under bluwdown service. 
Since the seals can be readily replaced (in approximately two to three days) 
and we will maintain a complete replacement set as spare parts, we believe 
prolonged shutdown for maintenance can be avoided. 

1.5.3 Codes and standards for pressurizer 

The THTF pressvrizer serves the dual function of a pressurizing source 
for the facility and of an expansion volume to dampen pressure purges re
sulting from coolant expansion. The volume of the pressurizer is approxi
mately 7 ft 3. Clamfhell-type electrical heaters arranged on downcomers 
(see description in Sect. 3.3) provide heat to generator steam for main
taining the system pressure at the desired level. The concept selected 
for the pressurizer is identical to a pressurizer used successfully at 
2500 psi (at saturation temperature) in a large pressurized-water in-plle 
loop facility at ORNL for a number of years. The major difference is that 
the length of the THTF pressurizer is increased to provide the necessary 
volume. 

Even though ASME Section VIII vould have been a satisfactory code from 
the standpoint of quality-level III requirements, the pressurizer is being 
designed and built to satisfy requirements of Section III, Class 2. Pro
ject Management agreed to let ORNL fabrication shops use the pressurizer 
as a demonstration vessel for the purpose of acquiring an ASME nuclear 
stamp. 
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1.5.4 Codes and standards for piping system 

The piping system In the THTF high-pressvre primary system contains 
pipes In the nominal size range of 1/2 to 6 ln.t except that the major por
tion of the piping is nominal 4-in. while 6-in. sched-160 pipe is useo for 
the pump suction and the holdup volume. The exception is in reality a class 
exception In that it Includes 1/8- and 1/4-ln. nominal pipe and high-
pressure autoclave tubing, use! as Instrument connections, vent lines, etc. 
Although this class of service is subject to system pressure, in general, 
the temperature level is essentially ambient. 

A significant quantity of suitable heavy wall piping and fittings was 
available at ORNL to satisfy the major system requirements, particularly 
in the larger size range. This material was purchased some years ago 
under stringent material specifications for highly corrosive service in 
a now-discontinued aqueous reactor program. The existing loop was con
structed from these materials, and we are confident that the quality is 
In excess of the requirements for piping systems. Material certifications 
(chemistry and physical properties) are either available in "dead storage" 
files or can be obtained from the manufacturer. 

For the new construction, the use of piping and fittings available 
from existing stock was specified in those cases where the certification 
could be located or the material upgraded. Piping and tubing not avail
able from existing stock were purchased In accordance with ASME or ASTM 
material specifications. 

Design, fabrication, installation, examination, and testing of the 
piping system were in accordance with the rules of the Power Piping Code 
B 31.1.0. Welding was accomplished in accordance with ORNL welding pro
cedure WPS-302. Weld examination was made in accordance with ORNL inspec
tion procedure MET-WR-201, except that x-ray porosity charts of Appendix 
IV of ASHE Code Section VIII, Division 1, were used. 

1.5.5 Codes and standards for secondary coolant systems 

Heat is rejected from the THTF primary coolant system to a secondary 
coolant system via four water-to-water exchangers. The secondary coolant 
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is supplied to the heat exchangers fro* a 15,000-gpm, building-wide, re
circulating, dealneralized water system operating at 250 psig. This system 
has been in operation for a number of years to provide cooling for a number 
of large thermonuclear experiments. Based on past experience, this system 
is considered highly reliable for supplying coolant to the many experimen
tal facilities located within the building. 

The new construction portions of the secondary cooling-water system 
were designed, fabricated, and inspected at quality level IV and in accor
dance with OCC Technical Specification P-l.l Subsection 107 for Deaineral-
ized and Distilled Water Systems. 

1.5.6 Codes and standards for pressure-suppression system 

The THTF is designed with rupture disk assemblies located to simulate 
pipeline breaks. The rupture disk assemblies form the boundary between the 
high-pressure primary system and an energy-absorbing system (a recirculating 
spray condenser contained in an 1160-gal tank vented to the atmosphere 
through an 8-in. line). Blowdown Is initiated by causing the rupture disk 
to fail at a predetermined time. 

The piping, valves, etc.. In this system meet the ANSI Code for Pressure 
Piping Systems, B 31.1.0 Power Piping. The spray condenser was designed in 
accordance with Section VIII, Division 1, of the ASME Code. Materials con
form to ASTM material specifications appropriate to the service requirement. 

1.5.7 Codes and standards for test section housing 

The test bundle array Is placed in a pressure housing for test pu~-
poses. The housing has a number of penetrations and access ports to 
accommodate the necessary test bundle instrumentation. Coolant inlet 
and exit flow nozzles are provided at a number of locations to give flex
ibility in flow configuration. A number of unique problems were encoun
tered with the requirements for the dc power connections to the Individual 
heater rods at the upper end and the common connection to all heater rods 
at the lower end. The housing was fabricated in two longitudinal flanged 
sections to facilitate assembly and disassembly for bundle replacement. 
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These aspects lead to a rather complicated housing with special considera
tions in regard to Instrument penetrations and individual heater eleaent 
penetrations necessitated by the experiment requirements. 

Although some of these special considerations are outside the scope 
of the Code, the Intent of the Code can provide guidance. The rules and 
Intent of Section VIII were followed with deviations as required to 
accommodate the particular requirements brought about by the nature of 
the experiment. 

Materials were procured in accordance with appropriate ASME and ASTM 
material specifications. 

1.6 Heater Rods for the Test Section 

The heaters used to simulate PWR fuel elements are of the indirect 
type. An indirect heater is one in which heat is generated in an internal 
element that is electrically Isolated from the heater sheath. The Quality 
Assurance Program Plan (Q-1052O-RH-001-S-O) specifies a quality level of 
III for the heaters but with "special inspection and assembly procedures 
to assure its functional cperability." A heater specification (E-10520-
RB-006-S-0) was written based on RDT standard P 4-4T. Most of the materials 
to be used In the manufacture of the heaters were procured by ORNL and 
furnished to the manufacturer. The thermocouples were purchased to speci
fication IS 514, Thermocouple Material and Thermocouple Assembly, Chromel-P 
vs Alumel, Stainless Steel Sheathed Magnesium Oxide Insulated for Use on 
Slowdown Heat Transfer Program. 
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2. SYSTEMS DESCRIPTION 

2.1 Su—ary Description 

The THTF Is a reasonably large nonnuclear test facility having a wide 
range of capabilities for theraal-hydraulic tests using electrical heaters 
in multirod geometries with the sane heated length and diameter as nuclear 
fuel rods. 

A simplified flowsheet for the THTF is given in Fig. A.2, and perti
nent design data are summarized in Table A.3, A brief discussion of the 
flowsheet follows. 

A high-head, high-capacity pump designed for blowdown conditions 
operates at a constant output of about 700 gpm with a developed head of 
il940 ft of fluid. Since the available head is in excess of the test 
requirements, a portion is dissipated in discharge throttling valves and 
load orifices distributed throughout the system. A large-capacity bypass 
loop controls the pump at constant output over the full range of test flows. 
Heat transferred to the coolant by the oversized pump (600 hp) is absorbed 
in a secondary heat exchanger in the bypiss line so as to maintain a fixed 
loop base temperature. 

The heat transferred to the coolant in the electrically heated rod 
bundle is removed by a heat-rejection system consisting of three water-to-
vater Heliflow heat exchangers and a bypass line. Heat exchanger A, 
retained from the origira' THTf' installation, has a wide-range automatic 
control system; new units B and C have manual control. Overall control 
involves maintaining zero temperature differential between the fluid 
entering the test section and the mixed effluent from the heat exchangers 
and the bypass stream; thus, in principle, all heat added in the test 
section is removed before the test channel flow rejoins the pump bypass 
flow. 

An electrically heated pressurlzer maintains a constant pump suction 
pressure while providing steam volume to dampen pressure surges. 

Instrumented spool pieces are located at the inlet and outlet of the 
test section housing and upstream of the inlet and exit rupture disk 
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Table A.3. Summary of THTF design data 

Parameter Capability 

dc power to test section (maximum) 10 Mtf 
Heat rejection 7.5 MW 
Test section exit quality £.0.1 
Operating pressure 250 and 2500 psia 
Operating temperature 400 to 650*F 
Loop flow (maximum) 900 gpm 
Pump developed head 
(600*F, 2250 psia, 900 gpm) 525 psi 

Test section flow 1 to 600 gpm 
Metered flow control stations 4 
Test section heated length 12 ft 
Test section flow direction Vertical upflow 

stations. Each spool piece provides sufficient instrumentation to ascer
tain the fluid state, the mass velocity, and the direction of flow. 

Rupture disks at the inlet and exit of the test section housing are 
used to simulate inlet and exit pipe breaks. Critical flow orifices in
stalled in these lines control the hlowdown rate; these orifices may be 
changed as desired to cover a range of blowdown times. During blowdown, 
the loop fluid is discharged to the pressure-suppression system, where 
cold water introduced through spray nozzles condenses the steam. A 
1500-gpm pump recirculates the cold fluid from the storage tank to the 
spray nozzles. 

The dc power supply serving the THTF consists of two double-ended 
motor-generator sets as Indicated schematically in Fig. A.2. These four 
generators, each rated at 7140 A and 350 V dc, can be controlled either 
jointly or separately. There is no requirement that the generators be 
paralleled since the heaters to be used are of the indirect type. 

Aufttenltic stainless steel material is used throughout the system to 
avoid corrosion and degradation of the quality of the high-purity coolant. 
A small water purification system is also provided to maintain the water 
quality. The piping system is assembled with a number of flanged dis
connects to facilitate rearrangement of the test loop configuration. 

Adequate process instrumentation is provided for control, operational 
safety, and monitoring purposes, and panel-board-mounted Indicators and 
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recorders provide readout for this instrumentation to aid in the operation 
of the facility. Data-acquisition instrumentation (for experiment analysis) 
consists of two 14-channel FM recorders for the high-frequency output sig
nals from the pressure transducers and other detectors for which very fast 
response is desired. A 384-channel, computer-based, digital data logger 
collects the bulk of the data for subsequent analysis. Time markers, at 
preselected intervals, are recorded simultaneously with the dcta signals 
to provide time correlation between the various data recorders during the 
blowdown sequence. 

The THTF is divided into several functional subsystems to clarify the 
detailed facility description and to provide a ready reference to subsystem 
features. The process flowsheet drawings that are used to illustrate 
detailed descriptions are similarly divided. All utilize a common system 
of nomenclature to identify components and functions, line sizes, and 
design :onditions of flow, pressure, and temperature. See the legend of 
drawing symbols shown in Fig. A.3. 

2.2 High-Pressure Primary System 

The schematic flow diagram of the high-pressure primary system referred 
to in this description is shown in Fig. A.3. This system consists of a 
closed loop that includes an electrically heated pressurizer, a circulation 
pump, and heat exchangers to remove heat generated in the pump and test 
sections. Primary fluid in the recirculating loop, also referred to as 
test section coolant, is high-purity demlnerallzed water. 

The high-head, high-capacity circulating pump operates at a constant 
output of about 700 gpm with a developed head of il940 ft. Since the avail
able head is significantly larger than that required to make up pressure 
drop through loop components and piping, a remotely operated discharge 
throttling valve (HCV 2) and load orifices located throughout the system 
At2 provided to dissipate excess head. Flow in excess of test section 
requirements is routed through line 190 to the parallel p ths of the 
high-capacity bypass piping and back tc the pump suction. One bypass leg, 
lines 192 and 194, contains heat exchanger D, which removes heat generated 
by the pump and throttling valve. Flow rate of primary fluid through 
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this heat exchanger is essentially constant at 15,000 lb /hr (35 -jpa at 
400°F to 50 gpm at 650*F) and is controlled by the actions of TRCA 13 
and TCV 13 to maintain pump discharge temperature at the set point. Flow 
rate to the test sections is metered and controlled, so the balance of 
the pump discharge flows through the other bypass leg (line 190) where 
control actions of FRCA 1 and FCV 1 maintain punp flow rate at the set 
point. 

Primary fluid, which is used as ccolant for the electrically heated 
rod bundles in the test section, flows through lines 102 and 108. upward 
through the test section, lines 109 and 112, through the holdup volume 
and line 121, through any or all of the three heat exchangers (A, B, or 
C) and bypass lines in parallel, and back to the pump suction. Flow rate 
to the test section is metered and controlled by a fourth flow control 
station of nominal 100 to 600 gpm capacity consisting cf a turbine meter 
with output to FRC 18 and the flow control valve FCV 18. 

The test section is connected to the primary piping and the pressure-
suppresa'ion system, so that two instrument spools are in series for both 
the test section inlet ami outlet while the junction with the pressure-
suppression system is located between the instrument spools (see Figs. A.2 
and A.3). Two-phase flow measurements during blowdown will thus be obtained 
directly for both the loop and the test section. One of the flow stations 
for both the test section inlet and outlet must be bidirectional since the 
normal flow direction will reverse during blowdown. A plenum is formed at 
these two junccions (lines 107 and 110) by 6-in. pipe about 1 ft long to 
reduce hydraulic instability during blowdown. Also incorporated into the 
plenum design are a double rupture disk assembly to initiate blowdown, 
fast-response pressure Instrumentation, a replaceable nozzle to control 
blowdown rate, and break wires to provide the timing mark for the Instant 
of blowdown. 

The double rupture disk assembly contains provisions to rupture either 
or both rupture disk assemblies simultaneously. The pressure-suppression 
system described in Section 2.3 is designed to absorb the thermal and 
mechanical energy of the high-velocity flashing liquid. 

The "holdup volume" shown in the coolant line (line numbers 114 and 
117) of the test section permits the total system primary fluid inventory 
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to be varied from ^23 to 28 ft 3 and supplies reentrant coolant during 
flow reversal associated with inlet line rupture. Current design will 
allow blowdown tests over throe values of coolant Inventory by operating 
with one, two, or three piping assemblies fabricated to contain volumes 
of about 1.8, 3.7, and 5.1 ft 3. This water inventory is based nominally 
on a scaling ratio of 3 ft3/MW(e) in the PWR primary coolant systeas. See 
Table A.4 for a tabulation of loop volunes. 

Table A. 4. THTF voluacs 

ft: 

Cold volumes 
Main heat exchangers and associated outlet 
piping to valves 

Piping downscream of main heat exchanger 
valves and bypass valves to pump inlet 
Pump 
Pump outlet, bypass line to test section inlet 
Test section inlet, barrel, and lower plenum, 
and inlet blowdown 

Total cold volume 
Hot volumes 
Test section hot bundle and upper plenum 
Test section outlet blowdown line, and outlet 
line to main heat exchanger 

Holdup volumes - add 1.83, 3.66, or 5.11 ft3 

Pressurizer at high level alarm 
Pressurlzer at mid point 

Total hot volume 

1.23 

3.92 

1.49 
3.55 
3.34 

13.53 

1.69 
2.52 

5.53 
3.70 
9.74 (nc holdup vol.) 

11.57 (1 holdup vol.) 
13.4 (2 holdup vol.) 
14.85 (3 holdup vol.) 

The heat removal section of this system (heat exchangers A, B, and C) 
is designed to remove heat transferred to the primary fluid from either cf 
the electReally heated test sections. Effluent from the test section can 
be routed through none, any, or all of the heat exchangers for utmost ver
satility during system operational checks, startup, shutdown, and operation 
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over a vide range of condition.". Heat exchanger A, which is equipped with 
automatic control systems, will always be in service during operation when 
heat is being generated in a test section, and the other exchangers (B 
and C) will be used as required. The automatic control system of heat 
exchanger A, described in Section 2.4, acts to maintain zero temperature 
difference between the test section inlet and the mixed effluent froo 
the heat removal section. Good control over a wide range of service 
conditions (temperature, flow, and heat load) is insured by provisions 
to automatically vary primary and secondary fluid flow rates and secondary 
fluid inlet temperature. The flow rate of heat exchanger A orimary fluid 
is controlled by the action of TRC 52 and valves TCV 52A and B to maintain 
secondary fluid effluent temperature at the set point. Flow through heat 
exchanger A bypass lines 121 and 122 and 220 and 221 is controlled by the 
action of PRC 32 and back-pressure control valves PCV 32 and HCV 32 to 
maintain test section pressure (inlet or outlet) at th.» set point. 

Heat exchangers B and C are manually controlled over a range of heat 
removal by varying primary and secondary fluid flow rates under certain 
limitations. A bypass line (220 and 221) which has manual flow control 
is also provided around these heat exchangers. Effluent from the heat 
removal section mixes with the bypass flow in a mixing tee. The mixing 
tee provides for absorbing severe temperature gradients and fluctuations 
in a non-pressure-containing sleeve before the mixed effluent enters the 
pressure containment piping. The mixed effluent flows through lines 125 
and 131 past the pressurizer to the pump suction. 

The electrically heated pressurizer is connected into line 128 at the 
pump suction side with connecting piping which includes a horizontal line 
and a changeable restriction (orifice plate) to reduce mixing between the 
circulating fluid and the higher temperature pressurizer fluid. A con
denser coil installed in the steam volume will permit rapid pressure 
reductions as required by the test program. Air, water, or an air-water 
mixture can be used In the condenser coil to provide a wide variation in 
condensing rate. Heaters will be automatically controlled to maintain 
set-point pressure level, and other instrumentation will Include tempera
ture, pressure, and liquid level monitors. 
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2.3 Pressure-Suppression Syste» 

The pressure-suppression system functions to contain and condense the 
steas-water mixture that results froa a blovdown of the primary loop. A 
receiver tank vith three spray headers anc recirculating water form a 
direct-contact heat transfer and containment system which accepts the 
blovdotra effluent from either or both of the blovdown lines connecting 
the primary loop. A bypass loop with a small heat exchnnger removes the 
pump heat to maintain the water temperature at 100*F or less in readiness 
for blowJown (see Fig. A.3). It is mandatory that the spray system be in 
operation and ready to receive the loop contents before the primary pres
sure end temperature are increased. 

The pressure-suppression tank is about 5 ft in diameter, 8 ft long, 
and has a total volume of 1160 gal. The primary loop inventory is esti
mated at 962 lb and the holdup volume at 192 lb. The maximum heat content 
of the primary loop and the holdup volume is 603,000 and 133,400 Btu, 
respectively. With all considerations of density changes, final tank 
level, etc., the beginning tank inventory is set at 486 gal. Without 
the holdup volume, which is the condition for initial operation, another 
23 gal can be added, bringing the initial tank Inventory to 509 gal. The 
final mixed-water temperatures, neglecting metal heat capacity, will range 
fro£ 230°F for maximum loop volume to 207*F for normal loop volume. The 
pressure-suppression tank is connected to the atmosphere through an 8-ln.-
diam pipe which exits through the west wall of the pit into the subbasement 
area. 

Blowdown reaction forces have been considered, and the necessary 
bracing ?nd hydraulic snubbers are provided for in the design. The blow-
down piping is sloped for drainage to prevent the collection of fluid, 
which might be propelled into the pressure-suppression tank during blow-
down. Slug di3persers, which consist of a pyramid of concentric rings 
with a 10° dispersion angle, are also provided in each of the blowdown 
lines. 

The connection between the primary system and the blowdown piping 
between the instrument spool piece and the rupture disk station is made 
to provide a more accurate flow measurement of the test section effluent 
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during bloudovn. During normal operation, this configuration places tvo 
instrument spools in series for both the inlet and outlet of the test 
section. For blowdown conditions, one spool in both the inlet and outlet 
lines must reverse flow direction. Thus, for Slowdown, the spools revers
ing direction are the test section inlet blowdown spool and the test sec
tion outlet primary spool. A plenum is placed at the junction of the pri
mary system and the blowdown lines to decrease the probability of insta
bilities during blowdown and to promote mixing of the two streams before 
entering the blowdown nczzle. 

The critical flow nozzle is located immediately before the rupture 
disks, both of which are contained in the plenum assembly. The double 
rupture disk assembly Bust be replaced after each blowdown. The rupture 
disk assembly can be removed for maintenance by removing half of the flange 
belts and loosening the other half. After the rupture disk assembly is 
removed, the critical flow nozzle insert can be reroved for replacement, 
remachining of throat diameter, etc. 

2.4 Heat Exchanger Coolant System 

2.4.1 Basic heat removal requirements 

A schematic process flow dlagrau for the cooling water (secondary or 
shell-side fluid) of heat exchangers A, B, and C, which remove heat from 
test section effluent, heat exchanger D in the bypass loop, and the pressure-
suppression system heat exchanger, is suown on the left-hand side of Fig. 
A.4. Cooling water for each heat exchanger is supplied from the supply 
header (line 650) and discharges to the return header (line 651) of an 
existing building-wide, 15,000-gpm, 250-psig, recirculating demineralized 
water system which rejects heat to the atmosphere from a large cooling 
tower. 

The four primary system heat exchangers (A, B, C, and D) are all 
Graham "Heliflow" exchangers which feature a compact spirally wound tube 
bundle. Heat transfer rate is adjustable over a wide range by variation of 
cooling-water flow. Heat exchangers A, B, and C remove the test section 
heat, while a smaller exchanger D will maintain the temperature level of 
the loop and remove primary pump heat. In all cases, provisions are made 
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to prevent the boiling of the low-pressure (200 to 250 psig) secondary 
cooling water in the heat exchanger shell. 

2.4.2 F a p bypass htat exchanger D 

Heat exchanger D maintains the base temperature level or the loop, 
which is controlled by TCV 568 on the outlet of the secondary cooling water 
with a temperature signal fro* the primary pump discharge. TCV 13 on the 
primary inlet senses the temperature of the secondary cooling water outlet 
and will decrease the primary flow to prevent boiling on the secondary 
shell side. 

2.4.3 Main heat exchangers A, B, and C 

The test section heat removal is accomplished by three parallel heat 
exchangers A, B, and C. Heat exchanger A is used to vary heat removal rate 
automatically by maintaining a zero temperature difference between the test 
section inlet and the pump inlet. Heat exchangers B and C are manually 
controlled "shims" for base-load heat removal. During a load increase to 
full power, heat exchanger A will automatically assume load to its full 
capacity (about 2.5 MM). Load is then manually transferred to exchanger B 
or C via FCV 620 or PCV 720 while A automatically reduces its load. For a 
full test section load (M> MW), this process of load shifting would continue 
until both B and C exchangers were fully loaded. 

2.4.4 Temperature limitations Imposed by secondary coolant system 

The shell side outlet temperature of all four heat exchangers is used 
to vary the primary flow as necessary to prevent boiling of the low-pressure 
secondary coolant. Ccntrol valves TCV 92, TCV 54, TCV 56, and TCV 13 (for 
heat exchangers A, B, C, and D, respectively) vary the primary flow accor
ding to temperature signals from the secondary coolant outlets. TCV 13 is 
located upstream to provide a lower operating pressure for heat exchanger D. 

Additional provisions for the prevention of boiling in the secondary 
coolant system are made with a bypass flow around the heat exchangers. 
Bypass flow is manually adjusted to maintain the mixed system effluent 
temperature subcooled with respect to the return header pressure (line 651). 
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The shell sides of the heat exchangers are protected by pressure-
relief valves froa excessive pressure buildup in the event that both inlet 
and outlet valves are closed inadvertently. 

The water coolant systea of heat exchanger A is designed to provide 
manual or automatic control over vide ranges of exel anger heat load and 
primary fluid tr.mperatures and flows. Control variables are primary and 
secondary fluid flow rates and secondary fluid inlet and ^«tlet tempera
tures. Control in the low heat ranges "iay be accomplished by tilizing 
condensing steam in a preheater to raise tht secondary fluid temperature. 

2.4.5 Steady-state operation 

Each main heat exchanger must be capable of removing at least 2.5 MW 
with a primary inlet temperature in the range of 540 to 650"F. For an 
inlet temperature of 650*F at a duty of 2.5 MW, the flow velocities remain 
below the recommended 10 fps. Juty could be increased to 3 MW without 
apparent difficulty. 

However, at a test section outlet temperature of 560*1'., the velocity 
must be increased above 10 fps. With combined operational limitations 
calling for a secondary outlet temperature of below i350°F (to prevent 
boiling) and a AT limitation of 400*F (to avoid excessive stresses in the 
primary stream nozzle-end plate intersection), there will be some diffi
culty in achieving 2.5-MW duty at the lower operating temperatures. 

The pump bypass heat exchanger D has been sized to be capable of 
removing pump heat at loop temperatures from 400 to 650*F. Operation 
over this large range of inlet temperature and with the same limitations 
of the main heat exchanger on AT and secondary coolant temperatures will 
require primary flows to be very low at loop temperatures near 600*F. 
(Isothermal operation will be limited to 600°F due to the limitations on 
the primary pump.) At this condition, the primary cutlet temperature is 
very low and requires that i mixing tee be installed at the intersection 
with the main pump bypass flow. Tils is also true of the main heat 
exchangers, and a mixing tee is provided at the intersection of primary 
outlet and bypass flows. 
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2.5 Pump Coolant System 

Each end of t!ie circulating punp has four integral low-pressure 
cooling channels and a Graham "Heliflow" heat exchanger with high-pressure 
seal coolant recirculating through the tube side (Section 2.4). The pump 
coolant system (Fig. A.4) provides coolant to each channel and heat ex
changer with parallel connections across the deaineralized coolant water 
supply and return headers. The headers are a part of a building-wide, 
15,000-gpm, 250~p#.ig recirculation system which rejects heat to the 
atmosphere from a large cooling tower. 

The 250-psig header supply pressure is reduced to and controlled at 
100 psig with PCV 695, and flow through each pump cooling channel is con
trolled with individual hand-operated control valves downstreaa of the 
pump. Each flow channel is aonitored with a flow indicator with low alarm 
and a temperature indicator with high alarm. In addition, each of the 
high-pressure, recirculating, pump seal coolant streams is monitored with 
a temperature Indicator and high alarm. 

In addition to low flow alarms, the system is protected from pressure 
buildup, in the event of closure of all flow control valves during opera
tion or malfunction of PCV 695, by the pressure-relief valve PSV 697 in 
the line bypassing the pump. 

All piping materials and components aire austenitic or nonferrltic 
stainless steel to prevent contamination of the demineralized water system. 
Line sizes and coolant design flow, pressure, and t£<nperature are Indicated 
on Fig. A.4. 

2.6 Electrical (ac) Power System 

The ac electrical power system supplies power to equipment heaters, 
circulating pump motor, pressure-suppression system pump motor, instruments, 
and controls (see Fig. A.5). 

The 600-hp circulating pump motor is fed from 2300 V circuit breaker 
unit 11A located in the northwest transformer vault. Three No. 2/0 5-kV 
cables are provided. Thermal relays and overcurrent relays t re located 
at the switchgear to protect the motor. The pressure-suppression system 
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Fig. A.4. Process flowsheet — deminerallzed cooling water system. 
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puap motor (approximately 60 hp) is fed from the 460-V building power 
system. A 300-kVA, 3-phase, 480-120/208 V transformer provides power 
to the heaters and instruments. Control power is fed froa a separate 
5-kVA 480-120/240 V transformer. 

2.7 Electrical (dc) Power System 

2.7.1 Basic requirements 

The dc electrical power system supplies variable controlled power 
to the test section heaters. It also supplies rower to other non-BDHT 
experiments. Use of the dc power system is scheduled since a motor-
generator unit can supply only one experiment at a time. 

A requirement of the dc power system is to permit the test section 
heaters to be operated at loads up to a maximum of 7 MW. The supply must 
be capable of operating at either 30,000 A maximum or 257 V maximum to 
accommodate test section heaters of various resistances. The power-time 
requirements r.scd for the design of the dc power system are shown in 
Fig. A.6. The reduction of heat rate following the blowdown must be ad
justable from approximately 4 sec time constant to 20 sec time constant. 

2.7.2 Description 

The dc power system (Fig. A.7) includes two motor-generator units 
located in the northwest corner of Building 9201-2. Each unit consists 
of an ac synchronous motor coupled to two dc generators. The motors are 
rated 7000 hp and are fed from the 13.8-kV area power supply. The gen
erators are rated 71&0 A, 350 V, and 2500 kW each and have a load rating of 
1252 for 2 hr. The units are suitable for supplying 7.056 MW and 30,000 
A required by the 49-rod test bundle for durations specified in Fig. A.6 
when suitable rest time is included in the duty cycle for cooling. Each 
of the single-ended indirect l.eater rods, as presently designed, require 
a maximum of 144 kW at 248 ± 9 V and 580 ± 20 A. Twelve heaters are fed 
from each of three generators, and thirteen heaters are fed from the fourth 
generator. The single-ended indirect heater rods have one lead connected 
to the heater sheath, which is connected to the experiment housing and to 
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the building ground grid; thus the generator power system is grounded 
at this location. 

The generator output is connected to a single-pole 10,000-A circuit 
breaker with an 0.03-Q bypass resistor connected in parallel with the 
breaker. Two 1- by 10-in. aluminum b-̂ ses are routed to the disconnect 
switch location near the center of th» building. The disconnect switches 
are interlocked to assign only one experiment to a generator at a tiae. 
Four water-cooled 1000 MCM cables connect the switches to the experiment 
equipment. A single-pole 10,000-A circuit breaker is provided for fast 
disconnect operation. 

A crowbar-type circuit is provided for each heater to minimize the 
damage to the heater in the event a fault occurs. A fast-acting circuit 
detects a fault when the current to the heater reaches a preset value, 
and an SCR is turned on that will short circuit the heater leads. The 
short circuit path will divert the current from the faulted heater, thus 
reducing the current through the fault. The fuse limits the short cir
cuit current and isolates the fault from the generator circuit. 

The crowbar circuit includes a shunt In each heater circuit to pro
vide an input signal that is proportional to the heater current. An 
electronic-type detector unit compares the input signal with an adjustable 
signal that can be preset by the operator. When the heater current 
exceeds the preset value, a gating signal is produced to turn on the 
shorting SCR. 

The generator outputs are program controlled by a function generator 
located at the control panels and by voltage feedback signals from the 
generator leads. Signals from these sources are fed to a regulator that 
controls the amplidyne output and the generator shunt field excitation. 

2.7.3 Controls and interlocks 

Controls and interlocks are provided for the dc power system to per
mit sef» operation of the systea and to protect the equipment. The major 
items provided in the existing system are as follows: 

1. Generator breaker: 
a. overcurrent trip, 
b. companion breaker trip, 
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c. Crip reset, 
d. manual close-trip switch (trip only when 13.8-kV breaker is 

open). 
2. 13.8-kV synchronous motor breaYer: 

a. Instantaneous overcurrent trip, 
b. differential current trip., 
c. incomplete sequence trip, 
d. undervoltage trip, 
e. vibration trip, 
f. overspeed trip, 
g. generator breaker opening trip, 
h. reaote aanual emergency trip switch, 
1. actor field ground detection alarm, 
j. cooling water low-pressure alarm, 
k. thermal alarm. 

3. Ass'giiint panel — The assignment panel and disconnect switches 
provide the main interlocking to permit safe operation of the generators. 
The panels are located in the generator control room and are arranged for 
the assignment of any one of three experiments to be fed from one genera
tor. 

4. Disconnect switch: 
a. close-open control only when excitation controller (function 

generator) Is at zero, 
b. close-open control only when field breaker is open, 
c. close-open control only when all other disconnect switches 

are open. 
5. Field breaker: 

a. generator breaker opening trip relay, 
b. 13.8-kV-motor breaker opening trip relay 52a, 
c. overvoltage trip relay, 
d. overcurrent trip relay, 
e. rate oi rise trip relay, 
f. cable cooling water low flow trip relay, 
g. remote aanual emergency trip switch, 
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h. 1ose control only when excitation controller (function 
generator) is at zero, 

i. close control only when disconnect switch is closed. 
Changes required to the existing system include the following: 
1. Load breaker — A single-pole circuit breaker provides a fast 

disconnecting device that can be reclosed from the experiment. The 
breaker includes the following features: 

a. close control only when the field breaker is open, 
b. close control only when crowbar devices are reset, 
c. trip on overcurrent, 
d. trip froa experiment shutdown signals, 
e. remote manual emergency trip switch. 

2. Field breaker - The field breaker will have the following addi
tional features: 

a. closed only when load breaker is closed, 
b. closed only when regulator feedback selector switch is in 

"BDHT" position, 
c. trip on heater overvoltage. 

3. Field regulator — The generators vlll be controlled by voltage 
feedback to insure that the loss of one heater will not cause the power 
level on the other heaters to Increase. Changes are as follows: 

a. the voltage feedback signal will be obtained froa a vrltage 
divider connected across the generator leads and will >*£ 
fed into the existing amplifier, 

b. a regulator control switch will be used to switch from the 
present 100-mV shunt current signal to the new voltage divider 
signal, 

c. a relatively fast-responding adjustable input signal must be 
provided to obtain the required 4- to 20-sec time constant 
power decay operation, 

d. a direct voltage signal programmed through the use of a 
function generator provided with switches and four isola
tion amplifiers provides the Input signals, 

e. the field breaker cannot be in the closed position unless the 
regulator controls are in the correct position. 
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2.8 Cable Coolant System 

Power is supplied to the THTF bus from the generator distribution bus 
(see Sect. 2.7) by water-cooled conductors. The length of cable run is 
such that excessive voltage drop (and cable heating) would result if the 
coolant were not provided. Each generator is provided with two water-
cooled conductors for the supply and two for the return. Since the design 
for this system is standardized for the entire building dc power distribu
tion system ana has been in operation several years, It is considered 
suitable for the intended purpose. 

Demineralized water from the 15,000-gpm, building-wide, recirculating 
cooling system is used for this purpose. Flow control valves, flow indi
cators, etc., are provided with interlocks and alarms to insure that the 
cable coolant is circulaticg before the dc power can be turned on. Loss 
of coolant initiates automatic shutdown of the power supply. 

2.9 Test Section Seal Cooling Systems 

The heater rods are anchored inside the pressure containment at the 
lower end of the test section. The upper heater ends extend out the top 
of the test section, where electrical connections to the dc power system 
are made. The heater rods must be sealed while also allowing for expan
sion when heating current is applied. The provision for Individual heater 
rod movement is necessary to allow for some expected test conditions 
calling for certain rods to be unheated or for radial power profiles where 
all rods will not operate at equal temperatures. The sealing is accom
plished with dual elastomer 0-rings in two seal plates. The seal plates 
form a chamber that Is maintained at a pressure between that of the test 
section and atmospheric. 

The seal rings, made of Vlton E 60 or of ethylene propylene material, 
must be maintained at temperatures less than 400*F for necessary relia
bility. Due to the small copper cross sectilon available in the lead-In 
conductor at this point, a considerable amount of heat is generated In 
the "unseated" portion of the rods extending through the seal area. 
Cooling is provided on all seal plate faces by three separate systems 
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(see Fig. A.8). Cooling above the cop seal plate is provided by ducted 
air flowing across the rods. The chamber between the two seal plates is 
cooled by a assil recirculating water system. The area below the lower 
seal plate is cooled by primary loop water obtained upstream of the test 
section and cooled by a small U-tube heat exchanger. The total heat 
generated by the heater lead-ins is about 1.5 fcW per inch of rod bundle 
(based on 0.022 in.2 of copper and current of 580 A). 

The air cooling for the top seal plate is provided by a New York 
N 23P-15 blower with a capacity of 1500 cfm at 42 in. H 20. More than 50 
ft of 6-in.-diam flexible duct and sched-10 pipe are used to supply air 
to the special air shroud around the 49-rod bundle and to exhaust the hot 
air to the subbasement area. The flow is split so that about two-thirds 
crosses the rod bundle and the remaining one-third exits parallel to the 
heater rods through slightly enlarged openings around the rods. This 
leakage air flow exiting the top of the air shroud provides cooling for 
the heater rod moisture barrier located just above the shroud. The heat 
generation in this part of the bundle is about 11 kV, and the air flow is 
calculated to maintain the cuter seal temperature at 350*F or below. 

Cooling water is circulated through the chamber between the seal 
plates by a low-pressure recirculating seal cooling system. This system 
consists of a small canned-rotor 1/4-hp pump, a 10-kW Borg-Warner heat 
exchanger (model CU 7254), a small pressuriz—, and connecting tubing. 
A flow of about 5 gpm is circulated through th« seal chamber at about 
150*F and 1000 psig. Cooling water for the heat exchanger is provided 
by the demineralized cooling-water system. This cooling system removes 
the heat generated in i.hls portion of the rod bundle plus that conducted 
by the rods and the inner seal plate from the 450*F temperature area below 
this plate. 

The lover surface of the inner seal plate is cooled by a small flow 
(about 2 gpm) of high-pressure water from the primary loop obtained up
stream of FCV-18. This primary loop vater, which can run as high as 600*F 
during isothermal test operation, is cooled by a small jacketed U-tube 
heat exchanger to 350*F or less before entering the test section at the 
upper flange. The flow is directed to f, small plenum formed by the lower 
seal plate and a flow restrlctor plate. A small clearance between the 
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heater rods and the flow restrictor plate ensures an even flow distribu
tion around all 49 rods. After exiting the flow restrictor plate, the 
water rejoins the test section flow in the test bundle outlet plenum. 
This flow, in conjunction with the cooling water on the upper surface of 
this seal plate, is regulated so as to maintain the seal temperature 
below -OO'F. 

2.10 Facility Arrangement 

The THTF and associated work areas occupy ^2000 fz2 on the basement 
level and <\-3600 ft 2 on the first floor level of Building 9201-2 in the 
Y-12 Plant area. A plan view of the first floor area showing a general 
layout of equipment and work areas is s'owr. in Fig. A.9. The control 
room on the first floor level contains all instrumentation and controls 
necessary for normal loop operation. Primary system piping is located 
southwest of the control panels. Piping layouts are compact, vertically 
oriented to extend almost to the ceiling, and enclosed by removable sheet 
metal shielding. The motor-generator and some associated switch gear, 
interlocks, and controls are located in other parts of the building out
side the THTF area and are maintained by others as a part of building 
utilities. 

The multirod test section is mounted vertically through the first-
level floor. The assembled test section pressure housing is ̂ 19 ft long 
and requires vertical clearances of ^5 ft from floor to bottom closure 
for instrumentation and high-voltage power bus connections and i33 ft 
from the housing bottom closure to the overhead hoist hook for test sec
tion assembly. Required clearances were obtained by constructing a base
ment pit under the first-level floor openings with pit floor level 4 ft 
below the basement floor level and by constructing an access opening in 
the first-floor celling above the test section area. The ceiling access, 
and the hoist mounted above it, is used only during test section assembly 
to lower the rod bundle and flow shroud subassembly into the fixed lower 
spool piece of the housing. Near column P-7 is another opening in the 
first-level floor through which primary piping is routed to equipment 
in the basement. 



^»^T' w^-''*^* pW'** m-- , l* l* , l~ M !t' , l-'* J J 

107 

Fig. A.9. Equipment layout — floor plan. 
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Equipment located in the basement includes the primary circulation 
pump, ccoonents of the bypass loop (lines 190 and 195 in Fig. A.3), the 
demineralized cooling water distribution station, pressure-suppression 
system components (for test section coolant blovdovn), test section seal 
cooling systems, and the lower end of the multirod test section. 

The test section bundle components are assembled in the capsule area 
of Building 9201-3 (adjacent to Building 9201-2). Since the test bundle 
assembly procedure requires that the upper spool piece (pressure container) 
be assembleI with the bundle, a dummy spool piece is provided to allow 
operation of the primary loop without the test bundle. 

After primary loop shakedown, the assembled test section bundle is 
transported into the area through the double doors at the east end as 
shown in Fig. A.9. The railing around the stairwell is removed and the 
test section transported across the opening and to the monorails at the 
south end of the loop enclosure. The bundle is lifted to a vertical posi
tion above the open test section container and lowered into position. 
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3. COMPONENT DESIGN DESCRIPTIONS 

3.1 Piping and Valves 

Kjst of the piping to be used in the high-pressure portion of the 
facility is special, heavy-wall, type 347 stainless steel available from 
ORNI unused stock originally purchased (in the period 1955—19b8) for the 
discontinued Homogeneous Reactor Program. This material was purchased 
under very restrictive specifications and was carefully Inspected for 
assurance of reactor-grade quality. Since this material was not pur
chased to an appropriate ASTM or ASME specification, special tests were 
conducted to meet quality assurance requirements. Samples have been 
removed from each length of pipe for chemical spectrographs analysis. 
A tensile test specimen was removed from one section to satisfy the ten
sile property requirements of ASTM A376. Materials required to supple-
cent this stock are purchased In accordance with appropriate ASTM spec
ifications to satisfy Code requirements. Predominant pipe sizes are 1-in. 
sched-80, 2-in. sched-80, and special 4-in. nominal pipe having 0.500 in. 
wall thickness. The piping is sized to limit the steady-state flow 
velocity to less than 30 fps. 

Most of the piping is joined by welding, but numerous mechanical con
nections are included to permit removal of valves, components, load orifi
ces, and special instrumentatlop for maintenance and to facilitate modifi
cations to the system configuration. Grayloc flange connections, which 
are less massive than ring joint flanges and lend themselves to quick 
assembly and disassembly, are utilized. 

The high-pressure primary piping system is designed, fabricated, and 
inspected in conformance with the requirements of the USAS Code for Power 
Piping B 31.1.0. The .jw-pressure secondary coolant systems are in accor
dance with UCC Technical Specification P-l.l, Subsection 107, for Demlner-
alized and Distilled Water Systems. Control valves were purchased in 
accordance with Specification I-10520-QG-002-S-1 and ASME Section III 
Class 2 for the pressure range of Interest. 

Welding Is in conformance with ORKI. weld procedure WPS-302, with 
Inspection according to ORNL Met-WR series of procedures. 
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The final piping layout has been analyzed to confirm adequate flexi
bility as incorporated in the design. Analysis has also been performed to 
determine reaction forces and deflections during blovdovn. Appropriate 
pipe shock suppressors and pipe bracing have been located accordingly. 
Insulation is provided as required to minimize heat losses. 

3.2 Circulation P«p 

The high-head, high-capacity circulation pump was originally purchased 
as a backup unit for an AEC prograa at Battelle Northwest Laboratories 
(BNWL) and was made available 10 ORKL on an indefinite loan. It was inten
ded for use in blovdovn tests at BHVL and, except for excess discharge 
head, was well suited for the requirements of this program. The puap was 
designed and fabricated in the period 1965 to 1967 by the Binghaa Puap 
Coapany, Portland, Ore. A full-range cold hydraulic performance test and 
a 100-hr hot test at 2000 pslg, 600*F, and 500 gpa followed by disassembly 
and inspection were completed by Binghaa before delivery to BNUL, but the 
puap has not seen experimental service. 

The Binghaa 3 x 6 x 17 CJM pump (Serial No. 250920) is a two-stage, 
double-volute, horizontal, center-line-mounted, heavy-duty, centrifugal 
unit suitable for continuous operation at high system temperatures and 
pressures. Performance curves are shown in Fig. A.10, and a photograph 
of the puap is shown in Fig. A.11. 

This pump was specifically designed for high-pressure service and uses 
a stiff shaft to minimize deflection. The volute casing is radially split 
at each end with removable cover stuffing box units to enable disassembly 
without disturbing the connecting piping or the driver unit. All parts 
are machined to close tolerances, and rotating parts are dynamically 
balanced for smooth operation. The pump has babbitted journal bearings 
at each end of the shaft and a duplex ball thrust bearing on the outboard 
end. A self-contained oil-ring-type lubrication system, with oil level 
maintained by constant-level oilers, provides lubrication for the bearings. 

Shaft seals are patented Bingham high-press-ire units isolated from 
the high-temperature zones by an air ^ap. Seal cooling is accomplished by 
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a closed Internal system utilizing a pumping disk on the pump shaft to 
circulate cooling water frosi the seal chamber, through a heat exchanger, 
and back to the seal. The two seal coolant heat exchangers furnished 
with the pump are aodels 8 x 6C-12 Graham "He1Iflow" units with a tube-
side design pressure of 3000 pslg and hydrostatic test pressures of 4500 
pslg on the tube side and 150 pslg on the shell side. Basic construction 
of the heat exchangers Is the saae as the system primary heat exchangers 
described In Section 3.5. Water jackets are also located around the 
stuffing boxes, around the bearing mounts, In the bearing housing, and 
around the pump pedestal; these cooling jackets are served by an external 
water supply (see Section 2.S) with the following recommended conditions: 

Heat exchanger flow 
Pump pedestal flow 
Bearing housing flow 
Bearing bracket flow 
Stuffing box flow 

5 gpm each 
5 gpm each 
3 gpm each 
2 gpm each 
5 gpm each 
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Maxlaua temperature rise 10 to 15"F 
H i i i — inlet temperature 90 to 9S*F 
Maximum pressure 150 psig 

Protective and surveillance instrumentation recommended by the manu-
facturer included vibration monitors on bearing housings and teaperature 
indication of puap bearings, process fluid at the puap suction, inlet and 
outlet seal recirculation fluid, and inlet and outlet cooling water. In 
general, correct capacities and pressures indicate norma1 operation; 
unusual noise, vibration, or heat is a sign of developing trouble. Symp-
toas of seal deterioration would include Increased seal leakage and in
creased teaperature of th* s«.al recirculation fluid, the seal heat exchanger 
cooling water, and the stuffing box cooling water. 

3.3 Pressurlzer 

The pressurlzer (Fig. A. 12) serves to control the base pressure in 
the primary systea. It is designed and installed so as to provide a degree 
of thermal Isolation of its contents froa the primary loop so that it aay 
operate at a teaperature higher than that of the primary loop. This per
mits saturation teaperature and pressure to be maintained in the pressor -
izer while water in the primary systea is at a subcooled teaperature. 

The pressurlzer also serves as a surge tank; that is, its steam 
volume is sufficient to accommodate operational changes in specific vol
ume of the water in the loop. These changes in specific volume result 
froa teaperature •.•.̂ nnients that occur during operation. However, the 
steaa volume in the pressurlzer Is not sufficient to accommodate the very 
substantial increase in specific volume of water during startup. For in
stance, based on an initial filling of 23 ft 3 of water into the primary 
systea at 14.7 psla and 70*F, this voluae will expand by about 34.5X or 
about 8 ft 3 when heated and pressurized to the base-line operating condi
tion of S60*F. This 8 ft3 exceeds the normal working voluae range of 
the pressurlzer; thus it will be necessary to let down excess inventory 
during the course of initial systea heatup. 

Froa the base-line operating condition (isothermal at 547*F), the 
increase to full test section power will raise the tearerature of that 
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portion of the loop between the test section and the main heat exchangers 
to 640*F. This temperature change of 93*F will increase the volume about 
22Z. Since from 42 to 522 of the loop inventory is heated (depending on 
the amount of holdup volume included), the loop volume increases froo 
2.2 to 3.35 ft3. See Table A.4 for a complete list of THTF loop volumes. 

The main body of the pressurfzer is of 12-in., sched-140, type 316 
stainless steel pipe about 11 ft long. It has four outboard heater legs 
at a lower elevation, so that these legs are always full of water except 
during a blowdown. Each of these four 2-in. pipe legs has a 6-kW clamshell 
electric heater for a total capacity of 24 kW. These heater legs connect 
to the 12-in. pipe at their top and to a 4-in. pipe downcomer at the bottom. 
Natural convection of water through the ~.ieater legs and main vessel is 
assured with this arrangement. To assist in startup, 19 kW of manually 
controlled heat is provided for on the pressurizer vessel walls. Once the 
pressurizer contents are at the desired temperature and pressure, these 
heaters will be shut off. 

The heat flux across the boiling film at the pressurizer heater is 
24,200 Btu hr"1 ft'2 at naximum heat input of 24 kW. Of the 24 kV heat 
input at the pressurizer, it is calculated that approximately 2 kW will be 
lost through the Insulation at the pressurizer, resulting in a net heat 
input of 22 kW. Conservatively neglecting heat loss through insulation, 
the 24 kV of heater capacity at the pressurizer will produce 227 lb/hr of 
steam at 2475 psi, the pressure at which the relief valve is set to open, 
with heater controls failed "full-on." The relief valve is capable of 
relieving in excess of this amount. 

The four electric heaters are of the split clamshell type and use 
Calrod-type heaters that are cast into an iron matrix. The heater casing 
is 20 in. long and 5 in. in outside diameter. This heater design was used 
successfully on a similar pressurizer for an earlier ORNL project. 

The heated legs of the pressurizer are made of 2-in., sched-80, type 
347 stainless steel pipe. The outside surfaces of these pipes are turned 
down to a less-thtn-noainal 0D for a close fit and good thermal conduction 
with the clamshell heaters. Hand selection of pipe is necessary to ensure 
that the calculated minimum wali thickness of 0.188 in. rrnuired by the 
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Code is Maintained after the outside of the pipe is machined. Pipe heavier 
than sched 80 was ruled out in the design because excess wall thickness 
would impair rapid theraal response. 

Instrumentation will cause a low-water-level scram, turning off 
pressurizer heater power, when the water level drops to ttte elevation of 
the upper heater leg nozzles on the 12-in. pipe. However, a low-level 
alarm will be actuated at an elevation 20 in. above these nozzles, thus 
providing a 1-ft3 volumetric margin between alarm and scram. The high-
level-alarm point is at an elevation about 73 in. above the low-level-alarm 
point. This 73 in. of 12-in. sched-l&O pipe r*s an internal volume of 
3.7 ft3, which is the normal working volume range of the pressurizer. 
Above the high-water-level alarm point is a reserve volume of 2 ft- of 
steam. The steam volume above the low-level-alarm point is thus 5.7 ft3, 
and above the scram level it is 6.7 ft'. Volumes and relative elevations 
at the pressurizer are shown in Fig. A.12. 

De&asification of water in the main loop, when needed, is effected 
by injecting a small stream of water from rhe loop into the top region of 
the pressurizer. A perforated internal tube is used to spr-iy this injected 
water inside a thermal sleeve. The sleeve protects the outer wall of the 
pressurizer against thermal shock, which would result if the cooler injec
ted water were allowed to impinge on the hotter wall. Noncondensable 
gases are evolved and accumulated in the steam volume at the pressurizer. 
These gases are manually vented from the pressurizer when the temperature 
in the steam volume is observed to vary from the saturation temperature 
at the prevailing pressure. 

For reducing the pressure, when desired, a cooling coll is provided 
in the steam space at the top of the pressurizer. The coll is formed of 
3/8-in.-flD by 0.065-in.-wall tubing to a diameter of 8 in. with 1-in. 
center-to-center spacing and has a developed length of about 23 ft. Air 
or water may be used as the coolant inside the tubes. Using water, steam 
may be condensed at a heat transfer rate of at least 40 ktf. Additionally, 
depressurization may be accomplished by means of the water-Injection method 
described above for degasification. By this latter means, cooler water 
from the main loop is Injected directly into the pressurizer. 
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Connections are provided at the oressurlzer for liquid-level instru-
aent caps at top and bottoa of the vessel, along with connections for gas 
venting, relief valve, pressure instrumentation tap, water sampling, and 
letdown. 

The 4-in. downcomer pipe continues at the 4-in. size to the point 
where it tees into the main 4-in. circulating loop. This 4-in. pipe is 

larger than necessary for the pressurizer to serve its nomal pressurizing 
and surge-tank functions. It is sized sufficiently large that it will 
offer little restriction, except for an orifice, to the flow of steam-'water 
mixture during blowfown. This line, however, has two features which aid 
in thermal isolation of the pressurizer: the restricting orifice just 
below the lower heater leg connections and a horizontal run of about 4 ft 
to keep main line turbulence and diffusion relatively resote with respect 
to the pressurizer. 

The pressurizer is designed for 2500 psig at 7S0*F. It will operate 
at pressures up to 2300 psia, at which the saturation temperature is 656**. 
The highest metal temperature will be experienced a; the heated legs, where 
the pipe wall temperature will not exceed 700*F at maximum heat flux. The 
pressurizer is designed to meet the requirements of the ASHE Boiler and 
Pressure Vessel Code, Section III, Class 2. 

In addition to the requirements of Section III of the Code, the com
bination of hoop stress and thersal stress due to radial thermal gradient 
in the heated legs was evaluated. The sum of hoop and thermal stresses 
was found to be lees than half ef the persfssible 1S9 limit of Section 
III of the Code. 

The flexibility of the redundant heater leg loops was considered. 
It was established that the flexibility criterion of ANSI B31.1.0-1967, 
Par. 119.7(a)(3), is not exceeded in the design, thus indicating that 
inherent flexibility is adequate. Supporting lugs are provided on the 
12-In. IPS body of the pressurizer. Pinal analysis of the piping system 
flexibility established that it is possible to rigidly anchor the pres
surizer at these support points. 
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3-4 Pressure-Suppression System Component*--

The system consists of a tank, a pump, piping for circulating spr«y 
water, and connecting lines to the test bundle housing, "̂he tank server; 
the dual purpose of a receiver and condenser for the blowd*vn flow and a 
storage reservoir for water to be utilized as a spray. The pump circu
lates the water through spray nozzles in the tank. The spray provides 
the contacting necessary for condensation of the steam. 

3.4.1 Receiver/reservoir tank 

This tank serves two functions: zs a storage volume for cool water 
to be utilized for spray and as a condenser with vapor space into which 
water is sprayed. The storage and vapor spaces are separated by horizon
tal baffles to Minimize the tendency for hot condensate to reacn the pump 
suction. Three spray manifolds, *ach containing 24 nozzles, are installed 
parallel to the tank axis in the uaper half of the horizontal tank. The 
manifolds are as close to the wall as possible (limited b7 knuckle in tank 
head), and the nozzles are aimed to direct spray horizontally or upward in 
an overlapping pattern. 

The blowdcwn lines enter the end of the pressure-suppression tank in 
the spray area above the water level. A disperser is provided on each of 
the blowdcwn lines in the unlikely event that a liquid slug is propelled 
into the tank by high-pressure vapor. The diaperser is inserted into the 
tank at the blowdown line inlet so that it is replaceable should it become 
damaged. The dlsperser consists of a series of five concentric rings, 
each of smaller diameter than the previous ring and each having a 10* 
dispersion angle. 

In the event of a failure of the spray system during blowdown, an 
8-in. relief pipe extends through the wall adjacent to the tank and into 
an exclusion crea. A resultant reaction force of up to 6600 lb is possible 
if saturated steam at 100 psla and sonic velocity were to be relieved 
through this line. Appropriate anchors are provided for the relief pipe 
and the tank to withstand these forces. 

The 'ank has three blind flange openings for inspection and cleaning 
in the '.vent fcha* some debris is carried over during blowdown. A 1-in. 
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drain connection is in tae bottom, and a sight gauge is provided for level 
indication. The main characteristics of the tank are summarized in Table 
A.5. 

3.4.2 Spray circulation pump 

The function of the pump is to circulate water from the receiver/ 
reservoir tank and deliver it under pressure to the nozzles. This pump 
will, be energized whenever the test facility is pressurized, so that 
steam-condensing capability is provided should a blowdown rupture disk 
assembly accidentally rupture. The requirements of the pump, as contained 
in the purchasing specification, are summarized in Table A.6. 

Table A.5. Pressure-suppression tank characteristics 

Design pressure, psig 
Design temperature, °F 
Operating pressure range, psig 
Operating temperature range, °F 
Test pressure (hydro), psig 
Internal vo. me, gal 
Approxiu-ice ~ize, in. 
Maximum water inventory (100°F), gal 
Empty weight, lb 
Material and grade 
Shell thickness, in. 
Heads 

Design code 
Connections 
Spray manifolds 
Nozzle features 

-15 to +150 
650a 
-14.7 to +100 
80 to 303 
225 
1160 
60 0D by 106 long 
522 
3500 
Carbon steel, ASTM A285 grade C 
1/2 
ASME flanged and dished (tori-
spherical) 5/8 in. minimum 
thickness 

ASME Section VIII, Division 1 
Bolted and gasketed flange 
3 1/2 in. sched-40S pipe 
20.8 gpm at 30 psi, 24.0 gpm at 
40 psi 
90° hollow cone pattern 
23/32-in. orifice diameter 
2̂200-Vi median droplet diameter 
at 30 psi, 1900 y at 40 psi 

Design temperature of 650°F is listed even though operating 
temperature is only 300°F because allowable stress for this material 
does not change up to 650°F. 
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Table A.6. Spray circulation pump characteristics 

Design capacity, gpm 1500 
Total head at design capacity, ft 100 
Pumped liquid Demineralized water 
Elevation of free surface above pump "-5 
suction, ft 
Suction conditions Flooded 
Pump NPSHa at design capacity, ft 6 
Available NPSH at design capacity ^6.5 
and saturated, ft 
Pump speed, rpm 1150 
Pump rotation viewed from driven end Counterclockwise 
Maximum w^ter temperature at inlet, °F 303 
Minimum water temperature at inlet, *F 80 

*Net pump suction head. 

All wetted parts of the pump are of cast iron, and the horizontal 
split casing has 125-lb ASA flanged connections. The electric motor 
driving the pump is of a totally enclosed design because the pump is 
located in a pit vhere flooding could occur. 

To protect the pump from damage by debris (e.g., pieces of a rupture 
disk), a coarse (VL/4-in.-sq»2ie mesh) screen is installed on the suction 
line end inside the receiver/reservoir tank. The screen can be cleaned 
easily from an adjacent flanged opening in the tank. 

3.4.3 Piping 

The piping for spray circulation is 6 in. sched 40S, except that 
between the pump suction and the reservoir, which is 10 in. sched 40S. 
The head loss is proportioned approximately as follows: pipe and fittings, 
3.3 psi; spray manifold, 3 psl; nozzles, 37 psi; total, 43.3 psi (100 ft). 

The blowdown piping and relief valve vent piping are considered as 
part of the pressure-suppression system since they operate at the same 
pressure. There are two blowdown lines of 6-in. sched-40 carbon steel, 
one from the test section inlet and one from the outlet, each beginning 
at the blowdown rupture disk assembly. The inlet blowdown line is about 
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15 ft long and the outlet about 18 ft long. The blovdovn lines are sup
ported by their attachment to the plenum flange at one end and to the 
pressure-suppression tank at the other. Since the reaction forces during 
blowdown will be in the upward direction, the plenum lower flanges are 
supported from below by pinned rods that allow horizontal movement. 
Analysis of blowdown forces indicated the need for shock suppression on 
the lower (test section inlet) of the two blowdown lines. A 12,500-lb 
5-in.-stroke hydraulic shock suppressor and a cross member are installed 
between the two tie rods and the main structural support. 

The vent side of the two relief valves on the pressurizer and test 
section outlet are tied into the pressure-suppression system via the 
blowdown lines. The test section relief valve is located just above the 
outlet blowdown connection, and its vent line (3 In., sched 40) bypasses 
the blowdown rupture disk station. Since this vent line will operate in 
e relatively cold condition, a bellows is provided to accommodate differ
ential expansion between it and the test section outlet. Piping flexi
bility analysis indicated also that an expansion joint was needed on the 
inlet of the pressure-suppression system circulating pump. This pump is 
short coupled to the pressure-suppression tank by 10-in. sched-40 pipe 
and, during blowdown, must accommodate the temperature increase of the 
recirculating spray water. 

3.4.4 Critical flow nozzle and blowdown rupture disk assembly 

The blowdown rate is controlled by the critical flow nozzles located 
in the base of the plenum at the intersection between the loop and test 
section piping. The double-diaphragm blowdown rupture disks are located 
just below the critical flow nozzle. To simulate the ratio of the pipe 
flow area to total core flow area of the PWRs, the total break size area 
required is 0.0135 ft2. The tests Include test section inlet-outlet flow 
splits of 100 to 0Z, 50 to 50Z, and 80 to 20%. Thus, in order to cover 
the range of desired flow splits between the two blowdown lines, the flow 
nozzle diameters range between 1.57 in. (100Z) and 0.70 in. (20Z). The 
nozzles are replaceable along with the rupture disk assembly to minimize 
the downtime between tests. 
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The biowdown rupture disk assembly is located just below the critical 
flow nozzle. Both the nozzle and the disk assemblies are positioned be
tween 6-in. weld-neck flanges which form the coupling between the primary 
system and the biowdown lines. 

3.4.5 Pressure-suppression-system (PSS) heat exchanger 

The pump will supply energy to the water at the rate of about 45 ktf. 
In order to keep the spray water cool during pump operation prior to blow-
down, a heat exchanger is required. This unit, a Young Radiator Company 
No. SSR-606-ER-1P, is installed in a small bypass line between the dis
charge and suction of the spray circulation pump. The characteristics 
of the heat exchanger are summarized in Table A.7. 

Table A.7. PSS heat exchanger characteristics 

Thermal duty, kW 45 
Coolant and loop water rates, gpm 50 
Available cooling water temperature, °F 80 
Spray loop water temperature, °F 100 
Area required for 80°F loop water, ft2 41 
Area required for 100'F loop water, ft 2 16 
Minimum pressure rating, psig 150 
Minimum temperature rating, °F 350 
Young No. SSF-606-ER-1P 

Surface area, ft2 55.8 
Material 316 SS 
Tube size, in. (0D x wall) 3/8 x 0.025 
Effective length, in. 54 

The design value for spray water was 100°F, but it was desirable to 
have the capability of using cooler spray to accommodate, for example, 
more rapid future blowdowns. Hence, the Young heat exchanger selected 
has an area of about 55 ft2 when only 16 ft2 is required for 100°F loop 
water. 

•* 
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3.5 Heat Exchangers 

3.5.1 Primary heat exchangers 

Heat generated in the test section will be extracted froa the recir
culating primary fluid by three identical Graham "Heliflov" heat exchan
gers connected in parallel. The unique design features of this type of 
exchanger make it well suited for use in the THTF. Compactness and high 
performance characteristics derive from the closely packed, spirally coiled 
tube bundle. The construction details of heat exchanger A are given in 
Fig. A.13. 

Primary fluid, at high temperature and pressure, flows inside the 
tubes, and cooling water (secondary fluid) flows through the shell out
side the tubes. The bundle of tubes is slightly compressed between the 
shell base plate and casing to form a positive spiral circuit for shell-
side fluid flow countercurrent to the direction of tube-side flow. The 
ends of the coiled tubes terminate in manifolds, which project through 
the base plate for system piping connections. Pipe stubs for inlet and 
outlet shell-side flow are also attached to the casing end. The units 
are of all-welded construction except for the flanged connection joining 
the casing to the base plate. With the exception of bolts, gasket, and 
support bracket, all component parts of the heat exchangers are type 316 

stainless steel. Figure A.13 shows heat exchanger dimensions and construc
tion details. Specified operating and design characteristics are listed 
in Table A. 8. 

The most stringent heat transfer requirement corresponds to one of 
the expected test conditions, which requires full-heat-load operation at 
a heat exchanger primary inlet temperature of 500*F. The manufacturer 
does not recommend continuous operation at fluid velocities exceeding 10 
fps. At this velocity, the primary heat exchangers will be adequate only 
if 1001 clean. Although fouling is not expected with the demlneralized 
coolants, fluid velocities above 10 fps may be required for 500*F opera
tion. 

*Denoted heat exchanger A, B, and C on the process flowsheet of Fig. 
A. 3. 
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Tabic J.8. Specified operating and design characteristics of prinary 
heat exchangers (total duty, 8,540,000 Btu/hr; total surface area, 

35.5 ft2; manufacturer's size nunber, 12-6C6C-22S; tube size. 
5/8 In. OD « 0.049 in. vail) 

Conditions 
Parameter Tube side 

(primary fluid) 
Shell side 

(secondary fluid) 

Fluid 

Flow rate, lb^/hr 
Inlet teaperature. *F 
outlet teaperature. "F 
pressure drop, p*i 

Operating prsssure. pa la 
Design pressure, psig 
Hydrostatic test pressure, pslg 
Design teaperature, "F 
Nozzle pipe size 

Deaiaeralized water, Oeainerallzed water. 
liquid phase liquid phase 
35.000 45,000 
650 80 
406 270 
10 12 
250-2300 200-250 
2500 250 
4400 475 
650 400 
2 la. scbed 80 2 in. sched 40 

Heat exchanger A was purchased in 1969 under ORNL specifications 
covering design, fabrication, materials, and Inspection. The purchase 
specification required the unit to be designed, constructed, and staaped 
in accordance with the ASME Boiler and Pressure Vessel Code, Section VIII, 
Division 1. 

Heat exchangers B and C, identical in size and construction to heat 
exchanger A, were procured under ORNL specifications covsring design, 
fabrication, materials, and inspection. These specifications require the 
units to be designed, constructed, and stamped in accordance with the ASME 
Boiler and Pressure Vessel Code, Section VIII, Division 1. 

3.5.2 Bypass heat exchanger 

The bypass heat exchanger, denoted heat exchanger D on the process 
flowsheet of Fig. A.3, is required to remove heat generated by the over
sized pump and the throttling valve to maintain the base loop temperatures 
at the desired set point. A small Graham "Heliflow" neat exchanger, having 
the same basic construction as the primary heat exchangers described Ir. 

Section 3.5.1, is used for this purpose. Operating and design character
istics are listed in Table A.9. Note that two sets of design conditions 
are giver for the tube sides. 
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Table *.*. Specified operettas, cad design characterise ice of the pans 
bypass heat exchanger (total duty. 1,300.000 (te/hr; total sorface 

area, 16 f t 2 ; meaefactarcr's else number, «-«C6C-14S; tab* 
s i z e . 1/2 in. 00 * 0.049 la . m i l ) 

Conditions 
Parameter Tab* side Shell side 

(primary field) (secondary field) 

Fluid Damiaerallzed enter, Deedserallzed enter, 
l loeld phase 1Isold phase 

Flow rate, lby/hr 15,000 15,00? 15,000 
Waii— lalet tempera tore, T 500 650 80 
Sandman oetlet taaperature, *F 313 563 167 
landman pressere drop, psi 5 5 28 
Operettas preseare. pels 2500 2300 200-250 
Design pressnre. pels 2500 250 
Hydrostatic test pressare, pel* 4400 475 
Design tempore tore, *F 650 
•oxzle pipe size 1 in. sched 80 1 in . ached 40 

Heat exchanger D was procured under 0RHL speci f icat ions covering 
design fabrication, materials, and inspection. These specif icat ions 
require that the unit he designed, constructed, and stamped in accordance 
with the ASHE Boiler and Pressure Vessel Code, Section VIII, Division I . 

3.6 Volume Holdup Assembly 

A variable volume holdup ssseably i s desired »t the ex i t of the t e s t 
sect ion to permit a snail variation in loop volume and to provide a scans 
to vary the quantity of ex i t temperature coolsnt available (between the 
tes t section and the heat exchangers) for reverse flow through the t e s t 
section during the blowdown event. Obviously, the holdup assembly must 
be designed to prevent stagnation of the coolant. 

The holdup volume assembly consis ts of three U-bends of 6- in. sched-160 
pipe and elbows connected in paral le l between two manifolds via eccentric 
reducers and Grayloc flanges. The three paral le l assemblies provide s 
ftultlple choice of net volume Increases of 1.4, 3 .3 , and 5.1 f t 3 which can 
be added downstream of the t e s t sect ion. See Table A.* for loop voluaes. 

Design, fabrication, and inspection of the variable volume holdup 
assesbly are in accordance with the 0SAS Code for Power Piping B31.1.0 as 
Is the primary loop piping. 
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3.7 Teat Section 

The test section consists of « pressure container housing and the 
test bundle within the housing. The container incorporates the flanges, 
support nozzles, and instrument taps necessary to accommodate the pressure 
boundary penetrations. The test bundle consists of the 49 heater rods, 
a square-cross-section shroud to contain the heater rods, the spacer grids, 
and the necessary internal instrumentation. The container is in two sec
tions as shown in Fig. A. 14. The lower container has support brackets 
at'ached and is a permanent part of the loop piping; the upper portion or 
spool piece is removable and is considered as part of the teat bundle 
assembly. A dummy test section representing this upper spool and outlet 
nozzle will be available for loop shakedown operation without risking the 
test bundle. 

The heater rod assembly consists of a 7 * 7 array of electrically 
heated rods which are instrumented both In the sheath and in the center 
of the rod. The Indirect heater rods with appropriate low-pressure-drop 
spacer grids closely model a section of a contemporary PWR fuel rod sub
assembly with respect to spacing, dimensions, axial power profile, power 
level, and coolant conditions. 

3.7.1 Test section container 

The test section container consists of two flanged sections of 10-in. 
sched-140, type 316 stainless steel pipes with an overall length of about 
19 ft. Support brackets are attached to the lower spool section, which is 
about 15 ft long. The upper spool piece is about 4 ft long and is remov
able with the test bundle. The heater rods protrude another 3 ft through 
seal flanges at the upper end of the removable spool piece to make the 
overall test section assembly about 21 ft long. 

There are two inlet nozzles located on the lower container. Veldolets 
are utilized to provide the nozzle weld reinforcement required by Section 
VIII of the Code. Grayloc flanges are used to permit quick coupling and 
uncoupling. The Graylocs ere used not only for simplification of assembly 
but also for ease of maintenance or replacement of instrument spools posi
tioned near the test section. The upper of the two inlet nozzles are for 
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the initial operation. The lover inlet will remain capped until needed 
for possible future tests in which the shorter annulus may be desired. 
Other nozzle connections that may be needed in the future for additional 
shroud Instrumentation but that will be capped for initial operation are 
also provided. 

Other test section penetrations are associated with pressure measure
ments, temperature measurements, heater rod sliding seal, and conventional 
flange joints. Steady-state pressure measurements a-e made with weld-on 
autoclave-type adapters. For fast-response pressure measurements during 
the blowdown transient, a special air-cooled pressure tap is designed that 
will prevent the interference of flashing steam in the instrument connec
tion. These special connections use adaptations of the autoclave-type 
seal that allow the easy removal or replacement of the special air-cooled 
attachment. 

Penetrations for temperature measurements include wells for resis
tance thermometers, autoclave seals for sheath thermocouples, and Conax 
fittings for sealing around the 16 thermocouple sheaths for measurements 
Inside the teat bundle shroud. Both pressure sensor tubing and thermo
couple sheaths for the internal measurements of the shroud exit through 
a special instrumentation flange which also supports the shroud. 

The heater rods penetrate the i.pper end of the test section and are 
sealed with special O-rings in tvc seal plates that form an intermediate 
pressure chamber between the pressures of the test section and atmosphere. 
These seals and the cooling required are discussed in more detail in 
Section 2.9. The O-ring heater seal must provide a sliding seal which 
allows differential expansion between the heater rods and the test section 
"ontalner. The seal plates themselves are sealed by conventional static 
O-ring seals. 

The upper and lower test section container closures are fabricated 
from bolted blind flanges and sealed with conventional flexitalllc gaskets. 
A total of eix flexitalllc gaskets are provided between surfaces of -.he 

dummy subflow channel thermocouple flange, the Instrument and shroud 
flange, and the nickel current-carrying flange. The 1500-lb weld-neck 
flanges are purchased oversized and underdrllled so that there is sufr'-
ci^nt material to accommodate the various recesses for seal plates. 
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Finish sachlnlag is done after welding to obtain the close aiignaent of 
••ting surfaces required. 

The nickel flange chat is sandwiched between the lover veld-neck 
flange and the blind flange serves both as the anchor for the heater rods 
and as the conductor of heater rod current. A total heater current of 
alaost 30,000 A in the nickel fltnge requires that it be ceoled external 
to the test section container. Passages drilled in the external portion 
of the plate share cooling with the eight water-cooled generator cables 
connected to this pl.te. Lcop water has access to both upper and lover 
Internal surfaces of the nickel flange to provide Internal cooling. 
Calculations show that the relatively stagnant water on the lover surface 
will not boil during steady-state operation. The portion of the dc gen
erator circuit consisting of the heater anchor and the nickel flange Is 
Maintained at ground potential, Mid thus electrical Isolation between 
the nickel flange and test section flanges Is not required. The elec
trical connection between the heater rod and the nickel flange Is pro
vided by a tapered end closure and socket. The heater end closure is 
held in contact with the Batching tapered socket In the nickel flange 
with a threaded fastener. This threaded fastener and the nickel flange 
aust also support the force of about 350 lb on each rod due to pressure 
tending to push it froa the test section. 

3.7.2 Indirect heater rod 

The PWR fuel pin slaulator is an electrically heated rod with the 
sane general geometry and axial power profile as a PVR fuel rod. Heaters 
for this purpose are characterized as either direct or indirect. The TBTF 
heater is an indirect heater In which heat is generated by passing current 
through an Internal heater eleaent that Is Insulated froa the outer rheath. 
In a direct h«sater, heat is generated by current flowing through t'.ie 
heater sheath Itself. 

The Indirect heater rod used in the TRTF test bundle Is double ended 
with the sheath and the grouad-lead extension electrically co—.in at the 
lower end and with the lead-In Insulated froa the sheath at t^e upper end. 
The heat is conducted froa the heater element (tubular In this case) 
through the boron nitride Insulation to the sheath of the indirect heater. 
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Thermocouples located both in the dual wall of the heater sheath and in 
the center of the tubular heater eleaent provide the information necessary 
to calculate heat f lvx, heat storage, and heat transfer coeff ic ients 
during both steady-state conditions and blovdovn transients . See Table 
A.10 for some test bundle parameters. 

Tabic A.10. Soae parameter* of test section using 
49 indirect heater rods 

Coolant pressure, psla To 2250 
Coolant Inlet temperature, *F SAO to 560 
Coolant teaperaturc rise. *F 60 to 90 
Coolant aass velocity, lb . hr"1 ft" 2 0.6 to 3.0 * 106 

Peak rod power. kV/ft 19.8 
Peak-to-averaf* never ratio 1.65 
•aster rod diamtter, in. 0.422 
Heater rod square pitch, in. 0.563 
neater rod current, each, A 580 • 20 
Heater rod dc voltage 248 • 9 
HuaVer of interna] thermocouples, each rod 1 to 5 
Number of sheath .heraocouples, each rod 4 to 12 

The heater rod assembly consists of four major subassemblies: (1) 
the active component assembly, (2) the dual sheath assembly, (3) the 
heater cable lug attachment, and (4) the end closure (see Fig. A.15). 
The structural anchor and the e lec tr ica l current col lector at the closed 
end (the heater end closure) consists of a 2- in . - thick nickel flange at 
the lower end of the test section. The heater sheath, the end closure 
that couples the sheath to the heater ground lead extension, and this 
nickel flange are a l l at ground potential and do not require e l ec tr i ca l 
i so lat ion. Extensions on either end of the heater element make up the 
heater lead-in and the ground-lead conductors. The lead-in conductor i s 
tubular and contains the extensions of the internal thermocouple leads. 
The major subassemblies are described in more deta i l below. 

Active component -•sembly 

The act ive component assembly consists of the heater element, the 
ground lead extension, the heater lead-in conductor, and the internal 
thermocouples. 
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The heater element consists of a series of oversleeves swaged over 
a central heater tube to provide a series of heat generation zones. The 
_enter 36 in. consists of only the basic Inconel 6 0 heater tube, thus 
giving the highest resistance to provide a maximum heat generation rate of 
19.8 kW/ft at M>00 A. Successive oversleeves of Inconel 600 or cupronickel 
of appropriate wall thicknesses and lengths are sva£?d over the appropriate 
length of the heater element. Each of these oversleeves extends to the 
end of the heater element, thus eliminating any butt joints within the 
heater element itself. As successive sleevoj are added between the center 
zone and the ends, the resistance — and ':hus the heat generation rate — of 
that particular zone decreases so that the series of step changes bracket 
the desired cosine power profile shown in Fig. A.16. The local-to-average 
power ratio varies from 0.422 at either end to 1.65 at the center heat 
zon^ with the average power rate being about 12 kW/ft. See Table A. 11 
and *..&. A. 17 for further information on heat zones. 

Table A.11. Power profile for the prototype 
indirect hea.-.er with average power 

of 12 kW/ft 

Heat zone 
length from Power ratio, Local power 

rate 
(kW/ft) 

beginning 
(in.) 

local/average 
Local power 

rate 
(kW/ft) 

0-18 0.422 5.06 
18-31.5 0.597 7.16 
31.5-42 1.065 12.78 
42-54 1.285 15.42 
54-90 1.65 19.8 
90-102 1.285 15.42 
102-112.5 1.065 12.78 
112.5-126 0.597 7.16 
126-144 0.422 5.0t» 

Irstrumentation for the active elements consists of 0.020-in.-0L 
sheathed Chromel-Alumel thermocouples located in the center of the tubular 
heat element. Heater rods for the first bundle have four levels of instru
mentation (see Figs. A.15 and A.16). The H, J, M, and P type heaters each 
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have center thermocouples numbe-ing 5, S, 2, and 1 respectively. The 
thermocouple sheaths are Insulated from the heater eleaent by MgO Insu
lation and have insulated measuring junctions. The sheathed thermocouple 
extends upward through the unheated portion of the lead-in conductor to 
exit at the top of the heater assembly. The active element is insulated 
from the sheath by compacted boron nitride powder, which provides a high 
electrical insulation with a good thermal conductivity coefficient (K % 
12 Btu hr - 1 ft"1 * I r l ) . Compaction of the powder is achieved by subse
quent swaging of the sheath. 

Dual-wall heater sheath 

The heater rod sheath consists of a double wall with 0.020-in.-0D 
sheathed thermocouples located in axial grooves between the two walls. 
The grooves are machined longitudinally in the inner sheath to contain 
two sheathed thermocouples. The H, J, M, and P type heaters have sheath 
thermocouples numbering 10, 12, 10, and 4 respectively. Cross sections 
of three of the heater types with the azimuthal relationship of the sheath 
thermocouples are shown in Fig. A.16, while the axial locations of the 
junctions are shown in Fig. A.17. 

Cable attachment 

The portion of the heater rod above the heated zone is devoted to the 
following needs: to sheath the lead-in conductor and internal instrumen
tation until they exit the test section housing, to provide a sealing sur
face for the pressure containment seals of the container, and to provide 
for the attachment of electrical connection to the dc power supply system. 
The outer 0.010-in. l*yer of the sheath is terminated above the test sec
tion about 2 in. before the inner layer of the sheath to allow the thermo
couple sheaths to exit and to be collected at this point without damage 
and without hazard of coming into contact with the lead-in conductor. 
The grounded sheath terminates about 8 in. above the top of the test sec
tion. A moisture barrier is provided to cover the exposed boron nitride 
insulation at this point. An oversleeve of copper Is added to the elec
trical lead-in beyond this point to decrease conductor resistance. (The 
total heat generation in the "unheated" portion of the 4'J-rod bundle 
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is approximately 18 kV/ft of bundle, which requires that cooling be 
provided for the seals and the moisture barrier. Cooling of the seals 
is discussed in Section 2.9.) This exposed lead-in conductor has a 
potential of about 250 V during power operation and requires care in 
the placement of supports, thermocouple shsaths, cable connectors, etc. 
The cable connectors aust be staggered and pyramided to provide space 
for the attachment of electrical cables that are many times the size of 
the heater rods. Although all four dc generators will operate normally 
at or near the same voltage, provisions are made to prevent adjacent 
heater connectors from contacting for three reasons. First, if an 
individual heater circuit were to open or "crowbar" for some reason 
(see Section 2.7 for explanation of "crowbar"), that heater lead would 
be at ground potential. Second, some tests will be performed with 
"cold" rods by disconnecting cables from certain heater rods. Third, 
provisions for power skew are "built-in" characteristics of the power 
supply, and the ability to utilize these characteristics is desirable. 
For these reasons also, it is necessary that individual heaters be allowed 
to expand independently. The pyramid of heater connectors provides seven 
tiers for attachments to the 49 heater rods. A lattice work of Micarta 
insulation board is provided at each tier, above and below the cable 
connector lugs, to provide lateral support of the heater lead-in conduc
tors. The seven lengths of heater rods required vary from approximately 
18 1/2 to 21 1/2 ft and are tabulated in Fig. A.16. The cable lug attach
ment device is brazed to the heater rod as shown in Fig. A.15. The size 
4/0 welding cable as shown is stripped of insulation for a short distance 
to provide flexibility and to improve cooling. 

End closure 

The end closure (Fig. A.16) serves three purposes: (1) to provide 
the seal between the heater ground-lead extension and the heater sheath, 
(2) to anchor the heater rod in the test bundle, and (3) to serve as the 
conductor from the heater ground lead to the nickel current-collector 
flange. The seal is formed by the weld attachment between both of the 
sheath layers and the end closure. Ihe threaded fasteners serve aa the 
anchor to retain the heater rod within the test section. The heater rod 
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Is free tc expand, except for the forces of support-grid friction and 
seal friction, upward from the anchor and out the top of the test section. 
The threaded end closure is also utilized to pull the rod through the test 
bundle during the assembly of the bundle. The current flows fro* the 
copper ground lead to the end closure via a threaded connection and then 
to the nickel current-collector plate via direct contact with a matching 
tapered socket. The threaded end fastener establishes contact pressure 
between the surfaces formed by the American Standard self-holding taper 
of a nominal rate of 1/2 in./ft. 

3.7.3 Test bundle instrument flanges and shroud 

The shroud supports the spacer grids and forms the bundle flow channel. 
Thus, the dimensions of this portion of the bundle are very Important to 
the thermodynamic and hydraulic analysis of the rod bundle behavior. The 
ability of Interior rods and subchannels is a 7 » 7 array to respond to 
test conditions and blowdowrt In a manner directly comparable to that in 
the very large arrays ~f PWR cores depends on the effect of the flow 
channel boundary on interior flow and temperature distributions. A very 
important design parameter is the dimension from the outer row of rods to 
the adjacent channel wall. Two conflicting criteria bracket the design 
specification for this dimension. First, it would be desirable for the 
flow channels bounded by two rods and the channel wall (or wall channels) 
to behave during the blowdovn transient in a manner similar to the interior 
channels which are bounded by four rods. To accomplish this aim, the 
equivalent hydraulic diameter of the wall channels should be the same as 
that of the interior channels. Calculations based on this criterion indi
cate that the distance from the center of the outer row of rods to the 
wall should be 0.420 in. 

The other, and more important, criterion is that the enthalpy rise 
in the wall channels during the heating phase be the same as t ve enthalpy 
rise of the fluid in the Interior channels. To meet this criterion, the 
mass flow of fluid in the wall channels must be one-fourth the flow in 
the interior channels when the same pressure gradient exists over all 
subchannels. This criterion assumes that all the heat generated in the 
rods is transferred directly into the adjacent coolant and neglects the 
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effects of circumferential or axial conduction and the effect of fluid 
crossflov between subchannels. All of the aspects that are neglected 
will tend to promote uniform enthalpy rise in all subchannels. The 
dimension from the shroud wall to the outer row of fuel pin simulators 
was calculated for full, 60Z, and 20Z design flow using two calculatlonal 
procedures. One method uses the Kays' correlations to determine the 
pressure loss at the grid spacer plus a multiplier on the friction loss 
in the bundle recommended by Tong.2 The second method uses a correlation 
for the spacer loss developed by deStordeur3 plus normal frictional losses. 
The value of 0.312 was chosen from the results ranging from 0.308 to 0.320 
in. to best meet all flow conditions. See Fig. A.18 for details of the 
spacer-grid assembly. 

The thickness of the plates forming the shroud (1 in. and 3/4 in.), 
the interlocking of the shroud plates, plus the close spacing of shroud 
plate fasteners (1 1/2 in. center to center for a total of 418 fasteners) 
are specified to minimize deflection during blowdown. Analysis of the 
blowdown transient indicates that about 1000 psi differential pressure 
could exist momentarily between the shroud and the test section container. 
The shroud is supported from the upper end by a special support flange 
that is gasketed between test section container flanges (see Fig. A.14). 
This support flange also serves as the means by which instrumentation from 
the shroud leaves the test section container. Sixteen thermocouple sheaths 
and three pressure instrument tubes from the shroud arc raited through 
seven nozzle fittings extending radially from this support flange. An 
additional nozzle is supplied for use by the operator to vent trapped 
air from the flow annulus between the container and the shroud during the 
filling operation. 

*W. M. Kays and A. L. London, Compact Heat Exchangers, National Press, 
Inc., Palo Alto, Calif., 1955. 

2L. S. Tong, Pressure Drop Performance of a Rod Bundle, pp. 5/—69 in 
Proceedings of a Symposium on Heat Transfer in Rod Bundles, American Society 
of Mechanical Engineers, New York, Dec. 3, 1968. 

3A. N. deStordeur, Nucleonics 19(6), 74 (1961). 
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The shroud is centered in the test section container by a shroud 
spacer plate at the lower end and by tabs at two locations along its 
length which allow thermal growth of the shroud relative to the container. 

A subchannel thermocouple flange is provided at the shroud outlet 
which allows a temperature measurement to be tade at each flow subchannel 
(64 each) between heater rods. These thermocouples are positioned near 
the termination of the rod heated length, which is located about 8 in. 
below the shroud outlet. The thermocouple sheaths are supported by 
stiffening tubes that are anchored in the subchannel thermocouple flange 
and positioned in the shroud by a support grid. The sheaths are then 
routed to one of eight exit seal nozzles via eight covered troughs that 
form spokes in the flange. Flow from the test bundle is thus routed 
around the spoices and enters the test section outlet plenum formed by 
the upper spool piece. This assembly is shown in Fig. A.19. 
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Appendix B 

INSTRUMENTATION AND DATA-ACQUISIT£OR ST*!** 

i. INSTRUMENTATION 

The THTF instrumentation system is designed to assure the reliable 
and safe operation of the experimental facility. Instrument channels 
Monitoring critical test parameters provide data needed for the deter
mination of system behavior under steady-state and transient conditions. 
Additional instruments are installed in the test loop and associated 
secondary systems to provide the operators confidence that the facility 
is operating normally. The instrumentation systec includes means for 
detecting out-of-limit and unsafe conditions, alerting the operators that 
such conditions exist, and initiating appropriate protective actions on 
detection of such conditions. 

1.1 Parameters Measured 

The THTF is instrumented to measure temperature, flow, pressure, power, 
and time under both steady-state and transient conditions. Instrument 
applications and locations for the primary piping system and for the test 
section are shown in Figs. B.l to B.3 and Fig. B.4 respectively. Tempera
ture, pr£3sure, and flow measurements are of primary Interest to the oper
ators, with measurements of other parameters secondary. 

1.1.1 Temperature 

Temperature measurements are required to (1) detect the onset of GIF 
and film boiling and permit calculation of heat transfer coefficients in 
the test bundle, (2) determine the subchannel coolant temperature distri
bution and the relation of flow to energy input during steady-state oper
ation, (3) establish heat balances In the test section and heat exchangers, 
(4) monitor the coolant and steam space in the pressurlzer, (5) detect 
pressurlzer voiding during a transient, and (6) determine mass, energy, 
and momentum balances during a transient. Primary temperature measurements 
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are t*ken to provide the following data: 

1. cladding temperature of heater rods in test bundle, 
2. subchannel coolant outlet temperature, 
3. coolant temperatures at the inlet and outlet to t!.«> test section, 
4. coolant temperatures at four levels in the fluid adjacent to the 

heater rod shroud, 
5. coolant teoperature in the primary loop at the inlet and outlet 

of the heat exchangers, 
6. temperature in the steam space of the pressurizer, 
7. coolant temperature at the bottom of the pressurizer, 
8. coolant temperature near each flow detection stat±ont 

9. temperature on the secondary side of the primary loop heat exchangers, 
10. coolant temperature in the test section inlet plenum. 

1.1.2 Pressure 

Transient pressure measurements are required to (1) detect the pres
ence (or absence) of shock waves that may influence the test results, (2) 
determine the thermodynamic state of the liquid, (3) detect the presence 
of any unusual pressure difference condition across the tesl section, and 
(4) compare with calculated results derived from analytical models describ
ing the flow-pressure drop relationship of the loop and test section. 
Primary pressure measurements are made to obtain the following information: 

1. bundle differential pressure, 
2. test bundle inlet and outlc pressure, 
3. heat exchenger inlet pressure, 
4. heat exchanger differential pressure, 
5. pump suction inlet pressure, 
6. pump differential pressure, 
7. pressurizer liquid level and steam pressure, 
8. pressure at each flow measuring station. 

1.1.3 Flow 

Transient flow measurements are required to determine the mass, energy, 
and momentum balance of the fluid entering and leaving the test section. 
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This requires a Measure of steam quality, temperature, density, and the 
•ass flux density (pV 2). Critical Measurement points utilize bidirec 
tional sensors since flow say be toward or from the test section during 
the transient. Flow measurements are taken to provide the following 
information: 

1. primary coolant flow at entry to inlet blowdown rupture disk assembly, 
2. primary coolant flow at test section inlet, 
3. primary coolant flow at test section outlet, 
4. primary coolant flow in return line to pump, 
5. Dump discharge flow, 
6. heat exchanger secondary coolant flow, 
7. pressure s'tporession system spray supply flow, 
8. flow of coolant to primary pump bearings and seals, 
9. flow of coolant to test bundle seals. 

1.1.4 Miscellaneous parameters 

Measurements of system fluid levels, primary coolant density, dc 
voltage and current applied to the test bundle heater rods, and time of 
blowdown initiation are taken to fulfill data requirements for the facil
ity. The primary coolant level in the system pressu.rizer is monitored to 
set initial conditions and assure adequate level during operations, the 
density of coolant in the primary loop is measured to determine fluid 
phase and provide data for calculation of mass flux density; and dc 
voltage and current measurements are taken for the determination of power 
available to the test bundle. Blowdown transient testing is timed from 
the initiation of tr.e blowdown sequence. 

1.2 Sensors 

The process variables Important to facility operation are monitored 
by conventional-type instruments suited to the operating conditions. Most 
of the test variables are monitored by conventional-type Instruments, 
except the gamma densitometers, bidirectional drag disks, bidirectional 
turbine meters, and fast-response pressure transducers. 
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Table B.l details the type of measurements, the sensor error, and 
required sensor response for all classes of primary measuring devices in 
the THTF. In the table, the "Type" colusn gives the class or principle 
of operation of the sensors, and the "Error" colusn gives the error band 
for each type of sensor either as a percentage of full scale (Z FS), 
percentage of reading (Z Rdg), or an absolute value (such as ±2*F). The 
"Required response" column defines the maximum tlae constant (tiae re
quired for output to change 63.2Z in response to a step change in the 
measured variable) and minimum frequency acceptable for obtaining the 
desired data. Each type of sensor has an assigned cede, as indicated in 
the "Designation" column; these codes are used in Table B.2 as a short
hand notation for the type of sensor used at each location. 

Table B.2 lists the measurements made in the THTF, the type, and the 
location. Many of the more routine operational measurements involved In 
assuring reliable operation are not enumerated. Only those logged bj the 
data-acquisition system and those necessary to establish base conditions 
in the facility at the beginning of a test are listed. The Intended 
use of the data derived from each measurement is defined by a Roman numeral 
in the "Purpose" column; the code for the application is (I) blowdown test 
data, (II) steady-state data prior to blowdown, (III) critical heat flux 
test data, and (IV) operational and base conditions data. 

The next entries indicate the number of instruments associated with 
each measurement and the type of sensor used. The range, error, and 
required response are given for each measurement system (defined as the 
combination of a sensor, signal-conditioning equipment, and a readout of 
data-logging device). The "Error" column gives the total error band for 
each system either as a percentage of full scale (Z FS), percentage of 
reading (Z Rdg), or an absolute value (such as ±A°F). The "Required 
response" column is based on the assumption that each system, from sensor 
to readout, responds as a first-order system. This column defines the 
maximum time constant (time required for readout to indicate 63.2Z change 
in response'to a step change in the measured variable) and minimum fre
quency response acceptable for obtaining the desired data. The frequency 
f is defined by f * 1/(2ITT), where T is the system time constant. The 



Table B.l. Sensor description 

Measurement Designation Type Error* Required response 

Fluid temperature 

Fuel-pin simulator 

Pressure 

Differential pressure 

Fluid flow 

Momentum flux 

TF1 

TF2 
TF3 

TF4 

TP 

MF 

Chrome1/Alumel, 0.090-
ln.-OD metal-sheathed 
thermocouple 

Platinum RTD 
Chromel/Alumel, 
0.125 In. 0D 
Fast-response, exposed-
junction Chronwl/ 
Alumel thermocouple'' 
Chromel/Alumel, 0.020-
ln.-OD metal-sheathed, 
Insulated-junction 
thermocouple 

<52/*F, ±2"F 
>r,27#F, ±3/8% Rdg 

±J.*F 
<527*F, ±2»F 
>527*F ±3/8* Rdg 
±2*F from 0 to 
600#F 

50 msec (3 Hz) 

10 ssc (0.016 Hz) 
2 sec (0.08 He) 

18 msec (8.8 Hz) 

<527*F, ±2*F 50 msec (3 Hz) 
>527*F, ±3/8% Rdg 

PI Strain gaugec ±0.5% FS 0.16 msec (1000 Hz) 
P2 Bourdon tube gaug* 0.1% FS 0.3 ssc (0.5 Hz) 
P3 Force balance pressure 

transmitter 
±0.5% FS 0.3 sec (0.5 Hz) 

DPI Strain gaugec ±0.5% FS 0.32 msec (500 Hz) 
DP2 Force balance DP cell ±0.75% FS 0.3 sec (0.5 Hz) 
Fl Turbine meter ±0.5% Rdg 50 msec (3 Hz) 
F2 Orifice ±1% FS 0.1 sec (1.6 Hz) 
F3 Pipe elbow taps ±7% FS 0.1 sec (1.6 Hz) 

Strain gauge canti
lever beam (drag 
disk), bidirectional 

±1% FS at constant 
density and tem
perature 

16 m«ec (10 Hz) 



Table B.l. (continued) 

Measurement Designation Type Error" Required response 

Density D Gamma attenuation/ IS rns^c (10 Ht) 
photomultlpller tube 

Voltage E Voltage divider ±0.25% PS 50 msec (3 Ht) 
Current I Shunt ±0.2% FS 50 msec (3 HV, 
Initiation of blowdown BW To detect when rupture ±0.1 msec 0.1 msec 

disks have broken 
(blowdown initiated)*5 

Liquid level L Force balance DP cell ±1X at constant 0.3 sec (0.5 Hz) 
temperature 

Velocity V Turbine meter, ±0.5% Rdg at con- 8 msec (20 lis) 
bidirectional stunt density 

*FS — full scale; Rdg — reading. 

Response in H 20 at 5 fps. 

Error at static conditions. 

Used for t - 0 reference. 



Tabln 1.2. Data aanaor location! and ayataaa charact rlatlca 

Location and aaaauraaant Purpoaa Inatruaont 
application No. 

fanaor 
daaltnatlon* 

•rataa lajatiM Location and aaaauraaant Purpoaa Inatruaont 
application No. 

fanaor 
daaltnatlon* Ranga Error Daaulrad raaaats « ayataa 

Main puap 
lulat p^aaauT*k,c I PE-76 PI 0-3000 pat* •v.x n d.lti aaac (lOPf. Mi) MT 
lalat fluid <:aaparalura IV TE-7* TP3 0-MO'P t2X F« 2 auc (0.01 "a) PI 
Dlffatantlal praaauvab«c I." Pdt-7* DPI 0-1000 paid tt.'iZ aaac <J*. Nf) HT 
Puap flow IV FE-1 P2 0-M0 |pa nt FS 1 aar (0.1* na> CCDAS, PI 
Dlacharga fluid toaparatura 11,111,1V TI-41, TB-568 TPr: 0-000'P t0.3t FS 10 aac (O.^i3 Ha) CCDAS, PI 
Piaaaurlur 
Vapor apaca praaaura 0 , c , i I PE-106 PJ 0-1000 pall • u * rs 0,1* aaw (1000 Hi) m 
Vapor apaca praaaura IV PT-102 13 500-2500 pal| •20 pal 1 aac (C '.6 Hi) CCDAS, PR 
Vapor apaca taaoaratura I TE-I TF* 0-1800'r tit ft 50 aaac '1 Hi) CCDAS 
Vapor apaca taaparatura II TE-101 TP2 O-aOO'P tO. lit FS 10 aac (0.016 Hi) CCDAS 
aottoa outlat liquid taaparaturo I TE-3 TP* 0-1100*F tit FS 50 aar (3 H.) CCDAS 
Liquid laval0'* IV LT-100 1. 0-130 tn. tit FS 0.3 it: (0.3 Hi) PR 
Puar. bvpaaa haat axchanaar 
Sacondary outlat taaparatura II.Ill,IV TE-IJ, TE-557 TF2 0-*00*P t0.33t >S 10 H*< (0.01* Hi) COMB, P . 
SacondaTy flow IV FE-550 fl 6.2-50 |pa • 0.6t PS Vi Mac (3 Hi) CCDAS, fl 
Prlaary outlat taaiparatura IV TE-31 Tfl 0-1100*P tit FS "•. aac (0.016 Hi) CCDAS 
Thraa aaln h«»* axchaniara 
Prlaary upatraaa praaaura of alle>c 

>:;«*rj 4P of all»«c 
1 PE-** PI 0-3000 pal| •lit FS 0.16 aaac (1000 Hi) MT Prlaary upatraaa praaaura of alle>c 

>:;«*rj 4P of all»«c II PdE-*6 DPI 0-200 paid 0.32 aaac (300 Hi) MT 
Prlatiry oP of aach IV PdT-*8 DP 2 0-2* paid tit FS 1 aac (0.1* Hi) CCDAf, PR 
Prlairy outlat taaparatura IV TE-30E. TE-32S, 

TE-3*I 
TF3 0-lSOO'F tit Fl 10 aac (0.016 Hi) CCDAS 

Sacondary outlat taaparatura II,III,IV TE-32/-52S. TE-5*/-*27, 
TE-56/-727 

TP2 O-*O0*P tO,3J/ PS 10 aac (0.016 Hi) CCD/.S, PI 

Sacaxlary flow of aach III,IV PE-522A, FE-620, FF.-720 PI 14-150 |p* 10 ».•< FS 50 aaac (3 Hi) CCCAS, PR 
Prlaary downatraaa taaparatura 
of all 

IV TE-2BI TF3 0-800'F tO it FS 10 aac (0.0)6 Hi) UCDAS 

Taat aactlon 
Taat bundla lnlat praaaura°'c,d I PE-156 PI 0-1000 pat| ti'.t rs 0.16 aaac (1000 Hi) HT 
Taat bundla outlat praaaura»,c I PE-20! PI 0-3000 pal| •lit FS 0.16 aaac (1000 Hi) MT 
Taat bundla *»».« I,II,III PdE-200 DPI 0-50 paid 0.32 aaac (300 Hi) MT 
MlacaUanaoua bundla III PdT-199 DP 2 0-50 paid tit FS 1 aac (0,16 Hi) CCDAS 
Pual pin taaparaturaaE,n II.Ill TE-J01-TE-349 (*60 a»x)l TP O-UOO^F tit FS 50 aaac (3 Hi) iXDAS. TS 
Inlat Una fluid taaparatvra I TE-162 TP* O-ISOO', tit FS 50 aaac (1 Hi) CCDAS 
Inlat Una fluid taaparatura 11,111,1V Tl-160 TF2 O-IOOO'F tO.lSt FS 10 aac (0.016 Hi) PI 
Outlat Una fluid taaparatura I TE-212 TF* (HaOO'P t i : rs 30 aiac (3 Hx) CC1US 
Outlat Una fluid taaparatura 11,111,1V TE-210A. TE-210B Tf2 •> «oo*r to. st rs 10 aac '0.016 Ha) CCDAS, PI 
lundl* lnlat taaparatura* I TE-150-151 TF* 0-1800'F tit FS 18 aaac (6.8 Hi) CCDAS 
Inlat to outlot fluid AP II,HI PdT-30 DP2 O-50 paid tit rs 1 aac (0.16 Ml) CCDAS, PR 
Voltaia acroaa bundla I. II,III,IV F 0-213 V dc tO.*t PS 30 aaac (1 Hi) CCDAS 
Individual rid currant i.'i.nr (69 aax) % O-lOO A to.st rs 50 aaac (3 Ht) CCDAS 
Outlat aubchannal fluid taaparatura i,in <6* aax) 751 O-IKKVP tit n 30 aaac (1 Hi) CCDAS 
Mlacallanaoua fluid taaparatura 
Outltt Una p.aaaura" 

i,in (U aax) TF* O-ISOO'P tit PS 50 aaac (3 Hi) CCDAS Mlacallanaoua fluid taaparatura 
Outltt Una p.aaaura" II.HI PT-32 F3 300-2500 pal| t20 pal 1 aac (0.16 Hi) CCDAS 
Individual ganarator currantaJ IV <* aax) I 0-10,000 A t0.*t FS 30 aaac (3 Hi) CCDAS 



Table 1.2. (continued) 

Location and aaaaureaant Purpoae Inetruaent 
application No. 

Inlat-llna apool pleceo* 
riuti! danelty0 

Preeewre' 
PJvld teaserature 
Moaantua flu*" 
Velocity* 

Outlet- Hue epool alecae1* 
Fluid danaltyb 
Preaeurec 

Fluid taaparatura 
Hoaantua flux 0 

Valoelty* 

Proaauro-auapreealon avataa 
gecelver praaaura0 

Recirculating watar taaparatura 
Mclrculatl?.: watar flow 
Slowdown llneo 
Initiation of blovdown 
Ruptura dlak buffer praaaura0 

I.IV 
IV 
IV 

I 
IV 

DF.-J0. UE !*• 
PE-26, PE-17* 
TE-24, TE-171 

FafE-22, PafE-170 
FE-ll. FE-166 

DE-lt, BE-2U 
FE-42, PE-22* 
TE-40. TE-222 

rafE-ia, rarr-220 
Ft-J*. FI-216 

PE-412 
TE-408B 
FT-406 

W-420-XE-421 
PE-979, PE-9B9 

Seneor Syatea Logging 
dea'.anatlon* *•>«»• Error Required reapone* ayataa 

n 0-62.4 lb/ft 5 tbd 1 In aa*<: (10 Hi) MT 
Fl 0-1000 pa If MIX PS 0.16 aaac (1M0 Ha) CCDAS 
TF4 0-ioOO'F 

tbd 1 

IS aaac (».B Hi.) CCDAS 
HF 2 J « 10* pV> tbd 1 1ft aaac (10 Mi) KT 
V 100-1000 tpa •1.51 FS 

(watar 
only) 

S aaac (20 Hit MT 

n 0-62.4 lb/ft' tbd' If. M * r (10 Hi) KT 
PI 0-1000 pale U l t FS 0,16 aaac (1000 Hi) CCDAS 
TP4 0-1800*1 tit FS IS aaac («.« Hi) CCDAS 
KF 2.1 « 10» oV 1 tbd1 1ft aaac (10 Hi) KT 
V 100-1000 apa •l.lt FS 

(watar 
only) 

« aaac (20 Ha) MT 

Fl 0-200 palg • it rs O . H aaac (100 Hi) MT. Fl 
TF1 12-110'F >VT 2 aac (O.OR Hi) CtJ».S 
Fl 0-1100 gpa • st rs 1 aac (0,16 Hi) Fl 

BW M V d c tO,1 aaar 0,1 aaac MT 
F2 0-1100 pal| tO.K FS PI 

4> 

"Sea Tabla B.l. 
Aieo aonltorad by CCDAS with 10-aaac O-Hi) raaponaa. 

cSaa Sact. 1.2.2 for dlacuaalon of arror. 
Alao aonltoreri by praclalon bourdon praaaura tauge. 
Error at conatant teap-irature. 
Approxlaatelj thraa total poaalbly; only ona aonltorad at any ona tlaa, 
*A aalactad niaibar of thaaa teape-«turi», not exceeding eight, aay ba recorded on an oactllographlc atrip-chart recorder to obtain "<|uli'k- look" 

data. 
121 aalactad fual pin taaparaturaa will ba recorded on CCMS, and 10 aalactad fual pin taaparaturaa will ba dlepleyed iin a aultlchannal taapara

tura aonltor (TS), which will alao Initiate reaoval of fual pin power If any of the SO aalactad taaperaturea exceed a preaat value. 
Nuabera In paranthaeea Indicate quantity of aanaora for that aeaaureaent. 

JAleo aonltared un aaln panel. 
There are two apool plecee In the teet eectton Inlet line and twe In the teet aectlon outlet line with the blowdown llnea connected between the 

epool ptocea In each Una. 
H o ba determined. 
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column labeled "Logging system" gives the data logger or final readout 
device for each measurement; the code used in this col>mm is (MT) analog 
magnetic tape recorder/reproducer, (CCDAS) computer-conti 'led data-
acquisition system, (PR) main control panel recorder, (PI) main control 
^anel indicator, and (TS) multichannel temperature monitor. More detailed 
descriptions of the various sensors, along with some considerations on 
their application in the TRTF, are given below. 

1.2.1 Temperature 

Chrome1-Alumel thermocouples and platinum resistance thermometers 
(RTDs) are used in this facility to measure temperature. The RTDs are 
used for precision steady-state measurement to establish base temperature 
conditions in the loop prior to blowdown and during GIF tests. Associated 
with each RTD is the excitation and signal conditioning equipment-necessary 
to sense the .resistance change with temperature. This auxiliary equipment 
consists either of a constant current source and readout of the emf across 
the FTD for data signals or of a Wheatstone bridge instrument with a 
current output proportional to the resistance change (temperature for 
process control signals). 

Stainless--tecl-sheathed, magnesium-oxide-insulated, Chromel-Alumel 
thermocouples are used extensively to obtain blowdown and GIF test data. 
Sheathed couples in the Watlow indirect heaters have outside diameters of 
20 mils. Exposed-junction ti ermocouples (Nanmac Corporation) are used in 
a few locations where very fa.it temperature transients (>10 Hz) must be 
measured. For very fas. temperature transients in the coolant streams, 
consideration may also be given to unsealed, exposed-junction, sheathed, 
magnesium-oxide-insulated thermocouples o' the type used in 1 1/2-loop 
Semiscale experiments. For routine monitoring of operation temperatures, 
0.125-in.-0D sheathed thermocouples are installed. All thermocouples pro
viding test data are of premium-grade material (error b̂ .nd being the greater 
of either 2°F or ±3/8Z of reading) purchased in accord with appropriate 
standards. Thermocouple cold-junction compensation is handled by multi-
terminal 150°F reference junction compensators. 

http://fa.it
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1.2.2 Pressure and differential pressure 

Line pressure gauges and force-oalance transmitters are used for 
noraal monitor and control functions during pretest operations. For 
steady-state sensing prior to blowdown and for CRT tests, Foxboro and 
Barton electronic force-balance transmitters, Helse precision bourdon-tube 
gauges, and strain-gauge transducers are used. For sensing blowdown pres
sure transients, Precise Sensors, Inc., air-cooled, flush-diaphragm, 
strain-gauge transducers are used. While these latter transducers have 
a frequency response cutoff at about 100,000 Hz, frequency information 
above 1000 Hz is not needed; and no special effort is made to record data 
in the higher range. For sensing transient differential pressure, Baldwin 
Electronics, Inc., strain-gauge transducers are used. The manufacturer 
has stated that these transducers have a frequency cutoff at about 50G Hz. 
Pressure gauges are complete in themselves and, as such, require no signal 
conditioning. Strain-gauge transducers require a source of excitation, a 
bridge completion network, and signal amplification; commercially avail
able equipment will satisfy all three ot these needs. 

The strain gauge pressure and differential pressure transducers have 
a specified static error band cf ±0.5%. (Static error band is the error 
band applicable at room conditions in the absence of any vibration, shock, 
or acceleration.) However, the overall accuracy of these transducers dur
ing the blowdown transient is degraded both by high operating temperatures 
and by the temperature transients. Typical manufacturer specifications 
for environmental conditions are a compensated temperature range of *75 to 
600*F, a thermal zero shift of less than 0.017 FS/°F over the compensated 
ranse, and a thermal sensitisity shift of less than O.C'IOZ FS/*F over the 
compensated temperature range. In view of the above, it is evident that, 
in the worst case, the overall ertor for the*e transducers could be as 
much as ±112 of full scale under blovdown conditions. Care In installation 
and operation Is exercised to minimize this error; 1 IT example, air-cooled 
standoffs (water-filled pressure tap line) are used to isolate the trans
ducer from the loop temperature environment. For pressure measurements, 
the transducer '* mounted on the end of this standoff, thus operating at 
a temperature considerably below the temperature of the fluid in the system; 
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for AP measurements, the transducer is located equidistant between two 
such taps. The air cooling should also reduce flashing of the water in 
the AP taps. As experience is gained in the use of these transducers, 
their overall error can be better defined and, perhaps, reduced well 
below ±111. Soae Method for compensating the transducer output signals 
for environmental conditions will also be sought. 

1.2.3 Flow 

Both single-phase (liquid-gas) and two-phase (water-steaa) flow 
aeasureaents are required in the THTF. 

Liquid flow, where no change of phase is Involved, is Measured directly 
using turbine Meters or indirectly through pressure drops across orifices 
or in pipe elbows. Turbine meters are installed where precision and wide 
rangeability are required. Orifices (i2Z accuracy) and pipe-elbow taps 
(5 to 101 accuracy) serve where less precision is acceptable. 

The sensors for two-phase flow Measurement are Installed In instru
mented spool pieces located in the test section inlet and outlet lines and 
in the blowdown lines. One sensor is a drag disk that develops a signal 
oroportlonai to pV2 (the momentum flux), where p and V are the fluid den
sity and velocity respectively. Fluid density at each drag disk station 
is measured by means of a gamma densitometer. The density and aoaectua 
flux are then combined to compute the mass flow, pVA (lb /mln), where A 

a 
is the pipe cross-sectional area. It has been found that drag disks are 
temperature sensitive: the offset due to temperature is a function of the 
temperature of the cantllevered beam at the strain gauges, In turn related 
to the fluid temperature, which varies during blowdown. Therefore, a 
correction factor based on post-blowdovn zero shift must be applied to the 
drag disk data. 

Turbine meters, which are velocity-measuring devices, are also used 
to obtain two-phase flow data. The output of this type of meter (directly 
proportional to fluid velocity and nearly Independent of temperature and 
density) can be combined with density and cross-sectional area to obtain 
mass flow. The performance characteristics and Inherent accuracy of the 
turbine meter are superior to those of the drag disk; however, the tu/binc 
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aeter is not as rugged as the drag disk and engenders pressure drops that 
under certain conditions Bight be excessive. Screens or other flow-homo-
genizing devices are installed upstreaa and downstream of the drag disk 
in order to obtain aore reliable results. 

The densitometer, designed and constructed at ORNL, consists of a 
25-Ci 1 3 7Cs monoenergetic, gamma source with associated collimator, scin
tillation photomultiplier-type detector, and current amplifier. Depleted 
uranium is used for the collimator and source shield material in the THTF 
application to avoid cooling problems that would exist with lead. 

The fluid state during blowdown ii established from temperature and 
pressures logged at each two-phase flow-metering station as a function of 
time. 

1.2.4 Miscellaneous 

Voltage and current 
In the dc power system, currents are sensed by instrument shunts; an 

amplifier with high common mode tolerance is required to isolate the data-
acquisition system from the dc voltage on each shunt. Voltage is measured 
using resistive voltage dividers. 

Time 
The time of blowdown initiation (i.e., the moment at which the rupture 

disks are broken) is perceived by break wires located just downstream of 
the rupture disks. These wires are broken by the downward openings of the 
rupture disks, and the consequent interruption of the continuity signal 
defines time t « 0. 

Liquid level 
Sight glasses are suitable for local Indication of liquid levels la 

low-pressure applications where levels change only during drain or fill 
operations; positive shutoff valves may then be required if the vessels 
subsequently operate at high pressures. In high-pressure applications 
involving frequent changes in liquid level or where automatic or manual 
level control is required, electronic differential pressure transmitters 
are used to provide a continuous panel-board readout and/or a signal for 
controlling liquid level. 
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1.3 Protective Features 

For protection of persornel and equipment, the Instrumentation and 
controls for this facility include weans for detecting out-of-linit and 
unsafe conditions, annunciators to alert the operators to the existence 
of such conditions, and interlocks to initiate appropriate protective 
actions on detection of such conditions. 

1.3.1 General description 

Many of the off-limit conditions have dual protective functions, both 
alerting the operator and shutting down the subsystem in which the condi
tion exists. Where possible, two triggering levels are established. The 
primary level sets off the alarm bell and alerts the operator. In response 
to the alarm, the operator may initiate corrective action to return the 
system to normal operating range. A secondary level produces automatic 
shutdown in the event the condition progresses further off limit. Some 
circuits have only a single triggering device. In these cases, one set 
point applies for both operator alert and system trip. This occurs where 
contacts of a control relay open the annunciator and shutdown circuits 
s imultaneously. 

The remaining protective circuits are single purpose, actuating, either 
the operator alert or system trip. Sensors monitoring heat exchangers and 
the rod seal cooling system provide signals tc operate the annunciator 
circuit. In circuits of primary safety significance, a second shutdown 
interlock is included to assure system trip. 

The automatic shutdown system is designed to be fail safe. Safety 
action is Initiated by the interruption of control circuit power to the 
appropriate relays. In this way, loss of electrical control power will 
result in system shutdown. The facility air supply is interlocked with 
the system so that loss of air pressure will produce shutdown. Failure 
of the coolant systems to provide adequate cooling will initiate safety 
action. 
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1.3.2 Automatic shutdown systems 

When a serious abnormal condition develops, prompt action is initiated 
automatically to trip the systex. involved, thus providing protection against 
damage to equipment. Interlocks are arranged in series so that shutdown 
will be actuated by any single off-limit condition. 

Primary circulation pump 
Thin device is heavily instrumented. Before pump startup is permis

sible, the instrument air supply system must be up to normal pressure, valve 
controllers must be powered, the primary system pressurizer must have 
reached a minimum pressure level, secondary cooling water flcv must be 
adequate, and the pressure-suppression system must be functioning normally. 
In addition to preventing pump startup, loss of instrument air pressure or 
controller power will trip the pump breaker. Overtemperature of the pri
mary cooling system and pump bearings, overpressure in the primary pip4" 3, 
excessive pump vibration, or abnormal pump power will also initiate pump 
shutdown. 

Primary system pressurizer 
The pressurizer establishes and maintains the pressure of the primary 

system at the designed operating level. Power to heaters which are part 
of the automatic control circuit is interrupted under certain conditions. 
Low instrument air simply pressure, lack of controller power, excessive 
pressurizer pressure, inadequate cooling water volume, high heater tenr-
perature, or the sensing of a blowdown will deenergize the heater breakers. 

Test section power 
For powered blowdown operations, the heater rod bundle will be in 

place in the test section. Protection of this assembly is accomplished 
by deenergizing the load breakers in the dc power supply when one of the 
following conditions is sensed: 

1. low Instrument air supply pressure, 
2. loss of Instrument power, 
3. high primary-coolant temperature, 
4. low primary-coolant flow into test section, 
5. low differential pressure across test section, 
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6. Insufficient pressurizer pressure, 
7. primary pimp deenergized, 
8. low coolant flow in rod seal cooling system, 
9. high rod seal cooling system temperature, 
10. test section heater sheath high temperature. 

Blowdown initiate circuit 
The blowdown initiation circuit contains interlocks which prevent 

blowdown until system operating conditions are satisfactory. Blowdown 
inhibit is in effect as long as primary coolant flow through the test 
section is low, rupture disk accumulator pressure is below the level re
quired for successful blowdown, control valve actuators are unlocked, cr 
the pressure-suppression system is not operating properly. 
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2. DATA-ACQUISITION SYSTQ1 

2.1 General Description 

As shown in Fig. B.5, the TRTF data-acquisition system consists of 
(1) the data sensors and associated signal-conditioning equipment, (2) a 
512-channel, high-speed, computer-controlled digital data-acquisition 
system (CCDAS), (3) two 14-channel analo* magnetic tape recorder/repro
ducer system, (4) a timing and tape search subsystem, (S) a 50-channel 
thermocouple display and alarm system, and (6) multichannel analog strip-
chart recorders. 

Test data (steady-sta.e and blovdovn transient) are recorded on the 
CCDAS and the analog magne:ic tape system. Selected parameters not expected 
to vary widely during blovdcwn, and all process control variables are regis
tered on analog strip-chart recorders. In some cases, individual signals 
may be recorded in parallel on more than one system. Systems are not 
paralleled where the possibility of interaction exists; however, since all 
the data-acquisition systems have high input impedance and the output 
impedance of all signal sources is expected to be low, interaction is not 
expected to be a problem. 

Fast transient data (from 10 to 1000 Hz) from pressure and differen
tial pressure transducers, spool piece instrumentation, etc., are recorded 
by the analog magnetic type system. The data on the analog magnetic tapes 
are digitized onto industry-compatible magnetic tape by the CCDAS after a 
test run. An on-site "quick look" at analog data on magnetic tape may also 
be obtlined by recording the reproduced output of the magnetic tape system 
on multichannel strip-chart recorders. 

Slower response data (<2 Hz) are handled by the CCDAS. In addition, 
the fast-response signals are monitc<*d in parallel with the analog tape 
system for steady-state calculations and logs as well as redundancy. All 
test data are recorded digitally on industry-compatible computer magnetic 
tape. On-site readout of data from the CCDAS is available via the tele
type. The CCDAS assists in pre- and posttest checkout and calibration of 
process and signal-conditioning instrumentation. During a test, the CCDAS 
records and logs loop conditions for operator information. The CCDAS also 
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serves as an element of the safety system by performing overtemperature 
checks of approximately 325 bundle thermocouples during approach to full 
power and the blovdovn transient. An on-site "quick look" at recorded 
data is available through use of software routines which plot the data 
on the storage display unit. 

The time code generator-translator is used to supply timing signals 
to both the analog tapes and CCDAS during data runs and to decode the time 
information on the analog tape during posttest digitization. The asso
ciated tape search unit expedites location of the data to be digitized 
and initiates and stops digitization of data at preset time limits, thuc 
minimizing operator involvement and eliminating digitization of extraneous 
data. 

The analog strip-chart recorders are used primarily to obtain "quick 
look" data during CRT experiments and, possibly, for monitoring key varia
bles during blovdovn. 

Additional details of components of this system are discussed in the 
following sections. 

2.1.1 Signal conditioning 

Much signal-ccnditiening equipment is required with the data-acquisi
tion systems; the types of conditioners required include (1) temperature 
reference ovens, (2) strain-gauge bridge completion and conditioning cir
cuits, (3) voltage-isolation amplifiers, (4) frequency converters, (5) 
resistance converters, and (6) signal amplifiers. 

The temperature reference ovens provide a cold junction reference 
temperature for thermocouples. Since thermocouples constitute the bulk 
of the data sensors, most of the signal-conditioning equipment is of this 
type. 

The strain-gauge bridge completion and conditioning equipment is 
associated with the strain-gauge-type transducers used for pressure, dif
ferential pressure, and drag disk measurements. 

The voltage-isolation amplifiers isolate the data equipment from 
sensors having an excessively high common mode voltage on the signal 
leads, such as the heater rod current shunts. 
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The frequency converters alter the pulse output frequency of turbine 
aeters to a proportional dc voltage signal. 

The resistance converters are used with the resistance-type tempera
ture sensors to convert resistance to a proportional dc signal. 

Signal amplifiers provide conversion of low-level to high-level sig
nals. 

2.1.2 Computer-controlled data-acquisition systea 

The CCDAS consists of a Digital Equipment Corporation (DEC) PDP8/E 
computer and various peripheral devices and interfaces as listed in Table 
B.3. The nucleus of the software is the FOCAL* Interpreter with Modifi
cations as aade by the ORNL Instrumentation and Controls Division. Appli
cation programs are written in FOCAL, which is a high-level, scientific, 
interactive language. 

•FOCAL is a registered trademark of DIGITAL Equipment Corporation. 

Table B.3. Components of the CCDAS 

It< Description Vendor 
1 Computer, including SIC core memory and 

teletype control, PDP-8/E-AE 
2 Additional 24K core memory 
3 Programmable, real-time clo-k, DK8-EP 
4 Power failure detector and avto restart, 

DP8-E 
5 12-bit buffered digital I/O, DR8-EA (used 

to interface to timing and tape search 
subsystem and for alarm outputs) 

6 Magnetic tape controller and 1 transport, 
model 5091 

7 Cartridge disk controller and 1 drive, 
1.6M word, model 3010 

8 512-channel, analog input systea and 
controller, model 120 

9 Storage, display unit and interface, 
model 611 

10 Teletype, ASR-33 
11 Cabinets, 3 each 

DEC 

Fabritek 
DEC 
DEC 

DEC, 0RNL 

Datum, Pertec 

Systea Industries, 
Diablo 

Datum 

Tektronix, ORNL 

Teletype 
DEC 
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The number of process and data .signals required to monitor and provide 
data from the THTF primary and secondary loops necessitated a computer-based 
data-acquisition system. These signals must be recorded in digital form to 
facilitate analysis of tests, to monitor loop conditions prior to each test, 
and to effect on-site conversion of critical data to engineering units. In 
general, the highest frequency coaponent of ti«»se signals does not exceed 
2 Hz; therefore, the acquisition speed of the CCDAS (20 samples/sec for 
500 channels) is adequate. Most inputs are temperature signals from thermo
couples located in the heater rods and in the test section coolant streams; 
the remainder of the signals come from sensing of flows, pressures, differ
ential pressures, temperatures, amperages, voltages, etc., within the test 
bundle and in the coolant inlet and exit lines. Table B.4 lists the sig
nals recorded by this system. 

The analog input system for the THTF is capable of scanning, digitiz
ing, and recording signals from 512 dc voltage sources in the ranges of 
5 mV to 10.24 V. The system has a resolution of one part in ±2048, an 
accuracy of 0.3Z of full scale, and a scanning rate of 10,000 samples 
(channels) per second. The input signal multiplexer is easily field 
expandable in eight-channel increments to a total of 1024 channels. Data 
are recorded in real time on industry-compatible seven-track magnetic tape, 
along with time code information for correlation purposes. 

To achieve the high scanning rate demanded on the system, field effect 
transistors (FETs) are used to switch the input signals. Since the FETs 
will not tclerate input signals with common mode voltages greater th.-n 10 
V above ground peak to peak without degradation of accuracy and can be 
damaged by a higher voltage, protection is provided in the form cf fuses 
that, when blown, preclude the acquisition of data from that input until 
the fuse is replaced. However, an efforv is made to insure that the common 
mode voltages on signals from the sensors does not exceed 10 V p.-ak to 
peak. Thus, isolation amplifiers are Included in channels where signals 
have common mode voltages th? cannot be reduced below 10 V, such as those 
monitoring generator current. 

In addition to data acquisition and recording, the tCDAS serves as a 
primary safety system. Simultaneously with data acquisition, the CCDAS 



Table B.4. Summary of measurement requirements In the THTF 

Measurement location Transient functions Steady-state functions 

1. Heater rod, interior and 
cladding 

2. Coolant, flow subchannels 
at jundle exit 

3. Coolant* test section 
inlet and outlet 

4. Coolant, test section 
blowdown lines 

5. Coolant, subchannels along 
flow shroud wall 

6. Flow shroud and pressure 
housing 

7. Coolant, flow measurement 
stations 

8. Coolant, heat exchanger 
inlet and outlet 

9. Pressurizer, stean volume 

10. Preasunzer, exit line 
11. Secondary coolant, heat 

exchangers 

Temperature 
Thermal history of heater rod; 
onset of CHF 
Local enthalpy rise (vs bundle); 
radial uniformity in coolant 
distribution 
Bulk enthalpy conditions (flow 
reversals and rereversals) 

Thermal history during blowdown 

Boundary-coolant thermal inter
action 
Boundary-coolant thermal inter
action 
Thermodynamic state of coolant 

Correlate with calculated 
response 

Detect pressurizer voiding 

Operational control and initial 
conditions 

Monitor coolant condition 

Operational control and Initial 
conditions; bundle enthalpy rise 
(heat balance) 

Monitor coolant condition; heat 
balance 
Monitor test section; heat 
balance 
Operational control 

Operational control and initial 
conditions; heat balance 

Operational control 

Operational control 
Operational control; heat balance 



Table B.4. (continued) 

Measurement location Transient functions Staady-state functions 

1. Coolant, test section inlet 
and exit 

2. Coolant, test section 
blovdown lines 

3. Coolant, heat exchangers 
(primary and secondary 
flows) 

1. Test section, inlet (flow 
stations) 

2. Test section, blowdown 
lines (flow stations) 

3. Test section, overall A? 

A. Test section, AF along 
flow shroud wall 

5. Heat exchanger, inlet and 
AP 

6. Pump suction, inlet and AP 
7. Pressurizer, steam volume 

Flow 
Flow velocity; flow direction 

Flow velocity 

Pressure 
Pressure history; thermodynamic 
state 

Pressure history; thermodynamic 
state 

Pressure history; thermodynamic 
state 

Pressure history; thermodynamic 
state 

Pressure history 

Pressure history 
Pressure history 

Operational control and Initial 
conditions; heat balance 

Operational control; heat balance 

Operational control and Initial 
conditions 

Operational control and initial 
conditions 

Operational control 

Operational control 
Operational control and initial 
conditions 

oo 



Table B.4. (continued) 

Measurement location 

1. Test section, overall and 
Individual rod 

1. Test section, blowdown 
lines 

Transient functions 

Power 
Transient history 

Time 
Blowdown history 

Steady-state functions 

Initial conditions; heat balance 
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performs high-limit checking on all analog chan iels £nd actuates alarm 
relays in the e/ent of out-of-limit conditions. Approximately 325 bundle 
thsrmocouples ara connected to the CCDAS which are continuously checked 
for overtemperature conditions during powered operation. The maximum 
delay between the occurrence of an out-of-limit condition and the actua
tion of the appropriate alarm relays will be 350 msec for approach to 
power and 200 msec for the blowiown transient. In order to minimize the 
possibility of trips from noise, the alarm criteria is two successive 
samples cut of limits during approach to full power and three successive 
samples during b.lovdown. Initially, the system will give an alarm and 
trip bundle power when any one signal exceeds the designated limit. How
ever, with a minor software patch, the system can activate an alarm when 
"X" signals are out of limits and activate the trip when "Y" signals are 
out of limits. The high-limit set point for any channel is individually 
assigned via a simple FOCAL command. A watchdog timer contact is also 
incorporated to monitor the integrity of the CCDAS and give an alarm if 
the computer should fail. 

2.1.3 Analog, magnetic tape recorder/reproducer system 

Two, 14-channel, magnetic cape, recorder/reproducer systems are pro
vided to record the extremely important high-frequency signals from the 
transient pressure and two-phase flow instrumentation during blowdovn. 
These systems have an overall (record/reproduce) accuracy of 1Z or better, 
multiple tape speeds covering the range of 15/16 to 60 in./sec, wide band
width electronics, tape servo and tachometer speed control, and the capa
bility of recording in either direct or FM mode. Tape speeds are electron
ically switchable to record at any of the seven available tape speeds and 
to reproduce at any two speeds preselected from the available seven speeds. 

Time-code and break-wire signals are recorded in the direct mode and 
use 4 of the available 28 channels. One channel on each system is used to 
record a reference signal in direct mode when operating with tape speed 
servo control. The remaining 22 channels are available for data. These 
channels are used in the FM mode to record signals during blovlovn from 
fast-response (1000-Hz) pressure and differential pressure transducers, 

/ drag-disk flow elements, turbine meters, and gamma densitometers. 
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( After completion ot" the test, the tape Is played back and digitized 
via the on-site CCDAS discussed in the preceding section. All data and 
time-code information in one system is reproduced and digitized in parallel, 
or one data channel at a time may be reproduced and digitized along with the 
time-code information. The required record/reproduce speed ratio needed for 
digitizing the data is a function of both the number of channels played 
back and the highest frequency content required in the digitized data. In 
general, data are recorded at 30 ips and reproduced at 3 3/4 ips. By allo
cating tn appropriate mix of fast and slower response signals on each tape 
unit, this 8-to-l speed reduction allows all channels from a single tape 
unit to be digitized in parallel while still maintaining the required 
sampling rate. 

2.1.4 Timing and tape search system 

A tine-code generator and tape-saarch unit is provided for data 
correlation purposes. An IRIC— A time-code signal superimposed on a 10-kHz 
carrier is recorded on one track of each analog tape unit and signals 
obtained from break wires below the rupture disks are registered on another 
track of each to establish the time of blowdown (t = 0). Together, these 
signals pen it time correlation to within ±0.1 msec between all data 
channels thrrughout the blowdown period. 

The tape-search unit uses the reproduced time-code information to 
locate the desired data, to initiate digitization at the selected time, 
and to stop it after a preselected period, thus increasing the efficiency 
of the digitization operation. 

2.1.5 50-channel thermocouple display and alarm system 

A 50-channel Metrascope is used to provide additional display and 
overtemperature monitoring of bundle thermocouples. The Metrascope con
sists of type K thermocouple reference junction compensation, a high-speed 
solid-state (FET) multiplexer, adjustable high and low limits for each 
channel, a cathode-ray tube (CRT) display of thermocouple temperatures and 
alarms, and associated control electronics. The Metrascope provides an 
alarm relay each for high- and low-temperature conditions occurring on any 
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one channel. The high alarm relay causes an alarm and trip of bundle 
power; the low alarm relay is used only for Indication of an open thermo
couple and causes no control action. 

The Metrascope, in conjunction with the CCDAS, will provide over-
temperature monitoring of approximately 375 of the 420 to 460 total bundle 
thermocouples. 

2.1.6 Multichannel analog strip-chart recorders 

One or more multichannel strip-chart recorders are provided for trend 
recording of key parameters during test operations. These recorders are 
used primarily for obtaining a "quick look" at, and observing trends in, 
selected parameters during CRT experiments. A variety of instruments of 
this type (including 2, 4, 6, and 8 channel Sanborn recorders) is available 
at ORNL. The data recorded will vary from test to test. 

2.2 Application 

The FDP8E computer is a valuable tool for obtaining information 
required by the operator for loop operation. In addition, the computer is 
used for post-blowdown evaluation of data that will b-,> used as input into 
the decision about the conditions for the next blowdown. The bulk of the 
data analysis and reduction is to be done by the IBM computers. In order 
to minimize the processing time of the raw data tapes written by the 
PDP8E computer for the IBM computers, the software development for both 
computers has to be treated as a unit. As shown below, the software 
requirements have been divided into three general areas. 

2.2.1 Loop operation 

This section describes a set of tasks that has been programmed on the 
PDP8E computer to be run before and after a blowdown test. This set of 
tasks is called tne operation log program; a simplified flow diagram is 
shown in Fig. B.6. The :asks performed by this program are described 
below. 



173 

ORNL-OWG 7C-360I 

r niTt«.m 

I TOT jt» i scan j 

j «w» npf CM rnt at witri, 

• ( D M I K C*0»«T[«« 

i »ne Mil » =?«WT 

T 
1 «s 

1 

L ! 1* taw araur «w oca | 

^ . 

T , 1 

Fig. B.6. Operation log program flow diagram. 



174 

Initialize 
This task is divided into two classes: initial setup and run setup. 

In the initial setup, all the information regarding the channel designa
tion and the engineering unit conversion factors is requested by the 
computer program, and this information is stored ir computer memory for 
use by the program. In the run setup mode, tvo inputs are required: the 
tive interval between scans and tiie scan table number. 

Fast scan 3 sec 
This will cause the CCDAS to scan and record at high speed (10,000 

channels/sec) 3 sec cf data in accordance with the selected scan table. 

Rewind and verify 
This will cause the tape to rewind to the beginning of the last 

recorded file and to read the recorded data, to veriry that data are being 
recorded, and to calculate a sampled average of the data recorded. If data 
arm not being recorded properly, a message is typed out on the teletype 
indicating a recording error and the execution of the program is terminated. 

Rod T/C check 
This task examines the heater rod thermocouple data using the sampled 

average values previously determined. The average value for each level is 
determined and each thermocouple signal at that level compared to ths 
average value for that level. If the thermocouple signal differs from 
the average value by an amount greater than the allowed error tolerance, 
the computer program causes an output message to be printed on the tele
type indicating the error in the thermocouple signal. 

Loop pressure drop check 
This task uses the sampled average data and converts the millivolt 

signals into engineering units using calibration data. Loop pressure 
drop calculations are made using flow rate and density information, and 
these results axe compared with measured signals. If the error exceeds 
the allowed error band, an output message is written on the teletype 
indicating which pressure transducer reading is exceeding the error band. 
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Bundle subcooling calculation 
Tuis task uses the sampled average data for temperature and pressure 

in the test bundle. A thermocouple conversion correlation Is used to con
vert the millivolt signals info engineering units. Where more than one 
thermocouple Ls used to ueasure the temperature, an average of the reading 
is used. Pressure readings are used when available; when pressure readings 
are not available, an interpolation scheme is used to calculate the pres
sure. The teletype output for this task consists of the measured tempera
ture, saturated temperature, and the amount of subcooling for each meas
urement point from test section inlet to test section outlet. 

Flow-measurement check 
This task ccapares the spool piece turbine meters to determine the 

value of loop flow and to verify each turbine meter. Spool piece tempera
tures are used to provide density corrections to the flow readings. A 
teletype output indicates if any turbine meter is outside an error toler
ance. 

Densitometer check 
This task calculates the density based on temperature and pressure 

measurements and compares the calculated value with the measured density. 
A teletype output is provided if the comparison exceeds a preselected 
error tolerance. 

Heat balance 
This task calculates and compares the heat balances for the test sec

tion, heat exchangers, and other loop sections. A teletype output is pro
vided to display the results of the heat balance calculation. 

Assess loop conditions 
This task scans data a given number of times with a selected tine 

interval between scans. An output ls printed on the teletype showing the 
average value and the drift rate for ten preselected variables. 

TTY 8u—ary 
This task provides a teletype output describing the loop conditions 

as defined by the last 3-sec data scan. 
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2.2.2 Preliminary evaluation of blovdown data using the PD?8E 

The first question to be answered by the computer is whether there 
were any instrumentation failures in the measurement of important param
eters. This answer would be one of the inputs required in making the 
decision about what conditions will be set for the next: blowdown. Addi
tional "quick-look" information could be provided by the -omputer as 
Indicated in the following list: 

1. Compare the instruoentation of pre-blowdown and post-blowiown 
to determine if any zero shift has occurred. 

2. Check the power trace of all four generators by using the CRT 
display to verify that test conditions were met. 

3. Verify the time at which the rupture disk ruptured. This is 
also important in the double-ended break to * erify that both occurred at 
the same time or with a given time delay. 

A. Determine from data the time to DNB for selected rod zones. 
5. Verify spool piece instrumentation by using a mast- balance cal

culation using flow rate and density data. 
6. Compare measured coolant temperature with saturation temperature 

calculated from pressure measurements. 
This list should not be considered as being complete but only to 

indicate what can be done using the computer. 

2.2.3 Evaluation and analysis of data using IBM computers 

The tape of recorded ata produced by the PDP8E computer is sent to 
the IBM computer as soon as possible after a Llowdown. The first process 
code will convert the raw data into engineering units and place the con
verted data on a disk file. The rest of the analysis codes will use this 
disk file as a data source; therefore, after a period of code testing, 
all the analysis results should be available about three days after a 
blowdown. Ve believe that th<; main analysis areas should be heat transfer 
calculations, time to DNB, heat transfer coefficient comparisons, and 
projections of fuel rod behavior. An optional task would be to obtain 
an improved power trace. 
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Heat transfer calculations for selected bundle locations 
Determine the coolant temperature at the selected bundle location by 

using an appropriate calculation. If two-phase coolant is present at the 
selected location, the saturation temperature is to be obtained froa 
pressure Measurement. If the coolant is subcooled water or superheated 
steam and if subchannels uave equal flow and all rods have equal power, 
the coolant temperature can be calculated froa the enthalpy rise. In all 
other cases _h» use of a computer code such as COBRA will be necessary to 
determine ccolant temperature. By using this coolant temperature and 
measured rod temperature, calculate the heat transfer coefficient and the 
heat flux between rod and coolant. 

Time to DKB 
Using measured rod temperatures, determine the time and location for 

the first ONB and determine how it spreads over the bundle. 

Comparison of measured and predicted heat transfer coefficients 
By using standard heat transfer correlations, calculate heat transfer 

coefficients and compare them with the one determined above. Codes such 
as RELAP and THETA would not be needed for this calculation since every 
region can oe calculated separately. After a number of blowdowns have 
been made, the data can be used as a basis for obtaining an improved heat 
transfer correlation if required. 

Projection of the experimental results to the temperature of a fuel rod 
Since the thermal behavior of an electrically heated rod is different 

from a fuel rod, a translation code is needed to account for these differ
ences in making projections of fuel rod behavior. 

Improved power trace 
Theoretically, it should be possible by using a different power trace 

to take into account the differences in the thermal behavior between heated 
rods and fuel rods. Practically, this is possible only to a certain degree 
and only for one axial level of the rod. The main problem is that the heat 
transfer to -the coolant has an influence on the required power trace to 
match surface temperature of the heated rod and the fuel cod. A second 
problem is that for blowdowna with a short time to DNB, a very high tod 

( 



178 

power would be required during the first few seconds of blowdovn to match 
the surface temperature of a fuel rod. However, using iterative proce
dures, soae compronise could be made to obtain the best power trace to 
obtain some agreement. 
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Appendix C 

PLAN AND ELE"ATION DRAWINGS OF THE THTF SHOWING SIGNAL 
INSTRUMENTATION LOCATIONS 

( 
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