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DESCRIPTION OF THE THERMAL HYDRAULICS IABORATORY AT HANFORD
J. M. Batch and K. G. Toyoda
PURPOSE
The purpose of this report is to provide a brief written description of the
facilities existing at Hanford for research and development in the fields of

heat transfer and hydraulics.

INTRODUCTION

Within the Hanford Laboratories Operation a large laboratory exists for research
and development in the fields of heat transfer and hydraulics. The laboratory
is operated by the Thermal Hydraulics Operation to supply experimental informa-
tion in support of the programs concerned with the development of reactor
engineering technology at Hanford.

The research and development programs in progress are concerned principally
with the heat transfer from nuclear fuel elements to water as a coolant.
Specific fields of study include heat transfer during boiling, boiling burnout,
hydraulic stability, heat transfer during transient conditions of flow and heat
generation, coolant mixing, two-phase pressure drop, and discharge rates under
critical flow conditions.

Many of the experiments are performed at typical reactor conditions of pressure,
flow, and temperature, and with test sections fabricated to actual fuel element
dimensions. Where heat transfer is involved, heat generation within the test
sections is provided by resistance heating with high amperage, direct current
electricity.

Although most of the work performed in the laboratory is in direct support of
the various Hanford reactors, many of the programs are of general interest,

and the experimental results have wide applications. Since there is consider-
able interest in the laboratory and in the results of many of the programs, the
following descriptions of the facilities for heat transfer and hydraulic experi-
mentation are provided.

GENERAL DESCRIPTION OF THE LABORATORY

The Thermal Hydraulics Laboratory occupies a floor space of approximately 11,900
square feet. The layout is shown in Figure 1. The laboratory has three major
apparatuses or divisions. These are:

1. High Pressure Heat Transfer Apparatus
2. Low Pressure Heat Transfer Apparatus
3. Hydraulics Laboratory

Additional facilities for experimentation or for support in the operation of the
major apparatuses include a silicon rectifier, direct current power supply; a
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motor generator, direct current power supply; an Organics Heat Transfer Apparatus,
an electrical analog, a data reducing and calibration facility, and assembly and
storage areas.

The High Pressure Heat Transfer Apparatus is an electrically heated facility
designed for 2500 psig at 650°F. The maximum flow rate is 250 gpm. Experiments
can be performed with test sections in either horizontal or vertical positions.
To date, experimentation has been concerned mainly with subcooled and boiling
burnout for fuel element models of solid rods (flow in annulus), for multi-rod
configuration, and for externally and internally cooled configurations.

The Low Pressure Heat Transfer Apparatus is an electrically heated facility suit-
able for operation at 985 psig and 300°F at the inlet and 360 psig and 450°F at
the outlet to the test section. Maximum circulating flow rate is approximately
100 gpm. The apparatus is used for support of existing reactors. Studies made on
this apparatus include transient characteristics of pressure; flow, and tempera-
ture following sudden reductions of coolant; steady state pressure-flow character-
istics of solid and internally and externally cooled fuel element assembliesy and
flow mixing in cluster fuel element models.

A graphical illustration showing the major equipment, piping, and power connec=-
tions of the two electrically-heated apparatuses is presented in Figure 2.

The Hydraulics Apparatus is designed to supply water to various test assemblies at
750 psig at LOO®F. The Hydraulics Laboratory is confined to isothermal and/or
adigbatic studies of pressure-=flow characteristics. The test section includes
actual Hanford flow configurations fram front to rear header. Other test assem-
blies which comprise part of the Hydraulics Laboratory include a vertical test
section and a critical discharge study test assembly.

The power supplies to provide direct current for simulstion of nuclear heat geners-
tion in the heat transfer apparatuses are three motor generators and a silicon
rectifier assembly. The nominal rating of the M-G set is 1125 KW (50 V at 22,500
amps) while the silicon rectifiers are capable of producing 2700 XW (85 V at
32,000 amps) continuously and, 3840 KW (120 V at 32,000 amps) on a duty cycle.
Either power supply may be connected to the bus system of either the High Pressure
or the Low Pressure Heat Transfer Apparatus bus system, and both facilities may

be operated simultaneously.

ORGANIZATTON.AND OPERATION

The Thermal Hydraulics Operation’s principal responsibility is to provide heat
transfer and fluid flow information of value for the design and operation of the
Hanford reactors. The major group effort is concerred with obtaining experimentsl
data from the several facilities, and with analyses leadirng to practical applica-
tion of these data for reactor operation. In genersl the resulis =re used to
establish reactor operating limits and to provide information necessary for
reactor hazards analysis.

The engineers in the group both run the laboratory apparatus and analyze the
results. A working team is formed for each program to plan the experiments,
design and fabricate appropriate test sections, prepare detsiled test specifi-
cations, perform the experiments, analyze the results, and write the final
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reports. Most of the engineers serve on more than one team. For example, since

one man has prime responsibility for operation and maintenance of each major experi-
mental apparatus, that man serves on all teams running programs involving that par-
ticular apparatus. Engineering technicians assist in operating and maintaining the
laboratory equipment.

The laboratory operation is supported by a maintenance force assigned specifically
to the Thermal Hydraulics Operation to assist in maintaining the various equipment.
This force includes a foreman, fitters, electricians, instrument technicians, and
a welder. Additionaly, machinists, millwrights, and other craft personnel are
readily available from the central maintenance organization.

The current experimental operation is such that all of the facilities may operate
simultaneously. Each apparatus is operated on an individual basis with the intent

of obtaining maximum operating efficiency on each equipment. The work schedule is
normally on an eight hour day, five days a week basis, although double shift operating
schedules are often utilized when running the High Pressure Heat Transfer Apparatus.

EQUIPMENT DETAILS

1. High Pressure Heat Transfer Apparatus

a. General

The High Pressure Heat Transfer Apparatus is a recirculating facility designed for
steady state heat transfer experiments to investigate subcooled and boiling burnout,
single and two-phase pressure drop, and other related studies. The primary circu-
lating facility is rated for 2500 psig at 650°F. The deionized water coolant can
be circulated at a maximum flow rate of 250 gpm. A simplified schematic flcw dia-
gram of the facility is shown in Figure 3.

b. Primary Pump, Piping, and Heat Exchangers

The facility piping is comprised of 2" to 4" Type 347 stainless steel pipes. The
water circulation pump is a Byron Jackson mechenical seal pump, 2 x 4 - four stage
special doubles case, rated for 250 gpm at 1450 TDH, and is driven by a 200 HP motor.
The pump discharge flow is heated with four in-line electrical preheaters having a
total capacity of 500 KW. The controls of the heaters consist of one 100 KW step,
two 75 KW steps, three 33 1/3 KW steps, and one 150 KW variable and stepless con-
trol. The electrical preheaters are used to raise the loop water temperature to
compensate for the cold system pressurizing injection water and tc provide a control
of the water temperature entering the test section.

The normal procedure for pumping is to provide 250 gpm of flow from the pump regard-
less of the test section flow rate requirements. Water in excess of that required
for the test section is by-passed. This procedure is followed to establiish a more
stable operating system from flow and water temperature standpoints. Air operated
flow control valves are provided in both the piping to the test section and in the
by-pass line to control the respective flow rates.

The flow rate is measured with two types of meters - an electronic Cox turbine meter
and a differential producing, venturi type meter. Several ranges of each type are
available to assure the maximum accuracy.
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Water fram the test section and the by-pass line is combined and then water cooled
in a Sentry Equipment Company shell-and-tube heat exchanger having a heat removal
capacity of 15,000,000 Btu/hr. The heat exchanger is operated with constant cooling
wvater flow rate; the primary fluid to the heat exchanger is regulated with a tem-
perature-controlled, three-way valve so that a constant loop water temperature may
be maintained during steady state operation.

The present faclility is designed for steady state operation. Additions of equip-
ment to permit transient type experimentation will be completed during 1960. This
facility includes a high pressure (5000psig) air storage system to maintain a
controlled pressure up to 2000 psig in a 1000 gallon water storage tank. A quick
acting valve assembly (less than 50 milliseconds full stroke) will change the source
of water circulation through the test section fram the recirculating pump to the
water storage tank. This system is necessary to permit transient type experimenta-
tion on the existing tight recirculating facility to assure equipment integrity, and
to provide an adequate supply of water during a transient period. The system further
provides the flexibility of permitting water at any pressure and at any temperature
to be introduced to the test section. A line diagram showing the basic piping and
equipment for the transient system is shown in Figure L.

c. Test Sections

The test sections may be either horizontal or vertical in orientation. The length
of these test sections may vary from 3 feet to 35 feet in the horizontal assembly
and from 3 feet to 20 feet in the vertical assembly. The configuration of the fuel
element model may vary with typical models being a single rod, several rods in a
cluster, and tube-and-tube type. The present maximum housing or process tube size
is 3.25" ID. However, larger sizes may be accammodated by changes in the electrical
power connections. Sizes and configurations of the test sections are limited only
by the electrical resistivity characteristics of metals which must match the power
supply output and by the design requirements of cooling water and electrical connec-
tions in complicated assemblies.

A typical test section of a cluster element is shown in Figure 5.

4. System Pressurization and Water Treatment

Water used as the coolant is demineralized water obtained from steam condensate and
treated in an Illco-Way anion-cation water treating equipment. Water with a resis-
tivity greater than 500,000 olms is used to assure electrical insulation between the
heat generating test section and other piping components. Approximately 2 per cent
of the recirculating water is continually bled from the system and deionized to
maintain the water quality.

The loop is pressurized to the required operating pressure by = bleed and inject
method in conjunction with the water treatment procedure. The water to be treated
is bled from the suction side piping of the recirculation pump and cooled to less
than 100°F in a shell-and-tube heat exchanger. The rate of water bleed off is con-
trolled through a high pressure drop valve. This water is then circulated to the
storage tank.

Water fram the tank is circulated to a vacuum de-aerator and to the water treatment
towers at a maximum rate of 5 gpm. When required, chemical addition for pH control
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is made at this point. The water is then injected into the loop through the seal
of the primary loop circulating pump with an American-Marsh positive displacement

bump .

e. Control Panel and Instrumentation

The control panel for the High Pressure Heat Transfer Apparatus is located in
front of the test section (Figure 1). Instruments include recorders for the
test section and system water temperatures, cooling water temperature recorder-
controllers, system pressure recorder-controller, manometers, water treatment
control, alarm system for high temperatures in the pump and heaters, low air
pressure, etc.

Partial views of the control panel are shown in Figures 6 and 7. A listing of the
more important instruments is given in Table I of the Appendix.

f. Temperature Monitoring

The basic thermocouples are chromel-alumel for the test rod temperature and iron-
constantan for the water. A permanent extension lead wire system of 80 I/C couples
and 120 C/A couples is installed between the test section areas and the panel board.
Each end terminates in a quick-disconnect Jack panel or console so that any pick up
point can be connected to measure temperature on any appropriate recorder on the
control panel by simple changes.

Temperatures are measured throughout the system for indications of potential troubles
and for general control. These include the pump suction and discharge water, pump
heat exchanger outlet water, preheater inlet and outlet water, preheater shell,

flow control valve inlet and outlet water, flow meter inlet circulating loop, heat
exchanger inlet and outlet. Since these temperatures are not critical to data
analysis within the test section, rkbadings are normally made on a 20-point recorder
or on indicators. For such temperatures as preheater shell and pump heat exchangers
.Which affect equipment safety, the readouts are also connected to the annunciator
“‘system. '

Other water temperature readings critical for data analysis or for temperature
control, such as inlet and outlet water temperatures of the test section, are
monitored on single-pen recorders. The inlet water temperature is used to control
the variable-and-continuous electric preheater; a separate inlet water temperature
measurement and a pump suction temperature are used to regulate the heat exchanger
three-way valve by a pneumatic controlling temperature recorder-controller and
Indexit recorder. Where more accurate readings are required, a 48-point, push
button, extended range potentiometer may be used during operation.

Techniques for measuring heater rod temperature vary with the configuration of the
test assembly. Normally 1/16" or 3/64"0D sheathed thermocouples with magnesium
oxide insulation are imbedded in or attached to the heater surface. Temperatures
are recorded on two-pen, continuous record recorders, or on single-pen recorders
having a 25-point manual and automatic stepping switch arrangement. All recorders
have a full-scale response of less than one second so that sudden and rapid changes
in heater temperatures can be detected before damage to the test section can occur.
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8. Pressure Measurement

Several key pressure measurements in the system are continuously monitored with
0 to 2500 psi Heise or O to 3000 psi Helicoid gauges, or with a four-point
extended range pressure recorder which uses SR4t Baldwin strain gauges as the
sensing element. These pressures include inlets and outlets to the pump and to
the test section. System pressure is automatically controlled by use of a
strain gauge pressure transducer and an extended-range pressure recorder-control-
ler sensing the tube outlet pressure, and which in turn controls the system
bleed valve pressure drop.

Pressure drop data of test sections are obtained by indicators set up in a mani-
fold of 60" mercury manometers and Barton torque tube differential indicators
of O to 10, O to 25, and O to 50 psi ranges.

h. Flow Measurement

Flow measurements are made with calibrated venturi type elements or Cox turbine
flowmeters. Differential pressures of the venturis are measured with a high
pressure, 60 inch mercury manometer. For higher flows giving differential
readings larger than 60" of mercury, four Barton Torque Tube pressure indicators
having the ranges of O to 10, O to 25, O to 50, and O to 100 psi are used in a
manifold system.

Four Cox turbine flowmeters having ranges fram 2 to 75 and 5 to 300 gpm are used
to supplement the flow measurements. The electrical signals from these flowmeters
are visually displayed on digital indicators.

2. Low Pressure Heat Transfer Apparatus

a. General

The Low Pressure Heat Transfer Apparatus is a facility designed principally for
the studies concerned with existing Hanford reactors. The operating characteris-
tics of the facility permit certain transient-type as well as steady state experi-
mentation to be performed.

The apparatus is normally a recirculating facflity utilizing steam condensate to
prevent scale deposit on the fuel element model in tests resulting in high heating
surface temperature. The apparatus is designed for operation up tc 985 psig at
300°F at the inlet side of the test section and for 360 psig at 450°F on the dis-
charge side.

b. Circulating System

A simplified schematic flow diagram is shown in Figure 8. The piping is basically
2" and 4" type 304 stainless steel.

Flow is circulated by one of two Byron Jackson pumps. The pumps have the follow-
ing characteristics:

No. 1 - 500 psig developed head at 35 gpm, 12-stage vertical 300 psig
maximum suction pressure, 300°F maximum temperature
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No. 2 = 700 psig developed head at 70 gpm, llh-stage vertical, 300 psig
maximum suction pressure, 300°F maximum temperature

Water from the smaller B.J. pump No. 1 may be heated to 300°F by a Pfaudler shell
and tube steam heater. The flow to the test section is manuslly controlled with
several globe valves of different sizes in parallel. Each line contains a Potter
turbine flowmeter in sizes fram 3/4" to 2". Piping to the test section may be
interchanged so that the supply will enter the test section as a single feed or

as two feeds. The latter is to accommodate a fuel element model simulsting an
internslly and externslly cooled configuration. For this flow geometry, additional
flow control valves and flowmeters are installed in each line to permit flow
adjustment and flow monitor independently to each flow channel.

The heated coolant leaving the electrically heated test assembly, which may be
all liguid or mostly steam, is cooled by two Schutte-Koerting steam condensers
located immediately downstream of the test section. Cooling water for this pur-
pose is provided by a by-pass around the test section of part of the water dis-
charged fram the recirculating pump. The pressure of the steam or water leaving
the condenser is manually regulated to produce s desired pressure at the outlet
of the test section. Water is then cooled in two shell-and-tube heat exchangers
to a nominal TO°F.

The extent of pressurization required on the Low Pressure Heat Transfer Apparatus
is to assure that the pump suction pressure is high enough to prevent cavitation

in the pumps. The pressurization is accomplished by air loading of a pressure tank
floating on line. Normal minimum pressure required is 5 psig.

c. Test Sections

The principal test section is a model of the fuel elements used in the existing
Hanford reactors installed in a standard or actual process tube lined with elec-
trical resisting phenolic resin. The lining is necessary to prevent electrical
leakage fram the resistance-heated test element to the housiang tube. The elec=~
trical connection from bus to test section is shown in Figure 9.

Immediately downstream of the heated portion is a "dummy section", a reactor
nozzle, outlet fittings, and header arrangement to simulate the reactor flow
configuration as closely as possible.

An sdditional short test section is located parallel to the above reactor proto-
type. This test sectior is used for basic studies of heat transfer and boiling
heat transfer mechanism, of flow mixing or channeling in cluster elements, strati-
fication of wvapor phase, etc. The housing tube may be metal or glass to permit
visual observations or high speed filming. A typical glase “iube assembly is shown
in Figure 10.

d. Contrcl Panel and Instrumentation

The control panel location is next to the process egquipment and test section,
and is indicated in Figure 1. Instrumentation includes Heise gauges, 6-point
temperature recorders, single pen recorders, 2-pen pressure recorders, ard steam
preheater recorder-controller.
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Partial views of the Low Pressure Heat Transfer Apparatus are shown in Figures
11 and 12. The latter shows also the high speed recording equipment used to
obtain transient data. (The high speed recorders are described in Section 5C.)
A listing of the more important instruments is given in Table II of the Appen-
dix.

‘e. Temperature Measurement

The temperature measurement system is basically iren-constantan for both the
water and test rod measurements. Quick disconnect plugs terminate either end
of the permanent extension lead wire system to permit selection of any tempera-
ture recording on any one point on any recorder. Leads may be connected simul-
taneously to the recorders or to a circular 30-point selection temperature
indicator during operation.

Basic heater rod thermocouples are 1/16" or 1/8" OD sheathed thermocouples
imbedded in grooves slotted in the outer surface of the test rod. The hot
Junctions may be electrically insulated with cement.

f. Pressure Measurement

The pressure measurement is made by seven Heise gauges. The gauges range from
0 to 100 and O to 1200 psig. Any point to be measured may be directly ihdicated
or be manifolded to any of the gauges. Provisions for recording up to six pres-
sures on circular charts are also available.

Four pressure indicators are also available for manifolding delta pressure read-
ings. Ranges of these indicators are 0 to 50, O to 100, O to 250, and O to 40O
psi.

g. Flow Measurement

Flow is measured with one of five Potter turbine flowmeters ranging in size fraom
3/4 to 2". Flow range is fram 2 to 12 gpm for the smallest and 5 to 125 gpm for
the largest Potter. Readout is obtalned on milliammeters.

3. Hydraulics Laboratory

a. General

The Hydraulics Laboratory is a facility designed to study pressure-flow charac-
teristics of existing Hanford reactor process tube flow geametries. Additions
have been made to broaden the scope to inciude studies in vertical test sections
and in equipment suitable for study of non-heating, two-phase pressure drop and
critical discharge flow phenomena from orifices, nozzles, ani pipes. All test
apparatuses utilize the same pumping,water heater; and flow measuring equipment .
Water employed is the standard Hanford reactor process water.

b. Process Piping

The Hydraulics equipment is a single-pass system, made up of basically 3" and
4" pipelines. Materials are Type 304 stainless steel at the inlet and carbon
steel on the outlet system. Design rating is 750 psi at LOO®F. A flow diagram
is shown in Figure 13.
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Process water is stored in a 3300 gallon head tank located on the mezzanine
above the laboratory area and "floats" on the suction side of the pump. A
level controller assures adequate supply of water in the tank at all times.
The pumping station consists of three pumps. These are a Bingham 4-stage hor-
izontal centrifugal pump, 500 gpm at 1387 feet head, 250 hp motory and two
Ingersoll Rand, five stage vertical pumps with 100 gpm at 1155 feet head, 60
hp motor. Water pumped by any of the three pumps is passed through a flow
metering system of Potter and Fischer Porter turbine type primary elements.
Flow control is performed by manual adjustment of remote loading stations.
The water may be steam heated in a Ross U-tube heat exchanger up to a nominal
temperature of 350°F. By proper valving the water can be supplied to one of
the desired test secticns.

After passing through the test section, all water is dumped to the sewer with
quenching, if required.

c. Test Sections

Test assemblies, prototypical from front to rear header of the seversl different
types of Hanford reactors, sre used for determining pressure-flow characteris-
tics. Actual reactq; fuel elements are employed. All tests are made under iso-
thermal or adiabatic conditions. Where test interest in directed at the fittings,
the fuel elements may be omitted, and the process tube serves as the connecting

pipe.

A vertical test section, with metal or plastic housing, is also available for
hydraulic studies. Principal geometry simulates the Plutonium Recycle Test
Resctor process tube although other configurations may be easily installed for
testing.

The third test apparatus is designed for two-phase pressure drop measurements or
for study of critical discharge rates fram pipes, nozzles, and orifices. The
latter is fitted with a momentum chamber to provide force data valuable for deter-
mining slip ratios in steam-water mixtures.

4. Control Panel and Instrumentation

The cortrol panel location and general equipment layout is shown in Figure 1.
The control panel is shown in Figure 1li. Several Heise pressure gauges, U-tube
manometers, Barton torgue tube differential pressure indicators, s 12-point
temperature recorder, and Potter electronic flow readout are used to obtain data.
The pressure indicating instruments are manifolded so that pressure at any point
or pressure drop between any two points may be readily obtained.

A list of the more important instruments is presented iu Tatls TIT of the Appen-
dix.

Temperature readings in the various test sections and pipings are obtained by
use of iron-constantan thermocouples. Readout is obtained on the temperature
recorder. Weston dial thermometers are also used in locations nesr the flow
control valves to aid operators in setting test conditioms.

Flow meters are calibrated by the weight method. The weigh tank capacity is
2000 1b. The timer used in connectlon with the weigh tark gives .l second
readings. At the present time, this assembly is used to calibrate the flow
meters of all the mejor apparatuses.
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4. Direct Current Power Supply

a. General

Two sources of power supply are available to provide the resistance heat direct
current to the High Pressure Heat Transfer Apparatus and the Low Pressure Heat
Transfer Apparatus fuel element models. These consist of three integrated
motor-generator sets and a silicon rectifier system. The locatiomscof this equip-
ment &re shown in Figure 1. Bus duct systems with eleven 1/2" x 6" copper bars

in parallel supply the power fram the sources to an intertie area located
adjacent to both of the electrically-heated apparatuses. The intertie is such
that either power supply may be connected to either the high or the low pressure
test section, and both facilities may operate simultaneously. Figure 2 shows

the general connection scheme.

b. Motor-Generators

The motor-generators consist of a double-ended machine and a single machine
manufactured by Electriec Products. Each is capable of producing 7500 amperes
of direct current at 50 volts or a combined total of 22,500 amperes at 50 volts.
The double-ended machine is driven by a 1250 hp, 512 ram, 2300 volt synchronous
motor. The single machine drive is a TOO hp, 512 rpm, 3200 volt synchronous
motor. The generator controls are intertied such that one, two, or all three
machines may be operated as a unit.

A portable control console may be located at either end of the motor-generator
switchgear depending upon the test apparatus utilized. All control and power
data indicators and recorders are mounted on this portable console. However,
provisions for remote programmed power control and "stop" exist at each of the
test apparatus control areas. Figures 15 and 16 show the generators and control
equipment for this power supply.

c. Silicon Rectifiers

The silicon rectifier system was supplied by the General Electric Campany. All
equipment is designed for indoor use. The rating of this system is 2700 KW at
85 volts and 32,000 amps on a continuous basis. The equipment has overload
capacities of 3840 KW at 120 volts and 32,000 amps om a one-half hour on, one
hour off duty cycle or 48,000 amperes for one minute. The system consists of:

1. 13.8 kv AC circuit breaker

2. DC controlled saturable reactor

3. Two rectifier transformers for 13.8 kv, 3 phase, 60 cycle operation
4. Two 16,000 amp silicon rectifier cabinets

5. Amplidyne for DC control of the saturable reactor

The control panel is located between the High Pressure Heat Transfer Apparatus
and the Low Pressure Heat Transfer Apparatus control areas. The panel is complete
with controls, indicators, and power recorders. Remote programmed power changes
can be performed. Emergency stop buttons are located at either control area.
Figures 17, 18, 19, und 20 show the rectifier system and control panel.
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5. Miscellaneous Support Equipment

a. Organic Heat Transfer Apparatus

The Organic Heat Transfer Apparatus is designed to obtain basic heat transfer and
fouling data for organic coolants. Efforts on this apparatus have been limited to
preliminary information on Monoisopropylbiphenyl. The resistance heating principle
is employed using a single-phase A.C. power supply. Test section sizes are 1/4"
to 3/8" OD tubing, approximately 12 inches long. Basic design rating is 100 psig
at 800°F, with a maximum flow rate of 10 gpm.

b. Analog Computer

An analog computer having a grid net work of 12 by 24 points, supports analysis
of steady state heat transfer problems. Resistance to heat flow is simulated by
setting an appropriate electrical resistance between each grid point. Electrical
current input to each grid point simulated heat generation, and temperatures are
found from the voltages throughout the grid network. This computer is of special
value for problems where the geametry is such that analytical solutions are not
practical.

c. Calibration and Special Support Equipment

The support of the laboratory operation requires numerous specialized equipment
to produce and cbtain accurate data. Supporting devices include special equipment
for calibrating, troubleshooting, recording, and analyzing data. Some of these
items are:

1. Oscillographic recorder, Heiland Visicorder Model 1012, mirror galvanometer
type, direct print, 36 channels. Chart speed may be varied in steps from
.1 to 160 inches/sec. Recording width is 11 3/8". Carrier and DC ampli-
fiers used with the recorder give frequency response capabilities of
better than 1000 cycles per second.

2. Oscillographic recorders {2 units), Offner Type M Dynograph, six channels,
chart speeds up to 250 mm/sec° Recording width 7 centimeters each channel,
frequency response DG to * 10% at 70 cps. Input signal may be DC, reluc-
tance type, strain gage, or carrier.

3. Pressure transducers, differential and absolute measurements, ranges
+ 1 psid to * 1000 psid, and O to 100 tc O to 3000 psia.

4. X-Y recorders, Moseley Autograf Model 2S5 complete with curve follower
attachment for programmed control of motor-generstor and rectifier power
supply systems, response one second full scale, range O %o 7.5 mv to
0 to 150 volts.

5. Semi-automatic data reducer, Benson Lehner Oscar Model J, for analyzing
and reading continuous strip chart and oscillographic records, complete
with electrotypewriter and key punch adaptor.

6. High speed camera, Wollensak "Fastax'" Model WF-2, 16 mm film, speeds up
to 18,000 frames per second. Equipment complete with high intensity,
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short duration stroboscopic light source capable of producing high
intensity light flashes of less than 2 x 10-6 seconds duration up
to 6000 flashes per second.

7. Mueller Bridge, Rubicon Model 1551, range O to 141.110 ohms, for
use with National Bureau of Standards calibrated and certified
platinum resistance temperature element.

8. Kelvin Bridge, Gray Instrument No. E-3272, range .5 microhms to
22.2 ohlms, sensitivity one microampere.

9. High Precision potentiometer, Rubicon 2780, Type B with electrostati-
cally shielded case, range 0 to 16 millivolts to O to 1.6 volts,
limit of error at low range, 1 microvolt or .015%.

10. Oscilloscope, Textronic Model 545, cathode ray, wide range, fast
rise unit.

6. Supporting Services

a. Assembly Area

Machine, welding, instrument, electrical, and fitter shops are located within the
laboratory building for joint usage with other experimental components. Additional
to these shops, special areas are designated to perform specialized craft work in
support of test section assembly. Adjacent to the High Pressure Heat Transfer
Apparatus is a welding area with a special aligning lathe to assemble the test sec-
tions and pipe components. A hoist is available to transport the heavier test
sections to the test apparatus. Thermoccuple makeup and installation is performed
in this area for heavier fuel element models. A separate thermocouple makeup area
for smaller test sections is provided next to the rectifier power supply.

b. Storage Areas

Storage facilities for campleted test sections are provided in either of two
assembly areas. Components such as pipes, fittings, and valves which require

long procurement time are maintained on hand in a separate storage building or

in the plant warehouses. Total storage space retained by the Thermal Hydraulics
Operation is approximately 4,000 square feet. Accurate inventories of all stored
items are maintained to assure sufficient supply of critical items for operational

continuity.
c. Water

Water requirements for equipment operation include raw and reactor process water.
Both types of water are available in the laboratory area at pressures of up to 50

psig.
d. Steam

Steam is available in the building from the plant boiler at 225 psig in a 4" line.
Stesm is required to provide condensate in both of the electrically-heated appara-
tuses and for heating of process water in the Hydraulics Laboratory and the Low
Pressure Heat Transfer Apparatus steam preheaters.
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Instrument and control air, which must be o0il free and dry, is available at
100 psig from a 10 hp non-lubricated compressor and a dryer system. Air for
general purposes is supplied from ‘a larger building compressor at 100 psig.

f. AC Power

The primary electrical power is available at 13.8 KV. The rectifier power sup-
ply utilizes this supply directly. Transformers for 13.8 KV/2300 V, 13.8Kv/440 Vv,
2300 V/4LO V step downs to provide generator, pump, electric preheater, and other
pover requirements are located outside of the laboratory building.

LABORATORY OPERATION

1. Personnel

a. High Pregssure Heat Transfer Apparatus

The operation, maintenance, and routine modification of the High Pressure Heat
Transfer Apparatus is delegated to a responsible engineer. No operation is con-
ducted without his presence or authority. He is assisted by a technician to
carry out the specified responsibilities. During operation, further assistance
may be provided by other engineers interested in the test and by other techni-
cians as required.

b. Low Pressure Heat Transfer Apparatus

The operation of the Low Pressure Heat Transfer Apparatus is conducted in the
same manner as the High Pressure Heat Transfer Apparatus.

¢. Hydraulics Laboratory

The responsibility for the operation, maintenance, and modification of the Hy-

draulics Laboratory is delegated to a specific engineer. The equipment may be

operated by a technician but under supervision and direction of the responsible
engineer.

d. Maintenance

The routine maintenance and minor modifications to existing faciiities are per-
formed by craft personnel. The craft personnel number ten plus a foreman and
include a welder, fitters, instrument techniciazns, and electricians. These per-
sonnel are assigned to support the operation of the Thermal Hidrauliecs Laboratory
specifically. Other craft personnel such as machinists and millwrights are
assigned to other components in the laboratory building, but are available to

the Thermal Hydraulics Operation for performing work.

Program priorities are established by the Supervisor, Thermal Hydraulics Opera-

tion. Based on these priorities, craft services are scheduled with the craft
foreman by the Thermal Hydraulics Operation maintenance co-ordinator.
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2. Operating Schedules

The prime responsibility of the Thermal Hydraulics Operation is to the support
of Hanford reactor operation. All work concerned with continuity of reactor
operation is therefore of the highest priority.

" The normal schedule for equipment operation is based on a 4O-hour, 5-day week.
Because of the relatively long start up and shut down time required for the high
pressure apparatus, double shifts may be used on occassion to increase operating
time. Other facilities may also operate on a two-shift basis where the need for
data warrants.

3. Safety

Safety is given a high degree of attention since many of the experiments involve
water at high pressures and temperatures and in many cases, high electrical cur-
rents. Job hazard breakdowns are written and reviewed with personnel at inter-
vals. All experiments which deviate from established practices are discussed
thoroughly with operating personnel. Test section areas are barricaded during
operation, while operating areas are chained off to prevent unauthorized entries.
Safety glasses are required and furnished in the laboratory building.

Piping and vessels are designed, fabricated, tested, and inspected in conformance
to applicable codes. All safety valves and pressure vessels are routinely inspec-
ted by procedures and at frequencies recommended by the Third Party Inspector.

Qo pIA

UPERVISCR
THERMAL HYDRAULICS OPERATION
HANFORD LABORATORIES OPERATION

K ') Ty o fn

ENGINEER
THERMAL HYDRAULICS OPERATION
HANFORD LABORATORIES OPERATION

JMBatch/KGToyoda :ag
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Table I

PANEL INSTRUMENTATION

HIGH PRESSURE HEAT TRANSFER APPARATUS

Measurement Quantity Description

Temperature 3 Recorder, I&N Micromax, O to 1500°F C/A calibration,
single pen record, heater temperature

Temperature 2 Recorder, Westronics D-11, O to 2500°F C/A calibra-
tion, 2 pen record, heater temperature

Temperature 2 Recorder, L&N Speedamax, Model G, O to TOO°F I/C
calibration, single pen record, water temperature

Temperature 1 Recorder, I&N Speedomax Model G, O to 600°F, I/C
and O to 100°F delta, 2 pen record, water and water
temperature rise

Temperature 1 Recorder-controller, General Electric Model HF, O to
TOO°F I/C calibration, electric preheater control

Temperature 2 Recorder-controller, Brown Model Y 152, O to TOO°F,
water temperature

Temperature 1 Recorder; Bristol 20 PG, O to TOO°F, 20 point, water
temperature

Temperature 1 Indicator, precision, Brown Model SC 156 X, O to 75
mv, water and heater temperature

Temperature 1 Recorder, Brown, SY 153, 2 pen record O to 2500°F,
C/A calibration, heater temperature

Pressure 1 Recorder, Brown ¥ 153, L4 point, extended range to
2500 psig, for Baldwin SR L strain gauge transducers

Pressure 1 Recorder-controller, Brown Y 152, extended range to
2500 psig, for Baldwin SR 4 strain gauge transducers

Pressure 3 Indicator, Heise, 16" dial, O to 2500 psig

~—— >3, Pressure 3 Indicator, Heliceid, 8" dial, O to 3700 psig
‘,d_‘_;§.Pressure i Indicator, differential, Barton 227, O to 10 psid

Pressure L Indicator, differential, Barton 227, O to 25 psid

Pressure 4 Indicator, differential, Barton 227, O to 50 psid

Pressure 1 Indicator, differential, Barton 227, O to 100 psid
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Panel Instrumentation, High Pressure Heat Transfer Apparatus

Measurement Quantity Description

Pressure I Manameter, O to 60"

Flow 4 Indicator, Cox Type 6R, digital, up to 300 gpm, for
use with Cox turbine flowmeters

Flow 1 Recorder-controller, Brown Y 152P, O to 150 gpm, for
use with Potter turbine flowmeters

pH 1 Recorder-controller, Brown 152R

pH 1 Indicator, Beckman Model W, 2 to 12

UNCLASSIFIED



UNCLASSTIFIED -17- HW-65T722

Table II

PANEL INSTRUMENTATION
LOW PRESSURE HEAT TRANSFER APPARATUS

Measurement Quantity Description

Temperature 3 Recorder, Brown Y 153, 6 point, O to 600°F and O to
1200°F, I/C calibration

Temperature 1 Recorder, Brown Y 153, 6 point O to 800°F, I/C cali-
bration

Temperature 1 Indicator, Brown Y 156, O to 600°F and O to 1200°F

Temperature 1 Recorder, Brown Y 153, two pen record, O to 1500°F,
I/C calibration

Pressure 3 Recorder, Brown Y 702C, two pen, O to 500 psig

Pressure 2 Indicator, Heise, 16" dial, O to 1200 psig

Pressure 3 Indicator, Heise, 12" dial, O to 700 psig

Pressure 2 Indicator, Heise, 12" dial, O to 500 psig

Pressure 1 Indicator, Heise, 8" dial, O to 100 psig

Pressure 1 Indicator, differential, Barton 227, O to 50 psid

Pressure 1 Indicator, differential, Barton 227, O tc 100 psid

Pressure 1 Indicator, differential, Barton 227, O to 250 psid

Pressure 1 Indicator, differential, Barton 227, O to 40O psid

Flow 2 Indicator and converter for Potter turbine meter, up

to 125 gpm
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Table III

PANEL INSTRUMENTATION
HYDRAULICS LABORATORY

Measurement Quantity Description

Temperature 1 Recorder, Bristol 12 PG, 12 point, O to 300°C I/C

Pressure 1 Indicator, Heise, 12", O to 100 psig

Pressure 1 Indicator, Heise, 12", O to 300 psig

Pressure 1 Indicator, Heise, 12", O to 500 psig

Pressure 1 Indicator, Heise, 12", O to 600 psig

Pressure 1 Indicator, Heise, 12", O to 700 psig

Pressure 2 Indicator, differential, Barton Model 227, O to
10 psid

Pressure 2 Indicator, differential, Barton Model 227, O to
500 psid

Pressure 2 Indicator, differential, Barton Model 227, O to
100 psid

Pressure 2 Indicator, differential, Barton Model 227, O to
150 psid

Pressure 2 Indicator, differential, Barton Model 227, O to
400 psia

Flow 1 Indicator and converter for turbine flowmeters,

range to 200 gpm
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Figure 6

PANEL BOARD
HIGH PRESSURE HEAT TRANSFER APPARATUS
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HIGH PRESSURE HEAT TRANSFER APPARATUS

%
Las
ol
W el |y ~ga=a (g
| &' @
, e e R B
e  SLLL
®..®;
AR A fr ja~a s

ol g g \a
\o

& g8 1

Al 2R
" AN N

AEC-GE RICHLARD, WASH. czogmm HM—HHU



“HSYM 'GNYIHIIY 39-23V

QIIAISSVIONN

@i’ NG WaTER
ReAR
PRESSURE
(oNTRIL
(F\ VA vE

—_ N
i1
Pumr #SEWER

225%7 s ——
Sream —De—(@—]

cov r/?aj ¢ TURBINE

VaLvss FLOWMETERS

AIR

4
AT EXCH; w@{/géj

= \

DESIGN DATA
(INLET) “OUTLET)
PRESSURE 3985 Psic 3690 Pssis

TeEmreRATURE 300°F 450°F
Flow (100 GPM
MATERI&4LS ; 304 Ssr

Figure 8

PrESSURIZING TANK ( \

— [Sream
1( ONDENSERS

REAR HEADER

1 FuLl ScAtE
Hori120NTAL

Tesr SECTION A

SHORT
HoRIZONTAL
Test SECTION

FLOW DIAGRAM OF
LOW PRESSURE HEAT TRANSFER APPARATUS

QETIISSVIONN

-9 a-

CoLG9-MH



HW-65722

DT

UNCLASSTFIED

Figure O

TYPICAL ELECTRICAL CONNECTION

END VIEW

UNCLASSIFIED

AEC-GE RICHLAND, WASH.



UNCLASSIFIED

AEC-GE RICHLAND, WASH.

-08-

HW-65T722

M
o w
—
mm
o
° B
o
=

w

(&}

UNCLASSTFIED



UNCLASSTIFIED -29- HW-65T722

g

.M;zm i

f

PANEL BOARD
LOW PRESSURE HEAT TRANSFER APPARATUS

Figure 11

AEC-GE RICHLARD, WASH. %OgmHm‘HmU



UNCLASSTFIED

AEC-GE RICHLARD, WASH.

-30-

HW-065722

Fi

gure 12
PANEL BOARD AND HIGH SPEED RECORDING EQUIPMENT
LOW PRESSURE HEAT TRANSFER APPARATUS

UNCLASSTIFTED



"HSYM 'GNYTHOIY 39-03V

QETATSSVIONN

PRocess WATER

CONSTANT
HEAD TanK

STEAM
225 Psi6

TURBINE
FLOWMETERS

-9
2l

Punmrs

! |

HeAaT EXCHANGER

UPST REAMHEADER)
ﬁ

PSTREAM
ConTrROL
VALVES

( VERTICAL

PressuRe Dror ;»‘omzow r,;.
Test AssemsLY RESSURE JROP
Test ASSEMBLY <
<’f,4L TERNATE CRITICAL FLow
1 ASSEMBLIES TEsr SECTION

I

Desion DATA 5
PRESSURE 750Psss
TemperArvee €00
Frow Max S00GPM
MATL OF ConsT SsT304 & Cs

FLOW

@vowzvsmemw
DovNSTREAM~ | Henper
ConTROL
VALvE

Cotb WATER

QUENCH
Figure 13

DIAGRAM OF HYDRAULICS LABORATORY

CIISISSYIONA

-'[g-



UNCLASSIFIED -32- HW-65722

Figure 14

PANEL BOARD
HYDRAULICS LABORATORY
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Figure 15
MOTOR GENERATOR SET
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Figure 18

RECTIFIER SYSTEM
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Figure 20

RECTIFIER CONTROL PANEL AND
PROGRAM INPUT UNIT
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