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ABSTRACT

Tnis report presents results of a survey conducted by EG&G Idano to
determine facilities available to conduct thermal-nydraulic and
thermomechanical testing for the Uepartment of Energy Office of Fusion
Energy First Wall/Blanket/Shiela Engineering Test Program. In response to
EG&G queries, twelve organizations (in addition to EG&G and General Atomic)
expressed 1ntereét in providing experimental facilities. A variety of
metnods of supplying neat is available.
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TPE-11 Facility Survey
1. Introduction

Tne "Department of Energy (DOE) Office of Fusion Energy First
Wa]]/b]anket/5h1e]0 Engineering Test Program under the direction of Argonne
National Laboratory (ANL) includes Test Program Element-II (TPE-II).
blanket/snield thermal-hydraulic and thermomechanical testing. Preliminary
concepts for the program were submitted to ANL jointly by EG&G Idano, Inc.,

)1’2’3 in competition with other

and General Atomic Compény (GA
corporations.  Subsequently, EG4G and GA were contracted to conduct a.

planning study for the program.

Tne main objective of TPE-II is a thermal- hydrau]1c and
thermomechanical test program which will be used to establish a data base
for the design of fusion reactor blanket/shield assemblies and design
verification tests of the resulting blanket/shield design. Parts of the
planning stage for these tests include recommended concepts for testing
ana facilities available for conduct ot that testing. This report presents
a survey conducted by EG&G of available fac1]1t1es This survey will be
used in cooraination with the other test p]annlng act1v1t1es to decide

where tnhe testing should be undertaken.



2. FACILITIES SURVEYED

In order to determine the availability of testing facilities, major
universities, corporations, and other institutions throughout the United
States were contacted. A form letter soliciting information on candidate
facilities for tne test program was prepared. Enclosures to the letter
outiﬁned the test objectives and posed specific questions as to tne
capabilities of the testing facilities. A copy of the survey letter and

questionnaire are included as Appendix A to this report.

Twenty-three prbspective test organizations (otnér than EG&G/GA) were
senl yuestionnaires, Of these, twelve expressed interest in providing
facilities for at least a part of tne TPE-IT testing. A list of those
contacted ana their positive or negative interest is included as Table 1.



TABLE 1. RESPONSE TO TPE-I1I FACILITIES SURVEY

10.

1.

12.

13.

14,

Test Facilities Contacted-

Hantord Engineering.Deve]opment~Laboratdry
Richlana, WA

TRW Defense & Space Systenis Group
Redondo Beach, CA

Battelle Pacific Northwest Laboratories
Richlana, WA

Boeing Engineering & Const?uctioh Company

Seattle, WA _ -

Westinghouse Electric Corporation
Pittsburgh, PA

Combustion Engineering Inc.
Windsor, CT

Babcocki& Wilcox
Lynchburg, VA

Columhia University
New York, NY

McDonnell Douglas Astronautics Company
St. Louis, MO

Lawrence Livermore National Laboratory
Livermore, CA

WYLE Laboratories
Norco, CA

University'of Colorado
Boulder, CO

UCLA .
Los Angeles, CA

Massaénusets Institute of Technology
Cambridge, MA

- Response

Yes
No
Yes

Yes
Yes
Yes
Yes
Yes
Yes -
Yes
No
No

No

No



15.
16.
17.
18.
19.

20.

22.

23.

NASA Lewis Research Center
Cleveland, OH

Hughes Research Laboratories

Malibu, CA

Sandia Laboratories
Albuquerque, NM

Oak Ridge National Laboratories
Oak Ridge, TN

Argonne National Laboratory
Argonne, IL

Los Alamos National Laboratory
Los Alamos, NM

University of Missouri
Columbia, MO

Battelle Columbus Laboratories
Columbus OH

General Electric Company
Schenectady, NY

a. Rep]ied'that no facilities were available.

Nod

No
No
Yes
Yes
Yes
No
No

'NQ




3. SUMMARY OF EXPRESSIONS OF INTEREST

Responses from interested facilities were prepared in varying
formats. Some answered‘the'quesfions in the EG&G survey directly, some
providea excerpts from their response to the original TPE proposal, while
others enclosed company brochures as part of tne response. Two approaches
were selected to present this material. In this section an overview of the
types of facilities is preSented based on some of the niore important
testing capabilities listed in tne EG&G' questionnaire (in Appendix A).
These cannot of course represent-the full information contained in the
responses, so the major portions of each response are presented in
Appenaices B through N of tnis report. Facility descriptions from the
responses were included, but detailed drawings and pnotograpns, of which

many were received, were omitted.

Section 3.1 presents a general overview of the responding
organizations' capabilities. Table 2 is a list of abbreviations of
organizations used in this report. In many cases the respdnding '
organization would be able to provide a variety of test facilities, so an
attempt was made to summarize the range of capabilities.

The capabilities can be divided into three general categories, based
on the method of supplying heat. Tne.first is by a fluid medium such as
water, sodium, litnium, or nelium. The second and third niethods are by
nonnuclear energy beams and nuclear radiation, respectively. Section 3.2
lists each fluid medium, organizations that can provide a facility using
that medium, and a brief statenient of the capabi]ities'of each.

Section 3.3 lists the-types of energy beam sources, organizations that have
such facilities available., and a brief statement of tne capability of
each. Section 3.4 describes potential nuclear test reactor heating sources.

-

3.1 General Overview

HEDL

Tnere are five test loops available in which heated fluid flows

through a piping system. Two loops are water and one each is sodium,

5



TABLE 2. ABBREVIATIONS FOR COMPANIES IN THIS REPORT

HEDL

PNL
BEC
WEC
CE
BEW
Cu
MDAC
LLNL
ORNL
ANL
LANL
EG&G

GA

Hanford Engineering Development Laboratory
battelle Pacific Nortnwest Laboratories
Boeing Engineering and Construction Company
Westinghouse Electric Corporation
Combustion Engineering

Babcock and Wilcox

Co}umbia University

McDonnell Douglas Astronautics Company
Lawrence Livermore National Laboratory

Oak Riage National Laboratories

Argonne National Laboratory

Los Alamos National Laboratory
EG4G Idaho

General Alumics




lithium and helium. The power sources use electrical resistances which

" heat the water or liquid metal.

f_l!_l;“

Four test loops are available in which neated fluid is passed through
a piping system. Three loops use water as tne heating medium, wnhile the
fourth uses nelium. Tne power supplies are electrical resistance.

BEC

Thirteen vacuum/inert gas chambers are available in which energy can
be beamed at the target source. Radiation sources are Xenon arc lamps.

WEC

Westingnhouse has a large number of water filled flow loops available.
Two liquid lithium loops are available as well as liquid sodium loops.
High surface heat flux test facilities using plasma arc, laser, and

electron beam heating also have potential applications.

CE

Tnhree water loops that operate at PWR reactor conditions are
available. Heating is accomplished by electric resistance metnods. .

B

Onc test loop is available in which heated water flows through a
piping system into a large bay area. The heating method is electrical

resistance.



Two test loops in which nheated water flows tnrough a piping system are
'availab]e. Heating by the electrical resistance method is used.

MDAC

Three vacuum/inert gas chambers are available in which energy is
beamed at a target. Heating sources are quartz/tungsten lamps, graphite
heaters, and a 15 kw CO2 cw laser.

. LLNL

One test chamber is available in which energy is beamed at tne
target. The neat source is a beam containing neutrals and ions of
dgeutriun. Cooling is supp]ied by low pressure water.

ORNL

Available facilities ihc]ude a large nelium circulating facility, a
large vacuum chamber, and water circu]atihg loops. Heat sources are
neutral beam injectors, small plasma torches, direct electrical, and
radiant. ORNL also has several fission test reactors. '

ANL

Argonne nas several water filled loops available as well as one
1ithium loop and eight sodium loops. .Several test reactors are also

~available.
LANL

A variety of tnermal-hydraulic facilities is available. In addition,
a small pool test reactor and a beam dump for beam heating devices are

available.



EGG/GA

EG&G has available:eignt loops with water as-the medium, one loop with
air/water, two loops with water/steam, two loops with helium, and one
soaium and one lithium loop.. Fission test reactors are capable of

supplying peak fast neutron fluxes of up to 5 x 10'° en? sec'].

GA facilities include a. test facility to circulate hot nelium througn
blanket wodules. -Also available are chambers in which specimens can be
bombarded with ion beams, and can be subjectéd to high magnetic fields.

3.2 Fluid Heating Capabilities .

This section summarizes tne capabilities of organizations which can.
provide facilities for circulating heated fluias tnrough piping systems.
Categories for nelium, 11tnjum,vsodium, and water are included. The
general method of supplying energy is through electrical resistance
heating; riowever, EG&G, ORNL, LANL, and others can provide test reactors in

which nuclear neating takes place.
3.2.1 Helium

HEDL - 1.8 kg/s flow rate
3.2 MPa pressure
349°c? tenperature

0.5 Mi H/EX capacity

PNL - 182 kg/nr flow rate. -
| 2.17 MPa pressure -
1150°C tenperature -

120 kW ac power supply

ORNL - 4 Md Power
10.5 MPa (1550 psi) pressure
600°C temperature
3.2 kg/s fluw rate

@ Could be increased by adding a heat exchanger.



LANL - 25 MPa pressure
one inch line

EG&G - 34.6 MPa pressure
1649°C tenperature
Small flow rate

GA - two flow loops
625°C temperature
305 m/s flow rate

3.2.2 Litnium

HEDL - 37.8 1/s flow rate
0.34 MPa pressure
427°c temperature

Power supply electrical nheaters

WEC (LLP) - 45 liters litnium
260°C temperature
Rotating disk simulates high velocities
recirculation loop

WEC (LIFE) - 550°C temperature
7.6 1/s flow rate

“ANL (LPIL) - 227 liter capacity
360 Lu 500°C temperature

EGkG (ARA-2) = 749°C temperature
0.0001 MPa pressure
Pool Boiling Ref jux

@ Can be upgraded to 540°C or more

10



3.2.3 Sodium

HEDL - 37.8 1/s flow rate
2 MPa pressure
650°C temperature
1.4 Mi/18 kA
5 M{ H/EX capacity

WEC (GPL-1) - 1.0 Mi power
' 12.6 1/s flow rate
650°C temperature
. 2.37 MPa pressure

WEC (GPL-2) - 1.26 M{ power -
126 1/s flow rate
650°C tenperature
.1.96 MPa pressure

WEC (TSTF) - 650°C temperature - -
12.6 1/s flow rate
2.16 MPa pressure
1 M power

ANL (SGTF) - 500 kw heater capacity
' 4.2 1/s flow rate,
0.69 MPa design pressure

538°C design temperature

ANL (CCTL) - 60.6 1/s flow rate
' 4142 1 capacity
649°C design temperature
0.45 MPa pressure



ANL (HTSL) - 3.8 1/s flow rate
‘ 200 kwpowera
130 kw heat exchange at 649°C inlet
0.7 MPa pressure -
538°C to 649°C temperature

‘ANL (HT-LMMHD) - 38 1/s flow rate
- 0.69 MPa pressure

- 538°C temperature

ANL (AT-LMMHD) - 25-1/s flow rate
- 2.0 MPa pressure
- 53°C temperature

Trace heating
538°C temperature

ANL (CAMEL-II)

2.07 MPa pressure
270 1 capacity
16.7 1/s flow rate

ANL (OPERA) - Trace nheating
649°C Lenperature
1.38 MPa pressure
295 1 capacity
19 1/s flow rate

ANL (SSL) - Trace nheating
375 kw neat exchanger
649°C tcmpcrature
3.24 MPa preSsure
9.1 1/s flow rate
225 1 capacity -

a Upgrading to 1 M4



GG (TRA) 1.1 MPa pressure
704°C temperature
0.7 1/s flow rate

3.2.4 Water

HEDL (Hydromecnanical) - 946:-1/s flow rate
- .. 1.72 MPa pressure
120°C temperature

Variable DC power supply

HEDL (High pressure) - 15.8 1/s flow rate
C 1.72 MPa pressure
315°C temperature
4 Mi/32 kA power supply

PNL (Hign pressure heat transfer) - 15.8 1/s flow rate
. 15.27 MPa pressure

324°C temperature
.4 MI and 1.25 Mi dc power supplies

PNL (High pressure low heat transfer) - 6.3 1/s flow réte
| ' 13.9 MPa pressure
. 315°C temperature

35 KW ac* power supply

PNL (Hydraﬂ]ic) - 44 1/s flow rate
3.5 MPa pressure .
121°(. temperature
75 kW ac® power supp]y'
WEC (TMAL) - 9.55 1/s flow rate
1.38 MPa pressure
82°C tenperature
200 kW power supply

a Up to 4Mi by rerouting power supply
13



WEC (MPHL) - 378 1/s flow rate

' 1.38 MPa pressure
82°C temperatufe
200 kW power supply

WEC (Boiling HT) - 2.5 kg/s flow rate
0.88 MPa pressure
121°C temperature

WEC (A&B Loops) - 9.5 1/s flow rate

16.5 MPa pressure
343°C temperature

WEC (D Loop) - 278 1/s flow rate
116.5 MPa pressure
343°C temperature

WEC (E Loop) - 126 1/s (at 0.45 MPa) flow rate
62 1/s (at 0.78 MPa) flow rate

WEC (PWRSD) - 0.6 1/s flow rate
343°C temperature
15.5 MPa pressure
200 kW power supply -

WEC (J Loop) - 28.4 1/s flow rate
343°C temperature
17.2 MPa pressure
3.5 Mi power supply A

WEC (H Loop) - 883 1/s flow rate
-93°C temperature

14



CE (TF-1) - 25.2 1/s flow rate
15.8 MPa pressure
343°C temperature
300 kW dc or ac programmab]ea power supply

CE (TF-2) - 94.6 1/s flow rate
17.2 MPa pressure
343°C temperature

CE (TF-16) - 9.46 1/s flow rate
17.2 MPa pressure
343°C tenperature
250 kW* power supply

BsW - 41 1/s flow rate
21 MPa (3000 psi) pressure
370°C (700°F) temperature
10 Md/50 kA power supply

Cu - 53.6 1/s flow rate
. 343°C temperature
11.5 Md steady state power
50 Ka power supply
16.5 MPa pressure

ANL (SGTF) - 12.5 1/s flow ratc
16.55 MPa pressure
482°C temperature

ANL (FIVTF) - 60.5 1/s total tlow rate
1.03 MPa pressure
50°C temperature

d 2.17 Mi steady state power

15



ANL (50U-gpm loop) - 37.9 1/s flow rate
0.28 MPa pressure

ANL (MCTF) - 151.5 1/s flow rate
37.8°C temperature

ANL (OPMTF) - 30.3 1/s flow rate
~0.21 MPa pressure
. 93°C temperature

LANL - Four test cells
40 ft tall high bay
2.5 M power suppiy
500 KW dc power supply

EG&G (Ambient flow calibration) - 2.1 MPa pressure
52°C temperature
0.017 m/s flow velocity

EGKG (MTR/ETR test loop) - 1.8 MPa pressure
65°C temperature
0.038 m/s flow velocity

EG&G (Ballistic flow calibration) - 0.8 MPa pressure
65°C temperature
0.076 m/s flow velocity

EGaG (Swim rou loop) - 3.2 MPa pressure
' 115°C temperature
0.006 m/s flow velocity

EG&G (ATR Safety Rod Drive) - 3.2 MPa pressure

115°C temperature
 0.05 m/s flow velocity

16



EG&G (HT Hydraulic test loop) - 7.7 MPa pressure
260°C temperature

0.076 m/s flow velocity

EG&G (Air/Water) - 2.2 MPa pressure
: -~ 93°C temperature -
- 1.41/0.05 ni/s flow velocity

EG&G (ARA Hign temperatire) - 15.6 MPa pressure
343°C temperature
0.019 m/s flow velocity

EG&G KFast‘Loop) - 7.8 MPa pressuke
279°C temperature
0.303 m/s flow velocity

EGsG (Blowdown facility) - 15.6"MPa pressure
288°C temperature
0.32 m° vol blowaown

EG&G (Two-phase flow loop) - 7 MPa pressure
284°C temperature
0.568 mi/s flow ye)ocity

3.3 Beam Heating Capabilities

In contrast to the facilities which supply heat via a flowing fluidg,
several of the responding organizations can supply heat energy by beaming

the enerqgy at the target.

17



3.3.1 Lasers

WEC - CO2 Laser

25 kW

flux at 640 NW/m2 over ] mm dia
38 Nw/m2 over 1 cm dia

continuous or pulsed

MDAC - CO2 Laser
up to 1 x 1 meter

12.5 kW max output power

10 KW/Cmd max tlux

3.3.2 Neutral Beam

LLNL - Neutrals and ions of deutrium

Power of 4.6 M4
Max flux of 9 kw/cm2
80 keV

ORNL - 60 keV
0.9 M x 2 injectors

3.3.3 Lamps

BEC - Xenon arc
35 kW power

MDAC —'Quarti/tungsten
to 3000°C
Max power 50 w/cm2

18



3.3.4 OQOther

WEL - SF electron beam
- plasma arc
- jon beanm

MDAC - Graphite nheaters
ORNL - Small plasma torches

. ANL - Electrically heated tungsten fi]ament
" 300 KW
3410°C
Argon gas environnent

GA - Superconducting high field ion beam

EG4G - Electrically heated tungsten mesh furnace

530 kW
3000°C (vacuum), 2700°C (Helium)
Four separately heated and cooled segments

LANL - Vacuum chambers (which can be used with radiant neater panels or
other energy ‘sources)

3.4 Nuc]ear‘Heating Capabilities

As a separate activity from the questionnaire in response to wnich the
preceding data were furnisned, a survey was conducted of nuclear test
reactors which may be considered for use in TPE-II. Table 3 summarizes the

findings of that survey.

Severa]'existing test reactors have one or more in-core tubes 15 cm or
greater in diameter which would be suitable for testing of module
subassemblies or small diameter.cylindrica] modu ies such as tne
ORNL/Westinghouse concebt. Reactors of tnis type which, in addition, have
suitable flux levels are listed in Table 4.

19
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TABLE 3. REACTOR TEST VOLUME SIZES

EXP. TEST

1 POSITION
PONER] NE“TROQ FLUA EXP. SIZE! EXP. VOL. ~
REACTOR (Md) {n/cm"/sec) " (cm) (P) NOTES
EBR-11 (Idaho) 62.5 2 x 1015F 7.4 Dia x 36 1.5 - NA cooling-in core dia.
HFBR (New Yorg) 40 5.5 x -10}4Th 2.4 Dia x 7.6 0.03 Central, peripheral
2.0 x ]0]4F - and reflector locations
ATR (Idaho) 250 - 5.3 x 1014F 1.5 Dia x 122 0.2 12 A-Holes
: 1.9 x 1034F 2.2 Dia x 122 - 0.5 8 B-Holes
3.8 x 1014F 1.6 Dia x 122 0.2 16 H-Holes
3 x 1012F 12.5 Dia x 122 14.9 4 I-Holes
3 x 1012F 8.1 Dia x 122 6.2 16 I-Holes
z.8 x 1011F 45.3 x 56.6 x 122  312.8 A1l 0-Holes together
1.5 x 1015F 7.6 Dia x 122 (9)* 5.6 Flux traps
* Thru hole capability
ETR (Idaho) 175 4 x 1014F 7.6 Sg x 91+ £.3 + thru hole capability
, 4 x 10V4F 15.4 Sq x 90+ 21.7 * Modification required
4 x 10V4F 15.4 x 22.9 x 91+ = 3Z2.2 for large blanket
4 x 1014F 22.4 Sq x 90+ 47.9
3.4 x 1014F 65 x 76 x 91* 451.3
LOFT (Idako) 50 N/A v No test positions  --
PBF (Idaho) 28 2 x 1013F 15.5 Dia x 91 17.2 At 28 Mi/Max power 270GW
: Integrated power 1350Mi-sec
OMEGA-W (New Mexico) 8 5 x 10137h 5.1 Dia x 671 1.2 MTR type core
MITR (Mass) 4.9 3 x 10)37Tn 4.5 Dia x 61 (2) 0.9 Vertical thimbles
1 x 109F 2.9 Dia x 61 (2) 0.3
6.9 x 5.1 x 61 2.1
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TABLE 3. (continued)
TEST -
EXP :
Y POSITION
power!  NEUTROR FLUX EXp. SIZE!  EXP. VOL.
REACTOR (M) {(n/cm~/sec) (cm) (P) NOTES
BSR (Tenn.) 2 5.5 x 1012Tn 7.6 x 7.67 x 6] 3.5 | A]so-cryogénic facility
BFIR (Tenn.) 100 1.3 x 10J5F 13 Dia x 51% 6.8 * Maximum dia.-of flux trap
: a x 1014Th 1.3 Dia x 51 (8) 0.1
Z x 10}41h 3.8 Dia x 5 (11) 0.6
1.5 x 101471n 7 Dia x 51 (2) 2.0
ORR {Tenn.) 30 4.5 x 1014F 7.8 Sq x 38.4 2.3 Any core position
4 x 1013F 71 x 76 x 63 339.9 Pool side irradiation
MURR (Missouri) 10 4.6 x 1014Th 3.8 Dia x 75 (3) 0.9 Flux trap positions
‘ 3.5 x 1013F a o
FFTF (Washington) 400 4.5 x 1015F 7Diax 91 (2) 3.5 Closed loops
11 Dia x 91 (8) 8.6, Open loops, IN core dia.
f Any fuel or reflector
_ Position
GETR (California) 50 3.3 x 10147 7.4 Dia x 91 (1)* 3.9 In standby condition
| 2.8 x 1014Th 7.4 Dia x 91 (2)* 3.9 * thru loop capability
2.7 x 1014Tn 3.8 Dia x 91 (8) 1.0 :
BR2- (Belgium) 50 6 x 10)4Th 20.3 Dia x 91 29.5. Center hole
2.4 x 1015F -
2.8 x 10)4Th 20.3 Dia x 91 (4)  29.5 Thru holes
9.4 x 1014F
2.8 x 10141h 5 Dia x 91 (10) 1.8 Several other irr.
9.4 x 1014F positions

Fluxes given are Max.
Values



ée

TABLE 3. (continued)

EXP. TEST
. \ . i - POSITION
~ POWER “EUTRog FLUX EXP. SIZE! EXP. VOL.
REACTOR (M) (n/cm™/sec) (cm) _ (P)- NOTES
DR-3 (Denmark) 10 1x 1014Th 17.8 Dia x 61 15.2
HFR (Netherlands) 20 2 x 10141k 14.5 Dia x 60 9.9 Thru hole
5 x 1014F |
1.5 x 10)4Th 6 Dia x 60 1.7 In-Core U-Tube
4 x 10V4F < |
SAFARI-1 20 4 x 101%Max Tn 15 x 15 x 61 ' 13,7

Thru loop capability

Sources of Information:

1. "Research, Training, Test, and Production Reactor Directory", Americen Nuclear Society, First Edition,
(1979). , .

2. "Directory of Nuclear Reactors", Vol. 1-4 AIEA (1959).




The PBF Reactor nas been included in this 1ist because of its unigue
power pulse capability. During a disruption, 200 to 400 Jou]es/cm2 of
charged particle energy is dumped. to the;first wal] surface in an estimated
20 msec. Tne PBF can be pu]sea.in this time scale to 270 GW with an
integratea power of 1350 Mi-sec... by using. a 3Hevsurface heating
converter concept, greater than 200 Jodies/cm2 of charged particle energy

could be dumped to tne module surface.

TABLE 4. HIGH FLUX 'REACTORS CAPABLE OF CONDUCTING ]5 cm DIAMETER IPT LOOP

EXPERIMENTS
Nuiber of - f‘. " Fast Flux in
‘ Test Holes .+ Test Volume
Reactor Location (>15 cm dia) (n/cmz/seg)
ETR INEL 5 4 x 1014
PBF INEL | ] 2 x 1013
BR-2 Belgium 5 2.4 to 9.4 x 1014
DR-3 Denmark | 1 1 x 1014
SAFARI-1 South Africa ] 4 x 1014

In-core test facilities, as described above, are not sufficiently
large to permit testing of larger modules which basically present large
plane surfaces to tne plasma source. To accomplish this, it is necessary
to position the module adjacent to one of the faces of the core. Two
existing test reactors listed in Table 5 have this physical capabilﬁty.
Possibly others could be modified by the removal of their thermal columns.

Fusion oriented nuclear test facilities have not been considered
nere. Such facilities as tne Rotating Targét Neutron Source (RTNS-II) and
the Fusion Materials Irradiation Test (FMIT) Facility have intense sources
of 14 MeV neutrons but their test volumes are not sufficiently large to
allow meaningful tnermal-hydraulic and tnhermomechanical testing. Near-term
fusion reactors such as the Tokamak Fusion Test Reactor (TFTR) may be
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TABLE 5. HIGH FLUX REACTORS WITH PLANE SOURCE CAPABILITY

Fission Reactor

Equiv. Neutron Time Required
Wall Loading for for Life-time
Test Vol. Fast Neut. Flux Bulk Heating -Fluence
Reactor (L)® n/cmz/sec (NW/mZ) (yr)
ETR 450 3.4 x 1014 1.8 1.2
ORR 340 4.0 x 1013 0.2 : 10.5

a. Test volume calculated for a 63 cm thick blanket.

considered, but the neutron wall loading (0.1 Nw/mz) is so much lower

than the 1-4 le/m2 required for rea]iétic heating studies, and the burn
time (~ 1 s) is so short, that the usefulness of such devices for this

kina of testing appears to be lacking. If an INTOR class machine is. built,
it may provide a neans of performing thermal-hydraulic or thermomechanical
testing on fusion blanket modules, but special heating augmentation

techniques such as those described in Reference 4 would be required. ‘
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4., CONCLUSIONS

Twelve organizations, other tnan EG&G and GA, have éxpressed interest
in providing facilities for TPE-II testing. Of these, some such as B&W and
CU can provide a single specialized capability, while others such as WEC
and EG&G offer a wide range of facilities available.

Two primary heating methods have been addressed--fluid heating and
energy beam neating. Each of these groups has been divided into
subgroups. In addition, potential sources of nuclear heating were

discussed.

Tne recommendea methoa for ée]ecting facilities is to first decide on
the type of test and the method of supplying heaf. Tnen Section 3 of this
report can be useda to quickly determine whicn facilities can provige such
neating or loading. A brief summary of the capabilities of each is
presented. Finally, with the list so narrowed, the more comprenhensive
submittals in Appénaices B through N can be used to study the facilities in
more detail. Tnis task would no doubt need to be followed up by more
. contacts with the responaing organizations to fill in the details imposed
by the specific test requirements. At this point in tne overall plan, a
decision mignt be made as to the most appropriate test facility for the

particular experiment.
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APPENDIX A

EG&G QUESTIONNAIRE
FOR EXPRESSION OF INTEREST
IN TPE-I1 TESTING



n
oN

EGe6 o .

P.0. BOX 1625, IDAHO FALLS, IDAHO 83415
September 11, 1981

THERMAL-HYDRAUI.TC THERMOMECHANICAL TESTING FACILITIES

Dear

EG&G Idaho is conducting a survey of test facilities su1tab1e for thermal-
hydraulic and/or thermomechanical testing of fusion blanket/shield components.
This survey is being conducted as part of Test Program Element-I1 (TPE-II) of
the DOE Office of Fusion Energy First Wall/Blanket/Shield Eng1neer1ng Test
Program. This letter is a request for information concerning test facilities
under your control or to which you may have access which may be suitable for
such testing. :

A testing program is envisioned under TPE-II which will address test objects,
test conditions and performance parameters such as those listed in Enclosure
1. The purpose of the test program is to contribute to a thermal-hydraulic and
thermo-mechanical data base for the design of fusion reactor blanket/shield
assemblies by conducting experiments on actual or simulated blanket/shield
components. These experiments will pinpoint specific needs for further
research and provide data on concepts for blanket/shield designs. The infor-
mation collected as part of this survey will be published in a report to
Argonne National Laboratory. They are d1rect1ng the test program. That
program is expected to begin in approximately six months and to run for two
years with possible extensions,

Would you please respond to the questions of Enclosure 2. We would welcome

. specification sheets, layout drawings, flowsheets, etc. Additionally, we

would be pleased to discuss your response by telephone.

We request that you respond by September 25, 1981. If you have questions,

" please call Dr. Glen Longhurst at (208) 526-9950 or FTS 583-9950.

Very truly yours,

P. Y. Hsu
TPE-II Program Manager
Fusion Technology Program






Enclosure 1
Page 1 of 2

TEST OBJECTS AND CONDITIONS TO BE ADDRESSED IN TPE-II

The testing being planned for TPE-II will begin with fairly small-scale,
separate-effects type tests and progress to large scale integrated system

tests.

Typical objects to be tested include:

Monolithic stainless steel blocks with integral cooling channels.

Stainless steel/boron carbide compos1te blocks with integral cool1ng
channels.

Facsimiles of modular solid breeder canisters with integral cooling
channels.

Facsimi]ieé of modular liquid metal cooled canisters with integral
liquid metal flow paths. .

" Advanced versions of objects (a) through (d) above outfitted with
" manifolds, connectors, and support pieces. : '

Versions of objects (a) through (e) above connected in series or in
parallel with one or more additional objects of the same type.

Testing conditions sought will be representat1ve of anticipated blanket/shield
environments for near term fusion machines. These conditions will.vary
depending on the blanket/shield design being tested but may include:

(1)

(2)

(3)

(5)

Simulated assymmetric bulk (nuclear) heating up to 40 w/cc (peak
heating rate) for normal condition testing and up to 100 w/cc for
transient condition testing. [For objects (a) through (f) above.]

Pressurized water coolant operating at coolant exit ‘temperatures up to
300 C and coolant pressures up to 2000 psi. [For objects (a), (b),
(c), and, where appropriate, (e), and (f) above.]

Pressurized helium coolant operating at coolant exit temperatures up
to 600 C and coolant pressures up to 1000 psi. [For objects (c) and,
where appropriate, (e) and (f) above.]

Liquid metal cod]ant-operating at coolant exit temperatures up to 450
C and pressures up to 500 psi. [For objects (d) and, where
appropriate, (e) and (f) above.’ ‘

Peak structural temperatures that are consistent with recommended
upper 1imit values based on existing materials performance data.



Response of test pieces to both normal and off-normal or transient conditions
will be investigated. The relationships between the parameters and
relationships shown in Table 1 will be sought under each condition as shown.

Table 1

DESCRIPTION OF FW/B/S PERFORMANCE PARAMETERS AND
RELATIONSHIPS TO BE ADDRESSED AS PART OF TPE-II

Operating Condition

Perfurmance Feature Normal Transient

Performance Parameters

- Coolant Temperature Profile
- Test Object Temperature Profile
- Coolant Pressure Urop
- Coolant Velocity Profile
- Operational Heat Transfer Coefficient
- Local Strains and Stresses
- Deformations/Expansions
- Vibration Characteristics
- Flow Redistribution
. - Temperature Redistribution

< <X DX XX X > <X X<
2K 3K 2K 2K D<K X € X <X X

" Performance Relationships

- Steady-State and Cyclic Operation
- Failure Mode '

- Sensitivity to Geometry

- Power Transients

- Partial Flow Blockage

- Loss of Coolant Flow/Pressure

- Adjacent Module Failure

> >< <
5S¢ PC D D B< D<K D<K



Response of test pieces to both normal and off-normal or transient conditions
will be investigated. The relationships between the parameters and
relationships shown in Table 1 will be sought under each condition as shown.

Table 1

DESCRIPfION OF FW/B/S PERFORMANCE PARAMETERS AND
RELATIONSHIPS TO BE ADDRESSED AS PART OF TPE-II

Operating Condition

Performance Feature Normal _ Transient

Performance Parameters

- Coolant Temperature Profile

- Test Object Temperature Profile

- Coolant Pressure Drop

- Coolant Velocity Profile

- Operational Heat Transfer Coeff1c1pnt

- Local Strains and Stresses
- Deformations/Expansions

- Vibration Characteristics
- Flow Redistribution ‘
- Temperature Redistribution

> >< X > > < > X
DX 2K DK 2K DK > < X X X<

_ Performance Relationships

- Steady-State and Cyclic Operation
- Failure Mode

- Sensitivity to Geometry

- Power Transients

- Partial Flow Blockage

- Loss of Coolant Flow/Pressure

- .Adjacent Module Failure

> < ><
>< >< 5K < < >< ><



Enclosure 2
Page 1 of 2

QUESTIONNAIRE FOR TPE-II FACILITY SURVEY

1. What facilities do you have for conducting steady or cyclic thermo-
mechanical heating experiments?

a. What is the heat source?
b. What is the test environmenf (vacuum, inert gas, etc.)?
" Ca What size and configuration of test pieces will they accommodate?
d. What materials can be accommodated in the test space?
e. What range of temperatures and/or power can be ach{eved?

f. What are the rise and decay times of temperature/power in these
facilities?

g. What capability exists for active cooling of a test piece in these
‘ facilities?

h. How are these facilities instrumented?

i, What is the availability and approximate ‘operating cost of these
facilities?

j. What supporting facilities are available, e.g., machine shops,
~analytical laboratories, etc.? ‘

k.‘ What are the numbers and qualifications of personnel available to
support tests in these facilities? .

1. What other aspects of these facilities would be pertinent to tests of
this type? » ,



With respect to thermal-hydraulic test facilities, please answer (a)
through (1) above and the following additional questions.

a. What is the configuration of the facility (circulation loop,
blowdown, two-phase, etc.)?

b. .. What fluids can be used? (H,0, gas, liquid metal, etc.)
c. What heat sources and sinks are available?

d. What flow rates, pressures, pressure drops, velocities, etc., can be
attained? ) '

What capability do you have for providing nuclear heating?
a. What neutron flux—ié attainable?

b. What is the size and configuration of the fest Volume?
c.  How uniforii is Lhe neutron flux within that volume?

d. What are the rate and the distribution of gamma heating within the
test volume?

e. What is the availability and cost of using these facilities?

f. What is the environment (medium, temperature, pressure, etc.) of
the test space?

g. What supporting facilities are available? |

h.  What supporting personnel are availahle?



2. With respect to thermal-hydraulic test facilities, please answer (a)
through (1) above and the following additional questions.

a. What is the configuration of the‘facility (circulation loop,
- blowdown, two-phase, etc.)?

b. . What fluids can be used? (H,0, gas, liquid metal, etc.)
c. What heat sources and sinks are available?

d. What flow rates, pressures, pressure drops, ve]oc1t1es, etc., can be
attained?

3. What capability do you have for providing nuclear heating?
a. What neutron f]ux is attainable?
b
b. What is the size and conf1gurat1on of the test volume?

C. How uniform is the neutron f1ux w1th1n that volume?

d. What are the rate and the distribution of gamma ‘heating within the
test volume? :

e. What is the availability and cost of using these faciTities?

f. What is the environment (med1um temperature, pressure, etc. ) of
the test space? . :

g. What supporting facilities are available?

h. What supporting.personnel are available?






APPENDIX B

HANFORD ENGINEERING DEVELOPMENT
LABORATORY RESPONSE



Hanford Engineering | |
Development Laboratory . P.0.BOX 1970 RICHLAND, WA 99352

September 18, 1981

Dr. P. Y. Hsu

TPE-ITI Program Manager
Fusion Technology Program
EG&G Idaho, Inc.

P. 0. Box 1625

Idaho Falls, ID 83415

Dear Dr. Hsu:

As you may know, HEDL responded to the call for expression of interest (EOI)
for TPE-II. Much of what you requested in your September 11 letter is
contained in the EOI, which I understand is not available to you through
Argonne. We are forwarding appropriate sections of the EOI for use in

your survey. '

The material provided is in skeleton form. Should you require additional
information, please feel free to call. One area not covered sufficiently
in our TPE-II proposal is the experiment support facilities at HEDL.

- These facilities are used for design, fabrication and testing of a wide
variety of nuclear tests. Most of the efforts involve in-reactor instru-
mented test vehicles. Because of this, HEDL has developed excellent
facilities for fabricating and working with physical measurement apparatus
including thermocouples, heat pipes, transducers, accelerometers, flow-
meters, heaters, strain measuring devices, and pressure measuring devices
to name a few. . ‘

In addition to in-reactor tests, the experimental support laboratories
provide technical backup to FMIT and RTNS-II. We believe that our test
support facilities are unequaled elsewhere in the nuclear community.

..J. Holmes, Manager
Components Technology

sgs

Enclosure

Westinghouse Hanford Company/A subsidiary of Westinghouse Electric Corp/Operating the Hanford Engineering Development Laboratory for the USDOE



APPENDIX A .

HYDRO-MECHANICAL TEST LOOPS AND POWER SUPPLIES

FOR TPE-II



* HYDRO-MECHANICAL FACILITIES TO BE USED IN TPE-II TESTING

'Purit_yi

Hex

| | : Power |
Facility Coolant| - Flow. Pressure [Temperature| Control |Supply|Capacity.|Owner |Custodian
Hydromechanical @ [Water [0-15000 gpm|0-250 | 70-250°F |pH - 'gﬁgd& poE | HEDL
300 gpm
High Pressure Water 10-250 gpm. |0-2500 psfg 70-600°F {PH, 02 4MmH J4 MW DOE PNL
_ - . ' ' 32K amgl o
: : 5 or |Cold Trap y ‘
Transient Test Loop|Sodium j0-600 gpm |0-300 psig |300-1200°F <1 ppm O 1.4 MU{5 MW DOE HEDL
- B PPR.TZ ek amg -
Experimental - Cold Trap | : a .
Lithium System (@ |Lithium|0-600 gpm [0-50 psig |400-800°F(@Hot Trap |- ® ' | DOE | HEDL
. - : 1<100 ppm N2 - ‘o ‘
He Gas Loop Helium [0-4 1b/sec }0-465 psia 420—660°F(:)None - 0.§ Mu DOE HEDL

GENERAL NOTES:

@@@@@

1.

2.

Under power supply heading, these are contro]lable oc supp]les
capable of transient power cycling.

g

fhese supplies are '

Future expected use of these facilities is low enough that no scheduf1ng conflicts are. ,
expected which would prevent running substantial FW/B/S tests in the.time period proposed‘

Limit app]1es to lle compressor.
heat exchanger downstream of test section,

Existing heat removal may have to be increased.

Can ea511y upgrade to at least 1000°F.

Addition of a heat exchanger is requlred to match heat input.

§a

i
1t
1

Addition of a shell and tube hex at low- cost would extend heat dissipation to any desired 1eve1

Higher test section outlet temperatures can be obta1ned by adding a
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WAYNE L. THORNE
MANAGER, HYDRAULICS & MECHANICS

BSME OREGOM STATE UNIVERSITY 1957

Mr. Thorne worked in f1u1d mechan1cs and heat transfer applied development

in -suppart of Hanford -Production: Peactors, the. Pluton1um Recyc]e Test
Reactor, Canadian CANDU Reactors, and Hanford's N Duq] Purpose Reactor for
ten years with the General Electric Company.. Full scale and modeled elec-
trically heated simulated fuel qo]umns.webé USed;in.pre$surized water cool-
ing experiments to .determine maximum &llowable vperating conditions. Qeat
fluxes to 10 MW/MZ coolant temperatures to 635°F and pressures to 2500 psig
were used. During his five years with Battelle's Pacx‘1c Northwest Laboratcry,
heat transfer and fluid mechanics experiments in the above areas continued
plus similar experiments, under contract, for Westinghouse PWR's. Mr. Thorne
was manéger of Experimental Thermal Hyﬁradlics for Battelle. During Mr.

. Thorne's ten years with the Hanford Engineering Development Laboratory, work
has included design, construction, and operation of a 600 gpm Liquid Sodium
System with capability for using electrically simulated fuel elements for
steady state and transient heat transfer studies; design, construction, and
‘operation of a 600 gpm Liquid Lithium System in support of Fusion Materials
Irradiation Testing; and management of Hydraulics and Mechanics (stress,
vibration, shock, and seismic loadings) in support'of LMFBR, Fusion and Base
Technology programs. ' '




"DEAN R. DICKINSON, PRINCIPAL ENGINEER
PhD, Chemical Engineering, University of Wisconsin, 1958

Dr. Dickinson has 23 years of experience in research, development, and
testing in the areas of corrosion, reactor coolant systems, heat transfer,
and fluid mechanics. He has been responsible for planning test programs

in these areas, performing the tests, and interpreting the results. Heat
transfer experience has included extensive work with high-préssure'water

and tests with electrical resistance heating producing surface heat fluxes
up to 5 MW/m2. Other experience potentially applicable to FW/B/S problems
include spray cooling of hot metal surfaces, scale deposition to water under
high heat flux and radiation, gas cooling of simulated irradiated nuclear
fuel assemblies, and in-reactor coolant and corrasion testing. '

PR P R s et 2 ]



J. A. RYAN
FELLOW ENGINEER

Mr. Ryan's present assignments are primarily in the areas of applied and"

experimental mechanics. He is responsible for the application of computer-

~ aided-design techniques to in-house experimental high temperature test luups.
Additionally, the analytical areas have included elastic and inelastic

ana1ysi$ of compénents subjected to thermal shock. Mr. Ryan also directs

the acifVities of the vibration test and analysis group. The testing includes

modal testing as well as flow-induced vibration testing, data acquisition and

analysis.

)
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FREDERICK R. FISHER, ADVANCED ENGINEER
MSEE University of Michigan (1967)

Mr. Fisher worked on design and specification of nuclear data acquisition

_ equipment and data analysis, including computer interfacing and application,
during three years with Battelle's Pacific Northwest Laboratory. During

the succeeding nine yeérs at Westinghouse Hanford, he developed thermal,
hydraulic, and mechanical data acquisition systems for reactor models gnd
prepared acceptance test procedures and design modifications for the High-.
Temperature Sodium Facility process control and monitoring instrumentation.”
Current assignments include software development for thermal-hydraulic test-
ing and hardware and software development for advanced ultrasonic inspection
techniques. o

b
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JAMES L. STRINGER, SENIOR ENGINEER

BSEE, Oklahoma State University (1956)
MSEE, University of Washington (1966)

Mr. Stringer warked-on the deve1opment of nuclear radiation detection process
and dosimetry instrumentation systems for general plant use and spec7f1c
fac111t1es during his nine years with General Electric Company. During his .
five years with Battelle's Pacific Northwest Laboratory in the Applied Physics
Group, he particiﬁated in the development of a liquid sﬁrface ultrasonic holo~"
graphy. system, as well as high energy pu]sed laser systems. During this time
he led the development of an ultra-low noise charge sensitive amplifier for

" use wmth high resolution gamma energy detectors. During the past 10 years he
has been with the Hanford Engineering Development Laboratory where s1gn1f1cant
contributions have been made in both process and special 1nstrumentat1on
systems used in liquid sod1um systems. In the past three yedrs he has part1c1-
pated in the successful development of four sensors which have been installed
in the central LOFT reactor fuel bundle. " These sensors which include
measurements of temperatures to 4000°F (2200°C), pressures to 2500 psig and
displacements to l-inch were required to meet accuracies of 2% to 3% of reading
while being subjected to environmentai.transients which exceeded 600°F per
minute and pressures to 2500 psig. " The successful completion of this program
required the deve]opment of spec1a1 materials and processes to meet the size f
and performance requirements. Mr. Stringer holds 4 patents. and has authored
numerous publications. '

"
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APPENDIX C

BATTELLE PACIFIC NORTHWEST LABORATORIES
RESPONSE



vﬁv %Battelle

Pacific Northwest Laboratories
P.O. Box 999
Richland, Washington U.S.A. 99352

Telephone (509) 375-2873

September 18, 1981 T§|ex 15-2874

P. Y. Hsu

TPE-II Program Manager
Fusion Technology Program
EG&G

P. 0. Box 1625

Idaho Falls, Idaho 83415

SUBJECT: THERMAL-HYDRAULIC THERMOMECHANICAL TESTING FACILITIES
Dear Mr. Hsu: |

As per your request in a September 11, 1981 letter to D. E. Olesen,

we have attached a listing of facilities operated by Battelle Pacific
Northwest Laboratories that could be used to perform separate effects
test on fusion reactor first wall/blanket/shield components. This list-
ing was previously prepared as part of PNL's response to TPE-I and should
answer most of your questions. If you have questions concerning any of
these facilities, please call Jim Creer (509) 375-2664 or myself (509)
375-2873.

Sincere]y,

j}/)f] (\l h71 e ?(A/y\.y\r\_-—

M. A. McKinnon

Senior Research Engineer

. Energy Systems Engineering Section

MAM: fo
Attachment



8.0 EXPERIMENTAL AND OTHER FACILITIES (TOPIC H)

_ PNL and BEC have selected thermal-hydraulic and thermal-mechanical
facilities that could be used to perform selected FW/B/S tests. The PNL
facilities are owned by DOE and there are minimal facility use charges to
DOE-sponsored projects. The major cost associated with the experimental
facilities is the charge for power consumption. '

The use of these existing DOE test facilities would permit separate
effects testing (e.g., hydraulic characterization, critical heat flux, etc.)
to be initiated during the second year'bf the project.' Data obtained from
these early experiments would start the formation of a data base for
follow-on testing and for analytical model development. Adequate analytical
models or deéign analysis capabilities are necessary for planning and
performing larger combined effects and integrated effects tests.

If PNL and BEC were selected to perform TPE-I, fusion work reduiring
use of the PNL facilities identified in the following sections would
receive first priority. Other projects requiring use of these facilities
and BEC facilities would be coordinated with the schedule of the FW/B/S
project so that TPE-I milestones will be met. Past eiperience and the
projected future use of these facilities indicate that the progress of -
the F#/B/S testing project will not be affected by other projects.

8.1 PKRL FACILITIES

Four major therma]—hyqrau]ic experimental facilities that can be
used to perform FW/B/S testing are briefly described below, Discussioné
of other equipment and facilities such as data acquisition systems, computer
facilities, and instrumentafion calibration laboratories are also presented.

8.1.1 High Pressure Heat Transfer Facility

The high pressure heat transfer facility is a stainless steel recircu-
lating loop capable of supplying high pressure single phase water or two-
phase steam-water to test pieces under investigation. The following loop
operating conditions can be obtained:

e 250 gpm @1450 ft head
e 2200 psig
* 615%F
8.1



e 4 MW and 1.25 MW dc power supplies

Both horizontal and vertical test pieces can be accommodated in the two
test section areas.

A 1.25 MW (50 v; 22,500 amps) dc power supply (two motor generators)
is normally used to supply power to a preheater to obtain desired inlet
test piece coolant temperatures. Automotically controiled power ramps
can be obtained, and ramps of 0-90% over 1-2 seconds are possible. The
4 MW (125 v; 32,000 amps) silicon rectifier power supply is usually used
to provide power to a test piece. Automatica]]y-contro]]ed power ramps
over 1-100 seconds can be produced. Steep power ramps of 0-90% in 1-2 sec 
can bé provided. The electrical buss system is designed to permit either
power supply to be used for either test piece or preheater power.

The facility has been used extensively for performance of thermal -
hydraulics experiments related to nuclear technology. The following list
jdentifies typical studies performed in the facility in the past:

e (Critical Heat Flux '
®* Single and Two-Phase Pressure Loss
+ Thermal Mixing
e Flow Instability
* Transient Heat Transfer’
e Spray Cooling
. ¢ Fretting-Corrosion

The past studies on critical heat flux, flow instability, and fretting-
corrosion are similar to those that could be performed as part of the
FW/B/S test project.

8.1.2 High Pressure Low Flow Heat Transfer Facility

A second high pressure stainless steel facility will also be available
to the FW/B/S test project. This loop is smaller and does not have. the
flow capacity of the facility presented in the previous section. Typical
operating conditions are:

* 100 gpm @180 ft heat
* 2000 psig

e 600°F

* 35 kW ac power supp]y

8.2



The buss system of the 1.25 and 4 MW power supplies could be rerouted to
provide more power to the high pressure low flow facility.

This facility has been used to perform such studies as nuclear fuel
pin rupture characteristics, film boiling heat transfer, and electrically
simulated FFTF fuel pin instrumentation integrity tests. The loop control
console is presently being upgraded to permit unattended operation.

8.1.3 Hydraulic Facility

The hydraulic facility is constructed of carbon steel and can be
operated as a once-through or recirculating system. The loop is equipped
with four pumps that can be combined to provide the following operating
conditions:

* 700 gpm @ 1150 ft head (1800 gpm @210 ft head)
e 500 psig
> 250°F
. 75 kW ac power supply
The buss system of the 1.25 and 4 ™ power supplies could be rerouted
to provided more power to this facility.

The loop is equipped with a laser Doppler anemometer‘(LDA) to permit
Jocal measurements of velocity and turbulence intensity. The LDA system -
and other temperature, pressure, and flow instrumentation have resulted
in the following types of studies being conducted in this facility:

¢ Single phase pressure loss .

* Hydraulic characterization (velocity, turbulence intensity) of rod
bundles A , .

* Hydraulic characterization of rod bundle spacers

e Flow distributions near blocked bundles

e Natural, forced, and combined convection flow in rod bundles

Flow characterization of FW/B/S test pieces could be investigated using
the hydraulic facility if this degree of detail becomes necessary.

The hydraulic facility is also equipped with two NBS-traceable flow
meter calibration loops. The low flow calibration loop can be used to
calibrate flowmeters in the 0.1 gph-100 gpm.range. The high flow calibration
Joop can be used up to 1100 gpm.

8.3



8.1.4 High Temperature Helium Loop

A high temperature he]ium loop is available for investigating gas
coolant heat transfer. The following operating conditions can be obtained
with the loop:

e 400 1b/hr
* 300 psig
e 2100°F

e 120 kW ac power supply

Two test section zones are provided for test piece evé]uation. One
test section is oriented horizontally, and the other vertically. The two .
test sections can be used separately or simultaneously.

The loop is equipped with a gas purification/monitoring system that
will permit impurity control. The system will produce ultra-high purity
helium with less than'1 ppm total impurities;'fnc1uding water.

8.1.5 Data Acquisition Instrumentation

Three types of data acquisition systems (DAS) can be used to support
testing activitigs in the four previously discussed experimentdl facilities.
They are: '

e PDP-11/34 computer
* Monitor Lab 10091 DAS with magnetic tape
e rluke 2240 DAS with magnetic¢ tare

These systems supplement standard loop instrumentation and chart'kecorders
found in each heat transfer facility. ‘

8.1.6 Instrumentation Ca]ibration Lab

PNL does not operate an 1nstruméntation calibration laboratory at
Hanford. However, the Hanford Engineering Development Laboratory (HEDL),
operated for DOE by Westinghouse, does have an NBS-traceable laboratory.
Essentially, all PNL instrumentation calibrations are performed in the HEDL
standards lab. This eliminates the costly, time-consuming need to go offsite
for calibration services. As mentioned in a previous section, one of the
PNL facilities is equipped with NBS-traceable flowmeter calibration loops.

8.4.



8.7.1 Large Computer Facilities

PNL has access to an onsite Univac 1100 operatéd by Boeing Computer
Servicéé for DOE. PNL can use the Brookhaven CDC 7600, the Los Alamos
CDC 7600, and the University Computer Center (Dallas, Texas) Univac 1108
and CDC 6600 on DOE-sponsored projects, with special permission from DOE.
Battelle-Northwest owns a VAX computer, which can also be uéed with'pefmission
from DOE. ’
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'BOEING ENGINEERING AND CONSTRUCTION COMPANY

P.O. Box 3707
Seattle, Washington 98124

A Division of The Boeing Company

October 2, 1981

Dr. P. Y. Hsu

TPE-II Program Manager
Fusion Technology Program
EG&G Idaho Inc.

P.0. Box 1625

Idaho Falls, Idahn 83415

Dear Dr. Hsu,

I apologize for the lateness of this response but it is my understanding that
you are still in a position to consider capabilities for TPE-II tests.

The Boeing Company is equipped to support areas 1, and 2 of your questionnaire;
namely, thermo mechanical heating and thermal-hydraulic testing. We are not,
however, presently equipped to perform in the area of nuclear heating.

I am enclosing a summary of our relevant capabilities which were submitted as
part of an earlier response to TPE-II. You will note that the radiation sources
are Xenon arc lamps. The test environments we can provide are versatile
including vacuum, and inert gas. Our test chambers will accommodate very large
test pieces. We have also small chambers which can be more economically
employed for smaller items. We have a comprehensive range of machine shops,
analytical 1aboratory support, and personnel skills. We are prepared to provide
approximately costs in response to a more detailed inquiry.

Although not specified in the enclosed information, we believe we have the
necessary equipment to provide for the thermal hydraulic testing and would be
pleased to address your specific needs.
If you have further questions, do not hesitate to call.

Yours truly,

é«./(f‘w & s

R. Bryan Cairns
Manager v
Advanced Technologies

Enc ‘ |

o7 20D
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FACILITY UPDATE

GENERAL PURPOSE SODIUM LOOPS (GPL)

The General Purpose Loops No. 1 and No. 2
(GPL-1, GPL-2) were commissioned in 1967
and 1971, respectively. These high-
temperature sodium test facilities were de-
signed, as their names imply, as general loops
for utilization in a wide range of concurrent test
programs. This approach deviates from the “one
facility - one program' concept, resulting in ful-
ler utilization of both facilities and manpower on
LMFBR Programs.

Both GPL's have employed the “parailel test
section’’ approach over their operational life.
Facility design is such that test articles can be
installed. removed, or serviced in these parallel
test section areas while the facility continues
operation on other on-going programs. The re-
sult is full facility utilization with optimum eco-
nomic benefits to the customer. Facility oper-
ating costs to be incurred by any one program
can be minimized by (1) sharing operating costs
with concurrent programs, or (2) operating with
more than one test section.

in both GPL's, the basic facility has been
expanded to include parallel sodium test cir-

cuits, resuiting in increased versatility. The re-
sults have been to increase the versatility of the
facility. The GPL-1 facility is now a two-loop
system. and GPL-2 is three-loop. The respective
facility expansions identified above provide fa-
cility versatility by (1) providing increased flow
and power capability for future test programs.
and (2) permitting paraliel. concurrent oper-
ation of the various systems at different oper-
ating conditions. An additional capability that
the muitipte-loop feature brings to the GPL-1
and GPL-2 facilities is the ability to impose
thermal transients and thermal shocks on test
articles through the use of circulating sub-loops

at different sodium temperatures.

Because of the inherent time-consuming
efforts associated with facility start-up and
shutdowns, both facilities are operated on a
24-hour day, continuous basis. Actual continu-
ous operating periods for the two facilities have
ranged from one week to six months.

‘Both facilities are currently in use on the fol-
lowing programs:

Facility Program

GPL- 4 Radial Bianket Heat Transfer Test Program

GPL-t LMFBR Thermai Strioing Evaluation Program

GPL-1 LMFBR Double-Wall Steam Generator Test Program

GPL-1 CRBRP Dynamic Friction (Setsmict Test Program
GPL-2 CRBRP Primary Shutdown Systems Program




FACILITY UPDATE

®

In summary, ARD currently has two oper-
ational Sodium Test Facilities with capabitity for
multiple, concurrent test program implementa-
tion. The upgrading and expansion over the
years, including the recent addition of Distribut-
ed Data Acquisition Systems at both facilities,
pravide versalile "test beds” for tuture DOE pro-

grams. The application of the parallel test sec-
tion concept permits maximum economic bene-
fits to the customer; and the application of the
“multiple-loop" concept provides facilities with
full capabilities. including transient and thermal
shock, for future DOE programmatic
requirements.

UPERATING AND DESIGN PARAMETERS .
GPLa1 Pacllity GPL-2 Facility
GPL-1. ~ GPL-1A Loop #2 Loop #2A ‘Loop #28

Piping 2" Sch. 40 2" Sch. 40 6" Sch. 40 3" Sch. 40 3" Sch. 40

(304 SS) (304 SS) (304 SS) (304 SS) (304 SS)
Pump EM Flat Linear EM Filat Linear EM Fiat Linear EM Annular Linear EM Annylar Linear

Induction Pump Induction Pump Induction Pump Induction Pump Induction Pump
Heater 3.4 x 108BTUW/Hr 3.4 x 108BTU/Mr 4.3 x 1098TU/Hr 3.4 X 1088TU/Hr 3.4 X 108 BTU/Hr

Output Qutput Qutput Qutput Output
Flowrate Up to 200 GPM Up to 200 GPM Up to 2000 GPM Upto 300 GPM ~ Up to 300 GPM
Temperature 1200°F MAX 1200°F MAX 1200°F MAX 1100°F MAX 1 100°F MAX
Pressure 330 psig MAX 330 psig MAX 270 psig. MAX 270 psig MAX 270 psig MAX
Cold Trap Flow 2 GPM 2 GPM 5 GPM 5 GPM 5 GPM
Oxygen Purity 1.0t0 5.0 PPM 1.0t0 5.0 PPM 1.0t0 5.0 PPM 1.0t0 5.0 PPM 1.0t0 5.0 PPM
Carbon Purity 0.2 PPM MAX 0.2 PPM MAX 0.2 PPM MAX 0.2 PPM MAX 0.2 PPM MAX

ON-LINE HYDROGEN METER

Hydrogen Detec-
tion
Sodium Chemis- ON-LINE VANADIUM WIRE STATION
try
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1.0 INTRODUCTION -
1.1 General Information

The Solar/Thermal Radiation Laboratory has been active in developing
state-of-the-art technologies for nign flux teszing since the 1960's. The
High Flux Test Facility, shown in Figures 1 & 2, is a versatile Ladporatory
radiant heating system that closely duplicates the spectral content of thé
sun's rays. The facility is designed fer solar power evaluation, thermal
nuclear puise tasting, ceneral snvircnmantal experiments and a variety of
thermal balanca studies. The fac¢tiity has the capabilities of producing heat
flux of 0.1 to 50.0 megawatts per sguare metar over a test article size of
10 to 4000 square centimeters. This facility is located at the Boeing Xent

Spaca Center, Kant, wasnington.

1.2 General [fescriotion

The High Flux yest Facility consists o7 '@ rotational contdiament
vessel (i}800), support 'A Frame' structure and & mounting alignment structure
for the XM-300 source modules. Tnhe XM-300 ié a sciar simuiation instrumnent
conrsisting of a watar-cooled Xanon saorti-arc lamp, adjustadbl2 over 2 nominal
input power plane of 7-35 kilowaits, a solid stata 0.C. power supply with
suitable controls and monitors, and a collector system to transfer the energy
from the sourc2 to the target plane. The opsration 9of the XM-30Q is entirely

m the control conscle, wnare the instrumant may De turnsd “ORK"

(@}

controlled fr
and "OFF", the light source cperating parzmetars may be monitored, and any -
mal functions will be indicatad. The XM-300 is inz2rnally air and water-coolad
and has teen designed to operate Tor extzndad continuous operation. Tne

High Flux Test Faciiity utilizaes four (% XM-300 scurca modules.

1.3 Theory of Ogeration
1.3.1 Octical Svsizm

The X-300 optical system co'iects and distridbutss ths op:ical radia-
tion from a wetsr-cooled 290 kilowat® or 32 kilcwe=t ¥znon Short-Arc lzmp o
]

Tiumin ‘actad erza. The cotical swstam is a sosgia

—.

ot

"3
<

wm
o

rd

[

watzr-222led source colizeting mirrgremainizd with i5s focus coincidznt with

(4]

2!
the arc of the lamp. The optical contour of the colleztor mirror surfice is

woan
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1.3.2

1.3.1 Optical Svstam (cont.)

an Aconic sszction designed to optimize the energy transfer from tne arc of the

lamp to the optical
toward the target plane.

Electrical System
The 20 kilowatt and
100%

supply provides power %o the

thrae phase duty cycle

to ignite the Xznon lamp,

the Anode and Cathode.

1.3.3 Containment Vessel

The containmant vessal

{(2.0m x 2.9m x 1.%m)} wnich contains the test fixture supporting frame and the

train of the system.

32 kilowatt
rectifier. type D.C. power source.
starte
and directly to the lamp to substain the arc betiween

air-actuated team douser paddls.

sourca modulas

APPLICATIONS

The Aign Flux

-

ne

Test
apnlications. facinty
modules alignment or acdjust
dasired

ordar to obtain ine

grame

allow the tast pé tars
(0.1 to 50.0 me
sq. csntimetsrs

seing tested or pla

ega
)y (522

nrad

a2

PR

for

o
one

and the adjustable

Facility has a wide range of possible
Y

nas the unigue

#lyx levels and beam diemetars.
to vary
watis/sq. metar)
s Figure 3j}.

ting w

r Cavity

The collectad light is then directed

lamps are powered by a LC-52 D0.C.,
The 0.C. power
r, which yields a 60,000 volt pulse rasquirad

-

is an aluminum framed sucporiing structure

This structure supports the Four (&) M-30C

test plane structure.

tasting
adjust

ve
i

ight source in

ability to sither

test plane distance from the

Thass adjustments

greatly with respsct to incident heat flux

and to the test article's size
Listaed below are g few of the

ith this

.

Facility.

insuletion Zvaiuation

o }
(83
M)
p=
o
3
(1)
cr
{!
Q.
~-h
—
«
>

tvpas of insulation mafsrial warz iz3ted
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2.1 Solar Central Receiver Cavity Insulation Evaluation {cont.)

controlled rete. At this point a orogrammer takes over conirol of the peower

the test plane is shown in Figure 5. The maximum surface temperature of the

sample before failure was 17600C.

2.2 Nuclear Thermal Pulse Set-Up

2.2.1 General Description

The Nuclear Tnermal Pulse Set-Up is used to simulate the thermal
energy re1e§sed by a nuclear detonation. A schematic of the test sét-up is
shown in Figure.6. The collector directs the energy from the lamp down through
a light pipe (Figuré 7) onto a test specimen. The purpose of the light pipe
is to collect the energy and redistribute it uniformly over the target area.

A special energy beam douser is mounted above the lignt pipe. This water-
cooled douser with a special shaped aperture in the center is pneumatically
controlied. The douser is initially positioned to block the enzrgy beam.

Tren, on command, the douser passes the eperture to the beam canterline at a

supplies znd decreases the lamps gower at a rate such that ths bast cossibdle
pulse widih at hal{ maximum irradiance and total incident znergy reguirsd
are achisvad. The douser is then positioned to block. the
ast set-up.

ct

8 and 9 for photographs of test equipment and tyoical

Tne uniformity of irradiance anc peak irradiance are recordzd using
a X-Y piotter prior to the tast. 7This is accomplished by scanning tre
energy bsam with the douser oden. The calorimeter is mounted on a scannzr | .
arm with a position-indicating potentiometer {Figurs 10). The caiorimeter

r, and the caicrimetar is drivean

ct

and potantiomeier are ccnnected to the piott
c

e
cack and Forih through the ensrgy Sceam recording caiorimster ouiput versus

re
position. See Figura 11 for typical uniformity of irradience curves.

The thermal shape is defermined prior to tsst by recording tne

- PN .y 3 e e -
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PERCENT OF MAX IRRADIANCE (qmax) Required ’

1

THERMAL NUCLEAR PULSE
IRRADIANCE VS TIME

J0L. -
501
/
1
0 N - L ) . A\
0 25 50. . . 75 100
PZRCENT OF TOTAL EXPOSURZ TIMZ
(@raX) X (TOTAL ZXP0SURE TIMI) = 708 .Cal/cm?
QTctaY/q:ax = 2.11 sec. per pulse
Calibration Date: 1-12-78
P .
- FIGURE 12
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2.2.2° Specifications
Irradiance: 0 to 3.4 x 106 W/me
(300 BTU/FT2.Sec)
(80 cal/em?.Sec) -
NOTE: 1) Capability of one XM-300 source module
2) Higher irradiance levels can be achieved
with a new configuration.]ighf pipe with a
decrease 1n beam size. ‘
Uniformity of Irradiance: 153
Beam Size: Hexagonal in shape -
6./3 ¢m (2.65 in.) across the flats
Spectral tnergy Distribution:
.25 to .40 microns - 9.0%
.20 to .70 microns - 32.0%
Above .7C microns - 59.0%
{See Fiqure 15 for dstailed brzakdown)
Douser Spead: Tne time puise wicdth at half maximum irradiance is
0.1G seconds to continuous cpen. '
2.2.3 Periormance

Tne maximum irradiance is measured with the Hy-Cal, Asympotic Calori-

matei, Mydel C-1300, with an accuracy of +3 percent and a repeatability of

1 percent. The total enargy is determinad as descrihed in Saction 2.2.4 with

an accuracy of *2 percant. The uniformity of irrzdiance will be +135 percant

h
r beiler. The nhexzgonal shaped beam mezsuyras £.73 centimeiers acrcss ths

(=]

fiazts.

b

cacabiiity can
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FIGURE 15

Table
Thermal Pulse racility
Spzctral Ensray Cistribution

: iorralized Cata
Sand candwidth wRT 1.0 Soler Constant
liumber (Microns) (w/z) -
1 C.25<0.:5 §2.2
2 0.23-0.40 46.7
3 0.40-0.45 50.3
4 0.45-0.50 75.2
5 0.50-0.60. 14301
6 . 0.60-0.70 139.7
7 0.70-0.80 123.7
8 0.80-0.55 170.3
o 0.80-1.00 135.0
10 1.00-1.20 117.7
N 1.20-1.40 £3.1
i2 1.42-1.50 28.0
13 1.50-1.89 22.3
14 1.80-2.20 35.3
15 2.22-2.50 22.5
NOTE: 'C:e solar constant ezual 1333 ./m2
7
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2.2.4  Sample Calcuylations (cont.)

by integrating the thermal pulse curve. This can be easily accomplished by
measuring the area under the curve with a planimeter, then establishing 2
scale factor in order to determine the amount of energy contained within the
area in terms of Joules/sq. meter per square inch of paper. This sensitivity
15 applied to the total measured curve area to obtain the total incidant
energy. The total incident energy is then divided by the peak irradiance for

nresantation purposss as Qtutal/qgfmax 1n seconds.

2.2.5  Typical Test

The typical thermal nuclear test consists of two pulses, one of very
short duration, microseconds, and the second lasiing fram 1 to 10 seconds.
The test schedule is normally for 3 days. This provides one day of test time
s

D
ot

at eacn of the pulse raquirements. One day is neededin betwazen the two

A

conditions to re-align and calibrate to the second pu]se‘parameters. At

I
cr

5
report is prepared which includes the caiibration curves of the MNuclear Therma

Pulse Test.

2.2 Fnoiovoltaic Concentrator facilizv

The Photovoliaic Concentrator Faciiity 1s used to mesasure the Voltaszs
Currant (V-I) charactzristics of high solar intensi<y sciar celis. Individual
c21lls or solar c211 arrays can be measurad to outout vgltiages of 15 VDD and

100 amperaos. On a typical 53Cmm ceil, this wouid reaquire a single XM-300

: PR . . _ . , AS WD
source module providing an irradiance of 200 solar constants (2.7 x 102 Wtey.
Temperature control of the cell at the high intensity is maintained at 22°C

#10C. The cell characteristics arz obteined with a Compucorp Minicomputer
to obtain high speed data acguisition. GJeta is s:icred on flopoy disc, aveiieb

Tor immadiate analysis and printout.

2.4 Spacial Application

igditional aoplication of the High Fiux

p kY

arzas of transoiration cooling of rockat angin2 nozzie matariels undzsr figh

W
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2.4 Special Application (cont.)

_For example, a rocket engine fuel tank insulation matsrial was exposed
to a high flux in a vacuum chamber, and the sample weight loss, temperature, and

chamber pressure continuously monitored (see Figyre 16).

In summary, the Boeing High Flux Facility is considered to be one of
the best available. A comparison of different facilities is indicated in

Appendix No. 2.
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SPACE ENVIRONMENT SIMULATION LABORATORY~—

" _BEQUIPMENT AND CAPABILITIES

- *  ABSTRACT

The Space Environment Simulation Laboratory is located in Building 18-24
at the Kent Space Center, Kent, Washington. The laboratory consists of

two sections: a Materials and Components Laboratory and a Thermal-Vacuum
Laboratory. These will be discussed separately since the sizes of chambers
and the types of tests carried out in them differ markedly. In addition,

a variety of support equipment is used in common by both laboratories and
will be discussed separately.

_KEY WORDS _
chamber manlock
camponents testing materials testing
cryogenics solar simulation
cryopumping space testing
diffusion pumps subcooling
environment simulation thermal vacuum
flanges torr.
ion gauges . vacuum testing

ion pumps

REVLTR A
U3 4Z89-2000 REV. 1/48

BOEING | Mo D2-20419-2

SH. 5



N

USE FOR TYPEWRITTEN MATERIAL ONLY

TABLE OF CONTENTS
_Page
1.0 MATFRIALS AND COMPONENTS LABORATORY . 7
1.1 Chamber 1 (BAC 190233) ‘ 7
1.2 Chamber 2 (BAC 52806%) 8
1.3 Chamber 3 (BAC 528068) 8
1.4 Chamber 4 (BAC 528067) . 8
1.5 "Chamber 5 (BAC 5297u8) 9
1.6 Chamber 6 (BAC 528065) 10
1.7 Chamber 7 (BAC 528064) 10
1.8 Chamber 8 (BAC 534170) 11
1.9 Chamber 9 (BAC 534169) 1"
|
{
2.0 THERMAL-VACUUM LAEBORATORY 13
2.1 Chamber A 13
2.2 Chamber 3 15
2.3 Chamber C 17
3.0 ACCESSORY EQUTPMENT 18
3.1. Crane 18
3.2 Liquid-Nitrogen Subroanler 18
3.3 Helium Refrigerators 18
3.4 Contzrol Panel 19
3.5 500-Channel CSC Data System 19
3.6 Solar Simulators 20
3.7 Mass Spectrometers (Residﬁal Gas Analyzers) 20
3.8 Ion Gauge Calibration System 20 .
3.9 Other Equipment 21
ILLUSTRATIONS 22 to 35
REVLTR A _BOEINEG | Mo D2-20415-1

U3 4288-2000 REV. 1/68

6



USE FOR TYPEWRITTEN MATERJAL ONLY

1.1

MATERTALS AND COMPONENTS LABORATORY

The purpose of the Materials and Components Laboratory is to perform
tests on space vehicle components under thermal-vacuum conditions, with
or without solar simulation, and on materials useful for present or
future space vehicles, usually with full-spectrum or high uwltra-violet
solar simulation. Work may be performed as a contract reguirement on
space vehicles for which Boeing has prime responsibility, on a subcon-

"tract basis from other, prime contractors, on a Cuwpany research basis

in connection with contract negotiation, or on a basic research budget
for the development of new and better materials or components for use
on future Boelng space vehicles. -

The laboratory contains nine vacuum systems of widely varying size and
complexzty, plus a 10-inch diftusion pumping sysleis which is uced in
conjunction with special chambers fabricated for testing odd-shaped
components not readily tested in standard cnambers. The following
sections describe the dimensions, design, and performance of the indi-
vidual chambers.

CEAMBER 1 (BAC 190233)

The working volume of Chamber 1 is 3 feet in dlameter by 3 feet deep
(27 cubic feet), shielded by a black-painted 100 °x shroud, and incor- -
porating helium cryopanels to increase the oumn1ng speed. :

This chamber is faor1cated entirely of stalnless steel and is provided
with bakeout heaters to allow bakeout at 400°C if desired. 4 12-inch
quartz window is available for solar simulation purposes, locatad in
the door on the horizontal centerline 60 inches from the floor.

The rough pumnlng system consists of a 50-cifm Welch mechanical pump
and a 300-cfm Heraeus Roots type mechanical tooster, liquid-nitrogen
trapped, pumping through a Varian 6-inch right-angle valve. Fine pump—
ing is accomplished by a 2400-liter-per-second ion pump plus titanium
sublimation pump using a 3000-sguare-inch Li,-cooled substrate, the
combination having a total speed of 50,000 liters per second. The
angle~fin helium cryopumping array increases the total speed to

100,000 liters per second for air.

The system will pump to 1 x 10 torr 12 24 hours, with a confiruous
gas handling capacity for air of 4 x 10”° torr-liters per second at
this pressure. The ultimate pressure (without gas leak) is 1 x 10-1
torr. :

In addition to the 12-inch penetration for the solar window, the cham-

ber is provided with four 14-inch ports, five é-inch ports, and three
8-inch ports for various tynes of passthroushs used in tests, including
thermocouples, liquid lines, mechanical passthroughs, etc.

REV LTR
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;T 1.2 CHAMBER 2 (BAC 528069)

This unit is capable of handling 2 work package 18 inches in diameter
by 18 inches high. It is used primarily for testing of instruments a
components for space vehldles and for bearing tests under ultra—high

vacuum conditlons. :

The unit is a vertlcal one, using a 50,000-liter-per-second ion/titan

" sublimation pump with an associated liquid-nitrogen shroud and helium
cryopump. Roughing is by means of a portable roughing system also us:
on other systems in the laboratory.

Penetrations include twelve 13-inch flanges, three 6-inch flanges, an
one 12-inch flange (used for a solar window if ‘desired). Metal seals
are used for all penetrations, including the 36-inch-diameter main se

Bakeout provisions permit bakeout up to 300 C if required. Readouts
for Bayard-Alpert and General Electric penning gauges are provided in
the console. .

~
The system will reach 1 x 10"'10 torr in 12 hours with a gas load of
4 x 10'°'torr-liters.per second, and an ultimate of § x 10=12 torr wi
out gas leak.

A second base is vrovided for this chamber, which is arranged for tes
ing various types of bearings. The fixturing includes a bearing moun

" adjustable radial and axial loading systems, torque readout transduce
and a vacuum-sealed drive system capable of either rotary or oscillat
ing motion. 4 quartz tube infrared heater is provided which permits
bearing operation at temneratures up to 1500°F, as well as at cryogen
temneratures. :

USE FOR TYPEWRITTEN MATERIAL ONLY

1.3  CHAMBER 3 (BAC 528068)

‘ Thié-chamber is a substantial duplicate of Chamber 2, except that the
‘spare base has been designed for the acceptance of a Ling 300 Vibrato
for vibration testing in vacuum if required.

The. pumping units on Chambers 2 and 3 are interchangeable so thai eit
pump may be used with any base, permitting great flexibility in opera
tion and the build-up of tests on one base while the pumping units cc
tinue operation on the other bases.

Work space, instrumentation, and performance are the same as on Cham-
Yer 2.

1.4 CHAMBER 4 (BAC 528067)

This system consists of a stainless gteel vessel approximately 30 inc
: in diameter by 30 inches long. Inside the system there is installed
N aluminum shroud providing liquid-nitrogen cooling of all surfaces ext

Y
N
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1.k

(Continued)

" to the inside, except where penetrations are required for solar simu-

lation, pessthroughs, etc. All surfaces facing the work are painted
with a black high-emissivity coating giving an emissivity of approxi-
mately 0.95 facing toward the work. External surfaces are left bright
in order to minimize heat loss. Shielded behind the projecting fins
or the arrey axre helium-cooled cryopumping surfaces which, when cooled
with 18%K helium gas, serve as active pumping elefents for cendensahle
gases in the chamber. -

The system is rough pumped by a portable roughing system consisting of
a mechanical pump, blower, and liquid-nitrogen cold trap. Fine pumping
is accomplished by an Ultek 1200-liter-per-second ion pump equipped
with its own internal bakeout heaters and working in conjunction with &
wvater-cooled titanium evaporator unit. The maximum pumping capacity 1is
approximately 11,000 liters per second.

. With all pumping systems operating and the shrouds cold, the system is

capable of reaching a pressure of 1 x 10-10 torr in 24 nours with a dry
nitrogen inleak of S x 10-7 torr-liters per second, or wiik a hydrogen
inleak of 2 x 10-7 torr-liters per second. With no inleskagze, the
system is capable of reaching a pressure of approximately 2 x 1012 torr
in 24 hours. Actusl pressures obtained on a particular %est will, of
course, depend upon the outgassing rate of the specimens teing tested.

A 8-inch-diameter wltra-violét grade quartz window is provided at cnme
end of the chamber, through which a beam of spectrally matched solar
radiation can be passed into the chamber and on to the specimens. If
a pon-collimated beam is used, a diameter of approximately 12 inches
can be irradiated at an intensity of one sun (1400 watts/square meter)
for continuous tests up to 10,000 hours in length.

The net workiﬁg space within the chamber, Qith the shi&uds in plece
and with a sufficient distance between the specimen and the shrouds
for proper operation, is 15 inches in diameter by 12 inches long.

The system pressure is monitored on two vacuum gauges. One is a Varian
nude Bayard-Alpert gauge, useful down to pressures of apnroxxmately

5x 10-10 torr; the other is a General Electric triggared penning
gauge, useful down to pressures of approximately 10~ 13 torr.

Chamber 4 is provided with six l¥-inch passthroughs, three G-inch
passthroughs, and one 8-inch passthrough in the back useé for the solar
wvindow. All-metal seals are used, including a 30~inch copper wire seal
of the Wheeler type on the door.

1.5 CHAMBER 5 (BAC 529788)
This chamber consists of a stainless steel shell provided with ag inner
liquid-nitrogen cooled shroud and relium cryopumping surfaces similar
to .those used on the other chambers. The chember 1s pumped by means of -
REVLTR A EOEING | N D2-20515-1
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1.5

1.6

1.7

{Continued)

a 10=inch diffusion pump backed by a 4-inch diffusion pump and by a
mechanical backing pump with liquid-nitrogen trzps provided to preven:
eil vapors from getting from the pumps and into the chamber. The net
pumping speed in operation is sufficient to pump a dry nitrogen inleal
of 5x 10=7 torr-liters per second, at a pressure of 1 x 10° 9 torr,
in not more than 24 hours including time tor bakeout and cooldown of
shrouds. The ultimate pressure without gas lesk is 5 x 10~12 torr.

The system is provided with a 6-inch-djameter ultra-violet grade quar
window for the admission of solar simulation to the specimens.

Chamber S5 has a net working space of 15 inches in diameter by 12 inch
long inside the shrouds. The chamber instrumentation includes one
Varian Bayard-Alpert type ionization gauge and one General Electric
triggered penning gauge for reading chamber pressure.

The chambe¥ i8 provided with a bakeout system which permits baking th
entire chambe» to a temperztuxre of 400°C, followed by accelerated coo
dowt if desired.

The chamber is provided with thirteen 13-inch fianges and three 6-inc
flanges. One of the é6-inch flanges, lecated in the door, may be used
as a solar window. All-metal flanges are used, including a gold wire

corner seal for the 30-inch door.

CIAMBER 6 (BAC 528065)

This chamber is similar to Chamber 5, except that it lacks a cryogeni
shroud. The net working space is 30 inches in diameter by 36 inches
long, and is complete with bakeout system and controls. :

The pum$ing speed 13 suffié¢iént to permit reaching a pressure of

1 x 10~19 torr in 24 hours with a gas load of 1 x 10~8 terrliters
per secuid. Ulllunte pressure without gas lesk is 3 x 16=11 {ore.
The actual pressure reached during a test will depend on the outgas-
sing rate of the test items. Usual working pressures are from 1 x 10
to 1 x 10=7 torr.

Three 13-inch-diameter and nine 2-inch-diameter flanges are available
for passthroughs, plus a &-inch flange in the door for use with a sol
window when required. Viton O-ring seals are provided on toth 36-inc
doers. | : :

CHAMBER 7 (BAC 528064)

This small chamber, having a working space of 12-inches in diametér t

. 18 inches loeng without shrouds, is primarily designed for experimenta

work in the field of ultra-clean, ultra-high vacuum. However, it is

used for seme types of ultra-violet materials tests.

REV LTR
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1.7

(Continued)

" The system is roughed by means of two molecular sieve type sorption

roughing pumps and is then pumped during bakeout by means of a 50-
liter-per-second ion pump. At the end of the bakcout period, this
pump is valved off by means of a bakeable valve; and a 100-liter-per-
second ion pump, which has been previously baked, is connected to the

* gystem to pump it during the_actual run. Under these conditions,

pressures @3 low as 2 x 1012 torr have been obtained in the empty
chamber. Actual pressures during any particular test depend, of
course, on the outgassing rate of the test specimen, which must be
small to permit use of this chamber since the net pumping speed is
only 100 liters per second. If the test specimen is small in dimen-
sion, it is also possible to use titanium sublimation to boost the
pumping speed by a factor of 5 to 10, depending on the pressure.
However, when so used, the upper part of the chamber will be coated
by the evaporated titanium; this method is, therefore, useful only
when the specimen is not adversely affected by this condltlon or ctan
be suitably shielded.

CEAMBER 8 (BAC- 534170)

This chamber consists of a stainless steel shell 3 feet in diametér

by 6 feet 6 inches long, to which is attached a full—openlng ion pump
N ‘

having a pumping speed of 3000 liters per second at 1 x 107/ torr or
lower. A small liquid-nitrogen cooled shroud inside the ion pump
provides additional pumping speed for water vapor. The net working -
space of 3 feet in diameter by 6 feet long provides room for reason-
ably large space vehicle components or material test setups.

The system is roughed to 1 x 1074 torr by a poxrtable roughing cart
using a mechanical pump, Roots blower, and cold trap. The ion pump
is then energized and pumping continued to a pressure deterdined by
the specimen outgassing The ultimate pressure for the empty chamber
is1x 10 O torr.

The control console provides ion pump power supplies, pump bakeout
control, and a General Electric penning type vacuum gauge control.

 The chamber provides seven 1%-1nch flanges, one 4-inch flange, two

6-inch flanges, and one 12-inch flange in addition to a é-inch door

~f1&nge for a solar window when required.

Chamber 8 has currently been equippéd with additional accessbries to

‘'permit introduction of electron and proton beams for material studies.

1.9 CHAMBER 9 (BAC 534169)
This chamber is in all external respects a duplicate of Chamber 8.
‘ReviTR A _BOENG |V D2-20419-
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 (Continued)

Internally, there is provided a llquld-nitrogen cooled shroud Wlth

an intermal cryopump array cooled by cold, dense helium gas to 14 %%.
By this means, an internal work area 20 1nches in dlameter bX 48 inch
long may be pumped to pressures in the range of 10~15 to 10-14 torr.
Pressure within this extremely high-vacuum area is measured by a quad
rupoie mass spectrometer and a special extended-range cold cathode
gauge of the Redhead type. Uncertainty as to the final low pressure
reached is the result of the lack of calibration methods of high accu

" racy for instrumentation used at these pressures.

Quartz solar windows are provided in both the chamber and the shroud
to permit solar simulation to be achleveq within the extremely high-
vaouum rogion.

REV LTR
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2.0

2.1

ve

THERMAL-VACTUM LA20RATORY

The Thermal-Vacuum Laboratory is located in a high~bay section of the
18-24 Building at the Kent Space Center, Kent, Washington. The three
chambers contained therein provide thermal-vacuum testing, with or
without solar simulation, of entire space vehicles or large portions
thereof. Two of these chambers provide a clear work space of 6 feet
in dismeter by 8 feet high, and the other provides a work space of

28 feet in diameter by 40 feet high. The handling of parts in the
high~bay area is by means of a crane with a 30-ton primary hoist and
a 1-ton auxiliary hoist. The hook~to-floor clearaznce is 85 feet.

CHAMBER A

This chamber is an elongated spheroid, fabricated of stainless steel,
40 feet in diameter by 50 feet high. It is provided with an inner
black-painted shroud 30 feet in diameter by 40 feet hign which may
bg\fooled by circulating liquid nitrogen at 110 %% or less.

Pumpinz Systems

The chamber is pumped by three types of pumping systees. Roughing

is accomplished by a chain blower system having six mechanical pumps
with a total speed of 1800 cim, a second-stage Roots %type blower with
a speed of 3000 cfm, and a first-stage blower with a speed of AO0Q cfm.
These pumps are capable of reducing the chamder pressure from atzos-
phere to 50 microns or below in approximately #wo hours, at which
point cooling of tke liquid-nitrogen shrouds may be started.

In approximately two hours, cooldown of the shrouds can be completed,
at which time the pressure will normally have fallen to 5 microns or
below (5 z 10=3 torr), and the ion pumps may be energized.

The high-vacuum pumping system consists of two identical modules con-

taining a 2-watt helium refrigerator, a 2000-liter-per-second ion pump,
and a 100,000-liter-per-second bulk titanium sublimator. The small
helium refrigerators have 2 nominal pumping speed of 1000 liters pexr
second at 1 micron. These are used to lower the chamber pressure suf-
ficiently to permit startlgg the ion pumps. The total pumping speed
for each module a2t 1 x 10~° torr and delow is approximately 120,000
liters per second.

'In approximately two hours efter the start of shroud cooldown, the

gaseous helium refrigerators may be started and connected to the helium
cryopanels. Cooldown of .these panels to 20 ¥ or below will require 4. 5
to 6 hours, at which time cryopumping will tegin. The speed of the

- cryopanels, for condensable gases (a1l gases except helium, hydrogen,

and neon), is in excess of 3,800,C00 llters per second. The pressure
resulting from this increase of pumping speed will depend entirely on
the gas load-being produced by the item under test. For the cleesn, dry,
and empty chamber, pressures of 3 x 10~10 torr have been achieved. With
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(Continued)

actual test articles in the chamber, pressures of 1 x 10.7 torr or R
lower can usually be achieved after a few hours of pumping, even with
fairly large outgassing loads.

For tests not requiring the lowest possible pressures, and with normal
oeutgassing loads, the helium~cryopumping step may be omitted and the
chamber operated with ion and sublimation pumping alone (plus liquid~
nitrogen cooling of the shrouds if desired), producing pressures in the
106 torr range, adequate for most thermal-vacuum testing.

The liquid-nitrogen shrouds in the chamber are used to aporoximate the
heat sink of space. They are fabricated of aluminum sheet with internal

- liquid-nitrogen passageways and are painted with a black absorptive pain

baving an emissivity of over 0.95. When cooled with circulating, pres-
surized liquid nitrogen, they have a total heat-absorptive capacity of

300 kdilowatts at 140 watts/square foot intensity, while still maintain-
ing a temperature of not over 110%K on their surfaces. A waroup System
i3 providad to return the shrouds to 220 X -in six hours.

» Manlock

A 10-foot-diameter by 16-foot-long manlock is provided for access to
the chamber. The manlock is divided into ‘wo sections by a removable,
vacuum-tight bulkhead, with providion for independently pumping the
two sections. Three 4-foot by 7-foot vacuum-tight doors are provided
to permit personnel access from the balcony to the outer lock, from
the outer lock to the inner lock, and from the inner lock to the cham-
ber. In addition, the inner door is mounted in a 10-foot-diameter
movable gate valve which can be operated under vacuum. When open,
the valve provides unobstructed 10-foot-diameter access to the inter=-
ior of the chamber. The locks can be rough pumped to simulate boost
profile. \ ; ' '

7

Chamber -Ovenings and Penetrations

Access to the interior of the chamber is through a full-opening, 30~
foot-diameter lid which may be removed by the crane to a storage posi-
tion at the balcony side of the chamber. A 6-foot-diameter lid is
provided in the center of the 30-foot 1id, for use for special test

purposes.

Penetrations include eigh* 12-inch-diameter penetrations at the 20-foot

‘level, seven 12-inch-diameter penetrations at floor level, three 12-

inch-diameter penetrations in the lid at the 45-foot level, and four
12-inch~diameter penetrations in the chamber near the lid.at the 40-
foot level :

There are eight 6-inch view ports on the chamber, three 12-inch view

. ports in the chamber doors of the manlock, five 12-inch view ports in

the manlock, and three 6-inch view vorts in the lid equipped with 500-
watt spotlights for chamber illumination.
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2.1

2.2

{Continued)

In addition to the above, there are penetrations for vacuum gauges,
gaseous-nitrogen bleeds, cryogenic lines, etc., as required.

Lunar Plane Floor

A lunar plane floor 20 feet in diameter (removable) is provided in the
bottom of the chamber and is. capable of being hoated and enoled inde-
pendently of the chamber from +325 °F to -5205% This floor is capable
of supporting a load of 200 pounds/square foot, up to a maximum of
10,000 pounds total load. \

Miscellaneous Capabilities

Vibration within the vacuum chamber is possible through the installation
of ene or more vibrators mounted directly on the stainless steel floor
which is coupled directly to a 1.5-million-pound concrete reaction block
under the chamber. Up to two 30,000-pound shakers can be used for this
purpose if required. . . .

The 30-foot-diameter chamber 1id is provided with three hard points,
each capable of supporting 6000 pounds of vertical load, spaced on a
12-foot radius.

A removable aluminum-grating infernal platform with guard rails is pro-
vided at the manlock:level to facllztate setup of equipment and access
to the chamber interior.

The sources, power systems, and controls for a 40-zone, 60-kilowatt com-
puter-controlled radiant heat system is provided to allow temperature
cycling of test items when required. Quartz lamp arrays, installed
inside the chamber, are fabricated to conform to the shape of the itenm
to be tested.

A 24-foot-diameter solar s1mulator for the large chamber is now under
constructlon. The first 1ncrement 10 feet in_diameter,. will be opera-
tional early in 1968 -

Eiring tests for smallArocket systems may be accomplished by mounting
the rocket engines in the manlock and utilizing the main chamber-as a
thermal- and vacuum sink during firing.

CHAMBER 3

Chamber B is an intermediate-size space environment simulation chamber
with solar radiation simulation capability. The liguid-nitrogen shroud
ingside the chamber is a vertical cylinder approximately 8 feet in dia-
meter by 18 feet high. The work space is 6 feet in diameter by 8 feet
high with solar simulation on, and is 6 feet by 15 feet with solar simu-~
lation off.
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2.2 .

(Continued)

This chamber loads from the bottom with the bottom section capable of
being removed and dollied so that the test setup may be built up on

the floor, remote from the chamber. Material handling equipment avail-
able for use with this chamber consists of 30-ton and 1-ton bridge
cranes 85 feet to hook, and a hydraulic elevator hoist installed be-
neath the chafiber and used to remove and remate the chamber bottom
loading section. This hoist is capabdle of lifting a 6000-pound net
load mounted on the chamber bottom section.

Pumping System

Chamber B is capable of a working pressure of 1 x 10-9 torr with a

1 x 1072 torr-liter-per-second n1t¥?gen gas load. The "dry" chamber
ultimate pressure is below 3 x 107°' torr. Pumpdown to working pres-
sure takes less than 24 hours under full gas leakage load. Pumpdown

is accomplished by a 1250-cfm chain blower and/or the Chamber A rough-
ing system, a 110,000-1liter-per-second baffled ion and sublimation pump,
and a 20°K helium cryopump capable of 500,000 liters per second using a
"Santeler" pumping surface array. This type of fine pumping system
allows this chamber to be used for tests which require ulira-clean
conditions.

The shrouds used to approximate the heat sink of black space are con-
structed of black-painted aluminum and cooled with circulating liquid
nitrogen. The shrouds for Chamber B have a 100-kilowatt total heat
load capability at 280 watts/square foot intensity without exceedin
110%K at their surfaces.

Solar Simulator

The solar simulator built into this chamber provides a collimated beam
42 inches in diameter by 8 feet high. The light is generated by a bank
of nineteen 2.5-kilowatt xenon short-arc lamps located in a lamp cham-
ber adjacent to the vacuum chamber. Each lamp is surrounded by an
#é6ni1é éollector which directs the beam by means of a folding mirror
through a diagonal connection into the vacuum chamber through an opti- .
cal train consisting of quartz condensing elements and projection ele-
ments. Uniformity filters and spectral filters are provided in the
optical system to shape the beam both in uniformity and spectrally to
that of the sun outside the atmosphere.

Inside the vacuum chamber, a 5-foot parabolic collimating mirror of
off-axis orientation projects the collimated beam downward into the
working area. The resultingl collimation half angle within the work-
ing area is 1.45 degrees. Beam uniformity, measured by a 4 ¢cm by 4 cm
calibrated solar cell, is +5.0 per cent in any one plane or +8.0 per
cent over the entire 42-inch by 8-foot working volume. Beam intensity
is variable between 400 and 1720 vatts/square meter. Speciral matcn has
been carefully measured over the entire range from 0.26 to 2.60 microns
in 16 bands; the greatest deviation from solar spectral distribution
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2.2 (Continued)

(-49.6%) occurs in the band from 0.26 to 0.33 microns. Over the re-
mainder of the range, the deviations are from +29.2% to -13.6%, with
the total integrated value being within +5.0% of the space sun values
as given by the Johnson curve.

The control for the entire system is from a console located in the
Control Room. irom this point, performance of -each individusl lamp
can be metered, as well as the integrated total energy flux of all

the lamps. With this system, each individual lamp views the entire
irradiated area. ‘Thus, failure of any individual lamp affects neither
the uniformity nor the spectral match, but only the total intensity
which can generally be compensated for by increasing the output of

the remaining lamps, thus enabling the cont;ruatlon of the test in

progress.
Penetrations

The chamber Yottom section has four 14-inch ports, six 4-inch ports,
and six 12-inch ports for test . instrumentation. The chamber itself
has four 13-inch ports, two 4-inch ports, and four 12-inch ports.
Four windows are also available for viewing the inside of the cham-
ber.

Bakeout System

A separate bakeout heater of the gas-fired, air-circulation type is
available, with suitable controls, duct work and vents, for use inter-
changeadly with Chamber C. This permits btakeout of the system at tem-
peratures of up to 300 C with the solar mirror removed and the entrance
window for the solar simulator blanked off. This is normally used only
when reconditioning the chamber after major contamination has occurred.
A-low temperature %éoo F maximum) can be employed to hasten shroud
warmup when desired, using the heater at minimum setting.

2.3 CHAMBER C

This chamber is a substantial duplicate of Chamber B, with the solar
simulation omitted. In consequence, its maximum loading dimension is
6 feet in diameter by 8 feet high. The vacuum capabilities, pumping
speed, shroud arrangement and passthrough penetrations are identical
to Chamber B. .
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3.0

5.1

3.2

5.3

ACCESSORY FOUITHENT

- CRANE

To permit charging of large test articles into Chamber A, as well as
haridling of the chamber 1id and general handling capability within th
high-bay area, there has teen provided a large 4‘raveling bridge crane
The main hoist has a 3U-ton capacity and a clearance height to the ho
in raigsed position of 85 feet. A 1-ton auxiliary hoist is also pro-
vided. Control of the crane is by means of a conirol pendant which
may be raised, lowered, or traversed along the bridge independent of
trolley position. An auxiliary key-locked stationary contmrnl pnsitio
is provided on the balcony to permit shifting of the contrel pendant
to elevated locations when desired.

LIQUID-NITROGEN SU3CCOLER

To supply cooling to the various shrouds in both laboratories, a Z00-
kilowatt liquid-nitrogen subcooler is provided. In this system, liqu
nitrogen supplied from two 14,000-gallon-capacity vacuum-jacketed sto
age tanks on the building roof is pressurized to approximately 20 psi
and pumped through vacuum=jacketed feéirculating lines to the various
chambers. After circulating through the shrouds, the liquid returns
to the subcooler at a pressure of approximately 40 psi. Since the
liquid is always pressurized, ii does not boil within the shroud pas-
sages, { absorbs heat through temperature rise of the ligquid from a
starting tegperature of approximately 80°% to a maximum return temper
ture of 110°K. Upon return to the sutcooler, the warm liquid is pass
througn a heat exchanger immersed in liquid nitrogen btoiling at atmos
pheric pressure, thus again cooling the circulating liquid which then
passes to the pumps for recirculation.

The subeooler's maximum output is achieved with a circulation rate of
300 gallons/minute. To achieve this, four 100-gpm pitrogen pumps are
provided (1 is a spare) plus one 50-gpm pump which is used alone' at
times of low dewmand. '

BELIUM REFRIGERATORS

To provide cryopumping capability, two 1200-watt nelium refrigerators
are provided. These systems compress helium g=2s ‘to approximately 300
p8i, pass it through a series of heat exchangers, then expand it thro
an expansion engine. After cooldown, the gas leaving the expansion

engine will have a temperature below 15X and a pressure of 30 psi. I
then passes through vacuum-jacketed, super-insulated lines to the var
ious chambers, through cryopump arrays, and tack to the refrigerators
at a temperature of not more than 20K for recirculation. The actual
cryopump arrays in the chambers must be maintained at a temperature o
20K or below to permit cryopumping in the ultra-high vacuum range.
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3.4

3.5

CONTROL PANEL

Control of all motors, pumps, and valves for Chambers A4, B] and C,
plus control of the liquid-nitrogen subcooler, the two helium refrig-
erators, and the solar simulator in Chamber B, is from a centralized
Control Room located on the manlock level on the second floor. 4an
annunciator panel provides visual and audible signals to notify the
operator of a variety of equipment malfunctions. An intercom system
provides head-set comminicatiun over -eny one af eight channels from
the Control Room to all parts of, the laboratory, as well as cormuni-
cation between any two or more station locations. Paging systems
allow paging either from the control room or from the entrance lobby.
One, or at most two, duty operators in the control room can operate
all the high-bay chambers plus the nitrogen subccoler and refrigera-
tors. '

500-CHANNEL CSC DATA SYSTEM

Also located in the Control Room is a data acquisithn, data process~;
ing, and data control system. The system is computer controlled and .
will sexrvice all of the systems in the laboratory simultaneously.

The data acquisition capabilities of the system include: 500 signal
conditioning modules wnich convert voltage, current, or resistive tranis-
ducer outputs to millivolts; 500 low-speed data channels which are read
by the computer at a maximum rate of 200 readings per second; and 40 -
high-speed data channels with a maximum input rate of 12,500 readings.
per second. The system has four full-scale input ranges: 10 mv, 20 mv,
50 mv, and 100 mv. Overall system accuracy is better than 0.5 per cent
of full scale. The input of each channel is selected by the computer
under control of its stored program.

The computer will convert tne data from millivolts to physical units
(pressure; load, temperature, etc.), compare ithe data against maximum-
minimum and/or rate-of-change limits, record the data on one or two
magnetic tape recorders, and/or print selected data on the line printer.
Execution can be radically varied from one test to andther to meet a
wide variety of test requirements. The computer will accomplish high-
speed closed-loop and outputting continuously variatle control signals
through one or more of the forty digital-to-analog converter channels.
Up to 40 channels of on-off coritrol are also available. -

A master event controller enables the system to handle tests from sev-
eral chambers simultaneously.. Each test is divided into one or more
jobs and each job is assigned a priority number and a computer service
rate. The service rate can vary from 4000 times per second to once
every several hours. The system handles up to 24 jobs simultaneously.
While the system is overating, time veriods will be available for addi-
tional work. These time periods will be used to perform further analy-
sis on recorded data, to prepare document quality test reports, to set
up new tests, or to reformat data for additional analysis on the I3M

7094 or Univac 1107 computers at the Boeing Computer Center in Seattle.
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3.5 (Continued)

In addition to the system described above, there is also available in
the Control Room a simple digital data logging system. This systen
will handle 200 low-level data points, recording either on magnetic
tape (at the rate of 10 points per second) or on “grocery tape" print-
out. This system may be used for tests requiring no control function.
Data may be reduced on the SDS 910 Computer in the 500Q-channel data
systes, anothey SIS 950 Computer in the same building, or the Boeing
Computer Ccnter.

3.6 SOLAR SIMULATORS

Two 2.5-kilowatt xenon short-arc lamp-powered simulator units axe
available for tests in the Materials and Components Laboratory requir-
ing solar simulation. Lens systems are available to project a colli-
mated beam 6 inches in diameter ¢r a diverging projected beam 1) inches
in diameter at one solar constant (1400 watts/square meter) to iest
specimens inside vacuum chambers. Optically flat, bakeable cuar*z or
sapphire windows are used to transmit the beam into the vacuuo chzzbers.
Windows of 4 inches, 5& inches, & inches, and 12 inches are available
for use as needed. :

In addition, one carbon arc solar simulator is available. Tnis will

irradiate a circle 19 inches in diameter using projection optics, or
12 inches in diameter using a collimated beam, to one solar constant.

3.7 MASS SPECTROMETERS (RESIDUAL GCAS ANALYZERS)

Two mass spectrometers are available for analyzing residual gases in-
side vacuum systems during tests. The Consolidated Electrodynamics
cycloidal type residual gas analyzer has analyzing capabilities to
mass 60 at minimum chamber total pressures of approx1mately 5 x 107
torr. The General Electric sector type instrument has approximately
the same mass range but greater sensitivity, enabling it to be used
at total pressures down to 1 x 10710 torr or slightly lower. A new
Varian quadrupole mass spectrometer will be available after June 1266.

3.8 . ION GAUGE CALIBRATION SYSTEM

A Varian ion gauge calibration unit is used for pre-calibration of all

ion gauges used in test work. Calibration is carried out in accoxdance
with the A.S.T.M. Ion Gauge Calibration Standard down to a pressure of

5 x 10-8 torr.
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3.9 OTHER EQUITMENT

An assottment of other equipment isg availadle in }he laboratory to
support test requirements. Included are four helium mass spectrometer
leak detectors, portable pumping units for roughing small ion-pumped
chambers, portable pressure gauges, total radiometers, a spectroradio-
meter for checking solar simulators, and an assortment of electrical
meters of a wide variety of types. These are portable devices which
may be used as needed in any of the chuubeis in the laboratory.

-
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Westinghouse Power Systems tusion Power Sysiems Department
Electric Corporation - Company , Box 10864

Pittsburgh Pennsylvania 15236
(412) 892 5600

FPSP:81-389

September 24, 1981

Dr. P. Y. Hsu

EG&G Idaho, Inc.

P. 0. Box 1625

Idaho Falls, ID 83415

SUBJECT: Response to Request for Information on Candidate Westinghouse
Test Facility for TPE-I11

Dear Peter:

Dr. Rose has asked me to respond to your September 11, 1981 request for informa-
tion on Westinghouse test facilities that could be cons1dered for use in the
TPE-II program. I am enclosing herewith descriptions of several Westinghouse
test facilities that we feel have potential applications for the TPE-II program.
They include the following:

e Pressurized water coolant loops and test facilities with water
exit temperatures up to 300°C and coo]ant pressures up to 2000
psi.

e Liquid 1ithium loops (LLP and ELF).

e High surface heat flux test facilities (ESURF, ASURF and plasma
arc heating systems). 4

e Test Toops to study forced convective boiling heat transfer to
water. A

The enclosed material should provide most of the answers to your questions.
With the exception of ASURF, all are existing test facilities that can be used
in support of TPE-II, provided that 6-9 months of advance notice is given to
allow time for scheduling. ASURF is scheduled to be operational in March 1982.

We do not have a test facility that can provide nuclear heating of the type
necessary to simulate fusion blanket/shield bulk heating. However, electrical
resistance heating to simulate nuclear heat generation is possible with any of
the listed test facilities. We have past experience in simulating nonuniform



Dr. Hsu ~2- 'Sept. 24, 1981

heating with such a facility by spatial variation of electrical resistance of
the test piece. The necessary power supplies for electrical resistance heating
are generally available.

Further review and discussion will be required to provide a detailed response to
your questionnaire concerning the cost of using the test facilities. Obviously,
the cost will depend on the type and the scale of the tests required. Once this
is better defined, we can supply you with the cost information. Fully qualified
and highly experienced professional personnel are available to support these test
facilities. This support also includes machine shops and metallographic and
chemical laboratories, etc. as described in the enclosed material. -

Please feel free to give me (412-892-5600, ext. 5486) or Dr. Rose (412-892-5600,
. ext. 5422) a call should you need any additional information or have further
questions. : :

Sincerely yours,

Y4

J. W. H. Chi
/jm
enclosure

cec: R. P. Rose
T. C. Varljen



PWRSD Test Engineering Laboratory

‘Hydraulic Model Testing

Miscellaneous hydraulic tests on
mock-ups of reactor system parts
and components are routinely per-
formed at the Test Engineering
Laboratory. Typical of this lype of
testing are the two discussed below,
which were recently completed:

Emergency Core Cooling Flow
Oistribution: As shown above, a

10 x 10 roq bundle was instailed in a
plastic hausing with a warer supply
at the top. A grid-collection unit at
the bottom of the bundle collected
the water as it flowed through the
model and diverted it to the measur-
ing tubes at the base. Knowledge of
the flow distributicn in the bundie
was obtained in this manner.

Sample System Mixing Test: This
test used one thermocouple to mea-
sura the temperature of water from
fouriocations in a reactor. The

" purpose of the procedure was to

determine whether the indication
from the single thermocouple was
representative of the average temp-
erature of the four water supolies.

- Amock-up of the mixing chamter

was constructed so that hot or coid
water—at closely controlled pres-
sure—could be supplied to any of
the four iniets. By running combina-
tions of hot and colid inlets and mak-
ing simultaneous recorcings of the
various temperatures. highly usaiui
information was cbtained.

PWRSD Test Engineering Laboratory

Mechanical Component and Vibration Tests

Full-scale mechanical and vibration
tests are performed at the Test
Engineering Laboratory on plant and
reactar components 10 prove the
reliability of equipment design.

Typical of these tests is the Rapid
Refueling Roto-Lok Stud. a stud boit
with breechlock thread. The primary
purpose of this testing was to deter-
mine the stresses in thread segments
for different stud tensions. The
Roto-Lok was cyclically loaded to
3,750,000 pounds. and stresses were
measured with 140 strategically
located strain gages. Data obtained
were then converted to stress versus
tension.

Another test was a cycling endur-
ance test of a full-size Cabte Tray,
which is part of the Rapid Refueling
System. The purpose of this test was
to determine tray loads. deflections,
and cable wear auring the tife of an
installation—and 25% heyond. The

Cable Tray was positioned on rollers
and with one end inserted into a
deep pit, the Tray (with cables
instalied) was raised vertically at
one end with a mobile crane ta a
point 20 feet above ground. With

; cables hanging over the end of the
tray at a 20° bend, the elevated ena
was moved about 35 feet horizon-
tally, and the opposite'end dipped
into the pit. This was followed by a
return to the starting position for
a totai of 220 cycles, each one
invalving aiternate ©Q° bends and
straightening of the fully installed
cables.

Vibration testing of reactor com-
ponents is also performed in this
Laboratory, using electronically
excited shaker heads. Three sizes
are available (2 Ibs.. 30 Ibs.. and 150
'bs.) for regular scale mcdel testing
ior frequencies from S H, (0 30 H,.



PWRSD Test Engineering Laboratory

“A” & “B” Loops. Low-Flow/High-Pressure

Hydraulic Facilities

These loops are small, hign-
pressure, stainiess steel facilities,
used for testing small components
and individual parts of targer com-
ponents under normal working
conditions. A canned motor pump
circulates water in both “A"' Laop

and 8" Loop at 150 gcm. Operating

temperatures are obtained from the
corversicn of the sumping gecwear
into heat. as well ag from extarnat
heaters, Typicai tests run in these
loops are: 4. futl-scale gats and
chack vaives: b. matarial ¢oirosion-
arosion, with variaoie water chem-
istry: and. c. corrosion procuct
release and transport gropertiag of
¢rud. '

Cnaractarisues of “A” & “B" Lucps
Maximum Flow

Rate .......... 150 gpm at 300 ft.
Maximum Pump

Head .......... 335 {t. at 60 gpm
Maximum Allowable

Pressure .............. 2400Q psi
Maximum Allowabie

Temperature ............ 8650°F

wormai ‘Working Fressure . . 2600 psi
Normal ‘Working
Temecerature

PWRSD Test Engineering Laboratory

“D" Loop. Medium-Flow/High-Pressure

Hydraulic Facility

The “O" Loop is a flexible test
facility used for demonstrating the
interpiay of reactor subsystems and
evaluating component design con-
capts. It contains a canned motor
pump, which produces a 290 ft head
at 3000 gpm. All piping (10-inch
Schedule 160) in contact with the
primary water is stainiess steel. Loop
pressure is establisned and main-
tained by an air driven charging
pump operating in conjunction with
a gas loaded back oressure valve.
Most of the power required {0 es-
tablish and maintain [oop tempera-
ture is derived from the circulating
pump operatian, and 7S Kw of heat
ig available fram efectric strip
heaters.

The “0" Loop services a 25" 10 x 38’
long tast vessel, which accommo-

dates fuil-scale modeis of large PWR
core components for cperational
studies.

Characteristics of “D"” Loop

Maximum Flow Rate ... .. 4400 gpm
Maximum Allowable

Pressura .............. 2400 psi
Maximum Allowable

Temperature .. ........... 65Q°F

Normal Working Pressurs. .2000 psi
Normal Working Temperature . 600°F

Pump Head at 3G00 gpm. .. .. 290 it
Maximum Pumop Head ... .. .. 340 ft
(at 1500 gpm)
Main Loop Flow
Measurement .. .. .. .. 10~ Venturi
Auxiliary Fiow
Measurement ....... §” Venturis

(2" 8ranch Lines)
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PWRSD Test Engineering Laboratory

“J" Loop. Delayed Departure from Nucieate
Boiling teat Tranafor Faaility

‘“The S~ Locp bleomolo(dyln-
strumented pressurized water test-
fecility folvon'y(ng DDONB phenome-
ensduringa LOCA (Losa-ot-Coolant
and tor 1
. .state heat transtar studies. This test
toop is a full-eize, 3ingle-ioop simule-
. tton of atypical 4-loop resctor
systea; it will accepta Mchom
SxSbundlect|
fuel rods.’” “J" toopis dnlonodte )
operate «t 2500 piia at 650°F, and &2 .
W.ﬂwmaoi up to 450 gpm.. -
" Ourtag LOCA tests, fluld inout ta the-
‘regotorvessel” is clossly con~ -

! water/steam mixture into the tess.’
. vessel, tewnumtllcwtromm. .
unbmnn laopa.

; Mddudﬂ“w Ll
TestFluid. ... mmmnﬂmw-m
sia

Ry Hmw Tost Heat !:.d\u\ocr .
Rating . 11,400,000 B?UINR-A'
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~ PWRSD Test Engineering Laboratory
SIngio-Rgd Loop. Hga”ter Rod Developme_nt Facility

The single-rod test |0op is used to
gvaluata prototype heater rods

and for in-daoth stuay of existing
roqy in pressurized water systams.
The test section of the i0c0 is aasily
r tu fagilitats the i

ot varicus length and diamatar
neaterrods. The Single-Rod Loop
is electricaily contreiled and cpar-
ated by ons person. Steady state
ana atvanoua i

can be simulated in the locp. The
main teat section can be repiaced
with a quans tuba, and ONB pnenom-
snon can be observed on 3 single
rod with a remotaly aperated
camera.

Characteristics of Single-Rod

‘Test Loop

Maximum Qperating
Prossure . .............

Maximum Operating
Temperature .............
Maximum Flow Rate . .
System Capagcity .....
Maximum Power
Available . ......... ...
PlpingSize .............




il

TEST SECTION

" SINGLE ROD HEATER DEVELOPMENT FACILITY

VENT

ROPTURE DISC (2600 PSIA) =

[ —>

HEAT EXCHANGER

LEGEND

PRIMARY LOOP

PREHEAY SYSIEM

SAFETY SYSTEM
DEMINERALIZED WATER SYSTEM

VVOLUME

P:PRESSURE
T: WEMPERATIRE




FACILITY UPDATE

STEAM GENERATOR TEST FACILITY (SGTF)

In 1967, ARD initiated facility design efforts
toward a Steam Generator Test Facility (SGTF)
for testing of LMFBR sodium-water steam gen-
erator models. The facility was commissioned in
1968. The facility consisted of (1) the General
Purpose Loop No. 1 (GPL-1) as a sodium
source, (2) the Steam-Water Loop (SWL-2) as a
source of high-temperature, high-pressure
feedwater, and (3) SlLO {, which is a slio-type
test enclosure.

The SGTF has been fully-utilized since com-
missioning on the following programs:

o Aluminum-Bonded Steam Generator Test
Program

e Steam Generator Tube-to-Tube Sheet -

Weld Test Program

& 1MW, Three-Tube Steam Generator Test
Program

e _LMFBR, Double Wall Full-Scale J-model
Steam Generator Test Program

e LMFBR, Double Wail Steam Generator
Model Test Program

The facility is currently being modified to con-
duct LMFBR steam generator model tests in

-~

support of the ANL/ ® Tampa double-wall
steam generator development program.

In completing-the above programs, ARD has
developed a trained staff of engineering person-
nel, operating crews, and supporting technolo-
gies. This staff, which will be applied to the
forthcoming Double-Wall Steam Generator
Model Program, has been utilized on a 24-hour
per day, seven-day per week basis during
steam generator testing.

The facility modifications currently underway
consist in-part of up-grading the thermal ca-
pacity from 1.0 MWt to 2.0 MWt. This up-grading
necessitates compiete removal of the original
SWL-1 Steam-Water Loop. and replacement

- with an up-graded 2.0 MWt System (SWL-2).

This feedwater system up-grading (cost $700K)
is part of the overali facility up-grading which
included increasing the height of the test silo to
85 feet to accommodate large steam generator
modeis. In addition to up-grading of the GPL-1
sodium supply system to the combined GPL-1/
GPL-1A system as a part of the LMFBR Thermal

Striping Program, a Distributed Data Acquisition

Facility Operating Mode
Thermal Capacity

Maximum Operating Pressures
Maximum Operating Temperatures
Maximum Flowrates

Transient Capability

Third Fluid Service System

L.ow Flow Capability

Test Enclosure Size
Water Chemistry Capabiiity

Recirculation Pump

OPERATING AND DESIGN PARAMETERS

Type 2-Stage. Centrifugal Canned Rotor 2-Stage. Turbine Canned Rotor
Rated Flow 30.000 Ib/hr (60 gpm) 16.000 Ib/hr (30 gpm)
Head & Power 530 psig and 85 kW 320 psigand 42 kW

Recirculation or once-through

2.0 MWt Heat Input {GPL-1/GPL-1A)
2.0 MWt Heat Removal (SWL-2)

330 psig Sodium
2500 psig Water/Steam

1200°F Sodium
950°F Steam

_ 400 GPM Sodium (GPL-1/GPL-1A)
30.000 Ib/hr Water (Recirculation Flow)
10.000 lb/hr Water (Feedwater Fiow)

To be determined

Available

Controi and measuring capability is avallable.
1 2 feet diameter x 35 feet high

CRBRP

Feedwater Pump
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System has been instalied for data acquisition
and analysis.

As a part of the continuing Westinghouse cor-

porate support of DOE programs, the five-month -

test program to be carried-out during FY-1980
(and the FY-1981 subsequent post-test exam-
ination effort) is being funded by Westinghouse.

in summary, Westinghouse has established
an aoperational LMFBR Steam Generator Mode!
Test Facility and, in the course of over eleven
. years of operation (and in excess of

¢

.20,000 hours of steaming at test conditions),

has developed a trained and competent crew of
personnel for the installation, operation. and
examination of steam generator modeis. The
combination of GPL-1/GPL-1A, SWL-2, and the
reiated silo test enclosure provides a test bed
for the evaluation of full-scale LMFBR steam
generator models at prototypic conditions. In
addition, the two loop feature of GPL-1/GPL-1A
provides the unique capability of thermal tran-
sient and shock testing of steam generator
modeis. '



1he G Loop b Forest L hills is a high-piessure, vines -
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PWRSD Test Engineering Laboratory

“G" Loop. Emergency Core Coaling System Facility

“G" Loop Is capabla ol parfornning ths loliuwing imethuds
ol ECCS: Cutrenl, Uppar Head lnjection (U1} L4 i
w/Cunrenl snd ounet core umy systems. il may also be

usad fog small lag break

lests [core um.ovem\o tasts), Tnese conslst of bolling ol COMPURENT

waler al a constant bundie power Inpul until tha rods Test Vessel

can no longes be cooled. Downcon';ol Side Tank

-Line Mixer

The "G Loop lest bundie consisis of 480 efectrically tn-L 24

huated 1ods, 16 grid support thimbles, and 33 spray Mixas Accumulator
ded by an stasl baflls Flash Chaaibas

and arranged as par a 4-1oop 15 x 15 rod bundle coligu- Sepasaiors Nos. 1 8.2

muon The loop Is controlled (fully automated during

Iypu.- un cousists ol constant powes and p
1! 1by ¢ Lilowd: . powor doca' and ECCS

) thiough a PDP-11-DEC- 16K compulor with & Spiay N;W;Mlilm No 3
600 polat C. fer Products A-D C parating at P"'“"‘"‘. P"
aswaepiale of m.mopu. d fos dala acquisibi rimary Piping

PWRSD Test Engineering Laboratory

“E"” Loop. Low-Flow/Low-Pressure Hydraulic Facility

The “E” Loop is a low-pressure, six-
inch, stainless steel loop, with two
circulating pumps. These pumps
may be connected in parallel, giving
2000 gpm at 130 ft. head, or in series,
giving 1000 gpm at 260 ft. head.

Flow and vibration studies are con-
ducted with this loop, and, because
of its low pressure, plastic modeis for
visual observation or photography
may be used. In addition, a 4-inch
Rockwell water meter in a branch
line permits the calibration of flow
meters up to 800 gpm.

Characteristics of “E” Loop
Maximum Flow

Rates. su; ol 2000 gpm at 130 ft.
1000 gpm at 260 ft.
Maximum Working

Pressure ........... Pump Head

Spray Accuinulalors Nos. 18 2

MATERIAL

Carbon Steel
Carbon Stee!
Caibon Slee
Stalnless Steol
Caibon Steal
Caibon Steel
Carbon Steel
Stainless Stael
Stalnless Sizel
Carbon Stesl

“G"” LOOP SYSTEM COMPONENTS & CHARACTERISTICS

RATED PRESSURE &
TEMP.

2000 psl @ €50°F

TYPICAL
OPERATING PAT

1000 psi @ 545°F

oo

1000 pst @ 535"
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Mhoe FLECHT-SET is Jd low prussuaie
facility, dusigined to provida enpoti
wezrabad disda e the intluenio ol
system ellects on ECCS duiing the
relood phiase ol a b uss-of Cootan
Acculent {L OCA)

The hwility coasists ol a once-
Huough system, including an cluc-
Wically heated test section el
ponds” and housing), accumulstor,
Shizan ferezralos sinnialors, pres-
sunizer, cilch vessuls, nstiumentia
fion, il the necessary piping \o
simubide the seactos primary coolant
loop. Datu aceusition Is accom-
plished Buongh a POP-I- DEC- 16K
Compuites with a 256 point Conputar
Froducts A 8 Coavestag, opuerating
al i sweop sate of 1200 pis/second

Characesistics of FLECHT-SEY

100 Hod Bundte

Marimn Powes . ... ... 0U0 Kw
Maxunun Bundie

Flooding e ... ... .86 gpm
water Tumpoeralue

Range . ... ... -100-200 F
System Pesswe . ...U-60 psia

COOLANT INJECTION

PWRSD Test Engineering Laboratory
Flecht-Set. Emergency Core Coolirg Syster =acility

FLECHT-SET PHASE B TEST FACILITY

LEGEND

mumss  REFLDOO SYSIEW
GBS BAFETY SYSTEM

ey AN

- 2o S
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PWRSD Test Engineering Laboratory
“H"” Loop. High-Flow Hydraulic Facility

The “H'* Loop constitutes a versatile
hydraulic facility, capable of supply-
ing 14,000 gpm of water at a davel-
oped head of 600 ft, and attempera-
tures as high as 200°F. This 4-lcop

Y can y

sithar full-scaie prototype test as-
blles, or one larg |

model. The major purposa of “"H"
Loop is to permit the uss ot 1/7 scaie
reactor modeis and full-scaie fuel
assembiies for conducting mixing
studies, flow distribution studies,
and simiiar low-temperature/|ow-
pressure hydraulic tests.

Characteristics of “H” Loop
Maximum Flow Rate ...14,000 gpm

Pressure Orop Across

Vessel Model ........... 120 psi
Minimum Vessel Qutiet

Pressure® ............... 10 psig
Flow ACCuragy .............. 2%
Water Temperature

PRI ot e ot st pis 70-200°F
Maximum Loop-to-Laop

Temperature Varation ...... 2°F
Maximum Looo-to-Loop

Flow Rate Variation ........ 3%
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GENERAL PURPOSE SODIUM LOOPS (GPL)

The General Purpose Loops No. 1 and No. 2
(GPL-1, GPL-2) were commissioned in 1967
and 1971, respectively. These high-
temperature sodium test facilities were de-
signed. as their names imply, as general loops
for utilization in a wide range of concurrent test
programs. This approach deviates from the “one
facility - one program’ concept. resulting in ful-
ler ytilization of both facilities and manpower on
LMFBR Programs.

8oth GPL's have ampioyed the “parallel test
section approach over their operationai life.
Facility design is such that test articles can be
installed. removed, or serviced in these parallel
test section areas while the facility continues
operation on other on-going programs. The re-
sult is full facility utilization with optimum eco-
nomic benefits to the customer. Facility oper-
ating.costs to be incurred by any one program
can be minimized by (1) sharing operating costs
with concurrent praograms, or {2) operating with

more than one test section.

In both GPL's. the basic facility has been
expanded !o include paraflel sodium test cir-

cuits. resulting in increased versatility. The re:
sults have been to increase the versatility of the
facility. The GPL-1 facility is now a two-loop
system. and GPL-2 is three-loop. The respective
facility expansions identified. above provide fa-

* cility versatility by (1) providing increased flow

‘and power capability- for future test programs.
and (2) permitting parallel. concurrent oper-

. ation of the various systems at different oper-

ating conditions. An additional capabifity that
the multiple-loop feature brings to the GPL-1

-and GPL-2 facilities is the ability to impose

thermal transients and thermal shocks on test

" articles through the use of circuiating sub-loops
at different sodium temperatures.

Because of the inherent time-consuming
efforts associated with facility start-up and
shutdowns. both facilities are operated on a
24-hour day, continuous basis. Actual continu-
ous operating periods for the two facilities have
ranged from one week to six months.

Both facilities are currently in use on the fol-
lowing programs:

Facility Program

GPL-t Radial Bianxat Heat Transfer Test Program

GPL- 1 _MFSR Thermat Sirioing vaiuation Program

GPL-1 LMFBR Douole-WNall Steam Generator Test P-ogram
GPL-1 CABRP Dynamic Frichion iSeismic! Test Program

GPL-2 CRBRAP Primary Shutcown Systems Program
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in summary. ARD currently has two oper-
ational Sodium Test Facilities with capability for
multiple, concurrent test program implementa-
tion. The upgrading and expansion over the
years, including the recent addition of Diatribut-
ed Data Acquisition Systems at both facilities,
provide versatile "test beds” for future DOE pro-

grams. The appiication of the paraltel test sec-
tion concept permits maximum economic bene-
fits to the customer: and the application of the
“multiple~-loop” concept provides faciiities with
full capabilitiea. including transient and thermal
shock, for future DOE programmatic
requirements. .

OPERATING AND
~ GPL-1 Facility
GPL-1

GPL-1A
Piping 2" Sch. 40 2" Sch. 40
(304 S9) (304 SS)
Pump EM Flat Linear EM Flat Linear
ladugtion Puimp tnduction Pump
Heater 3.4 x 1088TU/He 3.4 x 10°8TU/Hr
Qutput Qutout
Flowrate Up to 200 GPM Up to 200 GPM
Temperature 1200°F MAX 1200°F MAX
Pressure 330 psig MAX 330 psig MAX
Cold Trap Flow 2 GPM 2GPM
Oxygen Purity 1.0t05.0PPM 1.0t0 5.0 PPM
Carbon Purity 0.2 PPM MAX 0.2 PPM MAX

ON-LINE HYDROGEN METER

Hydrogen Detec-
tion

Sodium Chemig-
try

DESIGN PARAMETERS

GPL-2 Facility
~Lm:m 2 Loop #2A Loaop #28
8" Sch. 40 3" Sch. 40 3" Sch. 40
(304 SS) (304 SS) {304 SS)

. EM Flat Linear
livduction Pump

4.3 x 108 8TU/Hr
Qutput

Up to 2000 GPM
1200°F MAX
270 psig MAX

5 GPM

1.0t0 5.0 PPM
0.2 PPM MAX

EM Annular Linear
{nduetion Pump

3.4 x 108 8TU/Hr
Qutput

Uoto 3COGPM ~
1100°F MAX
270 psig MAX

S GPM

1.0t0 5.0 PPM
0.2 PPM MAX

ON-LINE VANADIUM WIRE STATION

EM Annuiar Linear
induction Pump

3.4 x 108 STU/Hr
Output _

Up to 300 GPM
1 100°F MAX
270 psig MAX
S GPM

1.0t0 3.0 PPM
0.2 PAM MAX




FACILITY UPDATE

- THERMAL-STRIPING TEST FACILITY (TSTF)

The Thermal Striping Test Facility (TSTF) was
designed as an addition to the General Purpose
Loop-1 (GPL-1) (discussed separately) to per-
form structural thermal striping tests. The initial
test facility design accommodates 4-inch diam-
eter cylindrical specimens up-to 14 inches long
and wall thicknesses prototypic of LMFBR
components. The basic facility can accommo-
date many other test specimens or component
designs.

The TSTF consists of two separate sodium
loops supplying multiple test sections with
sodium at ditferent temperatures. Within the
test section the two sodium streams impinge on
a cylindrical rotating specimen outside surface
from opposite directions. A thermal baffle within
the test section minimizes the mixing between

the two sodium streams; this reduces the heat
exchanger requirements on.recirculation
through the two loops. A movable glove box can
be positioned over each test section to facilitate

-test specimen inspection for periodic crack ini-
tiation detection.

OPERATING AND DESIGN PARAMETERS

System Fluid Sodium
-Maximum Design - - = 1200°F: .-
Temparature T -
Maximum Design Flow 200 GPM
.| Maximum Design Pressure - 300 psig
Maximum Heat Exchanger 1 MWt
Capacity :
1 Sodium Inventory 1000 1b
Maximum Temperature 800°F (1100-300°F)
Oifterential
Specimen Rotation Speed 1-10Hz
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THERMAL-HYDRAULIC TEST FACILITY (THTF)

The Thermal-Hydraulic Test Facility (THTF) is
-used to obtain steady state and transient data
on thermal=hydraulic performance in sudium of
electrically heated models of breeder reactor
blanket assemblies. The flexible design, perfar-
mance ratings and operating characteristics of
s tadihity will Suppért a wide variety ot compo-
nent performance, thermal-hydraulic, and Safe-
ty Code Validation test programs requiring sodi-
um cooling. electrical heat inputs up to
1500 kW and high speed/high volume automat-
ic data acquisition.

The THMTF is one of several paralle! test facili-
ties serviced by the General Purpose Loop-1
(GPL-1). The facility consists of an electrically
heated test section, inlet and outlet sodium pip-
ing, a 1500 kW electrical power supply. a

computer controlied data acquisition system
satellite and appropriate process and test in-
strumentation and controls. The facility uses
the GPL-1 pumps, etc.- to circulate sodium
through the test section and uses the GPL-1
Heater/Cooler as a heat dump or heat source. A
61-rod electrically-heated, full-sized mode! of a
breeder blanket fuel assembly is presently be- .
ing tested in the facility.

During test periods, the facility is operated on
a 24-hour per day, 7-day per week basis. This
mode of operation maximizes the amount of test
data obtained in a given period and thus mini-
mizes project costs by avoiding frequent, costly,
and time consuming startup and shutdown
operations. Whenever possible. the facility is

-operated in parallel (piggyback) with other

GPL-1 tests to reduce operating costs.
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SHUTDOWN CONTROL ROD AND MAINTENANCE FACILITY (SCRAM)

~ The Shutdown Control Rod and Maintenance

Facility (SCRAM) was designed in 1976 for si-
multanenus testing of three full-size prototype
control rod subsystems. The test facility con-
sists of a 110 foot high enclosure, which con-
tains three test stations and a maintenance bay.
A twelve inch diameter, segmented, 42 foot long
test vessel is installed in each test station. The
test vessel was designed to prototypically inter-
face a primary control assembly, drnvéline and
control.rod mechanism and can be modified to
adapt to future LMFBR primary systems.

The vessels were designed to accommodate
predicted LMFBR control rod system flow, tem-
perature, pressure drop and alignment confi-
gurations. The vessels are connected to inde-
pendent flow circuits to provide for independent
test operations consistent with program needs.
Other salient test facility features inciude:
“built-in"  simulated interfaces, including
shroud tubes and head/nozzle interfaces; ad-
justable lateral misalignment and bowing capa-
bilities at several axial locations; ability to mea-
sure friction and drag load characteristics; re-
motely controlled verticality control; and a
maintenance bay and storage vessel for con-
duct of maintenance activities.

Secondary features include: fixed sodium
level control through use of overflow vessels:

istics.

Sodium (A&B Vessel) 49.500 ib/hr
. {C Vessel) L 62.2501b/hr |
Argon Cover Gas : 0.0895 scfm
Stator Cooling Air 21.6 Ib/min.
Temperature
Sodium 400-1100°F
Argon Cover Gas . 400-1100°F
Stator Cooling Air (Infet) 60°F
Stator Cooling Air (Qutlet) 160°F
Pressure
Vessel 300 psig
Expansion Tank 150 psig
Sodium Piping 300 psig
Sodium Vaives 315 psig
Argon System 80 psig
Stator Cooling Air System 100 psig
Sodium Inventory (per vessel @400°F)
© Vessel "'15481b
Expansion Tank 166 1b
Sodium Piping and Vaives 6131b

diverse data acquisition systems comprised of
analog and digital systems; and a closed loop
cold air circulation system for stator cooling.

This facility is used to provide substantial
data related to shutdown systems performance
and reliability including scram performance and
also to determine flow and vibration character-

UPERATING AND DE3IGN PARAMETERS

Flow Rate (per vessel)

TOTAL 2327 1o
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DYNAMIC AND SEISMIC TEST FACILITY (DAST)

Westinghouse has constructed a Dynamic
and Seismic Test Facility (DAST) in support of
the Clinéh River Breeder Reactor Project. This
facility was designed to provide a test facility for
the current, on-going seismic evaluation of the
Clinch River Primary Shutdown System; how-
ever, the facility is also capable of seismic test-
ing of other components and subsystems,
including sodiume-filled piping assemblies. The
DAST facility consists of an 80 foot high silo
used as a test enclosure. Adjacent to the silo is
a 45 foot high reaction mass weighing 265 tons.

For the present Clinch River Program. the fa-
cility includes internal test structures support-
ing a total of eight shakers for inputting vibrato-
ry motion. To simulate seismic input at the
Clinch River reactor head. three of these
shakers are incorporated into a three-
dimensional shaker table at the forty-five foot
elevation. The result is a facility capabie of test-
ing full-scale shutdown systems under simu-
lated seismic conditions inputted at relocatable
positions.

Testing in the on-going program has been
divided into three phases, utilizing air, water, or
sodium as the test medium. Seismic testing of
reactor components in a sodium environment
has been carried-out through utilization of the
Qeneral Purpose Loop No. 1 {(GPL-1) which is
located adjacent to the DAST facility. The ease
of startup and shutdown permits one or two-
shift operation on most programs.

The test silo-reaction mass facility, combined
with the muitiple-shaker input and related con-
trols. instrumentation. and Distributed Data
Acquisition system, provides a unique testing
capability unavailabie anywhere eise in the

United States. The basic facility provides for
full-scale testing of complete Shutdown Sys-
tems trom PWR, LMFBR, or GCFR pilants. In
addition, the 80 foot high silo located adjacent
to an operational sodium test facility permits
seismic evaluation of long, full-scale reactor
components and piping runs under prototypic
Sodium conditions.

OPERATING AND DESIGN PARAMETERS

Triaxial Shaker Tabie 45 Feet Above Ground
Horizontal Hydraulic Actuator: 10.000 ib. Force,
4 inch Stroke
Horizontal Hydraulic Actuator: 10,000 Ib. Force,
) 10 inch Stroke
Vertical Hydraulic Actuator: 14.000 Ib. Force,
10 inch Stroke

Five Rclooatabic Ehakera
Hortizontal Mydraulic Actuators: 5.000 Ib. Force.
S inch Stroke

Hydraulic Power Supplies
36 GPM. 3000 psig, 74 HP
25 GPM. 3000 psig, 50 HP
20 GPM, 3000 psig. 20 HP

50 Ft. High Reaction Mass & Foundation -'534.000 Ib.
80 FL. High 12 Ft. Diameter Silo Test Enclosure
2 Ton Polar Crane

Control Room
Eight Sets of Shaker Controls
Input Wave & Sweep Generators
Instrumentation Consoles
F.M. Tape Hecorders
Real Time Analyzers & Dedicated Computer

Site Facilities
Digital Data Acquisition Systems
Anaiog & Digital Computer Systems
Circulating Gas - 36 ICFM. 20 psig Head.
100 psig Static
Circuiating Water - 500 GPM. 300 psig. 180°F

50 GPM. 2500 psig. 650°F

Circulating Sodium - 200 GPM. 200 psig, 1200°F
1200 KVA, 3 Phase. 480 Voit Substation
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ELECTRICAL RELIABILITY TEST LABORATORY (ELREL)

This laboratory is used for reliability testing of
plant protection system electronic modules,
subsystems, prototypic systems and scram
breakers. Additionally, the facility is ysed for the
development-and construction of specialized
testing and data collection equipment related to
plant protection system electronics.

The laboratory is approximately 1200 square

feet in area and is serviced by an independent

heating and air conditioning system which
maintains the required environment for oper-
ation of the electronic equipment. The tester
configuration currently in use automatically
performs 2800 puise tests on approximately
1000 CRBRP piant protection system modules
at 8 hour intervals 7 days per week and records
the pass/fail data, the time, date, temperature,
relative humidity and line voltage on teletype
and magnetic tape. The pass/fail data is aiso
recorded independently on paper tape printers.
After manual initiation, the tester automatically
performs electrical transfer function measure-
ments on the modules and records the data on
teletype and magnetic tape. With the present
tester and test system configurations, approxi-
mately 11,500 individual measurements are
made and automaticaily recorded every week.
The laboratory is equipped with specialized in-
strumentation such as a digital oscilloscope
and a logic analyzer in addition to standard
electronic instruments to facilitate maintenance
and calibration of the testers and the piant pro-
tection system modules.

The tester system is composed of individual
tester units which are composed of standard-
ized printed circuit boards wired together to
obtain specific input switching, output switch-
ing, pulse generation and detection, timing, voit-
age measurement and alarm functions. The
number of devices or assemblies of devices
which are to be tested in an identical fashion
can range from 1 to 99 for each individual tester
unit. The number of individual tester units which
may be connected to the main sequencer and
data acquisition system is limited only by the
requirement that all required puise tests by all

tester units be compileted in sequence in less

than 8 hours.

All input and output voltages must be within a
12 voit band suchasOto +12,0to =12, +6t0

-6, etc. Voltages outside this range must be run
‘through suitable divider circuits.

Voltage or current pulses can be applied in
any number or sequence (such as 0 of 3, 1 of 3,
2 of 3, 3 of 3) with setable heights and ad-
justable pulse lengths. Any number of output
pulses may be examined and tested for ampli-
tude and/or maximum propagation delay.

Up to 17 input and output voltages can be
measured simultaneously for each device or as-
sembly of devices under test. These measure-
ments can be made at fixed times, with fixed
.input voltages or from a device response such
as a trip. In addition to puises, waveform voltage
or current ramps, and stair-step voltages can be
applied to inputs.

OPERATING AND DESIGN PARAMETERS

input Puises 1. Upto =12 voltsinput

2. Pulge length 0.1 to 99.9 miili-
seconds or 1.Qto
399.0 milliseconds

3. Propagation delay window.
0.1 10 99.9 milliseconds

4. OQutput amplitude window. 0
to +12volts

5. Current pulses upto £3MA
avaiiable

Input Voitages 1. Ramps from O to 5 volts or
. 5 volts to O:-Rates kom 0.1 to

1.0 volits per second

2. Stair-Stepsof 1.5.2.5.3.5
andg 4.5 voits, time at each
step adjustable from QO to
10 seconds

3. Input voltage measurement
accuracy =0.003 volts

Output Volitages 1. Total of input and output sig-
nals measured. 17 maximum
2. Measurement accuracy

* £0.003 volts
lnput Currents 1. Currentramps of Oto —3 MA
=3 MA to Q. total ramp time of
100 seconds
Data Acquisition t. Two Estorline Angus PD2064

Data Systems

2. Kennedy 1610/5 Tape
Recorder (7 Track)

3. ASR-33 Teletype

120 Voit Power 1. Solid State Reguiator
130amps 120VAC 60 Hz
Special Equipment 1. Nicolet Digital Oscilloscope
2. Tektronix Logic State
Analyzer
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MULTI-LOADING TEST FACILITY (MLTF)

The Multi-Loading Test Facility was designed
to perform structural tests on high temperature
reactor piping components for validation of ana-
lytical techniques. The first priority is to perform
bend tests on piping components with a com-
bination ef cxternal moohanioal loading and
internal pressure at 1100°F. Test components
up to 28 inches In dlameter can be accommo-
dated and tests are planned for elbows, tees,
and reducers. . ’

The major featur.es of this facility are summar-
ized below:

® Reaction frame to support the test sections

with a load actuator system to provide me-

chanical loading on a variety of test
sections.

e Sodium supply to provide an excellent
heat transfer medium in the test section,
thereby minimizing temperature fluctua-
tions which have a pronounced effect on
creep rates in stainless steels at 1100°F.

® Argon cover gas supply and inerting sys-
tem whereby the test cubicle would be

flooded with argon in the event of a sodium
leak. ] ] ,
¢ Instrumentation and control tor test sec- .
tion temperature, internal pressure, exter-
nai force, displacement, strain measure-
meant, sodium and argon supply and auto-
matic data acquisition. '

There are no other facilities in the U.S. that
can provide the testing capabilities identified
above. The automatic control and data acquisi-
tion systems aliow unattended operation.

QPERATING AND DESIGN PARAMETERS

Test Article Prassure Limit 600 psig

Tast Article Temperature 1200°F
Limit

Mechanical Force Limit

Maximum Number of

50.000 ib per load point

Loading Points 10
Maximum Motion of Test 16 inches
Article

Gas Storage Capacity (cover 29.500 SCF Argon
gas and inerting)
Liquid Sodium Capacity 41311b (900 gal) .
System Sodium Flow Rate Static
Data Acquisition System 200 channel medium
speed
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The Hydraulic Test Facility consists of two,
large water loops designed to act either inde-
pendently of each other, or in conjunction if
specific programs require such operation.
These two loops are the Thermal Mixing Hy-
draulic Loop (TMHL) and the Multiple-Purpose
Hydraulic Loop (MPHL). The former is a six-inch
piping system with flow capability to 2000 GPM
at temperatures to 180°F; the latter is a twelve-
inch piping system with flow capability to
6000 GPM at temperatures to 180°F. Complete
instrumentation, controls, and Data Acquisition
Systems are available. o

The two loops above also employ the “parallel
test section'” concept, and have been usedon a
wide variety of CRBRP, LMFBR, and PWR tasks
over the past twelve years. Most recently, their
application has inciuded tasks in support of Ra-
dial Blanket Flow Orificing, Steam Generator

HYDRAULIC TEST FACILITY

. Flow Modeling, CRBRP-PCA Flow and Vibration
-~ Studies, and LMFBR Primary Pump Model Test-

ing. Most importantly, however, has been the
program effort on the study of Thermal Striping
phenomena in the upper internals region of the
CRBRP primary vessel. These two facilities
have proven to be exceptionally useful in evalu-
ating thermal striping behavior; and they to-
gether represent an operational facility ready to

. extend the experimental scope and knowledge

of this critical phenomena.

Through either concurrent or independent
‘operation, the two facilities provide a ‘'cost-
sharing’” option to minimize the operaiing costs
of multiple programs being carried-out concur-

“rently in the Hydraulic Facility. The ease of

startup and shutdown permits one or two-shift
operation on most programs.

OPERATING AND DESIGN PARAMETERS
. TMHL MPHL
Maximum Design Temperature 180°F 180°F
Maximum Design Pressure 200 psi 200 ps
Design Basis Power Piping Code Power Piping Code
) ANSB31.1 0 ANSB31.10
System Fluid ' Walter Water
Maximum Fiow Rate 2000 gpm 6000 gpm
PumpHead 100 psig 100 psig
5500gpm
System Capacity 3400 gai 1800 gal
Filtration Fuil Fiow Fiiter Full Fiow Filter
Piping (Type 304 SS)
® Main System 6.inch 12inch
& Auxiiiary X 3inch i.4.and6inch
Flow Measurement
& Main Stream 6 inch Qrifice 12 inch Qrifice
® Auxiliary i 3inch Orifice 1 and 4 inch Flowmeters
8 inch Orifice




- FACILITY UPDATE

CREEP RATCHETING ;TEST FACILITY (CRTF)

The Creep Ratcheting Test Facility was de-
signed in 1973 for thermal transient testing of
full size reactor piping companents. The initial
design is specifically aimed at a study of creep
ratcheting .in the FFTF/IHX inlet and outlet
nozzles, however, the basic facility has a wide
range of flexibility on test section design. The
first tests were performed with a worst-case
FETF plant trangient at hold temperatures and
internal pressures similar to those in FFTF.
Subsequent tests are being performed at more
severe conditions to provide data for validation
of analytical techniques for creep ratcheting
strain accumulation.

Argon is used to simulate sodium transients
and was chosen over nitrogen {0 eliminate gpu-
rious test results associated with nitriding. No
other argon facility is available to provide the
required test conditions and high speed data
acquisition. All of the test nozzles are welided
into one full scale test section simulating the
FFTF/IHX. Even if another test facility were
availabie, the cost and schedule impact of
preparing, shipping and re-installing this mas-
sive test section would be prohibitive.

The facility is designed to simulate plant tran-
sients by passing a high flow rate of inert gas
over the critical surfaces of the test article. Flow
area is controlled by internal baffles and flow
rate I8 controllabie from 2000 to 100,000 Ib/hr.

. The gas supply sys;tem includes a cryogenic

pump, vaporizer and storage tubes with the
main piping loop fabricated with four to six inch
pipe. Test temperatures up to 1200°F and test
pressures up to 600 psig can be accommodat-
ed. The test section is located in a blast resis-
tant test cell with a remote control room and a
high-speed data acquisition system that can
handle up to 200 channels. '

The automatic controi and data acquisition
system allow unattended operation of the facil-
ity except during the periodic transients, there-
by reducing operating costs.

OPERATING AND DESIGN PARAMETERS

System Flow Rate
Pipe Material

Pipe Sizes: Main System
Qas Starage

Cryogenic Liquid Storage

Vaporization and ‘
Prassurization

Total System Inventory

Data Acquigition System

Systam Flud Gaseous Argon
Maximum Design 1200°F
Temperature
Design Prosourc 600 psig
Design Basis 8 31.1.0 Power Piping

400.000 3CF

Code
100.000 Ib/hr
ASTM-A«312, Type 304
and 316 Stainless Stee!
6-inch Sch 40
300.000 SCF at
2500 psig
2600 gai
800 SCMF to 2500 psig

High Speed Digital Data
Logger
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FACILITY UPDATE

DISTRIBUTED DATA ACQUISITION SYSTEM (DDAS)

The Distributed Data Acquisition System
(DDAS) is used to acquire, log and process test
data from major test facilities ‘at the Waltz Mill
site. The system provides reai-time. interactive
data acquisition and display capabilities for
monitoring steady state and/or transient test
operations and off-line computational capabili-
ties for reduction. analysis and presentation of
test data and results

The DDAS consists of four remotely located
mini-computer controlled analog/digital mea-

surement subsystems connected to a central

mini-computer facility. The remote satellites
provide the data signal measurement equip-
ment. sufficient input/output and storage equip-
ment for limited software deveiopment, and data
processing for effective operator or computer
interactive real-time monitoring of test oper-
ations. The central facility provides the program
development resources, mass storage equip-
ment and high speed input/output equipment
for development of applications and utility
software programs and for off-line reduction
and analysis of test data.

The facility is available on an open basis to
users. and supports muiti-programming, inter-
active. real-time software development and data
processing. A wide variety of data conversion,
characterization. plotting and analysis pro-
grams are utilized. These programs form the ba-
sis for development of the applications pro-

grams packages to meet specific test require-
ments. Satellite’operation during test periods is
handled by regular facility operations
personnel. '

The facility (Central & Satellites) is presently
serving the Creep Ratcheting Test Facitity
(CRTF). Multi-Loading Test Facility (MLTFY),
Thermal-Hydraulic Test Facility (THTF) and the
Shutdown Cantrol Rod and Maintenance Facili-
ty (SCRAM). The Few Tube Mode! Steam Gener-
ator Test will also be serviced by the THTF Sa-
tellite. In addition to the data acquisition and
processing work performed for these programs.
several other projects utilize the Input/Output,
computational. graphics and data storage and
retrieval capabilities of the Central Facility.

OPERATING AND DESIGN PARAMETERS

e Acquire analog data from muitiple remote sensors at
sampling rates consistent with nature of the test.

e Lograw data for permanent storage on magnetic tape.

® Provide real-time displays in engineering units of key
test conditions, test data and caiculated parameters
for use by operators in monitoring set-up and perfor-
mance of tests.

® Assist operators through pre-programmed instruc-
tions in proper set-up and pertormance of tests.

o Alert operators of out-of-limit conditions by monitor-
ing selected parameters.

e Provide calculational aids and tabular and graphicai
hard copy output capabilities for real-time assess-
ment of test results and/or off-line processing and
analysis of test data.




FACILITY UPDATE

The materials test loops are designed to pro-
- vide information on the metallurgical behavior
of LMEBR system materiale under prototyplc
corrosion and deposition systems. They are
therefore designed to produce the same corro-
sion and deposition effects as full-scale pri-
mary and secondary LMFBR sodium circuits.
Position-dependent effects are obtained at the
end of each run by evaluating sections of loop
piping. Time-dependent effects are studied
using test coupons periodically removed from
hot leg and cold leg test sections - this can be
done without interrupting sodium flow by means
of an inert atmosphere drybox system.

Historically, the facilities were used to com-
plete a statistically designed test matrix of 42
campaigns which resulted in basic design data
on corrosion wastage and deposition effects on
the thermai-hydraulic behavior of the FFTF and
CRBRP systems. Current work involves expo-
sure of special component materials to clarify
their sodium compatibility behaviors. More spe-
cifically, MTL-2 and MTL-3 are used to obtain
data on the chemical, physical, and mechanical
properties of coatings and other wear-resistant
surfaces considered for FFTF applications, spe-
cifically those data required on sodium com-
patability and mechanical integrity.

This facility originally included four loops in
lIne with a traveling, dry argon-filled drybox over
them. The drybox was moved from one sample
tank flange to another for withdrawal of exposed
hot leg and cold leg coupons. Two of the loops

Materials Test Loops (MTL-2, -3)

have been modified to perform priority work of
other types and the drybox has been removed
for setvice on another facihity.

The loops are constructed of 0.5” pipe and
can be torn down for evaluation and rebuilt on
an approximate 30-day cyele.

MTL-2/3 were designed for 2.7 gpm maxi-
mum flow, a maximum sample section tempera-
ture of 1325°F, and a AT of 300°F. Oxygen level
of the sodium is maintained between 0.5 and
1.0 ppm by continuous cold-trapping and is
measured by a vanadium wire equilibration de-
vice. .

Sodium compatibility testing of specialty
(hard facing, etc.) component materiais for FFTF
and CRBRP design groups is done on a “need”
basis. Current base loading is sodium compati-
bility testing of fuel subassembly duct load pad
materials for .use with advanced fuel cladding
and duct alloys.

OPERATING AND DESIGN PARAMETERS

1000 to 1325°F
700 to 1200°F
Nominai Na Flow ...........cccocveene. 2.3gpm

Contfiguration Features

® Hot and cold leg sampie exposure sections
(Isothermal) - ” :

Cold trap with econamizer

Vanagdium wire module for oxygen measurement
Main flow economizer (LMFBR/IHX simulator)
Hot leg heater section (12 KW, radiant source)
Cold leq air dump heat exchanqer




FACILITY UPDATE

Interstitial Element Transfer Facility (ITF)

The ITF loop provides a test system used to
investigate the transfer phenomena of intersti-
tial alloying elements (carbon, nitrogen, silicon,
boron) in a dynamic polythermal system. It
approximates an operating reactor in terms of
thermal and mass fluences, surface area ratios,
and materials of construction.

The oxygen concentration in the sodium is
controlled using a cold-trap and monitored di-
rectly by a vanadium wire equilibration device,
an electrolytic oxygen meter, and indirectly by a
hydrogen meter. The carbon concentration in
the sodium is characterized usmg a standard
tab exposure chamber.

This facility (unique in the U.S.) was designed
as a corrosion potential simulation of the FFTF
primary system. The three specimen test loca-
tions simulate the FFTF hot channel, the FFTF
average, and the FFTF low fuel subassembly
sodium temperature heat rise rates. The hot
channel location temperature rise rate is 350°F
over 30 inches. Corrosion kinetics can be quan-

titatively evaluated at typical LMFBR reactor
core locations in these test sections. Depasition
effects can aiso be studied in other ITF loca-
tions which simu¥ate other positions in an
LMFBR primary sodium system circuit.

ITF was used to set the fuel pin cladding
corrosion wastage allowances for both FFTF
and CRBRP design. For the same applications,

-the rate of carbon and nitrogen loss from 20%

cold worked Type 316 stainless steel were es-
tablished, providing baseline date for the evaliu-

~ation of mechanical properties effects. Current-

ly, ITF is being used to evaluate the corrosion
behaviors of advanced alloys for LMFBR fuel
cladding, fuel subassembly ducts, and core
structural applications.

OPERATING AND DESIGN PARAMETERS

Tax (NOrMal e, 1250°F
Tumax(Max Oesign) .. .. 1400°F
Flow Rate (Normal) . 6gpm

Flow Rate (Max Design) 8 gpm



FACILITY UPDATE

Carbon/Nitrogen Equilibrium Loop (CEL-2)

CEL-2 is used to provide experimental infor-
mation and analytical relationships for FFTF
and CRBRP design use so that the rate and di-
rection of carbon and nitrogen transfer may be

predicted. Associated mechanicai property -

changes of structural materials, within liquid
metal circuits representative of primary and
secondary reactor plant systems, can then be
estimated. '

The principal function of a CEL is to supply
sodium of known temperature, carbon activity,
and oxygen content to a large flow-through
sample tank. Thin foil samples of the structural
materials under study are allowed to equilibrate
with the sodium in the sampie tank, and are then
analyzed for carbon. Control of oxygen level is
accomplished by means of a cold trap, and. de-
termination of oxygen level is by the vanadium
wire equilibration method. Actlvity of carbon in
the sodium is adjusted by means of an encap-

sulated carbon source, the temperature of
which is manipulated to control the rate of car-
bon introduction. Carbon activity is monitored
by the standard tab equilibration technique.

This is the only facility of its type in the U.S. it
offers a means of studying carbon migration ki-
netics over a wider range of carbon concentra-
tions in sodium than is practical in normal sodi-
um circuits. Thus, evaluation of off-normal
events is possibie with minimal risk. Further-
more, because of the nature of the specimens
used, large numbers of determinations can be
made quite rapidly in comparison with the time
demanded by normal sodium loop techniques.

OPERATING AND DESIGN PARAMETERS

T M roosessemssrressesnes s
Flow Rate (Nurmal)
Flow Rate (Max) ..o,
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FACILITY UPDATL

The SWS loop is used to provide experimental
information on the seif-welding characteristics
of reactor materials in sodium with relevance to
the component configurations and conditions
anticipated in the reactor system.

System operational parameters include pri-
mary sodium flow of two gpm at a maximum
temperature of 1200°F and a AT of 300°F. Oxy-
gen ievel of the loop is kept between 0.5 and
1.0 ppm using a cold trap and is measured by a
vanadium wire equilibration device. Three sets
of test chambers are connected in paraillel. A
total of 9 test chambers are normally used. So-
dium flow through the test chambers is main-
tained between 0.25 - 0.5 gpm.

Specimens consist of two members with con-
tact areas designed to simulate the component

Self-Welding System (SWS-1)

under investigation. After a period of sodium
wetting, the two members are brought into con-

‘tact and loaded hydraulically to the desired

Hertzian level and held under load at the proto-
typic temperature, sodium purity, etc. At the
conclusion of the contact period, separation

. forces are measured in tension or in torsion as

appropriate.
SWS-1 is used to collect data in support of

© FFTF and CRBRP design (valves, CRDM, IVHM,

etc.) and under the LMFBR Base Technology

" programs.

OPERATING AND DESIGN PARAMETERS

1200°F
. 20t 5.0gpm
350°F (Max)
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FACILITY UPDATE

The SCTF is a general purpose sodium test
facility which was designed to bridge the gap
between the small mass transfer systems (3-8
gpm) and the large componcnt test loope (200-

2000 gpm). In its present form, the facility con- -

sists of two separately pumped, high-flow rate
{up to 100 gpm), isothermal loops which oper-
ate at 750°F. The loops share a common dump
tank and a Vandium Wire Equilibration Device
" which monitors oxygen concentration in the so-
dium. Separate cold traps control the impurity
content of the sodium in each loop. Liquid metal
pressure transducers are used to measure the
pressure drop across each test section.

To the basic facility .configuration, test as-
semblies are attached and sodium performance

Sub-Component Test Facility (SCTF)

data is acquired. The data is then directly
applicable for engineering design use.

The current test assembiy was designed to
perform the CRBRP Lower Iniet Module (LiM)
Orifice Life Test. The objective of this test is to
determine the corrosion/erosion behavior of
prototypic orifice plate configurations under
prototypic hydraulic conditions. The test sec-
tions consist of a stack of four prototypic orifice
plates and spacers rigidly clamped and
enclosed in a flow through sleeve.

OPERATING AND DESIGN PARAMETERS

Loop A Loop B
Loop Temperature 750°F 750°F
Na Flow 100 gpm 60 gpm
Velocity at test section 30 fps 30 fps
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FACILITY UPDATE

Sodium Friction and Wear Testing Rigs (SWEATER-1, -2, -3)

These loops measure the friction coefficients
and wear rates of various reactor component
mataerials comhinations under anticipated oper-
ating conditions, and provide reactor designers
with quantitative data and experience factors
necessary 'to successfully design reactor
component interfaces. Testing has been in so-
dium, argon cover gas, air, and helium in sup-
port of the LMFBR program and GCFR
development.

Three Sodium Wear Test Rig (SWEATER) fa-
cilities ‘have been constructed. Each facility
consists of four test vessels connected in paral-
lel to a sodium supply loop. The sodium supply
loop is essentially an isothermal, EM pumped
system containing approximately 50 pounds of
sodium, capable of supplying a total of S gpm at
temperatures up to 1250°F to-any two parallel
test vessels. Sodium impurity levels are con-
trolled by continuousiy circulating 0.2 to

0.5 gpm through a coid trap at approximately
260°F. An on-line electrochemical oxygen
meter and vanadium wire equilibration device
are provided to characterizc the sodium. Each
vessel is provided with an auxiliary line to per-
mit independent filling or draining while the re-
maining loop and test chambers are in
operation.

Each test vessel uses a dual interface, dia-
metricailly opposed 16ading teclinique with

.vertically reciprocating motion. FM magnetic

tape data acquisition and computer data reduc-
tion are used in processing the friction data.
These facilities are unique in the U.S.

- OPERATING AND DESIGN PARAMETERS

T ax oo s i
Fiow Rate (Normal)
Flow Rate (Max} .......cc.c........




FACILITY UPDATE

3

These facilities are used to test materiais
damage mechanisms and kinetics due to
thermally-induced creep and fatigue strains in
outer surface regions. The tests are conducted
under prototypic thermal/mechanical and.sodi-
um purity conditions.

TCF-1 consists of a sodium supply loop, two
. sample quench tanks, and an industrial robot
system used to transfer the 2" Th. X 4" X 4"
specimeit frum une tank to the other. The robot
system can be pre-programmed to obtain the
desired time-temperature cycle.

TCF-2 is designed to simultaneousiy cycie
three test specimens in a triple fixture attached
to the top of a large volume sodium pot, which
contains approximately 1100 Ib of static sodi-
um at 300°F. The three test fixtures, fabricated
from stainless steel, operate independently of
each other. Each test fixture utilizes its own
pneumatic drive system and is capable of oper-
ating in both a manual or automatic mode. Aiso,
each contains a furnace section where the test
specimens are heated to temperatures up to
1200°F in an atmosphere of argon and sodium
vapor, then transferred vertically to the sodium

pool for quenching. The facility is capable of - -

performing thermal down shocks (argon to sodi-
um) over the temperature range 1200 —301°F.

TCF-3 is an upgraded version of TCF-1, per-
mitting improved cycling versatility and the use
of larger specimens. Owing to mechanical
improvements, both more rapid cycling and
greatly enhanced equipment avallability are
realized.

All three facilities are served by sodium ioops
with sodium purity and oxygen monitoring

Thermal Cycling Facility (TCF-1, -2, -3)

capabilities. The materials of construction are
Types 304 and 316 stainless steels.

All three facilities are involved in the LMFBR
Base Technology and CRBRP programs on ef-
fects of thermal cycling (high strain, low fre-
guency) and thermal striping (low strain, high
frequency) on sodium system component per-
formance. In addition, there has been limited
work of the same type sponsored by the Solar
Energy Research Institute.

OPERATING AND DESIGN PARAMETERS

TCF-1 . ]
Drive System ..o Pneumatic Transfer
Between Tanks
. Sample Tank Sizes (2) ....... 6" Dia. X 24" H.
Tyax (Tank #1) ... 1100°F
T (Tank #2) 400°F
Na FIow ..o, 2 gpm
Na (nventory ... ~5001b
Max Cycle Speed .................. 1.5 Min
TCF-2
Drive Systems (3) Vertical Pneumatic
Sample Tank (1) ... One =~ 24"Dia.
FUrnaces (3} ...ocveorvcrencenen. 3" 1.0. x 12" L. Radiant
. Elem .
Tmax (Furnace) ... 1200°F
Tuin (Na Tank) .. 300°F
Na Flow ............ . 2gpm
Na inventory .. . 11001b |
Max Cycia Speed ................ ~1 Min
TCF-3
Orive System .........coeevinne Vertical/Rotation
Pneumatia
Sample Tank Slzes (2} ... 8" Dia. x 28" 1019
Tmax 1200°F
T min - 400°F
Na Flow ............. erereenrenassessenecns 5 gpm
Na Inventory ~2001b
Max Cycle Speed ................ ~—1.0 Min




FACILITY UPDATE

In-Sodium Mechanical Property Test Systems

The primary objective of these facilities is
development of baseline data on the effect of
sodium corrosion on the mechanical behavior of
austenitic stainless steels and nickel-based
alloys. Creep, creep-fatigue, fatigue, simple ten-
sion, simple compression, and stress-relaxation
data are obtained under corrosion conditions
corresponding with those in LMFBR sodium
clrcults. - .

Because of the design of the facilities, tests in
air, inert gases, liquid metals other than sodium,
and a variety of other liquid media are possible.
However, the urgent requirements of the LMFBR
development program have to date excluded
work in media other than sodium.

MPS-1, -2, -3, -4, and RCLC-M are individual
facilities consisting of three major components:
(1) mechanical property testing machine(s)},
(2) test chambers and (3) sodium supply loop.
MPS-1, -2, and RCLC-M have Creep Machines
for in-sodium creep rupture testing. MPS-3 has
two Mechanical Test Systems (MTS) closed-
loop servo-hydraulic fatigue machines, each
with its own test chamber. MPS-4 consists of a
single MTS fatigue unit and test chamber for in-
sodium fatique testing. The sodium loops are
designed to supply LMFBR prototypic sodium to
the test chambers. Sodium temperature varies
between 1000 and 1300°F depending on the
desired test conditions. The oxygen level in the

(MPS-1, -2, .3, -4, RCLC-M)

loop sodium is mamtamed at 1 5-2.0 ppm by
continuously cold trapping 5% of the main loop
flow. The oxygen and carbon concentrations are
periodically measured by vanadium wire equili- -
bration devices. Maximum mass flow rate in
eachloopis 2.5-gpm.’

Present work loads relate to the LMFBR Base

‘Technology program on materials and struc-
“tures ds well as to specific FFTF and CRBRP

data needs. Materials included in the several

test matrices are Types 304 and 316 stainless

steels and inconel 718. These facilities are
unique in the U.S.

OPERATING AND DESIGN PARAMETERS

The sodium supply loops for all tour facilities are basi-
cally slightly scaled up versions of materiais test series
loops (MTL's). In this series, the isothermal hot leg sec-
tion is repiaced by a mechanical test chamber.into which

‘| the mechanical test machine grips are introduced via

stainless steel bellows. Sodium is directed past the test
specimen gage length downward through an orifice de-
signed to give the desired flow velocity.

T iMaxt weeesoreerssmsmsssmmeassnssssnssssssssnes 1325°F
LOOD AT (g erserssrsmermsessissnaceesnns 350°F
Sodium Velocity at Sample

Surface (Max) ..o 20 fps

Mechanical ioading machines are of standard types.
The creep-fatigue machines are computer- programmed
MTS units of 22 KIP capacity.
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FACILITY UPDATE

Fission Product/Thermal Gradient Test Loop (FPL/TGL)

This facility was originally constructed to
examine the efficiencies with which radioactive
species can be removed from LMFBR sodium
circuits by hot traps and coid traps. Some work
wasg also done on development of maygnelic
traps using Westinghouse funds. Early data
were developed on the distribution of radioac-
tive deposits to be expected in the FFTF primary
system.

Mare recently, a small water/steam loop
(TGL-1) was added to permit detailed evalua-
tion of the temperature distributions in duplex
Croloy (2 1/4 Cr-1 Mo) steam generator tubes

_under steady-3tate and off-normal condiljons.

FPL-2 in¢cludes a primary loop, two cold-
trapping circuits, and a hot-trapping purification
circuit. The primary loop, fabricated of 1/2-inch
OD stainless steel tubing, consists of a 2 gom
electromagnetic pump, 20 KW immersion
heater, electromagnetic flowmeter, cooler,
valves, sump tank, and expansion tank. The
cold and hot trap loops are identical except for
the internais of the traps. Each purification loop
consists of the trap, econamizer, electromag-
netic flowmeter, and valving. The loop is also
equipped with a vanadium wire equilibration
device and oxygen and hydrogen meters.

A steam/water supply system has been built
adjacent to FPL-2. for steam generator tube
tests. It consists of the following components in

series: water supply demineralizer bed; water
supply tank with preheaters and argon purge;
hydraulic pump; main heater; test specimen
with bypass line; dump heat exchanger; pres-
sure regulator; flowmeter; drain. .

The facility is being used to provide thermal
design data for the ANL/® Tampa Large Scale
Breeder Reactor (LSBR) steam generator de-
sign and development contract.

OPERATING AND DESIGN PARAMETERS

Flowing 8udium Invantory 4016

System Tuhing Size 1/2inch Q.D, 304 SS

Maximum Operating 1200°F

Temperature
.Maximum T Around Loop 200°*F

Immersion Heater Power =~ 20 KW

Number of EM Pumps 2 (1 in Main Loop. 1 in
Sub-loop!

Nominal Flow 2gpm -

Purification Systems 2 Cold Traps, 1 Hot Trap

Purity Veritication Systems  On-Line Oxygen and
Hydrogen Meters Wire/
Tab Equilibration
Modulé Bypass

Sampling
Steam/Water Supply System:
Maximum Qperating 850°F
Temperature (steam)
Maximum Operating 2200 psig
Pressure
Maximum Water Flow 45 lbshir




FACILITY UPDATE

The purpose of this laboratory is to provide a
capability for mechanical property testing of
materials for ambient and elevated temperature
service.

The laboratory is equipped with sixteen high
precision, lever arm creep units used in support
of high temperature design studies of Types
304 and 316 stainless steel, Alioy 718, SA 516
and modified 9 Cr-1 Mo steels.

Six of the units produce multiaxial stress
conditions in the specimen by a combination of
a dead load and internal pressure. This system
is unique in that axial and circumferential
extensions are measured simultaneously as a
function of time. Temperature is controlled to
+3°F and creep is measuredto 5 X 10~ S inch.

Ten of the creep units produce axial stress in
the specimens and have similar temperature
and strain measuring precision to the multi-
axial units. '

Three low-load creep rupture units, each with -

eight test stations, are aiso used for creep test-

ing. These units have similar temperature and_ -

creep measuring precision to the other units.

A 60,000 psi tensiie test unit is used for rou-
tine tension and compression tests on materials
and has been used to determine deflection of
full-size duct components under various load-
ing conditions. it has also been used to evaiuate
crush strength of various types of insulation.

The creep testing area is currently being
equipped with a microprocessor system where-

Mechanical Properties Laboratory

by all strain and temperature sensors will be
continuously monitored and data stored on disc
for subsequent analysis.

The laboratory has three Mechanical Test.
System (MTS) universal testing machines that
* can be used for tensile/compression and fati-
gque testing. Two of the units are of 60,000 Ib
capacity and one is 200,000 Ib capacity. Cur-
rently one of the units is being used to evaluate
the high temperature fatigue performance of
Types 316 stainless steel. The second unit is
being used to evaluate the wear characteristics
of duplex 2 1/4 Cr-1 Mo steam generator tubing
in a cyclic mode at elevated temperatures. The
third unit is also used for fatigue testing of
modified 9 Cr-1 Mo and for tensile testing of a
variety of materials. All units can control
temperature to =3°F with resistance, induction
or radiant heating furnaces. In addition, the
units are equipped with the necessary X-Y
recorders, strip chart temperature recorders
and oscilliscopes.

This laboratory produces data for essentially
all LMFBR Base Technology Tasks in which
materials mechanical properties testing is
involved. Several CRBRP.design support tasks
are involved as well.

“In addition to-standard specimen testing,
friction testing of steam generator tubing
internal interfaces, mechanical behavior of fuel
-subassembly ducts and fuel pin grids. and a
large variety of other component mechanical
tests are performed. .



FACILITY UPDATE

This laboratory provides facilities for fabrica-
tion and assembly of components associated
with fuel azaemblies for both In and out-of-reac-
tor testing. The development of welding and as-
sembly techniques for honeycomb grid spacer
systems, in various materials, to RDT Specifica-
tions, and the design of assembly and weiding
fixtures, are two significant areas of work scope
undertaken in the Fabrication Laboratory.

Major items of equipment in the laboratory
include:

- 75 KVA resistance welding machine

- 50 KVA resistance welding machine

- Wire wrapping machine

- Assembly and welding fixtures for honey-
comb grid and grid to hexagonal duct
welding.

Fabrication Laboratory

The following is a list of typical tasks com-
pleted by the Fabrication Laboratory in recent
yeara.

® Articulated Control Rod Assembly

® Grid-Type Driver Fuel Subassemblies for
WSA Series Testing in EBR-1I (37-Pin Size)

® As above, 19-Pin Size

® Wire-wrapped Radial Blanket Fuel Subas-
semblies for WBA Series Testing in EBR-II
(7-Pin Size)

e Grid-type Driver Fuel Subassemblies for
FFTF (217-Pin Size) :

® Various Mechanical and Thermal/
Hydraulic Instrumented Test Articles of
the above types.

Flow test articles of 37-pin and annular

(90 pin of two sizes) gridded configurations are

being produced for the (U, Pu) Carbide fuel test
program in FFTF. [rradiation test hardware for
the same program is also in process.
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H., UNIQUE FACILITIES AND OTHER RESOURCES

As a conseqUence of its commitment to and extensive involvement in virtually
all of the fields of advanced energy technology, Westinghouse is in a position
to bring to bear a wide range of existing facilities to support the various
elements of the First Wall/Blanket/Shield Engineering Test Program. Figure
H-1 schematically depicts the spectrum of corporate rescurces availabie.

Several of the facilities available to the program offer unique capabilities
to meet the specific requirements of the surface heat load and related effects
test program element. The total range of facilities available offer Future
flexibility in terms of testing with alternate coolants and the combination of
effects.. Table H-1- is a concise listing of this array of facilities with spe-
cific and poténtial relevance to the test program element. All of the facil-
ities listed are located in the Pittsburgh area. which facilitates communica-

-tion and coordination by a central planning and engineering support organiza-

tion (Fusioh Power Systems Department). The following sections provide & de-
scription of each major facility and its proposea or potential raole in the

program.
H.1 THE ELECTRON BEAM SURFACE HEATING TEST FACILITY (ESURF)

In recognition of the need for near term surface heating experimental capadi]-
ity for the engineering development of a wide rahge of fusion device ccmpo-
nents, Westinghouse has assembled a flexible surface heat load facility. based
on an electron beam source, at its Research and Development Center. The fa-
cility became operational in its present. configuration in 1980 and was used to
test water cooled cathodes in the context of the negative ion saource deveicp-
ment program performed for the Brockhaven National Laboratory.

Westinghouse is presently negotiating with the MIT Plasma Fusion Cencer to
perform magnetic divertor coliector experimentai stugies using this racility.
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o Plasma Research

o Ultvahityh Yacuuu Vechnology
o Cryogenfcs

® Superconduclivity
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o Haterlals & Heladlurgy

e Insulatlon

o Surface Chemistry
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» Integrated Systcaus Studles
» Power Plant Design
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Pouin GEMERAT 10
Mvisious

s Power Converslon Yechnology
o Gas and Sleam Twbines

- o Chectrical Generallon Equbjment
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s Lavge Supercanducling llagnets

ELEcTnonic
Comronents
Mivisiens

o Eleclro-Dplice) Products

¢ Powes Tulios
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¢ Vacumua falerruptors
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FIGURE il-1. CORPORATE RESOURCES AVAILABLE TO SUPPORT
WESTINGHOUSE FUSION PROGRAMS
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FACULTY DESIGNATION

TABLE 1-1

SURVEY OF WESTINGHOUSE FACILITIES SUITABLE FOR FUSION HARDHARE

LOCATION

WO g LAWINTHQ SuwdlS

Electron Bean/liigh Surface
Meat Flux Test Facility

it

BAPHLN

{Lighl fon Beam Test Stand
+ (L1BTS)

<

1

[T iy

ZiHigh Temperature Liquid
:Lilhium Facility

s

" Haterials Exanination
~Facility

N

' Genera) Purpose Boiling
Zleat Transfer and Iwo
2 Puase Flow Loop

. Wigh Power €O, (COFFEE)
-Laser Facility

)
Y

7
¥

|

N RLD Center
Churcnill, PA

W RLD Center

CThurctsi 1}, PA .

W RLD Center
Thurchill, PA

"M R&D Center

CThurchill, PA

W R8O Ceﬁler,
Churchill, PA

H RO Cenfer,
Thurchill, PA

PEVELOPMENT AND TEST :

APPLICATION-DATA GENERATED

Thermal/Hydraulic/Mechanical Response of Targets exposed

to high heat flux beams {n a vacuum environment. 0C

flux simulation using rastering over areas ranging up to

30 cm by 30 ci in size with a 36 kW bean coupled to a
high pressure water loop for Larget cooling.

Characterization of material performance under fon
beam and atomic beam bombardment., Test section is
in a vacuum chamber and targets may be cooled by a
high pressure water loop. Provides a 150 keV beam
at 1.5 kW,

Fluid dynamics and heat transfer in flowing Vithium

systems: lilhjum aeraosols, jets, sprays, free sur-

face flow, wetted surfaces and screens. Can be used
wilh the electron beam test stand, plasma-arc heater
or radiant heating sources.

Destructive and nondestruct ive metallurgical
examination using such equipment as an electron
beam microanalyzer, scanaing electron microscope,
scanning transmission electron microscope, Auger
electron spectroscopy techniques, light microscopy
and photanicrography,

General Purpose Heat Transfer Studies using R1), RIM4,
hydrocarbons or water, Particularly used for cross-

flow boiling studies simulating nuclear steam.generator

conditions. Maximum conditfons:

250°F ta 550°F, 180
psia-1100 psia, at 20,000 lum/hr.

iiigh power laser developmeot facility - can be used for

intense target heating.

COMMENTS/FUSION RELEVANCE

Dedicated to fusion research - used
for scaling experiments ond screening
tests. Test sec:fon is in a vacuuw
chamber, beam may be electronically
cycled for pulse testing.

Dedicated to fusion research. Off-
line analysis of implanted test lar-
jets via a seconlary ion spectrometer
Facility. .

Dedicated to fusion research.

Available as reguirad to provide pre-
test, during test, and post-test
characterizatior. of test pieces. -

Available to support tnerwal/
hydraulic studies on water-
cooled fusion reactor coaponents.

Available for possivle future
fusion R&D.

AL
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FACULTY DESIGNATION

1 (CONTINUED)

TAB
SURVEY OF WES™1NGHOUSE FACILIIIES SUITABLE FOR FUSION HARDWARE

LOCATION

Migh Energy lon Bombardment
Simulation Facidity (HEIBS)

Arc lleater Laboratory
(nx-10)

“A8B* Law Flow/liigh Pres-
sure liydraulbic Loops

“D* Loop - Mediun F low
High Press

“G* Loop - Engineering Core
Cooling System Facility

University of
pittsburgh

East Pittsburgh, PA

W PR Test Engineering
Caboratory, Forest
Hills, PA

W PUR Test Engiseering
Cavoratory, Forest
Hills, PA

W PHR Test fngiseering
Taboratory, Forest
Hills, PA

1cal measurements.

DEVELOPMENT AND TEST
APPLICATION-DATA GENERATED

Surface and bulk dinage studles to simulate high
energy neutron effects. Simultaneous baubardment of
targets with high energy aultiple fon beams. (< 2

He¥ Vight fons = MHe, H, etc.) (< 60 MeV heavy fons).
Static (post banmandment) and dynamic (En situ) mechan-
laportant properties belng examined
and techniques utilized include modulus, internal fric-
tion, uniaxial tensfon, fatigue, and stress relaxation.

Gereral purpose facllity permitting tests of arc heater
applications (500 k¥ to 3.5 NW per unit). Sodium

and water heat transfer loops are available. The
heater may be operited with air, argon, H2-tle mix-
tures or chemical feedstock gases. Targels may include
Vicuid wetal droplets, solid particles or fluid-cooled
surfaces. For a 500 kW unit it s estimated that a
surface heat flux cf 3-5 kW/cm® can be attained over

a target area of 45-80 cm?.

Full Scale valve tests, material zorrosion-erosion,
corrosfon product release and transport
150 gpm at 2400 psi.

Operational studies of large PWR core compowents
4400 gpm al 2300 psi. Services a 25" x 38* long
test vessel.

Test data for analysis of LOCA (Loss-of-Coolant -
Accident) high pressure simulation syslen rated
for-2000 psi and 65)°F.

A\

]au-.— .

COMMENTS/FES 10N RELEVANCE

Jointly awnzd and operated Ly W and the
Unilversity of Pittsburgh. Ce-Supperted
by OFL DAFS Tasx Group activitias

and the Natlonal Science Fouadatioa.

Latesl application tested was an arc
heater silicon production process for

JPL isvolving Freating of liquid soGium

sprays. by three 500 kW units. Mas

potenlial for fusion component testing.’

Fequires fabrication of a test chamver
which can be wated with the existing
power and hydrawlic loups.

Avatleble for fusion blanket coolant
systen componenl evaluation/quali-
fication (future applications).

Available for fusion blanket coolant
systes componend and subsystew thermal
hydraulic evaluation/qualification.
{possible future application)

Available fecr total fusion primary
coolant loop simulation and study
of loss of coolant situations.
(possible future application)
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TABLE H-1 (CONTINUED)

SURVEY OF WESTINGHOUSE FACILITIES SUITABLE FOR FUSION HARDWARE

FACULTY DUSIGNATION LOCATION

“E% Loop - Low Flow, Low
Pressure lydraulic Facility

M PUR Test Engineering
Caboratory, Forest
Hills, PA

“Flecht-Set” fmergency

# PHR Test Engineering
Core Cooling Facility

Caboratory, Forest
Hills, PA ’

Mechanical Testing Labora-
tory

W PHR Test Engineering
Cavoratory, Forest
Hivls, PA

“J“ Loop - Delayed Depar-
ture from Nucleate Boiling
fleat Transfer Facility

W PHR Test Engineering
Caboratory, Forest
Hills, PA -

“H* Loep - High Flow

W PUR Test Engineering
Wydraulic Test Facility

Caboratory, Forest
Hills, PA

Lithiun Facility for Fusion- W ARD - Waltz Kill, PA
Related Experiments (LIFE)

“1000-2000 gpm.

OEVELOPMENT AND TEST
APPLICATION-DATA GENERAIEO

Flow and vibration studies with component mockups
{including plastic models for visual observatlon)

Low-pressure (0-60 psia) facility designed to pro-
vide experimental data on the influence of system
effects on Emergency Core Conling Systems during the
reflood phase of Loss of Coolant Accident.

Full scale mechanical and vibration tests on plant
and reactor components to prove reliability.

[T b e

Instrumented pressurized water test facility
for verifying DNB phenancna during transfent
and steady state system operation. will accept
a full size single loop simulation of a four-
loop PUR reactor systea

2500 psia at 650°F, €low rates to 450 gpm

Permits’use of 1/2 scale reactor models and full-
scale fuel asseublies for conducting mixing studies,
flow distribution studies and similar low temperature,
low pressure hydraulic tests

Maxioum flow rate = 14,000 gpm

8P: 120 psi, water temperature range: 70°F-200°F

Basic corrosion and deposition information for mater-
fals in contact with lithium for fusion .applications.
Lithtum system operating experience development,

impur ity monftoring and control development.

N
7Ny

COMMENTS/FUS 10K, RELEVANCE

- Avatlable for fusion coolant sys-

tem flow oscillation and vibration

studies using inexpensive mockups.

Available for total fasion primary
coolant loop simulatisn (including
stean generator madules, valves,
pumps, etc.;. {possible futare
application

Available for testing of large scale
fusion coolant system companents with
interaal heating {via electrical
resistance heating). (possible future
application)

Avatlable for fusion comporient scale
experiments’ for cemplex flow distri-
betion studies. (possiole future
application)

Dedicated to fusiaon research. This loop

13 about 70X complete - to be eperationa

12 June 1981
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TABLE 11-1 (CONYINUED) :

SURVEY OF WESTINGHOJSE FACILITIES SUITABLE FOR FUSION HARCWARE

FACULTY DESIGNATION LOCATION

General Purpose Sodium
fFacility #1 (GPL-1) (Two
Loops)
o Steam Generator Test
Facility {SGTF)

o Thermal Stiriping Test
Facility (1SVF)

o thermal-Hydraulic Test -
Facility (TiIF)

General Purpose Sodium
Facility #2 (GPL-2) {Three
Loops)

o Shutdown Control Rod
and Maiantenance
Facillity (SCRAN)

Dynamic and Seisaic Test
Facility (DAST)

Electrical Reliability Tes-
ting Laboratory (ELREL)

Hulti-Loading Test Facility W ARD; Waltz Hill, FA

(MLTF)

Creep Ratcheting Test
Factlity (CRIF)

M ARD; Waltz Hill, PA

W ARD; Waltz HINY, FA

W ARD; Waltz MiNL, PA

W ARD; Waltz Mill, FA

W ARD; Waltz KIN, FA

DEVELOPMENT AND TEST
APPLICATION-DATA GENERATED

Man. flowrate:
330 psig.

200 gpm, temperasture: 1200°F, pressur2

LMFBR steam generator performance data under both
steady state and transient conditions

High Temperature Structural Design

Thennal/Hydraulic and heat tranzfer-data for design and
safety code validation (electrically heated core com-
porents)

Max. Flowrate: 2000 gpm; tesmperature: 1200°F at 270
psig.

LMFBR Safety/Reliability Program Data.

Sabsystem and
Component Performance Data. .

LKFBR Safety/Reliability Program Data for Shutdown Sys-
tems (Soidum-filled piping and assemblies).

LMFBR Plant Protection System Safety and Reliability
Data-Electronic module lifetime testing.

Wigh Temperature Structural Desfgn-Structural tests on
sodiun-filled piplng and components at high temperature

High temperature structural desiign-creep ralcheting
strajn accumulation - test temperatures: 1200°F.

CIMMENTS/FUSION RELEVANCE

Secondary sida water loop in this
faciblity propased for large scale
FW/87S testing (has a 2 MWt heat
rejestion capacity).

Possible future application to
Vithbun systeas through simili-
tude,

Possible future application for the.
seisnic qualification of fusion
Systems components

Possible future application to the
development of a reliability data
vase for fusion system power supptiies
and electronics. ..

Possible future application to
fusisn reactor components.

Possible futura application to
fusian reactor components.
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FACULTY OESIGHATION

TABLE H-1 (CONTINUED)

SURVEY OF WESTINGHOUSE FACILIVIES SUITABLE FOR FUSIOK HARDWARE

LOCATION

Mydraulic Test Facility

Sodium Materials Test
Loops

S LEIRAG Jarnlg UOIShid ¢ JUSWINICTAD SWIBL.

Self-Welding System
(sus-1)

YY1

et

Sub-coaponent Test Facllity,

x %(sas)

T
3 Sodium Friction and Wear
Y Rigs (SHEATER-1, -2, -3)

? Thermal Cycling Facllity
= ICF-1, -2, -3

Sodium Pre-Exposure Loops

B TR R T

W ARD; Waltz Hill, PA

W ARD; Waltz Hill, PA

v
+
I

M ARD; Waltz Mil), PA

| i r

H
J

W ARD; Waltz MIVI, PA

U ARD; Waltz Hi)), PA

4
4

W ARD; Waltz Hill, PA

DEVELOPMENT AND TEST
APPLICATION-DATA GENERATED

Thermal Striping, Reliabidity and Performance Data.
Two large water loops are used for flow orificing
studies, component flow and vibration studies, pump
performance studies and component thermal striping.
Flowrates: 2000-6000 gpm, at 180°F, 200 psi.

Sodium compatibility - chemical, physical and mechani-
ca) properties of coatings and other wear-resistant
surfaces for LMFBR applications,

Self-welding characteristics of veactor materials in
sodium-variable contact periods and loadings.

s H
i H

nrif‘cé pérformance. erosion, cavitation and pressure
drop studies. Capable of 100 psi/100 gpm flow
conditions. ! { ,

Friction and wear behavior of tnterfaces with sodium
-testing has also been done with argon, air and beliun
in support of GCBR. .

‘Tests of matertals damage mechanisms and kinetics due
to thermally-induced creep and fatigue strains fn outer
surface regions - conducted under pratotype thermal/
mechanical and sodium purity conditions.

Used to pre-expose mechanical property test specimens
to representative sodiua conditions

COMMENTS/FUSION RELEVANCE

Pessible future application for
testing water coaled FW/B8/S
components.

Passible future arplicatioa to
fusion reactor coaponents.

Possible future application to
fusion reactor camponents. Can
be used with a léthiuwa supply
systea,

\ .
fossible future 2pplication to .
fusion reactor conponents. Can be

-adapted for lithium ase.

&osslblé;future applicaticn to
fusion reactor cemponents. Can be
adapted for Vithium use.

Possible future application to
fusfon reactor coaponeats, data
relevant to many high thermal

- shock situations,

Possible future application to
fusion reactor components
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FACULTY DESIGNATION LOCATION

In-Sodium Mechanical Pro-

M ARD; Waltz Mil,
perty Test System .

Thermal Gradient Test Loop W ARD; Waltz Mill,

Hechanical Propert {es

W ARD; Waltz Mill,
Laboratory

Chemical Technology W ARD; Waltz Mibl,
L

aboratory
Enginecring Test Laboratory M AESD; Large, PA

Materials Laboratory W AESD; Large, PA

Hybrid Compuler Facility M AESD; Large, PA

PA

PA

PA

PA

TABLE H-1 (CONTINUED)

SURVEY OF WESTINGHCUSE FACILITIES SUITABLE FOR FUSION HARDLARE

CEVELOPHENY AND TEST

APPLICATIOR-DATA GENERATED

Creep, creep fatigue, fatigue, simple tension, simple
coopression, and stress-relaxation data under corrosion
conditlons corresponding with LMFER sodium circuits.
Tests may be conducted in air, irert gases and other
Viquid media.

Sodium and Steam/Water Loops - steam generater duplex
tubes under steady state and off-normal condizions.

Broad capability for mechanical property testing of
malerials for ambient and elevated Lemperalure service.
Creep, multfaxial stress, fatique, low load creep rup-
ture and routine tensile/compression testirg.

Facilities include inert environment glave baxes with
the capability of handling radioactive specles. Used
for Fission product removal and transport studies, gas
phase and aerosol studies, .

Full range of selsmic testing, vibration testing and
englaeering mechanics testing. The seismic fFacility
can aandle large plant components weighing up to 40,000
1b. and up to 9 ft. x 9 fL. in size.

fFactlities include: Materials Science, Wetallography
and K-ray, mechanical test, thermophysical properties
eleciron diffraction and electron microscopy and chemi-
cal wapor deposition. Leader in high temperakure, high
strength alloy development.

Coupled analog/hybrid computer facility used for com-
plex systems simulation, particularly overall power

plan: performance studies. SEL 32777 digital computer
with three €A[-2000 analog computers plus perépherals.

COMMENTS/FUSION RELEVANCE

Possizle futura applicalion Lo
fustor reactor components. Can
be us2d with a Yithiun supply
systen,

Possible future application to
fusioa reactor components.

Available to sepport all on-site
experimental programs.

Available for fature fusion R&D-
can be used to study tritium

behav-.or purification and removal
techn ques development and acti-
vated corrosior product sehavior,

Possible future applicatdon to
tusfom reactor components.

kas prepared alloy samplas for the
CFE ACIP progran. Available to
support fusion-related RLD.

Available for fusion R8D. Possible
future applicatton to fusion reactor
contral systems and dynanic systems
simulation. :
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Fusion Power Systems Department ¢ Fusion Power Systems Cecaniment ¢ Fusion Power Sysierms Department ® Fugion Power Syste: i3 Depariment

ik

This activity is funded at a relatively low level in FY'81 and the duration of
the experimental -activity will be approximately two monihs. commencing in
April or May, 1981 depending on the availability of funds for tne initiation
of work. While it is hoped tnat this will be an ongoing program. MIT is not
in a position to make a long ramge commitment for facility utilization. The .
nature of the experimental work involved in the MIT program is quite similar
to that proposed for first wall component development so there is a clear
opportunity for tnese programs to share personnel, facilities ana information.
to the oenefit of the overall program. Qur plan for the snaring of costs far
facility operation would consist of allocating the cost of manpower and mater-
ials, on an as-expended Dasis, to each program. Wnhen not in use, tne facility
would be maintained in operational readiness, at Westinghouse expense. '

FACILITY DESCRIPTION

The test stand was assembled by coupling an existing hign power electron beam
generator (developed for E-beam welding and cutting research) to a new pres-
surized water heat transfer loop and instrdmentation and controi system. The
system consists of the following major components: electron beam gun dassem-
bly, beam power supply, cylindrical vacuum tank enclosing tne test volume,
vacuum pumping system, water heat transfer loop. and a central control and
data acquisition system. Figure H-2 is an overall schematic diagram of the
system showing the relationship of major suosystems, fluid flow paths and con-
trol logic.

‘The photograph of Figure H-3 lacels the‘majof system components wnich are as
follows: ) ‘
1) 150 «v, 300 mA SF6 insulated beam power suppiy (45 «W rating)
2) 01) insulated auxilliary power supplies for beam gun (catnode,
bias grid, etc.) :
3) 18" diffusién pump
4) Cold trapped 6" diffusion pump

Fusion Power .. stems Department 8 Fu5100 Power Systems Seoartmant @ Fusei Power Syseomis (o Mot 8 F s Sepaeer sy e 0 et e '\,&,’ ]
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Figure 11-2. A Schematic Dlagram of the E-Beam/Surface Heat Flux Test Facility Showing Major Coodant Flow
Paths and Control) Logic
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5) Shieldea target chamber (1 m diameter x 1.2 m long)
6) E-beam gun assembiy

The major components are described in the following subsections.

. Thé Vacuum Chamber

The vacuum chamber is 1 meter in diameter by 1.2 meters long. [t can be seen:
as item 5 in the overall photograph of the test stand in Figure H-3. Ten
ports are available for electrical, cooling water and diagnostic feed-throughs
and visual observations. The interior of the vacuum chamoer is shown in Fig
.ure H-4. The various items indicated in the figure correspond to those on the
list below:

1) mirror for visual observation of t;rget'during operatiqgn

2) E-beam sweep coil ' '

J) water cooled beam catcher

4) water cooled slotted mask

5) target mounting base .

B) ‘lao water lines for cooling catcher and mask

7) flexible high pressure (1/2") water lines connecting

target with heat transfer loop |
8) lead shielding
9) vacuum chamber

An aluminum framewark inside the chamber allows flexibility in the choice of
target orientations un&erneath the alectron beam. The chamber is fitted to a
16 inch diffusion pump (Item 3 in Figure H-3) and a 6 inch trapped diffusion
pump (Item 4) which can produce a chamber vacuum of at least 10'5 torr. The
beam target is an intense source of X-rays; therefore, lead shielding is
provid- ed around the target area. A periscope type mirror arrangement witn a
leaded glass port permits visual observation of the target area oduring

operation.

'
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The E-Beam Gun Svstem

The nigh power electron beam generating system is illustrated in the schematic
drawing of Figure H-5. The eiectron gun generates a beam of 150 keV electrons
at powar laévels from 1 kW to 36 kW at 240 mA. The beam can obe focusad on a
¢ircular area with a Gébssian intensity profile to a diameter as small as
1 mm. or defocused for a neam diametar as largc as 5 em.

The beam enters the cylindrical vacuum chamber through a top port in whicﬁ a
n{gn frequency magnetic deflection coil is located. The deflection system is
capable of sweeping the Deam up to 15 ¢m from tne undeflected‘posituon at the

‘target loeation in times as short as 200 us. The undeflected beam strikes a
tungsten block located inside a water cooled copper beam catcher situated next
to one end of the target. In present experiments a slotted mask (water cooled
cupper), located directly above the target, defines Lhe irradiated target
area. Both the mask and the beam catcher are electrically floating while the
target is grounded. B8y monitoring the electron currents to the catcher and
the mask, total beam power and beam power incident on the sample can be'deter-
mined. The maximum target area coverage normal to the beam is a function of
test bed Height within‘the vacuum chamber. The present test bed height will
permit the heating of a 20 cm x 20 cm target. Lowerly the bed will permit the
attainment of a ngrmal target area of 30 cm x 30 cm.

A major moditication to the beam system which is presently being undertaken is
a vast improvement in the scan system. A new scanning coil is peing added
which allows programmable two-dimensional scans, with a range of + 10Y in
either perpendicular direction. In addition scan rates will doudble, from
50 cm/ms to 100 cm/ms. Further improvements in the scan system will oe possi-
ble with tne provision of a new coil driver. Ffaster scan ratés and programmed
scans would make almost any two dimensional geometry and power distribution
realizable. ' ‘
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Pressurized Water Loop

The heat transfer Toop used to remove the heat load and to provide the desired
heat sink characteristics is shown in Figure H-6. The various items shown in
the figure are identified in the table below. |

1) variable speed blower for air-cocled subcooler

2) air cooled subcuuler (finned tubes inside Al oox)

3) flow contral valves

4) TI/PM-550 programmable process control system and TTL
alarm and interlock system '

5) N, supply tank

6) 30 kW electric preheater

7) N2 recaiver and pressurizer tanks

8) main circulation pump (centrifugal) -

9) pump recirculation loop water cooled heat exchanger

An important consideration in the design of the heat -transfer loop was to pro -
vide the capability for control of heat sink characteristics in terms of cool-
ant inlet temperature, flowrate and pressure. A 3500 rpm centrifugal pump
provides flow of deionized water through the loop, géngrating f lowrates of up
to 12 gpm. The maximum working pressure is 400 psia. The system pressure is
automatically controlled by a gaseous nitrogen pressurizer. A subcouler con=-
sists nf a bank of externally finned tubes actively coolea by a variable speed
blower enables the removal of up to 200 kW of heat from the water.

Data Acgquisition and Contro]/Instrumentation Systems

The: neart of the instrumentation and control system for the loop is a Texas
Instruments PM-550 microprocessar based process control system. This is seen
as [tem 4 in Figure H-6. While continuously monitoring and displaying six
selected process variables, the process controller will seek and maintain tne
system pressure, flow rate, test section inlet temperature, and pump inlet

e Syctems DRparteont o Fusion Power Systems Department ¢ Fusion Power Systems Department e Fysion Power Systems Depar'- ant W
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températurs ds required by preprogrammed instructions. An important addition-
a1 function of the system is to provide for precise test article ca\orimetry.
The data acquisition system is presently peing expanded by the addition of a
CAMAC system coupled to a DEC LSI 11/23 microprocassor. The systam includes a
high speed line printer and information storage discs. This.capabifity per-
mits the acquisition of data dauriny fast transients. This syStem also serves
the light ion beam test stand (see Section H.7) which is now being assembled.

Target instrumentation is also in the process of being modified. An infrared
camera system is being acquired tor improved target. surface temperature meas-
urements. This capaoility will be operational in early 1981,

APPLICATION AND UPGRADE CONSIDERATIONS

Figure H-7 is a trimetric cutaway view of Ehe test configuraﬁioﬁ in the elec-
tron beam test stand. The test volume available is defined approximately oy 4
cylinder 1 m in diameter oy 1.2 m long. This volume is sufficient to permit
the installation of a wide variety of small-to-medium scale angineering mock-
ups of components with associated mechanical constraints and flow'@eometries.
The height of the test surface within the chamber determines the maximum sur-
face area which can be uniformly scanned to simulate a dé surface energy flux.
Test surfaces can ve inclined with respect to the beam- to increase ‘surface
area coverage and test effects related to the angle of beam incidence.

An operating map of the surface heat flux test capability assocfated with this
facility is shown in Fiqure H-8. With the present beam power capability of
36 kW the surface energy fluxes attainaole range from 360 Mw/m2 on a | crn2
section to -0.4 Mw/m2 on a 900 cm2
grade has been proposed, utilizing an available power Supply‘ and new heat
transfer loop components, permitting the attainment of up to 100 xW of oceam

section, A relatively, inexpensive up-

power on target. [n our reference schedule (Section £) we snow operation of

. i
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ELECTRON GUN

Figure H-7. Schematic Diagram of Neutral Beam Test Stand Illustrating a Test
Assembly
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the facility in its present configuration through September of i981. The up
grage activity would be implemented during the first. quarter of FY'82.

The test program wnich has been recommended in Section C is progressive 1in
terms of test item size and complexity of effects to be simulated. Thus the
testing activity during the remainder of FY'81 and FY'82 whicn has been gefin-
ed can be fully accommodated by the test stand with the upgrade defined, Sub-
sequent upgrades nave been identified; these can be planned and designed in
detail in FY'82 and implementea in FY'83. These upgrades include:

o Installation of radiant heat sources to provide a large area
(1 m2) "background" surface heat fluxes in the range of 0.1
to 0.3 MW/m2, |

e Installation of ion source(s) to provide in-situ combined ef-

fects testing over areas in the 1 cm2 to 10 cm2 range

¢ Mechanical actuators for low cycle or high cycle imposed
mechanical loads '

o Instaliation of a helium heat transfer loop

o Installation of a liquid lithium heat transfer loop. This up-
grade is under consideration to support the magnetic divertor
technology program where there is some interest in surface
heating of lithium wettea surfaces and the heating of liquid
lithium aroplet curtains (both under vacuum conditions).

The proposed approach for the utilization of the E-beam facility provides for
early testing of a technically relevant nature and defers significant hardware
expenditures until FY'83. Furthermore, ample time is provided to plan and
design some level of combined effects capaoility which can be implemented
within the Phase [ time frame ana budget profile.
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.2 LARGE SCALE SURFACE HEAT FLUX FACILITY ((ASURF)

The second baseline test facility proposed for Phase [ surface heat load test

ing is designed for the testing of full scale stainless steel heat rejection.

panels and assemblies under moderate-to-low input surface energy flux (<0.5

MW/mZ) conditions. The facility can be implemented on a relatively inexpen-

sive basis through the addition of commergial radiant heaters to an existing
large hydraulic loop and heat rejection facility. The rationale for this
approach is that the early stages of the test program will concentrate on a
large number of relatively small test configurations as the data base is de-
veloped and which can be more efficiently handled by the E-beam facility.

As component designs mature it will be pessible to construct full-scale mock-
ups of designs which have been previously screened énd dea] with phenomena
which cannot readily be scaled down., The issues of interest here are the
overall structural integrity and thermal/hydraulics performance of reiativeily
complex flow geometries which are design-specific. Components of this nature
which have been designed to date primarily include large stainless steel
first-wall heat rejection panels ana limiters. In tnese cases the vacuum en-
vironment is not essential and the normal surface loads expected are within
the capability of radiant heating sources.

The large water loop is the secondary, heat rejection system of the’ steam/
water loop facility. It is illustrated in Figure H-9. The LWL and other
large scale test facilities are located at the Westinghouse Waltz Mill Site
(Madison, Pennsylvania). As a secondary loop, its principal function is to
transport and reject waste heat through a cooling tower. The system consists
of a number of heat exchangers with a total heat rejection capacity of 2 MWt.
The capacities of the system components are as follows:

Heat Regenerative Capacity Condenser cetesesesanesas 1.3 MWE
: Subcooler ...... ceceseienans 0.5 MWt

Heat Rejection Capacity Aftercooler ...icececceceass 1.3 MWL
' Desuperheater .......c.ece.. 1.2 MWt

Heat Adaitive Capacity ) Preheater ..... Ceeseetsaaans 0.2 MWt
Cooling Tower Capacity 2.0 MWt
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The system has bdeen used primarily as a source of feedwater for LMFBR steam
generator test programs. [t has been employed in various steam generator weld
test programs ana steam generator model performance test programs. .The facil-
ity has successfully logged over 8000 hours in support of these activities.

The basic system is fabricated of 216 stainless Etee] with a deéign pressure
rating of 3000 psig. The primary pump is a positive displacement, variable
speed pump capable of delivering 3800 1b/hr at 2400 psi deveiopea head. The
facility is capable of supplying feeawater to sodium-to-water steam generators
at temperatures to 605°F,

Data acquisition is via an HP-9600 satellite minicomputer that is connected to

an HP-1000 central processor. The system utilizes the HP-2313 real time exec-

utive software. OData are recorded on flexible disks utilizing four aqisk

nn Coyes Sysinms Dapartinent o 24 ,6an Eguweir Systems Croart ot @ Sogina Power Sysinms Department @ Fusion Pow.: D sty Copartment

drives. There are currently 500 recording channels with an upgrade capability.

for 1000 channels.

Present programs utilize a smali fraction of the available heat rejection
capaéity. Tne proposed facility modification would involve construction of a
parallei tast circuit and erection of a support frame for test articles. A
oank of commercial radiant neaters would be installed in modular papels.
Ihstrumentation, control and data acquisition would be accomplished througn
the existing system which serves the overall facility. [t is intended that
final planning and design work for the facility modification be initiateg in
FY'82 and assemvly compleced early in FY'83. As in tne case of the E-beam
facility, operating costs will be principally based on labor and materials

which are directly expended on experimental tests.
H.3 PLASMA ARC HEATER FACILITY
Westinghouse has available, at its East Pittsburgh facility, a laboratory de-

voted to the development and application testing of plasma arc heaters. The
facility is locatad next to the Westinghouse High Voltage Laboratory wnicn can
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provide up to 3 MW of electrical power to the arc neater laboratory on a
steady state or transient oasis. The laboratory includes a central control
and data acquisition system, a variety of process gas supply systems (includ-
-ing’ hydrogen, helium, and argoh), 3 water heat rejection loop and a sodium
loop for both process and heat rejection purposes. '

While a specific test program involving arc heaters for first-wall surface
testing has not been identified in this response, a description.of our devel-'
opment facility and recent applications is provided to indicate our awareness
of this technology and to indicate the availability of the facility should an
appropriate application opportunity arise during Phase I. Westinghouse is a
commercial supplier of a line of plasma arc heaters which are avaitable in
several sizes and ratings, with individual unit power ratings up to 350C kW.
The test facility at East Pittsburgh currently has two models availaole for
development testing: the Mark [I and Mark 31 models. The following describes
recent test applications involving tnese units.

The Mark [I unit was used in a magnetite ore spheroidization program in the
configuration shown in Figure H-10. The heater is a self-staoilizing aevice
witn 1 MW rating. The figure shows the arc heater assembly and the heating
target chamber. The cylindrical chamber has an inside aiameter of 20.3 cm.
Heating chambers of different lengths can be accommodated. The arc heater
efficiency is typically 70%; the efficiency varies sligntly, depenaing on the
gas used. Gases are heated to a temperature <9000 K at the electrodes and
3000 to 5000 K in the test chamber. Normal target areas up to 100 cm2 can
be accommodated with surface heat loads in the range of 35 to S0 MN/m2 at a

distance of 4 inches from the electrodes.

The Mark 31 unit was designed as an ultra-high temperature heat exchanger for
industrial plasma cnemistry applications. Individual units are rated at power
levels up to 3500 kW and are designed to operate on standard 60 cycle AC power
systems. A recent application of these heaters was in an experimental solar
grade silicon process unit developed and tested for the Jet Propulsion Labora-
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Figure H-10. Section View of the Westinghouse Mark II Arc Heater Assembly
Used. in a Magnetic Ore Spheroidization Program
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tory. The system, shown in Figure H-11 uses three S00 kW Mark 31 arc heaters
connected to a chemical reaction chamber. The process gas is a hydrogen-argon
mixture. Figure H-12 is a cut-away of the reaction chamber. [n operation,
liquid sodium is sprayed through the arc heater gas stream. The high tempera-
ture argon-hydrogen gas causes vaporization of the sodium droplets for sunse-
quent reaction with silicon tatracnloride.

n.4 GEZNERAL PURPQSE BOILING HEAT TRANSFER LOOP

‘A general purpose boiling heat transfer loop is located at the Westinghouse
Research and Development Center, in close proximity to the electron beam test
facility. A specific role has not oeen identified for this facility in the
Phase | FW/B/S program for TPE [; however, a description of this facility is
provided in the event that additional off-line testing capécity is required
for boiling and two-phase flow studies where precise modeling of surtace heat
flux is not required. The loop may be operated witn R11, R114, hydrocarbons,
or water as the working fluid. A particularly relevant appiication of the
apparatus has been detailed studies of cross-flow boiling heat transfer simu-
lating nuclear steam generator conditions.

The hydraulic circuit consists of a canned motor pump. a test loop, 'a Dy-pass
loop, a decouplable pressurizing limo, a preheater, and a heat exchanger for
heat rejection. The pump is capable of circuﬁating 2 x 104 Ib/hr of water
at 128 psia and 250°F. The loop piping is made of stainless steel and is
rated at 1000 bsig. Primary control of the test flow loop is by a pneumati-
cally actuated flow control valve. A by-pass loop permits the throttling down
of the test loop flow to about 5% of the maximum flow.

A 21 kW preheater is used to control fluid temperature or vapor quality at the
entrance to the test section. The heat output rates of the preconaitioning
section and the measuring section are separately adjustaoie so that the enter-
ing condition to the measuring section is independent of the surface heat flux

to the section. Tne loop pressurizer is of the gas over liquid type. Nitro-
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ARC HEATERS (3)
Schematic Diagram of the Plasima Arc Heater and Reaction Chamber Confi

Experiment Silicon Production Process Line

Figure H-12.
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gen gas can be admitted to the pressurized vessel via a fine control vaive to
boost the pressuyre. '

H.5 GENERAL PURPQSE SODIUM LOOP-1 (GPL-1)

The GPL-1 loop is shown in Figure H-13. [t is located adjacent to the Large
Water Loop described in H.2. The primary piping system is 2-inch Schd 40,
designed to operate to a maximum sodium temperature of 1200°F at a maximum
design pressure of 330 psig. Ouring its operational history, this facility
has been employed in the following tests:

a) Fuel-Pin Heat Transfer tests

b) Driver Fuel Assembly Wear and Friction Tests
) Subassembly Fretting and Wear Test |
) Fuel Assembly Nozzle Leakage Tests
) Westinghouse Oxygen and Hydrogen On-Line Metering Tests
) Westinghouse Ultrasonic Flowmeter Tests
) Radial B8lanket Heat Transfer Tests

In conjunction with the Westingnouse High-Temperature Steam Water Loop, the
GPL-1 facility has been employed in the following tests:

@) Aluminum-Bonded Steam Generator Evaiuation

b) TST-1 Steam Generator Tube-to-Tube Sheets Weld Test Evaluation
c) TST-2 Steam Generator Tube-to-Tube Sheets Weld Test Evaluation
d) HTM-1, Megawatt Steam Generator Evaluation ‘ .

e) SSGM. Duplex-Tube, Steam Generator Evaluation

In execution of the TST-1 and TST-2 test programs, the GPL-] facility subject-
ed the test articles to a total of 1000 thermal shocks of 300°F in 10 seconds.
In execution of the HTM-1 steam génerator evaluation tests over 5000 hours of
high temperature operation was carried out in (I) heat transfer evaluation,
(2)'f1uid flow dynamics, and (3) off-chemistry materials evaluation. The test
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silo has besn used in the steam generator tests and is available for future
steam generator evaluation. ‘

Heat transfer tests on core and blanket fuel assemblies can be performedAusing
an electrically heated bundle assmbly installed in General Purpose Looﬁ No. 1.

The facility is currently being used on a program to characterize heat trans-
fer performance of a prototype, full sized 61-rod radial Blanket assembly. ‘

H.6 HYORAULIC TEST FACILITIES AT THE WALTZ MILL SITE

The Hydraulic Test Facility consists of two iarge water loops aesigned to act
either independently of each other. or in conjunction if specific programs
require such operation. These two loops are the Thermal Mixing Hydraulic Loop
(TMHL) and the Multi-Purpose Hydraulic Loop (MPHL). The former is a six-inch
piping system with flow capability to 2000 GPM at temperatures to 180-F; the
latter is a twe]Qe-ihch piping system with flow capability_to.GOOO'GPM at tem-
peratures to 130°F. Complete instrumentation, controls. and Data Acquisition
Systems are available. A schematic diagram of MPHL is shown in Figure H-14.

The two loops also employ the “"parallel test section" concept, andzhave been
used on a wide variety of CRBRP, LMFBR, and PWR tasks over tne past twelve
years. Most recently, their applicafion has included tasks in support of Ra-
" dial Blanket Flow Qrificing, Steam Gengratof Flow Modeling. vibration analysis
of PWR heat exchangers, and flow distribution analysis of reactor interngls of
4 PWR reactor. Most importantly, however, has been the program effort on the
study of Thermal Striping phenomena in the upper internals reqgion of the CRBRP
primary vessel. Thesa two facilities have proven to be exceptionally useful
in evaluating thermal striping benavior; and they together represent an opera-
tional facility ready to extend the experimental scope and knowledge of this
critical phenomena. :

Through either concurrent or independent operation, the two facilities provide
a "cost-sharing” opticn to minimize the cperating costs of multiple programs
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Figure H-14. Multi-Purpose Hydraulic Loop (MPHL) at the Westinghouse Waltz Mij]
Site (Madison, PA)
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being carried-out concurrently in the Hyaraulic Facility. The ease of startup
and shutdown permits one or twa-shift operation on most programs. The operat-
ing and design parameters of the two loops are as follows:

THHL MPHL
Max imum Design Temperature 180QVF 180°F
Maximum Design Pressure 200 psi 200 psi
Design Basis Power Piping Code Power Piping Cude
ANSB 21.1.0 ANSB 31.1.0
System Fluid Water Water
Maximum Flow Rate 2000 gpm - 6000 gpm
Pump Head , 100 psig 100 psig
Heat Oump Capability 200 kW 200 kW
System Capacity 3400 gal 1500 gal
Filtration | " Full Flow Filter Full Flow Filter
Piping (Type 304 SS)
® Main System 9 inch 12 inch
® 'Auxiliary 3 inch 1.4 and 6 inch
Flow Measurement ‘
e Main Stream 6 inch Qrifice . " 12 inch Orifice
e Auxiliary 3 inch Qrifice ~ 1 ana 4 inch Flowmeters

6 inch Orifice

This facility is availaole for fusion-related programs in the areas of (1)
pressure drop, (2) flow-induced vibration, and (3) flow distribution in reac-
tor components and assemblies.

H.7 LIGAT [ON-8EAM SURFACE EFFECTS FACILITY

A light ion beam test stand is in the final checkout stage at the Westinghouse
Research and Development Center, in the same 1abora;dry housing the E-beam
surface heating test facility. Light ion beam energies in the range of
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1 to 150 keV will be available at a maximum power (at 150 keV) of 1.5 kW.
Energy fluxes of ~5 kW/cm2 will be attainable for beam areas of =0.3
cm?). This facility will be initially devoted to Westinghouse supported
surface physics studies, but will be available for DOE supported activities
and in particular, can be used to initiate limited combined effects testing in
the context of Phase [ of the FW/B/S program. The apparatus has been designed
for eventual interfacing with the E-beam facility test chamoer (througn an
available port) to permit simultaneous ion beam and electron beam bombardment,

A photograph of the partially compieted facility is shown in Figure H 15. The
facility contains the following components:

e A Siemens duoplasmatron ion source capable of iight ion currents
ranging to 10 mA (pulse and CW operation);

® An extraction-focus-acceleration system capable of operation over
a range extending to 150 «V;

¢ A bending magnet for mass-energy selection and beam switching;

‘e A differentially pumped (Zr-Al) scatterihg chamber and associated
‘detection instrumentation (i.e., backscatter detector, residual
gas analyzer. etc.);

e A direct imaging ion probe mass spectrometer for off-line target
analysis (described in Section H.9) '

¢ A DEC LSI 11/23 microprocessor based data acquisition and control
system interfaced via CAMAC to the instrumentation and ion
accelerator. This system is shared with the alectron beam test
facility and is designed to operate in a manner similar to the
system now operational on the Princeton PLT neutraf beam test
stand.
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Figure H-16 shows the Quoplasmatron and Einzel 1lens assemoiy during the
assemoly process. '

H.8 .THE COFFEE CO2 LASER SYSTEM

Westinghouse has available -at its Research and Development Center a number of
experimental laser systems wnicn could oe used for specialized surface neating
studies. A high power CO, laser system is available ana 1s based on the use
of a Continuously Operating Fast Flow Electrically Excited (COFFEE) laser con-

cept.

The COFFEE laser uses a high pressure (0.1 to 1 Atm) direct current

salf-sustained glow discharge excitation scheme which is well-suited for a
continuous wave CO2 laser. A schematic diagram of the COFFEE CO2 laser is
shown in Figure H-17. A photograph of the laser assembly is shown in Fig-
ure H=-18.

The laser runs continuously but it also can be operated in a pulsed mode. The
beam source is ane cehtimeter in diameter, [t can be focused on .a target as
small as 1 mm in diameter, delivering a surface heat load of 040 Mw/mz, or
it can be defocused. At 1 cm in diameter, the peak surface heat load attain-
able is 38 Mw/mz. The system tan be upgraded to a beam .power capability of
25 kW. ’

H.9 STRUCTURAL BEHAVIOR QF MATERIALS

As a leading develcper and manufacturer of components and structures for nu-
clear, underseas, aerospace ‘and defense applications, Westinghouse has devel-

oped a unique concentration of capabilities at its Research and Development

Center to analyze and characterize the responsa of structural materials to a
wide variety of conditions associated with these advanced engineering applica-
tions. The expertise and facilities in this area are an important part of the
total capability that Westinghouse aoffers to support ANL in the performance of
the FW/B/S Engineering Test Program.

{
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Figure H-17. A Schematic Diagram of the COFFEE CO, Laser Systeh at the Westing-
house Research and Development Centep.
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STRUCTURAL ANALYSIS

Westinghouse personne] have pioneered in the application of finite element
techniques for structural, thermal/hydraulic and magnetic anaiysis. This in-

flepartrre-

cludes the antecedent work for the deveiopment of ANSYS during the NERVA (nu- - -

clear rocket) program and the subsequent development of WECAN. a Westinghouse
Proprietary system of codes. The app]ications'of WECAN include the follow-
ing: ' . | '
e Static Apalysis - Stresses and deformations in structures due
to thermal and mechanical steady-state loading conditions.
The material behavior can be nonlinear (thermoplasticity,
creep, friction and contact).

¢ Oynamic Analysis - Oynamic response of structures due to
steady-state and transient loadings; natural frequency and
mode shape determinations of structures; and seismic time his-
tory analyses and response spectrum calculations of structural
systems such as piping systems, electrical equipment, etc.
The modal superposition method of time history analysis is
also available. '

o Heat Conduction - The steady-state or transient temperatures
in structures can be determined so that they can be used to
compute thermal stresses.

The WECAN element library consists of sixty-five elements that can be used to
model beams. shell structures, two- and three-dimensional solids, springs.
dashpots, etc. Special crack-tip elements have also been developed., I[n addi-
tion to WECAN, various commercially available programs. such as NASTRAN and
ANSYS, are also available.
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FATIGUE AND FRACTURE MECHANICS

The Westinghouse R&D Center has done significant research and enéineering
wark in fractyre mechaﬁics and fatigue for many years. The early developments
and applications focused on linear-elastic or plane-strain fracture mechanics'
(LEFM). The originai use of the LEFM technology was limitad to fracture under
essentially’ linear-elastic loading conditions and relatively high-strength
brittle materials such as aircraft structures, missile cases. gun tubes, etc.
Subsequently the technology was extended to encompass rtatigue crack and
stress-corrosion crack propagation - still under essentially linear-elastic
loading conditions. [t was also extended to include lower-strength, higher-
roughness iiaterials used in heavy section applications such as thick walled
pressure vessels, turbine and generator shafts, large castings and assorted
neavy equipment. ' ' '

Because of the recogn{zed limitations in the applicability of LEFM. consider-
able effort has been devoted during the past ten years to extend the technol-
.ogy to encompass situations 1nvolving.considerably more plasticity than per-
missible under LEFM conditions. With the breakthrough in the form of the
~ J-integral concepts (which are field parameters analogous to the LEFM stress
intensi1ty parameters). the state-of-the-art has advanced rapidly during the
- past five years. This has extended the general usefulness of the technology
Ly & much broader spectrum of application and materials; for example. lower-
strength, higher toughness materials, thinner sections, higher temperature
regimes, higher localized stress regions (local plasticity). low c}c]e fatigque
and creep controliled crack growth. Even more recentiy the technology has
taken a further large step forward with the advent of J-resistance curves.
téaring modulus concepts and tearing instability models. These recent devel-
opments offer the capability of being able to predict the permissiole amounts
of stable crack growth that can occur in the ductile temperature regime and
the'eventual instability conditions for the catastrophic failure of the struc-
ture by ductile tearing under fully plastic loading conditions. Even more
-importantly these recent advances in technology offer the promiée of deing
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able to design structures and éelect materials to avoid the possipility of
ever being capadole of failing due to ductile tearing instadility. Thus, the
potential failure mode could pe limited to plastic collapse or limit load
failyre ¢riteria, ‘

Fatigue and plastic deformation at stress raisers has been studied in some
detail, both experimentally and analytically, including work on finite element
modeling. Specific experimental and analytical studies have been made of the
proolem of a smal)l crack growing from a stress raiser under fatigue loading.
Plasticity effects on crack growth in fatigue have been studied from the view-
point of fracture mechanics, with the J-integral being first used at Westing-
house R&D for such study.

Concerning time dependent effects, crack growtn due to creep strain has been
studied from the fracture mechanics viewpoint. A modified. time-dbased J-
integral approach to this problem was originated at Nestinghduse. In-nouse
work is uncderway in this area which is relatea to nuclear and steam turbine
applications, with this work including study of combined fatigque and creep
loading. Analytical studies using finite elements have been made of cracked
bogies under plastic and creep loading, and such work with in-house funding is
underway at the present time. ' ' h ’

Westinghouse R&D Center has extensive experience in low cycle fatigue and
fracture mechanics testing of all types. Personnel in the Structural Behavior
of Materials Departmenﬁ have contributed extensively to the development of
various ASTM test standards,'théough ASTM task group membership and round ro-
bin testing, including ASTM E606, Recommended Practice for Constant-Ampiitude
Low-Cycle Fatigue Testing. and ASTM E647. Tentative Test Metnod for Constant-
Load-Amplitude Fatigue Crack Growth Rates Above 10'8 m/cycle ‘
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EXPERIMENTAL STRUCTURAL MECHANICS

Tne present facilities for mechanical testing of materials and components in
the Structural Behavior of Materials Oepartment at Westinghouse R&D Center
include ten eléctrohydraulic test systems which draw their nydraulic power
from two 70 gpm pumps. The tast systems include three 15 kip load frames (5n-
house construction) utiiizing MTS controis. (ne of these units is prasently
being used for testing up to 35Q0 psig H2 + HZS at 850°F. Acditional
electrohyaraulic systems are a 25 kip MTS system, a hign rata 20 kip MTS sys-
tem, two hign frequency (200 Hz) test systems - 10 kip and 20 kip. a 100 kip

MTS’system and a 500 kip MTS test system. ODependent only on specimen size and
geometry, temperatyre testing capabilities range from -452°F to +1200°F. En-
vironmental testing( capabilities include all aspects of fracture toughness
testing in aqgressive environments such as steam, HZ‘ and HZS and solu-
tions such as boric acid and sea-water.

A Westinghouse 2500 computer is presently being used for data acguisition and
reduction. An MTS PDP 11/34 computer system with 64 K of storage is used for
single test machine control, and also for multiple test data acquisition and

" reduction, with expansion to multiple test control underway. Several micro-
processors are also in use for test control.

Supgurting equipment in the lab facilities at this time include two 20.000 b
tensile machines (in-house construction), a 50.000 lo. Baldwin universal mech-
aniéal test machine. a 240 ft-1b Charpy impact machine, and creep testing ma-
chines. Also available are a wide range of appropriate test chambers, instru-
mentation, controllers. and calibration devices and also equipment for uitra-

" sonic and electric potential monitoring of crack growth. Additional test
equipment and apparatus are available from other groups in the Westinghouse
R&0 Center.
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An important aspect of the proposed experimental approach for the tnermo-
mechanical testing of FW/B/S components is the pre-test and past-test charac-
terization of the condition of test articles. This cnaracterization can be
accomplished as well during test sequences. The facilitiés available at the
Westinghouse Research and Development Center provide access, as required, to
the most up to date techniques for the destructive and non-destructive evalua-
tion of materials at the macroscopic and microscopic levels. Recent facility
~ improvements have provided for improvements in resolution. accuracy .and turn-
around time through the use of computer controlled equipment. '

Facilities. equipment and techniques available include:

o CAMECA SMI-300 Direct Imaging Mass Analyzer (OIMA) has been in
operation since 1973. Experience with both spark source and ion
probe mass spectrometry provides a unique capability, in that the
compination of these two techniques is 1ndispensaole for the com-
plete characterization of materials. The CAMECA SMI-300 instru-
ment is equipped with an AS-200 multichannel analyzer with 200
channels for storage. [t is primarily used to obtain concentra-
tion profiles as a function of depth, and can monitor two ele-
ments or isotopes at a time. '

o Electron Beam Microanalyzer‘gMAC-AOQL - Comprised of three wave-
length-dispersive X-ray spectrometers for qualitative and quanti- .
tative analysis with backscatter and adsorbed electron measuring
facilities for point analyses and line profile recording at re-
solutions better than 0.5 micron.

"8 Scanning Electron Microscope, Cambridae Stereoscan Mk.[la with
enerqgy dispersive X-ray spectroscopy attachment.
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. Auqer'Electron Spectroscopy (AES) anmalyzes the first 3 to 5 atom-

ic layers of an eaxposed surface for all elements except H and
He. The sensitivity for heavier elements is comparable to that
of the elactron microprobe, out AES is more sensitive to the
lighter elements, Typical detection limits are of the order of
Q.1 atomic percent (1000 ppm) fairly constant across the periogic
table. fhe technique is most valuaole in combination with layer
removal methods (sputtering) where the extreme depth resolution
of AES (10 A) is limited only by sputtering damage cornsidera-
tions and sputtering rates. Auger Electron Spectroscopy, ESCA
(XPS X-ray Photoelectron Spectroscopy) SAM (Scanning Auger Mi-
croscopy) and MACS (Multiple-Technidue-Analytical Computer Sys-
tem) are all integrated.into a PHI-548 Surface Analysis Unit.

e Scanning Transmission Electron Microscope, JSEM-200C - Capable of
imaging precipitates and defects with 1-2 A resolution: can do
chemical analysis of localized regioné with a 200 A resolution:
can determine distribution of deformation by electron channeling
with a resolution of 200 4.

o The Rutherford Backscattering System (RBS) is capable of profil--
ing impurities and defect concentrations nondestructively 1in

semiconductors.

Crystallography and Electron Diffraction
Hardness Measurements

Ion Milling

Light Microscopy and Phatomicrography
Particle Size Arnalysis

Phase Contrast Microscopy

Residual Stress Analysis

Ultraviolet Photoelectron Spectroscopy

X-ray Oiffraction

X-ray Photoelectron Spectroscopy
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The services of a Nondestructive Test Development Section are availabie to aid
in monitoring growth of small cracks in this program. They have capabilities
and equipment in the areas of ultrasonics, eady currents. radiography, magnet-
ic techniques and acoustic emission. . '
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H.10 VACUUM ARC RESEARCH

As the size of tokamak devices increases, there is increasing concern over
possible surface damage due to arcing which has been observed to occur across
the boundary layer or sheath at a plasma-metallic wall interface. Professor
Miley has estimated that this interaction could lead to erosion rates several
orders of magnitude larger than for normal jon sputtering.

Nestinghouse offers to conduct a theoretical and experimental pkogrmn related
to unipolar arc phenomena and the evaluation of engineering solutions to the
problem under the auspices of the ANL FW/B/S Program. The program would be
conducted by scientists and engineers in the Power [nterruption and Lamp Tech-
nology Department at the Westinghouse Research and Deve lopment Center,

Unipolar arcs have been generated and studied in a prior experimental study at
Westinghouse. This work could be extended to include the following areas of
investigation: '

o Measurement of ion fluxes, particle fluxes and erosion associ-
atea with cathode spots on typical first wall component sur-
faces.’

-

o Study of the cathode spot erosion rate under the influence of
applied magnetic fields (typically parallel to the surface).

'e An evaluation of arc mitigation techniques. This will involve \

experimental evaluation of materials. surface finisnes anag
coatings.
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Recent Westinghouse research programs have concentrated on developing experi

mental facilities for research into high voltage and high current circuit in-
terruption; these facilities are well suited for vacuum arc phenomena re-
search. An important hardware activity just completed is the development and
test of the Ohmic Heating Interrupter for TFTR. This unit is rated for open-
ing a 25 kA current and then withstanding a voltage of 25 kV which rises to
that valuae in about 500 micraseconds. Development and test facilities include
(1) a nigh power capacitar bank whigh incorpaorates a high voltage synthetic
circuit to simulate hign valtage and high current transmission and distribu-
tion systems; (2) two demountable vacuum systems for the study of vacuum arc
phenomena; and (3) the apparatus and diagnostic methods to investigate vacuum
dreakdown at very high voltages. The special techniques and diagnostic capa-
bilities developed with these facilities are availaole for use in the proposed
program, lenabling the work to be performed without major. additional cest
equipment and with a corresponding savings in time and money. ‘

The basic test facility power supply consists of a capacitor bank capable of
storing a max imum energy of 2 x 105 joules, several air core inductors, and
appropriate instrumentation. The bank produces an oscillatory current when
discharged through the air core reactors and the test device. The primary
purpose of the test facility is to provide high power for short periods of
time. The capacitar bank consists of 864 capacitorS'(SO uF), eacﬁ caﬁable
of being charged to 10 kV. The bank is assembled such that the individual
capacitors form four units, each unit having a maximum capacitance of
10,800 uf. As a consequence, the bank can store the maximum available ener-
gy in three distinct modes for operation at: 10. 20. and 40 kV. A 30 vV
operating mode is also available by connecting three of the 10,800 uf units
in series. In this moge the total available energy is 1.5 x 105 joules.

Figure H 19 depicts the oasic circuit of the test facility. The capacitor
bank is charged to a preselected voltage (O to 40 kV) by a constant current
power supply wnich automatically disconnects from the bank at the desireg vol-
tage. A control-timer is them manually activated and all subsequent circuit
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operations are automatically programmed. This circuit will be employed pri-
marily for arcing studies on test items which are located in either one of two
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demountable vacuum chambers.
HIGH CURRENT ARC CHAMBER

A gemountable vacuum chamber is available for performing arcing behavior stu-

agies on electrode configurations. This facility, which 1s shown schematically

in Figure H-20, is being used with the 2 MJ capacitor bank for high current

testing and evaluation of electrode designs. ' The entire demountable chamber

is fabricated from non-magnetic stainless steel in order to facilitate the use

of magnetic fields. The main test chamber is designed so that rubber seals
: may be used for quick turn-around experiments requiring only modest vacuum.
~ The test chamber can be used with metal seals. however, if bakeout is required
for high vacuum work. Large side ports permit direct observation of arc be-
havior as well as the insertion of arc shields. auxiliary electrodes. and mag-
netic field coils. The primary test chamber is 25 cm in diameter and 22.5 cm
high. The pumping arm and observation ports are 15 cm in diameter. A ceramic
isolation insulator permits the chamber to be operated ungrounded during test-
ing. The anode and cathode electrodes are insulated from the chamber using
8 in ceramic insulator sections from a commercial Westinghouse vacuum inter-
rupter.

The demountable arc chamber is presently being used to pnotograpn high current
50 kA vacuum arcs using high speed movie and streék photography. Oiagnostics
include measuraments of arc  current and voltage, recovery behavior, ahd mag-
netic fields. |

LOW CURRENT DEMQUNTABLE SYSTEM
Arcing studies at relatively low currents to 5 kA will be-conducted in the

demountable chamber shown in Figure H-21. In this chamber the arc plasma is
bounded by a 27-cm-diameter metal wall which is isolated from both electrodes.
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via high-voltage insulators. The chamoer is equipped with a 5 cm diameter
observation window; a beliows permits.a maximum slectrode separation of 3.5 cm.
After bakeout at 300°C, the chamoer pressure is maintained at aoout 5 x 1078
Torr. In previous studies, this chamber has been used to detect the factors
which affect anode spot formation in vacuum; here the anode diameter was var-
jed. Cathode spot properties have also been investigated by measuring the
current of metal vapor jons impinging on the chamber wails from the vaporizing
¢cathode.

HIGH VOLTAGE BREAKDONN-FACILITIES

Two experimental chamvers, one. for voltages up to 100 kV and the other fbr
voltages up to 250 kV. have been designed at Westinghouse and are presently in
operation. Both chambers are bakeable to 450*C and each is coupled to an
ultrahigh vacuum system capabie of evacuéting to a residual pressure 10'9
Torr. Both chambers are equipped with a bellows device for varying the elec-’
trode separatiqn, and with electrode heaters for both outgassing the elec-
trodes and controlling their initial temperature during experiments. I[n addi-
tion, the chambers are equipped with four mutually perpendicular viewing ports
with sapphire windows to allow prbcesses occurring between the electrodes to
be spectroscopically measured. Alternatively, the ports may be used to couple
other equipment to the experimental champber such as, for example, electromag-
netic pole pieces to allow measurements in the presence of magnetic fields.

Two regulated OC supplies are available: (a) 90 kV, 1 mA, 1% regulation; and
(b) 250 kv, 10 mA, 0.01% regulation. Two step-function impulse generators
are available: (a) A vacuum tube generator of maximum amplitude 20 kV. 0.2
us rise time, pulse duration up to 1 ms: and (b) a coaxial cable generator
of 100 kV maximum amplitude, S ns rise time, pulse duration up to 1 us.

Diagnostic capabilities include facilities for pre-breakdown current measure-

ments down to 10"3 A and standard dual-beam oscilloscopic studies.
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H.11 LIQUID METAL TECHNOLOGY AND FACILITIES
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The near-term thrust of the fusion program is toward water andg/or helium as’
the reference coolants for first wall blanket and shield components and solid.
lithium bearing materials for ctritium breeding media. Liguid 1ithium stil}
remains, however, a candidate cooling and breeding megium for ultimate power
reactor applications and it would be prudent to consider the possipility that
engineering testing of components cooled by liquid lithium will be of long
range interest under Test Program Elements [, II and III. A discussion of
Westinghouse capabilities in this area is included to indicate our interest in
i supporting the program in this area. I

As a leading participant in the LMFBR program, Nestinghouse has one of the
largest arrays of in-house liquid metal research facilities in the nation.
During the past four years Westinghouse has been active in applying this
wealth of experience to the problems associated with the use of liquid lithium
in both the magnetic and inertial confinement fusion programs. A number of
specialized facilities have been set up at Westinghouse expense to promote
research in this area. These facilities are immediately available to serve
the needs of the FW/B/S engineering test program.

A concise list of existing liquid metal facilities at Westinghouse has been
included in Table H-1. Table H-2 summarizes some of the key Westinghouse
activities and accomplishments in the liquid lithium technology area. An im-
portant and growing effort is experimental support for .the FMIT program con-
ducted by the~Westinghouse_Hanford Company (Hanford Engineer1ng Development
Laboratory). B

Experimental work in lithium is centered at two locations: the Lithium Facil-
ify for fusion-related Experiments (LIFE) located at the Advanced Reactors
Oivision in Madison, Pennsylvania, and the liquid metals laboratory at the
Westinghouse Research and Development Center.

)
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TABLE H-2
" EXPERIMENTAL LITHIUM EXPERIENCE AT WESTINGHOUSE

o LITHIUM VAPOR TRANSPORT PREDICTED AND MEASURED FOR
SCALED FMIT ACCELERATOR ORIFT TUBE

o LITHIUM IONIZATION DETECTOR DEVELOPED AS A  SAFETY
ANNUNCIATOR FOR FMIT :

e LITHIUM CONCRETE .REACTIONS STUDIED BY REACTION
CALORIMETRY

o LITHIUM VAPOR/AEROSOL - LASER INTERACTIONS
o LITHIUM COMPATIBILITY WITH POLISHED SIC LASER MIRRORS

o MODIFIED WESTINGHQUSE COMMERCIAL ON-LINE OXYGEN ANO
HYDROGEN METERS SHOWN FEASIBLE FOR LITHIUM APPLICATION

o ON-LINE NITROGEN METER CONCEPTUALIZED AND SCHEDULED FOR
TEST

e LITHIUM FALL EVALUATED FOR TOKAMAK POLOIDAL OIVERTOR
PARTICLE TRAP

o EXPERIMENTAL MEASUREMENT OF RADIANT ENERGY DEPOSITION
IN
FLOWING LITHIUM
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R4 CENTER LIQUID LITHIWM FACILITIES (LLP)
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The liquid lithium facilities at the Westinghouse Research and Development
Center contain. among other equipment, a stainless steel. all welded. electru

magnetically pumped recirculation loop connected to an adjacent glovebox. The
loop, shown in Figure H-22. contains approximately 45 liters of lithium and is
designed to operate at temperatures up to 500°C. Impurities are controlled
via a flow-through filter. cold trap and titanium getter trap and can be moni-
tored by continuous on-line meters and by intermittent chemical analysis. The
development and testing of these impurity monitoring and control technigues
are a major feature of planned experimental programs.

The lithium loop has been designed to provide a versatile facility capablie of
performing many different types of studies in support of fusion reactor blan-
ket development. Part or all of the main flow can be diverted to pass through
the glovebox and then back into the loop. In this way, unusual test require-
ments can easily De accommodated without undue modification of the loop pipe-
work. One example of this is the current test program being performed in sup-
port of the FMIT project. In this experiment. lithium flow passes through a
rotating disk apparatus capable of simulating the very high ligquid velocities
expected in the FMIT and thereby enabling measurement of the previously un-
known erosive properties of lithium. Other tests, e.g., the study of lithium
jets or falls. on-line processing, or interaction with magnetic field lines.
could easily replace this erasion test assembly.

Another test stand in the liquid lithium facility includes an operating 2 x
10'5 Torr vacuum glove box (1.2 m dia x 2 m long) with numerous ports and
flanges. The box is water coagled through a double jacketed chamoer. A forced
flow 1ithium loop will be installed through the vacuum glove box early in 1981.
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ADVANCED REACTORS DIVISION LIQUID LITHIUM FACILITY ( GLF)
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[n. anticipation of a growing interest in first-wall feasidbility studies for
inertial confinement fusion reactor design, a test program was initiated at
WARD (Waltz Mill Site) in 1978 to build and operate a lithium test facility.
This initial investment resulted in government funding to perform aerosol
tests in collaboration with the Westinghouse Research and Development Center,
in addition to the basic corrosion studies. The aerosol work was successfully
completed in 1979. The corrosion program. which is equally applicable to mag-
netic confinement concepts, was concluded in June 1980 with additional infor-
mation obtained from a destructive examination of the test loop (ELF) contain-
ment piping, the hot trab and the cold trap.

As a result of information gathered frombthe lithium community over the past
several months, plans for a redesigned facility have been finalized. Ouring
this period, it became apparent that the present test loop. ELF. was not amen-
able to the modifications required and that. in fact, it was more valuaole as
a source of material for future study and‘evaluation {T3u4 SS with up to
2000h exposure to flowing lithium at temperatures in the range '200°C-5Q00°C
(392F = 1022°F]. ’

The following action to date nas, therefore, been taken under a program funded
entirely by the Corporation: '
o The ELF loop has been dismantled and placed in storage. Two
small pumps and the main loup heat exchangef will, however, be
reused;

o A new facility has been designed: the Lithium Facility for
Fusion-related Experiments to be known Dy the acronym “LIFE™.

The LIFE loop is now about 70% complete and. after shakecown tests, will ope
. ready to commence corrosion studies by June 1981. This new work will oe ai-
rected particularly towards the following:
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o Continued corrosion evaluation at 550°C. Exposure of samples
in a low temperature test leg (<300°C) will be ‘initiated
Tater, also; '

Weldments, valve facing materials, etc:

Austenitics vs Ferritics;

Meter studies for hydrogen and nitrogen;

Liquid metal analysis techniques: 4

Hot trap, cold trap. magnetic trap studieés;

Velocity effects on corrosion Fate:

Stress effects un corrosion rate.

The main laop is constructed of 1.00 inch T309 tubing and contains an E-M pump
(MSAR Style VI: 2 gpm capacity), a flow meter, a tube-and-shell excnanger, a
test vessel to which the isothermal and the deposition (decreasing tempera-
ture) test legs are attached, a'magnetic trap and a finned cdoler. The test
vessel will also act as the expansion tank and will be used for regular lith-
ium sampling for chemical analysis.

Side loops contain separately pumped hot trap and metering circuits as well as
a bypass flow cold leg containing a cold trap. It is planned to use this cold
.leg later in the program for low temperature corrosion studies.

The objectives of the follow-on program are threefold:
s to extend the ¢orrosinn data base beyond 2000n at 1000-F/550 C
for a variety of candidate first-wall and magnetic fusion con-
tainment materials;

® to gain additional operating experience with a lithium test
facility; : '

o to deveiop methods of controlling, metering, and measuring the
level of hydrogen and nitrogen, in particular, in liquid lith-

ium.
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H.Y2 THE HIGH ENERGY ION BOMBARDMENT SIMULATION FACILITY
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The High Energy I[on Bombardment Simulation Facility (HEIBS) is a unique exam-
ple of university-industry cooperation in app]ied research. The facility is
located at the Sara Mellon Scaife Nuclear Physics Laboratory of the University
of Pittsburgh and is operated jointly by the University of Pittsburgh and
Westinghouse.

Work was initiated on the facility in 1979 with private funding. Subsequent
operation has been supported internally (faculty-student research and Westing-
. house research) and a variety of government grants (DOE, NSF). The primary
thrust of research at the facility is the simulation of materials damage due
to high energy neutron irradiation through ion implantation.

The basic technique employed is coimplantation; heavy ions provide atomic dis-
placement effects and implanted helium simulates accumulation of He through
(n,a) reactions. A key aspect of the research is the study of swelling and
irradiation induced microstructural changes in nickel based alloys for fusion
appliications as part of the OFE-ADIP program. '

The overall laboratory set-up for co-implantation experﬁmgnts is schematically
depicted in Figure H-23 which shows the four floors of the laboratory. On the
first floor heavy negative ions are generated in a special cesium sputter-ion
source. Details of the “UNIS" source and the optics wnich provide optimum .
matching to the £-22 tandem accelerataor are given in Figure H-24. For many of
our experiments a Si beam is used to produce displacement damage in the sample
and we have therefore chosen Si as our example in Figure H-23. The Si beam
is mass analyzed by magnet M2 prior to injeCC1on into €22 with a kinetic
energy of 70 to 100 kV. Since we must reach a compromise bdetween depth of
penetration and heating of the target, we have found that a final oeam energy
of 28 MeV is very satisfactory. This gives a mean depth of penetration in
304 SS of 4.67 um while the peak of the displacement damage occurs at 4.5~
un from the surface. To attain this energy the £22 terminal is set at a

- ] \
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Figure H-23.

Overall Elevation View of the HEIBS Facility
Showing Major Beam-Line Components.
ions are generated by a negative ion source

The light dopant ions

Heavy

~ (UNIS) and accelerated by the E-22 Tandem
Accelerator.

are gen-

erated in a 2 MeV Van de Graaff generator on
the third floor of the building.
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positive potential of 4 MV, At the terminal the 4 MeV Si~ ions pass through
special carbon stripping foils. These 250 A ‘thick foils are made by aqur
group at the Westinghouse R&D Center using AC sputtering of ethylene. Compar-
ed to evaporated carbon foils which are commercially available, these foils
have an order of magnitude better life-time under heavy ion bomoardment. At
4 MV the major positive charge state which is accelerated in section £22 B of
the tandem is Si+6. Consequently, an emerging Si+6 ion will have an ener-
gy of 28 MeV. Transmission through the accelerator is nearly 100%. Since
many positive charge states are c¢reated, a large 90° analyzing magnet (M3)
in conjunction with slits is used to ensure that the beam consists exclusively
of Si*0. The analyzed beam now travels to'the.secona floor where it is re-
focused and passes to the third floor target chamber. Beam diagnostics are
performed all the way from UNIS on the first floor tQ the target on the third
floor. The target itself is located inside two furnaces which are feedback
controlled to ensure that beam fluctuations do not cause major fluctuations in
temperature. The 3 mm samples undergo an elaborate mounting procedure to en-
sure that they remain within 1°C of the temperature which is actually measured.
In general we can maintain a temperature in the range of 55Q C to 750°C_- 2~C.
An additional feature of the all metal target chamber is a high resolution
residual gas analyzer made by the Extranuclear Corporation. This enables us
to monitor the ambient vacuum conditions around the sample. Vacuums of 10’7
Torr are achieved during implantation by means of two 450 liter pér second
turbo pumps located on either side of the target assemdly.

The dopant ions are generated in a 2 MV Van de Graaff generator on the third
floor of the building. Beams are mass separated by a large magnet. Steering,

| rastering and diagnostics are available along with a "doping" beam line.
Prior to entering the sample chamber the beam can oe "“shaped" in energy in
such a way as to dobe the target over a consideradble depth. [n the case of
He, for example, we can dope in a predetermined way from 0.5 um to 3.5 wm
below the surface. All experimental parameters during an experiment are re-
coraed.
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At times it is desirable to use nuclear techniques for profiling dopants in
targets. If the energies required are such as to pose a radiation hazarg,
such experiments are gone in the snielded second floor area. A PDP-15 compu-
ter and PACE interface is available for onaliﬁe processing of the scattering.
data. '

On tne third floor there are three additional experimental setups wnich are
ingicated in schematic form in Figure H-25. The Rutherford oDackscattering or
channeling experiments use a He+ beam from the Van de Graaff with an energy
ranging from 0.5 MeV to 2.0 MeV. A 4.8 meter channeling line gives a full
width angular divergence of A0.03°. Our goniometer has two angular degrees
of freedom, both with stated accuracies of 0.01°, and one translational degree
of freedom. Recently, the whole system has been interfaced with an LSI-11
computer. Plots of the ratio of channeled to random yield as a function of
depth for a particular matrix and He energy are avaiiable in minutes after the
accumulation of adequate points for good statistics. Automatic searching with
the aid of the computer for an absolute minimum in the angular yield profiles,
for a given crystal direction, has been achieQed. Automating this procedure
improves the accuracy'and saves a considerable amount of time.

Static and dynamic mechanical experimental apparatus are available; a uniaxial
tension head or a movihg sample head go into the beam line marked "Mechanical
Relaxation® on Figuré H-25. The "heads" have also been made compatidle witn
the tandem accelerator beam line so that either <2 MV protons, helium ions
or high energy heavy ions can be used to implant the specimen.

Finally, the position marked "UNIS-test" of Figure H-25 represents a fully '
instrumented negative-ion source test bench. Such a test bench is extremely
valuable for determining the parameters required for generating a negative ion
beam. ‘

- - - . i “ )
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Figure H-25. HEIBS Experimental Beam-lines for Rutherford
Backscattering or Channeling Experiments,
Oual Beam Experiments, Static and Oynamic
Mechanical Tests and Negative Ion Source
Experiments.
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H.13 Computers and Computationaﬂ Tools
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Qur team has at its disposal a complete range of digital and analog
computational facilities (and codes as tabulated in Appendix A) which are
fully rele- vant to the needs of the First Wall/ 8lanket/Shield Program. The
facilities available .include two 1arge scale centralized systems: the
Westinghouse Nu- clear Energy Systems Computer Facility in Monroeville,
Pennsylvania, and the National Magnetic Fusion Energy Computer Center (NMFECC)
at Livermore, Cali- fornia. Both are accessible by remote terminals as well
as local batch facil- jties serving the activities supporting the project team
at various sites. These computer facilities support programming activities
with the most popular languages including FORTRAN COBOL. APL. ALGOL and/or
BASIC besides some others less frequently used. Capability for both batch and
interactive modes of operation: besides extensive software libraries and
graphics options, are also present at these faciiities.

WESTINGHOUSE NUCLEAR ENERGY SYSTEMS (NES) COMPUTER FACILITY

The NES Computer Facility was establisned at the Monroeville Pennsylvania,
Nuclear Centar to provide a powerful centralized computational capability to
serve both the commercial nuclear power divisions and the advanced power sys-
tems divisions. These facilities are linked to 19 separate sites via high
speed remote terminals. The overseas operations in Spain and 8elgium are
linked via satellite. At NES, a CYBER 173 supervises the workload of two CDC
7600's that handle the scientific calculations for most of the Corporation.
An IBM 3033 responds to the business needs and some special scientific appli-
cations. An INTERCOM system on the CYBER.173 can be employed in the interac-
tive mode for file manipulation in the preparation of input for Datch process-
ing on the CYBER 173 or on the COC 7600s. INTERCOM can be used witn any re-
mote teletype~-compatible ASCII terminal, including CRT display, printing. and
graphics terminals. Also at NES, the printed and graphics output may be ob-
tained in microfiche form as an alternative to hard copy for long term stor-
age. As in any large scale computar facility there is an extansive system of
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support I1/0 devices. A competent and responsive staff complements the hard-
ware capability and is prepared to advise when difficult programming problems
occur.

NATIONAL MAGNETIC FUSION ENERGY COMPUTER CENTER

Westinghouse has an acgount with NMFECC at Livermore. California, and. conse-
quently, ‘access to the code library and extensive computing capability of the
CDC 7600 and CRAY macnines at this nationally recognized computing network.

RESEARCH AND DEVELOPMENT LABORATORY COMPUTER CENTER

The Westinghouse R&D Laboratory maintains for its users a UNIVAC 1106 and an
cillary 1/0 support equipment including graphics with a CALCOMP 936 plotter.
The Conversational Time Sharing system installed on the UNIVAC is interactive
and permits remote job submittals.

Also located at this site are two separate interactive graphics systems for
computer assisted drafting and design to provide rapid and easy design capa-
bility. The Applicon System is employed most frequently for electronics ap-
plications while the Computer Vision interactive graphics system rece-ves the
bulk of the mechanical design applications, A full complement of haraware.
software ana skilled engineers and tecnnicians support the use of tnese facil-
ities.

AESD (LARGE SITE) HYBRID COMPUTER FACILITY
The hybrid computer laboratory at the Advanced Energy Systems Oivision (AESD)

Site in Large, Pennsylvania is used primarily for analyzing the time dependent
behavior of emerging energy system concepts. In addition, the digital compu-

-ter section can be used separately as a scientific digital computer to perform

calculations or to process data.
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The analog computer consists of three EAl 2000 analog computer consoles. Each
console can solve up to 31 simultaneous differential equations and all three
can be combined to tfiple that capacity. Experience nas shown that this is.
sufficient capacity to handle most problems in the energy field. The power of
the -analog computer is multiplied by the hybrid interface to the digital com-
puter. The digitalvcomputer can be used to calculate complex functions such
as water properties for use by the analog computer. The hybrid interface has
32 analog-to-digital channels and 16 digital-to-analog channels.

Fusion Power Systems Cepartment e Fusion Power Systems Deparniment ¢ Fusion Power Systems (Jenartment ® Fus.on Power S ostens Departmes

Use of the hybrid computer is facilitated by the recent developments in com
puter software which allow automatic seﬁup. scaling and checkout of the analog
computers from the digital computer. This reduces both the engineering time
and the calendar time required to develop ‘a simulation. Evaluation of results
is aided by a digital graphics system which can instantly display results of a
transient on a CRT, scaled and labeled in engineering units. A hard copy of
the grapnics display can be obtained simyltaneously. ana its quality permits
direct use in report preparation.

The digital computer is an SEL 32/77 minicomputer with a 32 bit word and a
64 K word memory. The computer is capable of timesharing operation using the
three terminals in the system, batch operation from cards, or hybrid ope}ation
with the analog computer. Maéé storage is provided by a maQnetic tape drive
and a 40 M byte disk. Output is via a 600 LPM printer. The primary programm-
ing lanquage for this computer is an extended version of FORTRAN [V, and a
large scientific subroutine package is included. '

This computational facility is available to.the First-Wall/ B8lanket/Shield
program as required, particularly for -the analysis of complex transient be-
havior of components and subsystems.
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H.14 HEDL FACILITIES

Table H-3 is a summary of existing test facilities at the Hanford Engineering
Development Laboratory which could be used to support the FW/B/S prdgram.
While the use of thesa facilities is not contemplated at this time, some of
the capabilities may be suitable in special applications should a significantly
axpanded TPE [ program, requiring accelerated and multiple parallel testing
capabilities, materialize. o
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TABLE H- 3

RD ENGINEERING LABORATORY (HEOL)
TEST FACILITIES
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<1 ppm 02 18K amp

Fxperimental Lithiun | 0-600 gpm 0-50 psig 400-800°F @ | Cold Trap - €)] DOE HEDL

Lithum System (D liot Trap
<100 ppm 2

inert Gas Loop- Helium 0-4 1b/sec | 0-465 psia | 420-660°F B | None -- 0.5 MW DOE HEDL

LG JANMG UEEST g 0 Gt dHIPOU0) SWENSAS

GEHERAL NOYES: ).

A portable electron bean power supply

system is common to all facilities.

3~ 2. Under power supply heading, these are controllable DC sipplies in addition to the power supply in Note 1.
'. These supplies are capable of transient power cycling.
;"_: "3. Future expecled use of these facilities is low enough that no scheduling conflicts are expected which would .
3 prevent running substantial FW/B/S tests in the time period proposed.
‘? 4. Aadition of a shell and tube hex at low cost would extend heat dissipation to any desired level. Addition of
by a heat exchanger §s required to match heat inpul. Existing heat removal may have to be increased. .
3 5, Can easily upgrade to at least 1000°F. Limit applies to He compressor. Higher test sectinn outlet
H tanperatures caa be abtained by adding a heat exchanqer downstream of test section,
-

TN
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APPENDIX F

COMBUSTION-ENGINEERING INC.
RESPONSE



C-E Power Systems - Tel. 203/688-1911
Combustion Engineering, Inc. Telex: 99297
1000 Prospect Hill Road ‘ ' :

Windsor, Connecticut 06095

POWER | | | ,
SYSTEMS -

September 24, 1981 ,
EDS-81-231 -

P. Y. Hsu

TPE-II1 Program Manager
Fusion Technology Program
E. G. & G. Idaho, Inc.

P. 0. Box 1625

Idaho Falls, Idaho 83415

Subject: Thermal Hydraulic Thermomechanical Testing Facilities Survey
Dear Mr. Hsu:

Combustion Engineering, Inc., is pleased to respond to your inquiry
with regards to available C—E facilities to perform thermal-hydraulic
and thermo-mechanical testing planned for the fusion technology program.

. The attached response addresses each of the specific items in the
inquiry list contained in your letter to V. G. SCOttl, dated
September 11, 1981, that we feel we are qualified in providing. C-E
has the requ131te expertlse and facilities to make an important con-
tribution to the fusion program.

We would be pleased to provide further amplification of our capabilities.
Please call Dr. H. N. Guerrero at (203) 688—1911 ext. 3921 for any
questlons

. i
Director éf-

Bernd J./Se

Engineering Development & Services
C-E Nuclear Power Systems
Combustion Engineering




s POV/ER :  PROPOSAL NO.

: 15 SYSTEMS

COMBUSHON ENGINT LRING INC

COMPONENT TESTING

The technical responsibility to test major C-E NSSS components in order
to establish design parameters or to verify the completed design is
assigned to the Engineering Development and Test group (ED&T). The

. ED&T group is staffed by 23 engineers and specialists and i3 one uf Lhe
functional groups under Engineering Development and Services.

To meet the above responsibility, scaled and full size models of C-E's
PWR primary components (fuel assemblies, CEDMs and primary system inter-
nal structures) are lested to support their thermal, hydraulic and
mechanical designs. Further, prototype components such as fuel assem-
“blies and CEDMs are tested at prototypical conditions of pressure, tem-
perature and flow to assure that stringent performance criteria are met.

Besides operational testing, the ED&T group also performs research and
development testing to: resolve nuclear safety concerns such as LOCA
heat transfer and blowdown loads in the core and steam generator; con-
duct flow and.vibration studies of major internal structures; conduct
test1ng for corrosion effects; and develop specialized single and two-
phase flow instrumentation.

PAGE



TF-7 Control Element Drive Mechanism (CEDM) Test Stand

This facility is used as a control element drive mechanism test facility
for hot operational development testing of CEDMs, control elements, and
CEDM cooling shrouds. The facility has a 20 foot and a 31 foot head
clearance area.

Pressire - 2500 psi
Temperature - 650°F

Flow ' - 30 gpm

Material - Stainless Steel
Test Sections - 8 inch diameter

- 16 inch diameter

Piping Size - 1-inch

TF-2 Hot Loop

The CE reactor components test facility (TF-2) is a high temperature/high
pressure test loop that is similar in many respects to a PWR coolant loop.
It's primary use is for simultaneously testing full size systems of reactor
components including up to five fuel assemblies, control rod, control rod
drive mechanism and reactor internals mock-up. In addition, high tempera-
ture/high pressure model testing and individual component testing is carried
out in this facility. The facility has been employed to develop an ultrasonic
flow meter, perform special erosion tests, conduct leak detection studies and
serve as a materials evaluation station.

Pressure - 2500 psi

Temperature - 650°F

Flow - 15,000 gpm at 300 ft. head
Piping Size - 16 inch

Test sections - a. 36 inch diameter, approx. 40 ft. long
b. 13 inch diameter, approx. 28 ft. long

Stainless steel 316 and stainless clad carbon steel for

fa Wall | I N R A S

Material



TF-1 llet Loop

TF-1 is a 4" high pressure, high temperature flow Toop used for (1) vibration
and dynamic corrosion testing of partial fuel bundles, (2) LOCA blowdown loads
testing of full length steam generator tubes under prototypical conditions,
(3) blowdown heat transfer testing of simulated PWR fuel channel under simu-
lated transient flow and power conditions.

Pressure - 2300 psi

Temperature - 650°F

Material : - Stainless Steel

Flow - 450 gpm at 150 ft. head

Auxiliary Power Supply - 300 kw DC or AC programmable

IF-16 Pot Boiler Facility

The pot boiler test facility offers the capability of testing a variety of
chemistry/corrosion environments under heat transfer conditions. Pot boilers
are designed to simulate extreme steam generator hydraulic conditions. Test-
ing in this facility included evaluation of various steam generator secondary
chemistry environments under normal or faulted conditions and simulated con-
denser leakage tests. Other efforts include.denting neutralization, chemical
cleaning, condensate polishing, water chemistry limits, and alternate materials.

2500 psi primary (1000 psi secondary)

650°F primary (550°F secondary)

150 gpm at 310 ft. head

Stainless steel primary, (carbon steel secondqry)
17 (one sta. has 250 kw rating) '

Pressure

Temperature

Flow

Material
Test Station
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COMBUSTION ENGINEERING INC

SPECIAL INSTRUMENTAT [ON

Examples of specigl instruments developed for the Nur]ear Laboratory
test facilities and reactor use are:

1 \ .
*  Boronometer to measure B 0 concentration in the reactor

coolant. .
* Ultrasonic flowmeter to measure primary coolant flowrate.

* Ultrasonic¢ displacement measuring system for core barrel
_vibration measurements.

® RF retlectometer probe for dynamic liquid lTevel measurement.
* Control rod position indicator system.

® Precritical Vibration Monitoring Program system consisting
of accelerometers, pressure transducers and strain gauges.

ELECTRICAL AND INSTRUMENTATION DEVELOPMENT

The Power Systems Group of Combustion Engineering is involved in a wide
range of activities which require electrical and instrumentation support.
These needs are met by the Electrical and Instrumentation Development
group within the Engineering Development and Services organization.
Staffed by eight engineers, nine electronic technicians and supervisor,
iersonnel, the group also maintains a fully equipped electronics lab

for developing prototype instruments and a standards lab for calibration
of a wide var1ety ‘of instrumentation.

DATA ACQUISITION AND PROCESSING FACILITY

The Nuclear DevelOpment Laboratory data acquisition/data reduction systems
are centered around a PDP11/15 minicomputer. Data acquisition equipment
includes two 14 track FM tape recorders, a 39-channel FM Multiplex system,
and ‘a direct digital data acquisition system tying the PDP computer to
test stands. The PDP-11 computer system contains 96 channels of analog-
to-digital conversion, ten million bytes of on-line disc storage, seven-
track digital tape, a 132-column line printer and a digital incremental
plotter for automatically generating report quality plotted data. Remote
and local access exists to C-E's data processing center which includes

CDC 7600 and Cyber 72 computers. Standard Fourier analysis and
statistical capabilities are available.

PACE



C-E RESPONSE TO QUESTIONNAIRE FOR TPE-II FACILITY SURVEY

Reference: Letter from P. Y. Hsu, TPE-II Program Mapager, Fusion Technology
Program to V. G. Scotti, September 11, 1981.

C-E's response is directed mainly to the thermal hydraulic testing aspect of
TPE~-I1. Here, we assume the testing of simulated internal heat geﬁeration »
in facsimiles of fusion blanket/shield modules while cénnected to and actively
cooled by a heat transfer loop. Of course, this may also be considered as
constituting part of the thermo-méchanical testing. The foliowing 1tems
address each of the specific questions in the inquiry of the above reference.

(The numbering or letters correspond to the sequence in the reference letter.)
Question 2

a.) The Nuclear Laboratories presently has a 300 kw fully programmable DC
power supply (107V DC, 3000 amps), where the output is continuously
variable from 10 volts to the maximum voltage. This has been used
previously to power simulated nuclear fuel rod assemblies for critical
heat flux, blowdown and transient heating experimentsl Tn addition,
the Laboratory has available up to 1.87 MW additional electrical
capacity with the requisite transformers and switchgear. Thus, high
power loadings of up to 2.17 MW can be accommodated for steady-oper-—
ation. Cyclic or transient experiments can be performed at up to
300KW with the DC programmable power sdpply which could be augmented
by addition of similar units.

Resistive heating utilizing a low voltage, high current power supply
would appear to be the most technically feasible method of simulating
the internal heat generation of a blanket module since a lot of

experimental experience has been achieved in simulating nuclear heating
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in fission reactors with this method. The technology is well developed
and various power profiles can be easily genmerated by tailoring the
resistance per unit length of the resistance heater. This is a high1y4
{lexible method wihiich can accommodate any'conceivable combinations

or contigurations of blanket modules.

The test enviromment in which the test module would be set up would
normally be an air environment.

The size and configuration of the test pieces would be limited only

by the heat source power and the test piece hcat generatiovii/unit

volume.

Any material can be accommodated in the test space if safe working

conditions can be maintained.

Maximum temperatures would be limited by the meeting point of struc—
tural materials (e.g. steel ~ ZOOOOF). Maximum power attainable as

mentioned previously is 2.17 MW.

The rise time and decay time of the DC power supply is in the order
nf 1/4 second. Howewver, the contivl current of rhé saturable reactor
core is only 0-100 ma which easily allows the programming of any
power pulse rise and decay time and repetition rate using simple

electronic control circuits.

The C-E Nuclear Test Laboratories include a number of general purpose
high pressure, high temperature water loops that operate at PWR
reactor conditions of 2200 psig and 600°F. Three of these that may

be pertinent to these tests are:



h.)

a. TF-1 loop with a flow capacity of 400 gpm and 4-inch

pipe line size;

b. TF-2 loop with a flow capacity of 15,000 gpm.and 16-inch

pipe line size and,

c. '[F-16 loop with a flow capacity of 150 gpm and 3-inch

pipe liue size.

Detailed specifications and description of these test loops are included

in Attachment A. Flowsheets are included in Attachment B.

All of these facilities are fully instrumented for loop pressure, tem—
perature and flow operational conditions. Special instrumentation of
test sections installed iu these loops have been both varied and sub-

stantial. These include fast response thermocouples, pitot probes,

ultrasonic flowmeters, piezo—electric pressure transducers, piezo—

electric and strain gage type force transducers, eddy current dis-
placement transducers, LVDTs, strain gages, accelerometers and others.
The special circumstances under which these types of instrumentation
and the expertisé developed with them can best be illustrated with
examples of testing conducted with these facilities. These include:

- Hot flow testing under simulated reactor primary system environ-—
ments, testing under simulated seismic conditions, equipment
evaluation of typical full size reactor components including
reactor fuel, control elements, drive mechanisms and miscel-

laneous support structures.

-~ Flow testing on 1/5 scale models of complete reactor vessel and
all its internals for verification of thermal-hydraulic analyses.



- Flow induced vibration tests of a scale model PWR Upper Guide
Structure under prototypical reactor pressure, temperatures

and flows. -

. — FPRI Blowdown Heat Transfer tesls and other reflood tests of.

simulated single reactor fuel channels,

- EPRI LOCA loads testing of full size PWR steam generatof tubes
under prototypical reactor blowdown conditions for verification
of thermal-hydraulic code (CE-FLASH4) and mechanical response
codes (ANSYS).

- EPRI Steam Generator Tube fretting and wear test program to
characterize tube/support interaction forces as a function of
tube/support geometry, loading conditions, environment and

materials.

A central data échisition system based on a PDP 11/15 computer is
available for on-line remote data acquisition (up to 50,000 samples
per second) as well as off-line data reduction. An on-line data -
acquisition capability would have advantages [ur the TPE II program
in view of thc capability for data logging as well as rransient data
acquisition (2 speed flexibility), and capabilities for pre—test
calibration, check-out of instruments, aiid quick turnaround of data
reduction. A larger, more flexible computer system is also planned
which can handle multiple tasks. A 50-channel FM-Multiplex data

acquisition system is also available,

Availability of these facilities at the present time is excellent.
Existing C-E test facilities made available to the FW/B/S
program will be made available without any 'use charge" or ''rental

fee'". Direct charges will only be applied to the contract for labor,

materials and extraordinary fuel expenses. C-E's government approved



3.)

k.)

accounting system is based upon depreciation of capital facilities
over their useable lifetime. This depreciation expense, as well as
other overhead related expenses, is included in the overhead rate

for the cost center serving the particular test facility.

C-E,. as a nuclear manufacturer, maintains a number of manufacturing
operations, and machine shops which the Nuclear Test Laboratories
regularly make use of in the fabrication of test models, other test
hardware, prototype equipment and special handling tools and fixtures.

A dynamic test laboratory is maintained which.is equipped with
hydraulic and electromagnetic shakers controlled by a digital vibra-
tion control system. Software is also. available for dynamic test
analysis. This laboratory would be useful for obtaining the dynamic

characteristics of the test pieces prior to testing,

An electronics and standards laboratories are available for calibration

and fabrication of special transducers and instrumentation.

A full complement of supporting laboratories including analytical
chemistry, metallographic, ceramic, materials properties, x-ray, and
photographic laboratories are also available. The above facilities
are described fully in Attachment A. '

C-E Nuclear Test Laboratories maintain a large staff of well qualified
personnel for performing the research and development activities of
the company using these facilities. There are up to 62 scientists/ -

engineers and 70 technicians in the various departments comprising

the Nuclear Test Laboratories. The various groups and their functions
are described in Attachment A.



1.) 1In addition to the personnel in the Nuclear Test Laboratories, other
qualified personnel are available to provide analytical support to
tests of the type in TPE II. Such support can be in the form of
help iu Lest facility desigu, test planning, pre—test analysis and
pust=test data evaluation. C-E is very well qualified in this
respect in view nf the aexperticc available awuuy its various design
groups in the C-E Nuclear Power Systems. The engincering, materials
and physics problems specific to the magnetic fusion program are
similar in many respects to the type of problems that Combustion
Engineering is regularly dealing with in designing nuclear generating
stations. Therefore, the analytical skills and advanced computational
methods and broad teclmical support from all engineering disciplines
that are available within C-E will ensure that the test objectives
ot TPE II will be successfully addressed. The following are the C-E
nuclear design groups and a short description of their functions and

capabilities.

The Reactor Design Department is responsible for performing structural

analysis of reactor fuel assemblies and reactor internals, considering
thermo-structural interactions of reactor components, fluid-structure.
inleraction under static, thermal, steady state and dynamic transient
leoads resnlting from accident conditiuvus, Performance of these analysis

requires the knowledge of complex computer codes.

Mechanical Design Department is responsible for performing structural

analyses of reactor internals, reactor fuel assemblies and auxiliary
reactor components. Specific areas of expertise include, but are not

limited to:

(a) Application and development of numerical computer methods
for the solution of nonlinear dynamic responses under
earthquake and fluid pressure loading. Nonlinear capa-
bilities include treatment of gaps, friction, elastic- '

plastic properties and fluid structure effects.



(b) Development of large finite element models of complex
structures for use in both static and dynamic response
analyses.

(c) Transient and steady-state dynamic and stability analyses
of arbitrarily loaded shell structures including fluid-

structure interactions.

(d) Facility in the application and development of a wide
variety of structural analysis computer programs such as
SAPIV, STRUDL, STARDYNE, ANSYS, SHOCK, MARC, ASHD, DYNASOR,

and others.

The Materials and Chemistry Development Department has responsibilities

for selecting all primary, secondary and auxiliary systems structural
materials, coatings, and other materials used in the fabrication of
reactor internals, pressure vessel, primary system boundary and auxil-
iary components. It handles programs dealing with radiation effects,
radiation surveillance of reactor vessel materials, evaluation of post-
. irradiated material and properties and fracture toughness testing
support of NSSS design development and operation of PWR and other
advanced reactor systems. The department is also responsible for NSSS

system chemistry, system corrosion and chemical cleaning.

Plant Engineering Department provides the design, analyses, and syn—

theses of thermal-hydraulic and mechanical systems used by the power
generation industry; Under this department, the Structural Systems
section is responsible for performing stress, thermal, and seismic
analysis of pipidg, components and equipment supports for both primary
and auxiliary system designs. The Primary Systems section provides
thermal-hydraulic system responses for steady-state, transient and
accident .conditions and develops dynamic mass and energy release data

for postulated ruptures on high and moderate energy piping systems.



'Fuels Development Department is responsible for executing materials

development programs and irradiation tests on all core materials for -
C-E - PWRs. It provides consulting services on clad material properties
for other groups within NPS. IL prepares design input_daté and cor-

relations on core malerials for fuel performance analysis.

Additional Questions

a.)

b.)

d.)

The three test loops cited are all basically-circulation type loops.
TF-2 is used for large scale testing of prototype components. TF-1
has been used for blowdown and two phase testing. TF-3 is used to

simiilate PWR primary and eecondary (two—phase) condilions.
Water is the primary fluid used.

TF-2 effects its heat—up by means of pump heat (~ 1 MW) and has a
cooldown heat exchanger (liquid-to-liquid) rated at 2.5 million BTU/
hr-ft2. .

TF-1 has 75 KW in-line immersion heaters and the 300 KW DC power supply
ie often used 1n tests using this facility. Cooling capacity is
available with a liquid-to—liquid heat exchanger rated as sufficient

to handle a 300 KW heat load. -

TF-16 has in—line immersion heaters that add up to a maximum of 500 KW.
An air blast heat exchanger is used to condense steam generated in the

pot boilers and is rated at 1.5 million BTU/hr.

Detailed information on flow rates, pressures, pressure drops, and
other information are contained in specification sheets provided in
Attachment A.
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C-E Facilities and Laboratories
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BABCOCK AND WILCOX
 RESPONSE



Babcock & Wilcox 4 Contract Research Division

a McDermott company ' P. O. Box 1260
. Lynchburg, Virginia 24505
(804) 384-5111

September 24, 1981

Mr. P. Y. Hsu

"TPE-1I Program Manager
Fusion Technology Program
EG&G Idaho, Inc.

P. 0. Box 1625

Idaho Falls, Idaho 83415

Dear Mr. Hsu:

Subject: Your letter dated September 11, 1981, entitled "Thermal-
Hydraulic Thermomechanical Testing Faci]ities.“

Babcock & Wilcox appreciates the opportunity to present our capabilities
per your subject request. Included with this Tetter are the fol]ow1ng write-ups
and brochures:

1. Existing Thermal-Hydraulic Research Facility for Fusion Blanket/
Shield Test Program (TPE-II)

Personnel Resumes

3. Heat Transfer Facility with 1sometr1c arrangement and
summarized capabilities.

4. Research and Development Brochure

We believe this information provides all the answers to the questions in
your letter. However, if we have overlooked some aspect, please contact me,
(804) 385-3322, or Mr. Bob Kuchner, (216) 821-9110, Ext. 529), to get any
further data.

We Took forward to working with you on this important industry program.
| Sincerely,

BABCOCK & WILCOX
a McDermott company

fﬁ . Q,L&U\mw)

Floyd N. Anderson

Marketing Specialist

Nuclear Marketing Department
FNA:ps '
Enclosures
cc: G. Longhurst



EXISTING THERMAL-HYDRAULIC RESEARCH FACILITY
FOR FUSION BLANKET/SHIELD TEST PROGRAM (TPE-II)

The Babcock & Wilcox Company has a thermal-hydraulic research facility which
~will be ot interest to k&G 1n the DOE-spunsured fusion program. The research
facility is the Heat Transfer Facility (HTF). It was built in 1976 and is located
at the Alliance Research Center in A]liénce, Ohio. Brochures describing both the HTF
and the R&D Division are enclosed to provide an overview of our facilities and
capabilities.

Responses to the "Questionaire for TPE-II Facility Survey" regarding the
HTF are provided below.. The HTF can be used to accomplish both the thermal-hydraulic
and thermomechanical testing. We do not have facilities to provide nuclear heating
of the test specimens. The responses provided follow the format suggested by the
questionaire |

OVERVIEW TO HTF

e [Facility Configuration:

The facility consists of
closed-circuit, two-phase pressurized water flow loop.
10 megawatt power supply and a heat rejection system.

controls and instrumentation.
dedicated computer-based data acquisition system.

The flow loop is shown schematically in Figure 1.
e Working Fluid: The working fluid is high purity water.

e Heat Source and Sink: The heat source for the facility is a 10
megawatt direct current power;supply. The . 50,000 amperes pover
supply consists of five silicon-controlled-rectifier power moduies
with the voltage potential variable from 0 to 200 VDC.

Heat is removed from the pressurized water loop via two compact
heat exchangers, a secondary water system and an external cooling
tower. The nominal heat rejection rate is 6 megawatts, although
‘rates approaching 10 megawatts have been achieved at high Toop
tempékatures.‘ |
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e Summary of Capabilities

Electric Power Supply
 Voltage
Current

Flow Loop:
Design Pressure
Design Temperature
Design Flow Rate
Design Head
Number of Pumps
Number of Heat Exchangers
Material
Number of Test Bays

10 Megawatts
200 Volts DC Maximum
50,000 Amps

21 Mpa (3000 psi)
3700C  (700°F)

40 g9/Sec (650 GPM)
256 m (840 Ft)

. |

- 2 (6 Megawatts Nominal)

Stainless Steel
2
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{ DETAILED DESCRIPTION OF HTF

Jwo of the most significant requirements of the fusion blanket/shield test
program will be satisfied by the HTF. The first requirement is a source of pressur-
‘ized water coolant with sufficient capacity to cool the test pieces. The second
requirement is a source of electrical power for the heaters required to simulate the
b]ahket heat release. The following paragraphs brief}y‘describe the character-
istics of the HTF in light of these.two requirements.- Several additional features
of the faci]ity that are important to the test effort are also described.

The HTF was designed with flow capabilities suitable for testing both nuclear
reactor and fossil fuel boiler components. The facility has a closed-circuit flow
loop that is constructed of stainless steel and désigned to ASME specifications for a
pressure of 21 Mpa-and a temperature of 3709°C. The flow loop is shown in Figure 1.
The volume of the piping was mimimized to gain fast response to thermal changes and
to minimize the volume of steam that can exist. A bypass around the test section
area provides added flexibility in control of conditions and response. There are
four Chempump canned rotor pumps each having a head of approximately 130 meters at
a design flow of 0.02 cubic meters per second. The pumps can be operated in anonf
the following conditions: one pump alone, two pumps in series, two pumps in parallel
or two pairs of series connected pumps in parallel. This gives wide flexibility in
coolant flow rates that raﬁge from 0.0006 cubic meters per second up to the maximum
design point of 0.041 cubic meters per second at 260 meters head. Substantially
more flow is obtainable at luwer heads.

The circulating loop is connected to an ASME Section VIII code stamped pressur-
izer vessel. The pressurizer is used to control the Toop pressure and to absorb
the changes in volume of the loop fluid during operation.

Héat is removed from the pressurized water ccolant through two compact heat
exchangers in conjunction with an external cooling tower. The maximum heat rejection
rate is determined by the loop temperature. The nominal rate is 6 megawatts,
although rates approaching 10 megawatts have been achieved at high loop temperatures.
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The loop can be controlled either manually or automatically through control
valves, pressurizer heaters; loop heaters and a feed pump. The loop is also
equipped with many interlocks and safety trip circuits to provide protection of -
the loop and test section. ‘ ’ ' '

A 10-megawatt power supply is available to simulate heat released in the
blanket region. The 50,000-ampere power supply equipment consists of five silicon-
controlled-rectifier (SCR) power modules capable of delivering up to 10,000 amperes
each with the voltage potential variable from 0 to 200 VDC. The modules can be
paralleled and controlled as a single package, or grouped for control 6f up to three
packages simultaneously and/or individually. The control circuits can be readily
extended to allow programmed computer control of any or all of the three packages.

A central control room contains all controls and recorders for complete control
of the power equipment, the circulating loop and auxiliary support systems. It also
éontains the dediéated computer-based data acquisition system which has both a
192-channel high-speed scanner (up to 8000 channels per second) and a 200-channel
“low-speed (high resolution) scanner. The heart of the data acquisition system is a
Varian V-75 computer. It can be programmed for simultaneous locp monitoring and
protectfqn, data acquisition, data reducticn and test piece protection. A1l instru-
ments and scanners feed through a wiring patch panel for simplified hook-up of

instruments.

The loop instrumentation has additional features that are important to this
program. A1l the instruments critical to the test have certified calibrations
traceable to the NBS. Also, loop pressure, flow nozzle pressure drop, coolant flow
rate, coolant temperature at the flow measuring components, coolant test vessel inlet
and outlet temperature are all measured by more than one instrument. This allows for
early detection of instrument failures and helps to establish measurement uncertainties

by cross-checking.

~ There are several additional advantaées of having the HTF availeble fcr use
in the fusion blanket/shield test program. The first is that the facility is at its
optimum -age (4 years) for use. It is new enough that the most up-to-date systems
have been incorporéted into it and yet it is old encugh that the systems have been
debugged and proven in use. Another advantage is that many of the components used

in the facility represent very long-lead-time items. If such a facility had to be



constructed and debugged as part of this test program, it would have a significant
impact on the time schedule. Another advantage is construction cost savings. No
significant modifications to the facility are anticibated so facility construction
costs should be minimal.

The HTF is comprised of two test bays and the necessary flow loop and power
supplies. Testing at either site can be accomplished by the proper location of
blank flanges. One test bay will be dedicated to the proposed program.. This will
bermit the uninterrupted fabrication and assembly of -the required test apparatus.
The pressurized water flow loop, power supply, instrumentation and tontrols of the
HTF will be shared with other tests-being performed in the other bay. Scheduling
conflicts are not anticipated. Should such conflicts arise during.the execution
“of the program, B&K will quickly address the problem and attempt to minimize (if
not preclude) any delay.

The cost for using the HTF will be based upon (1) a proration of the annual
fixed costs associated with the facility and (2) the costs associated with operating
the facility for the test program. The percentage of the fixed costs (which include
annual depreciation charges and the labor, material and utility charges reguired to
maintain the facility) will be prorated by the number of days/year which the facilit)
is dedicated to the fusion program. The facility will be considered dedicated to
 this program only during those days which the facility is in operation to either chet
out the tést'apparatus or to execute the test‘progrém; The fixed costs for the HTF
are approximately $300,000 per year. The operating costs for using the facility
include the labor, material and utilities (electric and water) required to perform
the sbecific test program and to return the facility to its original condition upon
completion of testing. These costs depend upon fhe scope of the test program and
cannot be estimated at this time. Thus, the total cost for the use of the HTF
during a given year will be calculated as follows: :

use of Heat Transfer

{tota] annual cost for}
Facility

for the facility is dedicated to the program
365 days

{a11 Operatﬁng costs (labor, materials, utilities, and indirects) and}
+

{(annua] fixed costs) ) (ﬁumber of days/year the faci1ity) }

applicable fee required to perform the specified test program
and return the facility to its original condition
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AVAILABLE SUPPORT FACILITIES

The technical expertise and the research facilities available at the two
research centers of Babcock & Wilcox are well qualified to perform both the thermal-
hydraulic and thermomechanical test’ programs. The enclosed R&DD brochure outlines

the capabilities of our research organizations.

The support facilities which appear to be needed for this fusion blanket/

shield program are:

g

Experimental Stress Facilities

A summary of the facilities available for experimental stress analysis at the

Alliance Research Center is as follows:

Full range of equipment for installation, checkout and calibration

of weldable high temperature strain gages and displacement transducers.
A11 equipment necessary for performing the dynamic structural response
tests - including accelerometers-and mounts, cabling, sigha]
conditioning, tape recorders, exciters (random and impulse) and signal

sources.

Data Acquisition System (small system) - All equipment necessary for

assembly of a small data acquisition system including power supplies,
signal conditioning, tape recording, signal monitoring, calibration
equipment (NBS traceable).

Data Acquisition System (large scale) - B&W has designed and built a
100+ channel data acquisition, monitoring and recording system. This
system includes over 100 power supply/signal conditioning modules and
ranging amplifiers compatible with strain gages or accelerometers, pro-
vision for monitoring quality of the incoming the recorded signals,
frequency domain analog multiplexing, tape recording and built-in NBS
traceable ca]ibration'facilities (signal sources, voltmeters etc.).
This system also incorporates limited data reduction capability for
reduction of real-time signals during testing. _

Data Analysis Laboratory - A fully equipped data analysis laboratory is
available for in-depth data analyses (both time domain and frequency
domain) using a combination of traditional laboratory measuring devices



a0

“

and miniiomputer-based analyzers. Traditional equipment is fully
fntegrated into a laboratory patch panel, and includes vol tmeters,
oscilloscope, oscillograph, XY:recorder, filters, analog signal

' manipulation modules and timer/counters.

Minicomputer based analyzers include a Hewlett-Packard 5451-C Fast
Fourier Analyzer and a Gen Rad-Series 2500 analyzer with time series
and modal apalysis software. Both machines are fu1]y—expanded and up
to date representing current.state-of-the-art in experimental structural
analysis equipment. Both machines are interfaced to a PDP 11/70 and a
VAX 11/780 via a high speed data network, providing the capability for
large scale data reduction tasks.

The data analysis system can provide complete and rapid reduction of all
data from both the dynamic response testing and thermal effects testing.

Computer Facilities

At the Alliance Research Center, engineers and scientists have available the
resources of a large computer, a Control Data Corporation CDC 7600 system capable
of solving very large engineering programs. A data communications facility links
this computer to a Digital Equipment Corporation VAX 11/780 system. This is an
interactive scientific computer with which engineering models are defined, coded,
debugged and tested. The resulting computer code is then transferred to the CDC
computer for ultimate high-speed processing. Modifications and enhancements can be
quickly checked on the VAX 11/780 computer using its interactive facilities and

~ then_ incorporated into the model residing on the CDC computer. Similarly, data can

be checked for errors, accuracy and completeness interactively using VAX 11/780
and thus, the final error free data can be transmitted to the CDC 7600 for batch
computing services. When the results of this computer analysis are available, the
information can be sent back to the VAX 11/780 for further analysis and output.
For example, information may be displayed graphically, via CRT or plotter. The
results can be stored locally for later comparison with results of other studies.
AN software and data formats on the computer system are compatible so that little
engineering effort is required to format the data and code to transport it from one
machine to the other. The Alliance Research Center provides a computer staff to
provide support services for these computers. Services include system and -
applications consulting, data entry and computer operations support personng].

P
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The B&W Compute} Center used by the Lynchburg Research Center (LRC) of the
80D represents state-of-the-art capability in automated scientific computing
lesigned to meet the expanding needs for computing requirements for the contract
-esearch and development programs. The system has been continuously enhanced to
neet competitive standards in the computer services market place. The B&W Computer
enter includes interconnected CDC Cyber 76, Cyber 73, and Cyber 171 computers
-omplemented by a host of peripheral and communications equipment. The. Cyber 73/
yber 171 process all interactive work and act as a system interface for ail batch
yrocessing. The Center is supportad by a number of experienced groups inciuding
oftware systems, communications, operation, and I/0 control. In addition, there
s also the B&W Hybrid Computer Laboratory which consists of three digital computers
ind two analog computers. These computers are inter-connected to allow two indepen-
lent small hybrid computers or one large hybrid computer capable of simulating power
jeneration systems from the heat source to the turbine-generator. The Laboratory
onsists of CDC-1700, EAI-640 and AP-120B digital computers interfaced with two
‘ully expanded EAI-680 analog computers. There is a 1718 Satellite Computer between
he CDC-1700 and the Cyber 73 of the B&W Computer Center. The Laboratory is supported
y a number of experienced model developers, on-location maintenance and spacial
ardware development personnel, and experienced systems and applications programmers.

lacuum Chamber .

~ The Alliance Research Center has a large vacuum chamber which is available
‘or-use in this test program. The chamber is a cylinder approximately 1 meter 1in
liameter and 7 meters 1ohg. The chamber is exhibited in Figure 2. Each end has
ccess through a hinged door. A door (approximately 1 meter in diameter) is also
ccated at the middle of the cylinder and is equipped with an observation window.
\1s0, a one-meter diameter flanged access in the vertical direction is available at
he middle. The chamber is equipped with mechanical pumps, a diffusion bump and all
he necessary valves. Test pressures of approximately 1076 torr should be possible.
ome maintenance will be required to put the chamber into service on this program.
lowever, the costs involved should be minor ccmpared to a new chamber and pumps.
his represents a significant cost savings to the program and eliminates the long
ead time associated with procurement of a suitable new chamber.



'Hinged Door
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PROJECT TEAM

Babcock & Wilcox has both the managerial and technical capabilities to perform
Jarge experimental programs. The fusion blanket/shield test program would be per-
formed under the technical management of the Thermal and Fluids Technology Section
at the Alliance Research Center and would be administered by the -Contract Research
Division. Dr. P. A. Pfund is Manager of the Thermal and Fluids Technology Section.
Mr. R. A. Kuchner, a Group Supervisor in that section, would be the Prugram Manager.
Mr. M. Lukasik would be the contract administrator within the Contract Research

Division.

A staff of highly qualified Support Group Leaders would éssist the Program
Manager in the performance of the technical tasks. The Support Group Leaders are

Combany Title ' Program Position
K. E. Kneidel Group Supervisor , Heat Transfer Support Leader
W. A. Fiveland Research Specialist Thermal-Hydraulic Research
: Specialist '
S. E. Reed Group Supervisor Experimental Mechanics
o Support Leader
J. F. Martin Sr. Design Engineer Designs Support Leader
R. J. Lepucki Instrument Engineer I1I Instrument and Controis

Support Leader

The resumes of Dr. Pfund, Mr. Kuchner, Mr. Lukasik and each- support group Teader

follows.
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Resume of PHILIP A. PFUND, Section Manager, Thermal & Fluids Techno]ogy Sectlon
Alliance Research Ceﬂter, Alliance, Ohio

Education:

University of Wisconsin, Madison, Wisconsin, B.S. Applied Mechanics

and Engineering Physics, 1966
University of Minnesota, Minneapolis, Minnesota, M.S. Fluid Mechanics, 1969
University of Minnesota, Minneapolis, Minnesota, Ph.D. Fluid Mechanics, 1975

. Professional Experience:

'(1980-Present) THE BABCOCK & WILCOX COMPANY, RESEARCH AND DEVELOPMENT
DIVISION, SECTION MANAGER, THERMAL & FLUIDS TECHNOLOGY. Managerial
responsibiiity for engineers and projects in the -areas of heat transfer,
fluid mechanics and thermal systems. Section responsibilities include:
large-scale heat transfer experiments, reactor core thermal performance,
boiler cleaning equipment, heat transfer analysis and computer code
development, thermal insulation, reactor core hydraulic performance,
control valve performance, laser velocimetry, flow modeling, fluid
metering, critical heat flux testing, two-phase flow heat transfer, basic
thermal radiation properties.

(1977-1980) GROUP SUPERVISOR, THERMAL & FLUIDS TECHNOLOGY . Supervisory
responsibility for projects dealing with nuclear reactor vessel model flow
testing, laser doppler velocity measurements of liquids, solids, and two-
phase flows, nuclear fuel assembiy hydraulics, molten steel hydrauiics,
fluidized bed heat treating.

(1975-1977) SENIOR RESEARCH ENGINEER, APPLIED MECHANICS. Project
responsibility for control rod drive mechanism testing, development and
testing of electrical insulation systems for contrcl rod drive motors.

(1973-1975) RESEARCH ENGINEER, SPECIAL PROJECTS. Project responsibility

for mechanical and hydraulic testing of nuclear fuel assembly designs for
maritime application, hydraulic model testing of maritime reactor internals.

"Professional Affiliations:

American Society of Mechanical Engineers, 1973-Present

ASME, Fluid Mechanics Committee, 1976-Present

ASME, Canton-Alliance-Massillon Section Board of Directors, 1977-Present
TEEE, Electrical Insulation -Group, 1975-1877

Publications:

P. A. Pfund, "Heat Transfer from the Inner Wall of an Annulus to a
Decaying Swirling Flow", M.S. Thesis, University of Minnesota, 1969.



PHILIP A. PFUND
P. A. Pfund, "Heat Transfer and Fluid Flow in a Short Vortex Chamber",
Ph.D. Thesis, University of Minnesota, 1975.

P. A. Pfund, D. C. North and-R. J. Parekh, l'AEvaluation of a Fuel Aésemb]y
for a Nuclear Merchant Ship", ASME Paper 76-WA/NE-18, 1976. :

S. C. Yao and P.. A. Pfund, eds., "Fluid Flow and Heat Transfer' Over Rod
or Tube Bundles", ASME Symposium Volume G00157, December 2-7, 1979.
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Resume of MICHAEL LUKASIK, Senior Centract tanager
Contract Research Division, Alliance, Ohio

Education'

Broome Technical Commun1uy College, Binghamton, New York
A.A.S. Mechanical Tech., 1966
University of Cincinnati, Cincinnati, Ohio
Part-time M.E. study, 1967-1970
University of Akron, Akron, Ohio
B.S. Technical Education, 1972
University of Akron, Akron, Ohio
M.S. Technical Supervision and Administration, 1974

Professional Experience:

(1966-1970) Engineering Assistant positions with the General Electric
Co. and Garrett Corporation, with primary effort centering on develop-
mental testing of gas turbine engines.

"(1970-Present)  BABCOCK & WILCOX COMPANY, as follows:

1970-1972 Engineer in Nuclear Equipment Division, Barberton, Ohio.
Responsible for design and stress:analysis of heavy lifting equipment
associated with pressure vessel fabrication.

1972-1974 Senior Stress Engineer in.Nuclear Equipment Division,
Barberton, Ohio. Responsible for stress analysis, Occupational Safety
& Health Act (OSHA) 1ifting compliance, and conformance to contractual
requirements on pressure vessel handling.

1974-1976 Contract Administrator in Nuclear Equipment Division,
Barberton, Ohio. Responsible for-all administrative matters associated

with a Naval Nuclear Reactor Vesse] contract.

1976-1980 Contract Manager in the Contract Research Division, Alliance,
Ohio. Responsible for the management of a variety of energy research

and development contracts.

1980-Present Senior Contract Manager in the Contract Research Division,
"Alliance, Ohio, with continued primary management functions on selected
contracts in addition to supervisory responsxb111t1es for contract

manager group.

Professional Affiliations:

Part-time Instructor at the University of Akron, including Statics, Strength
of Materials, Kinematics and Management as courses instructed.

Licenses:

Registered Professional Engineer, Ohio, 1976.

12/17/80



- Resume of ROBERT'A, KUCHNER, Group Supervisor, Thermal & Fluids Technology Section
Alliance Research Center, Alliance, Ohio :

Education

‘Newark College of Engineering, BS (Mechanical Engineering), 1969
Pennsylvania State University, MS (Mechanical Engineering) 1979

Professional Experience

THE BABCOCK & WILCOX COMPANY, RESEARCH AND DCVELOPMENT DIVISIUN

. ROUP SUPERVISOR, THERMAL & FLUIDS TECHNOLOGY. Supervises a
éigsgegg)engigeers, technologist and technician requnsib]g for performing
Targe-scale heat transfer experiments. Experiments 1nc]udg critical heat
flux testing for nuclear reactor fuel pin assemblies and life testing of
boiler membrane wall panels subjected to water lancing. .F§c111t1es include
a $3 million, 10'MW two-phase heat transfer research facility.

(1979-1980) SENIOR RESEARCH ENGINEER, THERMAL & FLUIDS TECHNOLOGY.
Directed a multidisciplined team of engineers investigating the effect .
of water lancing of fireside deposits in coal-fired utility boilers on-
the 1ife of boiler tubes. This large, 3-year, contract-sponsor research
program included analytical modeling of the thermal, stress and, fatigue
crack grewth processes, a laboratory experiment -and a field test program.

(1974-1979) RESEARCH ENGINEER, REACTOR TECHNOLOGY. Provided general heat
transfer consu]ting services including: :

-- performing multidimensional conduction heat transfer analyses.

-- measuring thermophysical properties of nuclear grqde alloys and
retlective, all-metallic insulation. :

-- reviewing new technologies such as heat pipes, laser pulse diffusivity
mecasurement Lechniques and water cleaning of fossil bailers.

-~ performing thermal energy surveys. . '

Selected and implemented advanced finite difference programs for genérdl'
purpose, multidimensional conduction heat transfer analyses.

Analyzed, designed and numerically simulated major components fdr a
10 MW, 700 GPM, 3000 psi, two-phase heat transfer research facility.

(1973-1974) PENNSYLVANIA STATE UNIVERSITY, MECHANICAL ENGINEERING
DEPARTMENT, GRADUATE ASSISTANT.



ROBERT. A. KUCHMNER

(1969-1973) UNITED STATES AIR FORCE, ELLSWORTH AIR FORCE BASE,
CAPTAIN, USAF. .

CHIEF, OPERATIONS AND MAINTENANCE: Supervised a work force of 420
civilian and military personnel engaged in the maintenance, repair and .
alteration of base facilities, utility systems, missile site facilities
and airdrome. The estimated cost of these facilities and systems was
$260 million. Annual operating budget for this system was $4.4 million.

MECHANICAL ENGINEER: Designed heating, ventilating, air conditioning and
fire protection systems for base facilities. Supervised:-Architect- -
Engineer design projects, including the design of a $1.2 million commissary
store and warehouse. Coordinated the $1.1 million base utility program.
Provided engineering consulting services for central heating plants,
natural gas distribution system, data processing center and composite

medical facility.

Professional Affiiiations:

Professional Engineer: Ohio, 1976

American Society of Mechanical Engineers, Member

Tau Beta Pi - National Engineering Honor Society

Pi Tau Sigma - National Mechanical Engineering Honor Society
Who's Who in American Colleges and Universities, 1969
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Resume of KURT E. KNEIDEL, Group Supervisor - Heat Transfer, Thermal 3 Fluids
Technology Section, Alliance Research Center, Alliance, Ohio.

Education:

Pennsylvania State University, BS (Mechanical Engineering), 1970
The University of Akron, MS (Mechanical Engineering), 1973

Professional Experience:

(1981-Present) THE BABCOCK & WILCOX COMPANY, RESEARCH AND DEVELOPMENT,
GROUP- SUPERVISOR - HEAT TRANSFER, THERMAL & FLUIDS TECHNOLOGY. Supervises
a group engaged in ana]yt1ca] and experimental heat transfer work.
Activities include testing and analysis of homogeneous insulations and
MIRROR all-metal reflective insulation for nuclear service, design and
evaluation of high temperature heat exchangers, developing basic
computational tools for radiation, conduction and free convection, and
providing general technical assistance in the so1ut1on of thermodynam1c
and heat transfer problems.

(1980-1981) THE BABCOCK & WILCOX COMPANY, RESEARCH AND DEVELOPMENT
DIVISION, RESEARCH SPECIALIST, THERMAL & FLUIDS TECHNOLOGY. Responsible
for cr1t1ca1 heat flux testing technology and applications of the
Babcock & Wilcox Heat Transfer Facility.

(1977-1980) SENICR RESEARCH ENGINEER, THERMAL & FLUIDS TECHNOLOGY.
Responsible for design, construction, testing and analysis of a series

of six large-scale simulations of PWR fuel assemblies. This was a 4-year
effort funded at approximately 3 million dollars. These critical heat

flux tests involved pressurized water at a wide range of conditions and
electrically-heated test sections with heat fluxes up to 3 Mw/mS. Al

testing was conducted on the Heat Transfer Facility. Project responsibilities
included coordination and guidance of personnel in design, computer
programming, instrument development, purchasing, metallurgy, welding,
corrosion and test facility operation.

Co-developer of a critical heat flux detection system for use in nonuniformly
heated tube bundles based on ultrasonic thermometry. Project responsibilities
~included sensor design, optimization of the system for use on the Heat

Transfer Facility and supervision of computer programming and. instrumentation

personnel.

(1973-1977) RESEARCH ENGINEER, REACTOR TECHNOLOGY. Responsible for design,
construction, critical heat flux testing and analysis of electrically-heated
rod bundle simulations of PWR fuel assemblies. Testing was done on the

2 megawatt Boiling Heat Transfer Facility. Conducted thermal analysis and
testing of heat transfer systems invoiving conduction, convection and
radiation heat transfer.



KURT E. KNEIDEL

(1971-1973) SENIOR ENGINEER, REACTOR TECHNOLOGY. .Conducted thermal
analysis and mathematical model development for Mirror reflective insulation.

(1970-1971) PRATT AND WHITNEY AIRCRAFT, FLORIDA RESEARCH AND DEVELOPMENT '
CENTER, ENGINEER, APPLIED RESEARCH. Conducted analytical design work for
cooling both air breathing and non-air breathing engine exhaust nozzles

under high heat flux.

Professional Activities:

Registered Professional Mechanical Engineer in Ohio

American Society of Mechanical Engineers, Member

Tau Beta Pi - Honorary Society in Engineering, Member

Pi Tau Sigma - Honorary Society in Mechanical Engineering, Member
Phi Kappa Phi - Honorary Society (General Scholastic), Member

Presentations and Publications:

James E. Smith-and Kurt E. Kneidel, "Conservation of Energy Through .
Advanced Thermal Insulation Design", Presented at the MIRROR Insulation
Inservice Inspection Symposium, December, 1973.

K. E. Kneidel and P. M. Gerhart, "Further Computations of Supersonic
Free Shear Layers", Journal of Fluids Engineering, Vol. 96, No. 4, p. 401,
1974, '

A. R. Barber, K. E. Kneidel, C. S. Fitzgerald, L. C. Lynnworth, "Ultra-
sonic Temperature Profiling System for Detecting Critical Heat Flux in

Nonuniformly Heated Tube Bundles", Journal of Heat Transfer, Vol. 101,

No. 4, p. 622, 1979.
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Resume of WOODROW A. FIVELAND, Research Specialist, Thermal & Fluids Technology,
Alliance Research Center, Alliance, Ohio

Education:

University of Nebraska, BS (Mechanical Engineering), 1971
University of Nebraska, MS (Mechanical Engineering), 1972
Thesis: Unsteady Channe] Flow Between Porous Plates,
Nepartment of Mcchanical Engineering,
Lincoln, Nehraska, 1972
University of Akron, PhD (Mechan1ca1 Engineering) 1978
Thesis: An Analytical Study of Laminar and Turbulent Magneto-Fluid
Dynamic Boundary Layer Flow with Heat Transfer
Department ot Mechanical Engineering, Akron, Ohio, 1978

1

Professional Experience:

(1980-Present) THE BABCOCK & WILCOX COMPANY, RESEARCH AND DEVELOPMENT,
RESEARCH SPECIALIST, THERMAL & FLUIDS TECHNOLOGY. Responsible for
formulating basic models of insulation heat transfer including the effects
of conduction, convection and radiation. Radiation heat transfer models
were des1gned to simulate simultaneous absorption, scattering and
remission of energy. Involved in developing Mie scattering computer
programs for cylindrical and spherical bodies. Responsible for formulating
. various basic computer codes which solve problems of radiation heat
transfer, and melting and solidification.

(1977-1980) UNIVERSITY OF AKRON, AKRON, OHIO, ADJUNCT PROFESSOR.
Responsible for teaching ccurses in heat transfer and numerical analysis,

(1977-1980) THE BABCOCK & WILCOX COMPANY, RESEARCH AND DEVELOPMENT,
SENIOR RESEARCH ENGINCLCR, THERMAL & FIUTNS TECHNOLOGY. Respomsible fTor
formulating basic insulation heat transfer models including the effects
of conduction, convection and radiation. Responsible for furmulating
basic computer codes which solve problems of radiation heat transfer
and melting and solidification.

(1976-1977) Educational leave at the University of Akron. Consultant
to The Babcock & Wilcox Company, Research and Development, Reactor
Technology.

Conducted a study of fusion reactors and the connected engineering design
difficulties with them. Collaborated in the develonment of a ccmputer
program to wmonitor a high temperature, high pressure boiling heat transfer
facility.

(1974-1976) THE BABCOCK & WILCOX COMPANY, RESEARCH AND DEVELOPMENT,
RESEARCH ENGINZER, REACTOR TECHNOLOGY. Experimentally determined critical
heat flux in simulated nuclear fuel assemblies. Conducted testing and
analysis of rupture tests to benchmark nuclear fuel pin rupture during

a loss-of-coolant accident.



" WOODROW A. FIVELAND

(1972-1974) THE BABCOCK & WILCOX CCMPANY, RESEARCH AND DEVELOPMENT,
SENIOR ENGINEER, REACTOR TECHNOLOGY. Conducted experiments of critical
heat flux which characterized the thermal performance of nuclear fuel
assemblies. Designed tests to characterize the rupture of nuciear fuel
pins during a postulated loss-of-coolant accident. Developed a fast-
response, high-temperature radiation heater. ~

. Professional Activities: Member

Member of ASME (K-8) technical committee on Theory and Fundamental
Heat Transfer Research.

Coorganizer and cochairman of a session on Heat Transfer in Composites
at ASME Winter Annual Meeting, New York, December 1979.

Professional Affiliations:

American Society of Mechan1ca Engineers, Member
Sigma Tau Honorary Society in Engineering, Member

Tau Beta Pi Honorary Society in Engineering, Member
Pi Mu Epsilon Honorary Society in Mathematics, Member
Sigma Xi Research Honorary Society, Member

Presentations and Pubiications:

W. A. Fiveland, A. R. Barber and A. L. Lowe, Jr., "Rupture Characteristics
of Zircaloy-4 Cladding with Internal and External Simulation of Reactor
Heating", Presented at the Third International Conference on Zirconium

in the Nuclear Industry, Quebec City, Quebec, 1976 and published in
Zirconium in the Nuclear Industry, ASTM-STP-633, pp. 36-49, 1977.

W. A. Fiveland and P. C. Lu, "Transient Boundary Layers Between Porous
Plates", Presented at the Winter Annual Meeting, New York, New York, 1976
and published in Journal of Applied Mechanics, Vol. 98, No. 4, 555-558,
1976.

W. ‘A Fiveland, "An Analytical Study of Laminar and Turbulert Magneto-
Fluid Dynamic Boundary Layer Flow with Heat Transfer", University
Microfilms, 1978.

W. A. Fiveland and B. T. F. Chung, "Unsteady Heat Transfer for Laminar
MFD Flow Over a Flat Plate",Paper Mo. 79WA/HT-25, Presented at the
Winter Annual Meeting, New York, 1979.

W. A. Fiveland and B. T. F. Chung, "Numerical Solution for Heat Transfer
in Turbulent MFD Boundary Layer Flow", Numerical Methods for Non-Linear

Problems - Proceedings of the International Conference held at
University College Swansea U.K., Volume 1, 1980.

(Others furnished upon request)
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‘Resume of STUART E. REED, Group Supervisor, Applied Mechanics Section
Research and Development Division, Alliance, Ohio

EDUCATION

Bucknell University, Lewisburg, Pennsylvania, BS Mechanical Engineering, 1970
Bucknell University, Lewisburg, Pennsylvania, MS Mechanical Engineering, 197C

PROFESSTONAL EXPERIENCE

(1970-Present) BABCOCK & WILCOX, RESEARCH AND DEVELOPMENT DIVISION,
Alliance, Ohio, GROUP SUPERVISOR. Since joining Babcock & Wilcox in
1970 as a senior engineer, responsibilities have included numerous

, projects in the experimental mechanics area, both static and dynamic.
Extensive lahoratory and field experience with strain gages and
accelerometers at ambient and elevated temperatures, as well as
photoelastic stress analysis and seismic qualification. Currently
group supervisor of the Experimental Mechanics Group, with responsi- . -
bility for experimental stress analysis, special transducer desian,
and residual stress measurement by both x-ray diffraction and hole-
drilling techniques. ‘

PROFESSIONAL AFFILIATIONS .
. . ‘
American Society of Mechanical Engineers (1970-Present)
Society for Experimental. Stress Analysis (1971-Present)

SESA, Technicel Committee:on Strain Gages (1979-Present)

PUBL ICATIONS

Static and Dynamic Analysis of Reactor Core Support Structures,
coauthor, American Nuclear Society Ahnual Meeting, Los Veg=s,
Nevada (June 18-22, 1972).

Analytical and Experimental Stress Analysis of a Cylinder-to-
Cylinder Structure, coauthar, presented at 4th International
Conference on Structural Mechanics in Reactor Technology,

San Francisco, California (August 15-19, 1977), and at the
‘Energy Technology Conference and Exhibition, Houston, Texas
(September 18-22, 1977), ASME Paper No. 77-PVP-11. ‘
: o

LICENSES'
Professional Engineer, Ohio

PATENTS |
U.S. $4208567, “Weldable Instrumentation Installation Tool".
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Resume of JEFFREY F. MARTIN, Senior Design Engineer, Design Engineering Section,
B&W Research & Development Division, Alliance, Ohio 44601

Education:

Fenn College of Engineering of Cleveland State University, Cleveland,
Ohio, BME (Co-op) 1970.

Profecscional Fxperience:

(1966-1969) STUDENT ENGINEER on Co-operative Program.
(Two quarters) MORGAN ENGINEERING COMPANY, Alliance, Ohio, DRAFTSMAN.

(Four quarters) BABCOCK & WILCOX COMPANY, POWER GENERATION DIVISION
.Barberton, Ohio, DESIGN DRAFTSMAN, Plant Engineering.

(One quarter) BABCOCK & WILCOX COMPANY, POWER GENERATION DIVISION
Barberton, Ohio, SUPERVISORY ASSISTANT, Maintenance and Construction.

(1970-1974) 'BABCOCK & WILCOX COMPANY, Alliance Research Center, Alliance
Ohio, TEST ENGINEER for mechanical testing of Maritime and Commercial
Nuclear Reactor Components. These included hydraulic control rod drive,
roller nut control rod drive, fuel assembly life and vibration testing and
fuel assemb1y mechanical characterization tests. .

{1974 - Present) DESIGN ENGINEERING SECTION, SENIOR DESIGN ENGINEER.
Recpons1b1e for the design of various test fac111t1es including high
pressure piping systems and préssure vessels. Resporsibiliites 1nc1uﬂe
extensive use of the ASME Boiler and Pressure Vessel Codes and ANSI
B.31.1 Power Piping Coce.

Licenses:
1. Engineer in training, Ohio

2. Division of Pressure P1p1ng, Ohio, Special Inspector of Pressure
Piping )



Resume of RICHARD J. LEPUCKI, Instrument Section, B&W Research & Development
Division, Alliance, Ohio ,
Educatﬂylz

Stevens Institute of Technology, BE (Electrical Engineering), 1971

- University of Akron, Master's Program (Electrical Engineering)
1974-1976.

Professional Experience:

BABCOCK & WILCOX COMPANY, Research & Development Division

(1978 - Present) INSTRUMENT ENGINEER III, INSTRUMENT SECTION. I am
responsible for the design, development of measurement and control systems
and related electrical and clectronic equipment, Areas covered include
analog circuitry, digital circuitry, process control system analysis

and design, industrial electrical power systems and equipment, measurement
technology and data acquisition systems. .

. 1 have designed the flow control and measurement system and remote data
acquisition system for a flow restrictor devclcpment test proygram at
a TVA power plant. 1 have designed the electric heater, flow, and
cycling controls for a test of water lancing of fireside deposits of
utility boilers. I have participated in tha start-up of a large heat
treat furnace and other heat treat facilitics for a manufacturing division.
I have reviewed high energy spark ignitor power supplies used for igniting
heavy fuel oils.

- (1971-1978) INSTRUMENT ENGINEER, DESIGN ENGINEERING SECTION. I was
responsible for the instrumentation and controls and electrical phases
for a multi-million dollar heat transfer facility. This included a
50,000 amp, 10 megawatt power supply system; flow, temperature and
pressure controls; and a 400 channel computerized data acquisition system,
My other work covered a brnad variety of similar applications.

E.I1. DuPCNT DeNEMOURS & COMPANY

(1970) ENGINEERING AIDE, INSTRUMENT GROUP. I performed a study of
measurement requirements and capabilities of in-plant equipment.

Professional Affiliations:

Institute of Electrical & Electronics Engineers



Brochures on the Heat Transfer Facility and B&W Research and Development
are not included since they contain many color photographs which could not be
reproduced for this report. Thése brochures may be obtaihed from EG&G Idaho
Division of Fusion Technology. '
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COLUMBIA UNIVERSITY RESPONSE



Columbia University in the City of New York | New York.N.Y. 10027

CHEMICAL ENGINEERING ‘*RESEARCH LABORATORIES ' 632 West 125th Street
OF THE SCHOOL OF ENGINEERING & APPLIED SCIENCE ’ [STYVEV-S TPV -9 - 7 2e

212-280-4163
séptember 25, 1981

Mr. P. Y. Hsu

TPE-11 Program Manager
Fusion Technology Program
EG&G Idaho, Inc.

P.0O. Box 1625 .
Idaho Falls, Idaho 83415

Dear Mr. Hsu:

This is in response to your letter of September 1llth to
Professor R.A. Gross of the Department of Applied Physics and .
Nuclear Engineering at Columbia University.

Enclosed are responses to the questions of enclosure 2,
together with a complete set of specifications and drawings for
Columbia's thermal hydraulic test facility. We believe the facility
is uniquely suited for the experimental work described, both in
the facilities and engineering personnel available for design of the
special test pieces required.

Should there be any questions, please call or write the
facility whose telephone and address are above.

Very truly yours,

s
7
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W

W.E. Hovemeyer, Ma
Heat Transfer Lab

WEH/bf

Encls.



QUESTIONNAIRE FOR TPE~II FACILITY SURVEY

1. WHAT FACILITIES DO YOU HAVE FOR CONDUCTING STEADY OR CYCLIC THERMO-
MECHANICAL HEATING EXPERIMENTS?

a.

What is the heat source?

The heat source is electrical energy. The electrical
heating source is ripple free DC curxent from six DC
generators. The steady state power available is 11.5
megawatts; 230 volts at 50,000 amperes. Short term tran-
sients in the millisecond region of duration are available
and in excess of 25 megawatts. Intermediate duration,
controlled transients are also available.

What is the test environment (vacuum, inert gas, etc.)?

Two high pressure, fully instrumented water flow loops
are available for testing. The test environment 1is H20 or

D20 at pressures up to 2400 psi and temperatures of 650° F.

Test conditions and geometries can be altered to accommodate
other environments, i.e., vacuum or inert gas.

What size and configuration of test pieces will they accommodate?

The sizes and configuration of test pieces are unlimited.
Provisions, however, are required for heating by direct,
electrifal resistance heating or indirect electrical heating by
thermal conduction or radiation. An engineering design staff
is available for specific applications to accommodate insertion

" in Columbia University's thermal test facility.

What materials can be accommodated in the test space?

Any material can be accommodated in the test space.
Many tests have been conducted on water cooled tubing for
reactor studies. The tubing has been stainless steel, aluminum
or inconel, however any water cooled geometry can be accommodated
for testing. :

What range of temperatures and/or power can be achieved?

Temperature ranges possible are limited only by tempera-
ture limits of material. Water cooled geometries can be
tested in a water loop with temperatures 70° - 650° F and
pressures up to 2500 psia. '

The power is DC, ripple free electrical current:
Steady State: 11.5 megawatts - 230 volts, 50000 amperes, DC
Controlled Transient, medium duration - 15 megawatts 1-5 seconds
Short Time Transient - 30 megawatts - millisecond pulse.
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What are the rise and decay times of temperature/power in

these facilities?

Temperature rise and decay in a test material is a
function of test piece mass, geometry and power transients
available.

Power Transients

Rise Time ~ 10 X 10 ~° seconds
Decay Time - 10 X 10 =3 seconds

As mentioned above the rise and decay times can be
lengthened and controlled by input prougramming the DC

generator system.

What capability exists for active cooling of a test piece
in these facilities?

Test pieces are cooled by pumping water past them. The
water is cooled by an automated system of shell and tube heaft
exchangers and a bypass line. The secondary system is supplied
by three pumps having a capacity of 800 gpm. The secondary-side
coolant is well water at an average temperature of 64°F. The
wells are located on-site.

How are these facilities instrumented?

The high pressure water flow loops are fully instrumented.
All pertinent power, flow, temperature and pressure readings
are collected and recorded on magnetic tape. All vital para-
meters are measured by at .least two independent instruments.
A computer controlled data acquisition system scans 120 chan-
nels, records data on magnctic tape, and performe on line data
reduction. This system has high speed capabilities and has
been used for transient work.

Transducers available are as follows:
1. Pressure - water or gas - 0 - 3000 psia
2. Differential pressure - 0 - 200 psid, 3000# gage
3. Turbine flow meters - 0 - 500 GPM, water

4. Sheathed, thermocouples, many -types and capable of measure-
ment to 2000°F at 3000 psia

5. Infra-Red temperature analyzer
6. Venturi flow meters - 0 - 500 GPM
7. Electrical system, voltage, current, power

All transducers have electrical outputs which are con-
nected to shielded wires from any test area. The shielded,



QUESTIONNAIRE FOR TPE-II FACILITY SURVEY PAGE 3

Continued

low level systems are grounded to provide noise-free signal
transmission. Instrumentation subject to high common mode
voltage are isolated hy means of amplifiers having common
mode isolation nf 700 volts. All transducer circuits are
provided with external reterence calibration in the main
instrument room center, where complete programming of all
instrumentation is available. Signal outputs are multiplexed
by a high speed multiplexer rated at 45 KHZ multiplex fre-

guency and enabling use of multiplexer for transient studies,
all multiplexed signals are connected to a 2100 A, Hewlett
Packard on line computer. Teletype terminals for computer
operation are available at all test locations. CRT readouts
are located in the computer room. On line data reduction of
variables and computed data can be made on demand from the
test location. All experimental data is recorded on magnetic
tape.

Complete instrumentation and diagrams are shown in the
attached specification sheets.

What is the availability and approximate operating cost of
these facilities?

The Heat Transfer Research Facility (HTRF) is part of
Columbia University, and is therefore run on a non-profit
basis. Direct cost plus overhead is charged to each sponsor.
This non-profit status, plus a small full-time staff is
responsible for generally keeping costs below what they are
at other laboratories for similar work.

The HTRF is available for use‘by all appropriate sponsors.
Test programs are scheduled according to work commitments;

. these schedules are taken seriously, and are usually met.

What supporting facilities are available, e.g., machine shops,
analytical laboratories, etc.?

Complete machine shops are available at the facility and
at Columbia University's main campus. The machine shops are
capable of precision machine work. The facility has available
complete chemical analytical laboratories and metals labora-
tories including stress analysis, failure regimes of metals,
vibration and metal fatigue using acoustical techniques. The
facility also houses electronic shops, computer center, photo-
graphic shop and welding shop.
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What are the numbers and qualifications of personnel available
to support tests in these facilities?

Personnel Available at Facility
5 Staff Engineers, Mechanical, Rlectrical, Instrumentation
Computer, Nuclear and Project
2 Instrumentation Technicians 4
5 Mechanical Technicians aud Shop Personnel
5 Administrative Supporting Staff Members

Qualified consultante in Llie areas of Chemistry,
Nuclear, materials and metals, structural analysis and
applied physics are available from the staff of Columbia
University.

All above personnel have au average of 20 years
exXperlence. )

What other aspects of thesc facilities would be pertinent to
tests of this type?.

A background of 30 years in the heat transfer field
together with the most complete data in the country on fuel
rod tests as applied to nuclear reactor cores to determine
critical heat flux in reactor cores under operating conditions
and also failure modes. The above data includes blow down and’
transient data which was done extensively at Columbia University.

WITH RESPECT TO THERMAL-HYDRAULIC TEST FACILITIES, PLEASE ANSWER

(a) THROUGH (1) ABOVE AND THE FOLLOWING ADDITIONAL QUESTIONS.

What is the configurdtion of the facility (circulation loop,
blowduwn, two-phase, etc.)?

Two high pressure flow loops capable of blowdown and
two-phase operation are available. The attached notes contain
specifications and schematic drawings of these loops. Con-
struction is of such a nature as to enable easy and rapid
alterations, when necessary.

What fluids can be used? (HZO' gas, liquid metal, etc.)

The two high pressure loops presently use HZO or DZO as

the working fluid. However, alterations can be made to enable
the use ¢of inert gasses or wvacuum.

What heat sources and sinks are available?’

The heat source available is electric current provided
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by.six DC generators. A maximum of 11.5 MW is produced,
comprised of 230 volts and 50,000 amps.

- The heat sink is well water pumped from on-site wells
through an automated heat exchange system. Presently 800 gpm
of well water at 64°F is available for cooling. Additional
pumping capacity can increase this flow limit, if necessary.

What flow rates, pressures, pressure drops, velocities, etc.,

can be attained?

These parameters are presently as follows:

Maximum pressure, psia ‘ 2400

. Maximum test section flow, gpm _ 850
'Head developed by pump, ft. of water 600

However, alterations in piping will result in different
flow rates and velocities, as required.

WHAT CAPABILITY DO YOU HAVE FOR PROVIDING NUCLEAR HEATING?

There are no nuclear heating facilities available for
this termal hydraulic facility.



‘Section 1

EXECUTTVE SUMMARY

The optimizing of nuclear power reactor design for efficiency
of normal operation and for safety against abnormal or extreme
contingencies requires a thorough and accurate understanding

of the heat removal mechanisms and capabilities in the reactbr

core. This is the area of nuclear thermal-hydraulics.

The Heat Transfer Research Facility was founded by the AEC
and duPont at Columbia Universify'in 1950 to perform work in the
nuclear thermal-hydraulic area. Placed_ih the current Chemical
éngineering Research Station, it first tackled thermal-hydraulic
questions for the low pressure Savannah River productibn reactors,
then an AEC-Canada codperative heavy water power program. Ever
since, it has remained in the support of U.S. and foreign govern-

ments and industry.

This specific program supported by the Electric Power
Research Institute will assist the Facility, which as a non-
profit institution cannot accumulate substantial funds for new
equipment from operating charges, to expand .its thermal power
and thermal-hydraulic cépabilities. This will permit studies
of increased heat generation densitles, open core structures,
hypothetical malfunctions, larger core simulations, etc., to
improve still more the accuracy with which design optimizations
.can be carried out. The following sections of this summary deal

sequentially with the numbered sections of this report.

The saféty and operational limits of a nuclear power reactor
are strongly influenced by-the steady state and transient thermal-

hydraulic behavior of the heat generating core in the reactor.
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With the increased utilization ol nuclear reactors for power
éeneration, the need for extensive and reliable understanding
of reactnr thermal-hydraulics assumes a prominent role, ThPi
areas in which degign and research information are needed for -
establishing the operational and safety limits are:
a. Critical hwat tlux limitations under steady-state
and transient conditions over a wide range of process

parametcxs for operating and postulated accident
conditions.

b. Inter-fuel assemhly miwing studies o0f large open-
laLLice PWR cores.

c. Steady-state and transient behavior of large open-
lattice PWR cores.

d. Improved detailed measurement of local fluid con=
ditions in rod arrays.

e, Transient two-phase flow and heat transfer under
loss-of-conlant and loss-of-flaw ceonditions.
A .

f. Heat transfer and design evaluation of emergency

core cooling systems.

Most of these experiments are intended to provide design .
data as well as to substantiate and validate the theoretical

models used in reactor analyses.

Thexc.cxist tWo sets of motor-generator (MG) setg at the
Farility, oune located in the basement, fhe other in the drive-
way . The original basement MG'sgt ransicts ol 4 éingle 13.8 kv,
5,000 HP A.C. motLoy conneccted to two 1750 kw, 175 v, 10,000
ampere D.C. Generators, and a 10 kW exciter for the motoxr and
a 10 kW exciter each for the generators. The four driveway sets
all have 13.2 XV, 2100 HP A.C. motors connected to 1500 kW,

250 V, 6,000 ampere D.C. Generators.

Start-up of the electrical system requires a procedure of
35 steps. Necessary primafy and secondary protections are pro-

vided in the operating circuits.



The intcerconnections of the MG sets may be varied to obtain
various maximum powers For the test sections. The original
o

schedule of interconnections of the 6 generators is given in

Table 1.1 herewith.

While this schedule could be followed at present, the cooling
time back to a starting cold condition would be very substantial,
and a rapid schedule of runs could not bBe maiutaincd. Therefnre.
subsequéntly it was decided to acquire a variable tap transformer
and full-wave 55 V D.C. rectifier to boost the 175 V output of
the original (basement) generators to 230 V, so that it can be
paralleled with the driveway geneYrators. This utilizes the .
maximum voltage and current of all generators; the arrangement
is described in Section 4. Subsequently, it was decided to
down-rate the system for greater reliability and safety. - The
maximum D.C. test power obtainable on this Basis remain about

the same as in Table 1.1

Although the root mean square ripple of the transformer and
rectifier are about 4.2% of the rectified voltage, a much smaller
RMS fluctuation is obtained in actual use. The maximum it can
reach is 4.2% of 55 volts at 11,000 amperes in series with 175
volts of D.C., while in parallel with 9,000 amperes without
fluctuation. This yields roughly an overall ripple of 0.7%.

At either lower voltages or lower currents it reduces further.

A maximum voltage of 180 V D.C. with currents of 58,000
amperes (10.4 MW) can be obtained without perceptible ripple,
or to 240 volts D.C. and 47,000 amperes (11.3 MW) can be obtained

without ripple.

The A.C. power system includes twé 13.2 kv, 7 MW feeders
from ghe Consolidated Edison Company, with special interlocks
to prevent feedback from one to the other feeder in the event
of a fault or ground. Interrupting capacity fo; the féeders

is 250,000 kVA.



In the event of a trip fault on an A.C. breaker, all D.C.
breakers are also tripped out, opening the feedback loop between

the two [eeders and preventing a D.C. motor overspeed.

Protection against synchronous motor field failure is pro-
vided by an inerlock that senses squirrel cage currents (that
increasé to a high level during a field failure) and trips the

A.C. 0il circuit breaker.

Four loops are available in the Facility for thermal-
hydraulic testing. All can accommodate ﬁeated lengths up to
12.5 féét, or longer if necessary. All are sexviced by the
above power system. Two are "medium" to "high” preséure and
two are "low" pressure loops. The "medium pressure" loop goes
to 2400 psia and 550 -gpm, and develops up to 600 feet of water
head. 'The "ESADA" loop is rated to 3500 psia except for the
present pumps, rated at 2500 psia and 650 F. Maximum flow is

400 gpm.

Two low pressdfe loops ére also available. The Emergency
Core Cooling System (ECCS) loop simulates a single'PWR fuel as—
sembly with corresponding representative reactor vessel‘Qolumes
at the top and bottom, and permits testing of conditions for

fuel rod cooling after a hypothetical loss-of-coolant accident.

The Twaw Preegsurc Thermal-Hydraulic Loop has been used for

various fuel element heat Lransfer tests in the 100 psi range.

Each loop has its own instrumentation system and control
room fo£ loop operation; they all share the well-water system
faor heat ;ejcction, the incipient burn-out detection recorders
and a computer contfolled.data acquisition system. Each loop
is equipped with pressure, temperature and flow recorders,
controllers and indicators. The control rooms also contain the
safety indicators and controllers for test section power, pumps,
pump seal cooling and other auxiliary process parameters of the

respective loops they service.



The Computer Coqtrolled Data Acquisition System (CCDAS) is
centered around a Hewlett Packard 2100 computer with a 32k word
memory . The computer is interfaced with a HP7970B digital
magnetic fape and a 15 MByte, HP7905 disc system for online and
off-line data storage. A high speed, 112 channel, multiplexer
data acquisition system with 8kHz sampling capability and a 200
channel low speed system with 10Hz sampling capability interface
the analog experimental data with the computer. The multiplexer
system is also capable quproviding two analog signals under
program control. These signals are used to activate safety
relays in the test section-power circuit. In addition there is
a visual baragraphic display unit with a hiéh signdl relay
6peration capébility.‘ Any predetermined 80 signals can be
cohnected to this unit. An ASR 33 teletype and a HP2640 CRT
terminal are used for operator communication with the system.
These units can be located in any of the loop operating areas.
Other peripherals to the computer are a plotter, a terminél
printer and paper tape punch and reader units. During experi-
mental operation a core resident program enables data read out,

recording and reduction.



Table 1.1

Heat Transfer Research Facility - Ratings ot D.C. Power Supply

MW
1.75

1.93

1.38
1.73

5.06

A. Ratings of Individual D.C. Generators:
' v Operating
Max ' Amps Time
old (2) 175 10,000 Continuous
175 11,000 2 Hours
New (4) 230 6,000 Continuous
230 7,500 2 Hours
B. Ratings nf ?2 0N1d Plus 2 New Generators Prior to Present
lipgrading
Parallel 175 32,000 Continuous
Operation
" 175 37,000 2 Hours
Series-Parallel 230 22,000 Continuous
Operation
" 230 26,000 2 Hanrs

C. Ratings of 2
Upagrading

Parallel
Operation

Parallel With
Rectifier
Booster
Operation

"

5.98

0l1d Plus 4 New Generators After the Current

L75
175

230

"230

44,000 Cunlinnuous
52,000 2 llsuro
44,000 Continuous
50,000 2 Hours



Section 2

‘INTRODUCTION

2.1 GENERAL BACKGROUND

The safety and operational limits of a nuclear power reactor are
strongly influenced by the steady state and transient'therma1~
hydraulic behavior of the heat generating core in the reactor.
With.the increased utilization of nuclear reactors~for‘p0wer
generation, the need for extensive and reliable understanding of
reactor thermal-hydraulics assumes a prominent role. ‘In view of
the apparent complexities, such .studies are carried out by well
controlled out-of-reactor simulation studies. The areas in which
design and research information are needed for substantiating the
operational and safety limits generally fall into the following
categories: '
a. Critical heat flux limitations under steady state
' and transient conditions over a wide range of pro-
cess parameters anticipated under operating condi-

tions and under postulated accident conditions of
nuclear reactor cores.

b. Thermal-hydraulic behavior of large open lattice
' cores of Pressurized Water Reactors (PWRs).

¢.  Heat transfer pehavior beyond critical heat flux
under. steady state and transient conditions.

d. Improved and detailed measurements of fluid local
conditions within rod arrays.’

e. Transient (under loss of coolant and loss of flow
conditions) two-phase flow and heat transfer
studies with improved instrumentation. ’

£. ~ Heat transfer and design evaluations of emergency
core cooling systems.

Most of these experiments are intended to piovide design data
.as well as to substantiate and validate the theoretical models

used in reactor analyses.



All the above studies, in general, are conducted by out-of
reactor simuléLion. These thermal-hydraulic simulations are ac-
complished by creating reactor environments in closed loops. The
heat generation 'in the simulated fuel rods is achieved by using-
electrical power. Tﬁus the size of the model is usually dictated
by tﬁe capacity éf the power source available. Over the years,
the Columkia University Heat Transfer Reséarch Facility has bcen
a major source of such thermal-hydraulic experimental data.

There are four major the:ma]—hydfaulic loops in use at this fa-
cility. All four loops receive power from the facility D.C.

powey system.

When the Columbia Heat Trancfer Research Facility was es-
tablished in 1950, two D.C. genefators were installed with A
rating of 3.5 Mw.i These gencrators were lacated in the basément,
and they are identified as "basement generators". As time passed
and the problems of modeling became morc evident, the need for
largér, higher-powered experiments became compelling. Accord-
ingly, the Atomic Energy Commission, through the USAEC/AECL Co-
operative Program for the Development of Heavy Water Reactors
(with substantial contribulions from the nuclear industry) funded
an upgrading of the power éystem. Four identical reconditioned
motor-generator sets, each with a short term rating of 1.725 MW,
were purchased in 1968 and installed on the ground floor of the
building. These sets are identified as "driveway generators”.
Two of the driveway sets wecre connected gleatrically to uvperaté in
parallel with the basewment sets. The resulting available power
then became 6.5 MW. Due to the high power deusitieé in nuclear
reactors, 6.5 MW enabled the simulation of only a fraction of a
single fuel assembly of a typical PWR. Howgver,.the recently
completed uPrating of the power by commissioning all the driveway
generators and.upgrading the units in gervice brought the avail-

able power to 11.5 MW. .

An analytical study funded by EPRI (RP-345, Task B) was per-
formed to determine the experiment size required to satisfy model-
ing concerns, and to compare the equipment requirements for these

experiments with the facilities available at Columbia, with par-



ticular emphasis on the nominal 11.5 MW power capability which
would result from the uprating of the power supply. The results
of this study indicated that valuéble experimental work could be
conducted with 11.5 MW.that would significantly reduce unéertainty

due to modeling.

2:2 D.C. POWER SUPPLY UPRATING

This réport presents the upraped power system designed and in-
stalled at the Heat Transfer Research Facility of Columbia Univ-
ersity. The power previously available was generated from four
D.C. generators which, when operated in parallel, generated 6.5
megawatts at 175 volts, the output power beinq'ccntinuously vari-
able from zero to full power. The normal péwer‘range originally
could be converted to operation at a maximum véltage of 230 volts
D.C. by reconnecting two generators in series and operating:.in

- parallel with the remaining two generators; resulting in a maxi—A

mum power of 6.0 MW.

The changes in the system are designed to generate 230 volts
D.C., 50,000 amperes, a total generation of 11.5 megawatts. This
output is accomplished by adding a'voltage of 55 volts (by using
rectifiers) in series .with ;he two generators rated at 175 volts.
In addition to the voltage boost in these two generators, two other
genératbrs are added to the system, which also-will produce an
output of 230 volts. The rectifiers will be operated in a three-
phase, full-wave bridge mode at a voltage Of'2301volts. This
eliminates the usﬁal side effects of current distribution from
harmonics.togethef with the problem of irreqular tube heating af-
fected by eddy current and hysteresis losses, proximity effects
and skin ratios which occur particularly in thieck wall ;ubing.

.The six generators operating in parallel will generate a nearly

pure D.C. voltage.

The increased power from the D.C. generators causes an
increase in the power required from the 13.2 kV high voltage
feeders, which are serviced by two separate 13.2 kV systems

originating in the Hell Gate generating station of Consolidated



Edison Company. A finite amount of power is available on each of
these two feeders: the maximum electrical load bn any one feeder
cannot be greater Lhan 7 MW. The two feeders were.originally tied,
and onl§ a éingle feeder could be used at any time. The circuit
locading on the upfated system required a split in the th feeders

to permit their simultaneous use..

The splitting of the two feeders causes additional problems.
A feedback from one feeder to another could occur by a reversal
of current in ene D.C. yenerator. Should there be a fault on one
feeder, the.fault could have short circuit power obtained from
the other feeder; the only impedance limiting the fault current
woﬁldjbe the short circuit impedances of the generators, motors

and the short circuit kVA available.

Protection for operation of the high voltage system must
.contain features [ur circuit interruption caused by a ground
fault on any number of phases, short circuit on’ any number of
phases, overload, undervoltage and reverse power. In -addition,”

phase sequence on'both feeders requires checking.

Starting requirements for the basement motor éenerator set
containing generators numbers 1 and 2 are 760 amperes at 13.2 kv.
The starting power is primarily reactive and this produces an ap-=
parent power of 17,400,000 volt-~amperes. The initial starting
current causes a valtage drop in the ostarting feweder Of 9.5%,

This excludes start-up of more than one motor at a time. All
other motors are slarted by the use of the first motor generator
set. Tﬁe direct current power from one df its generators is con-
nected to the generator of the set to be started and is. rotated as
a mofér. 'The‘synchronous motor drive on the MG sét is synchron-
ized with the Consolidated Edison system and the driviné generator

is disconnected by means of a D.C. circuit breaker.

The D.C. system contains four motor-generators having a nomi-
'nal rating of 1,500 kW, 250 volts, 6,000 amperes D.C. These gen-
erators have been assigned a short term fating of 20 minutes at

7,500 amperes, 230 volts, without overloading the synchronous



motor drive of exceaeding its pull-out torque. The four ariveway

generators are operated in parallel with- the two basement genera-
tors connected in series with two rectifiers which boost the volt-
age of the combination t6‘230 volts. During operation, the recti-
fiers are maintained at thelr full woltage to minimize the harmon-

ic voltages. :

Protection for the operation of the direct current equipment
is provided by D.C. circuit breakers on each generator and recti-
fier output. These breakers are operated by relays which activate

Llie ahunt trip circuit of the breaker control unit. These relays

are activated by overload, short circuit reverse current, and by

other instrumentation and sensors peculiar to an individual test.

In addition to the engineering phase réquired for the up-
rating, a cracked shaft on motor generatdr set number 2 in the
driveway area was replaced by a new shaft. A new commutator was
installed on the generafor of the number 1 basement MG set, was.
properly-aged and settled, and the generator was then re-aligned

and re-balanced.



Section 6

EXPERIMENTAL FACILITIES SUPPORTED BY
D.C. POWER SYSTEM

- 6.1 GENERAL

The Columbia D.C. power system iS»priﬁarily intended to provide>
D.C. electrical power for carrying out thermal-hydraulic studies
related to nuclear reactor technology. This section briefly
describes some of the major experimental facilities currently in
use at the Heat Transfer Research Facility of Columbia University.
The major thermal-hydraulic loops that have been extensively used

at the facility are

a. Medium Pressure Heat Transfer (MPHT) Loop
b. High Pressure Columbia-ESADA (CU-ESADA) Loop
ECCS Loop

. d. Low Pressure Thermal-Hydraulic Loop

All the above loops are supported by a single Computer Con-
trolled Data Acquisition System (CCDAS), and é well water system
as a secondary heat sink. All the facilities are serviced by the
D.C. power system. The Columbia—ESADA loop has an independent
control room. The remaining loops share a single control area.
However, there are indépendent heat exchangers and other process

equipment for each of the loops.

6.2 MEbIUM PRESSURE HEAT TRANSFER LOOP

The loop is constructed of 300 Series stainless steel, with the
main piping of nominal 3 -and 4-inch diameters. The loop is. shown
schematically in Figure 6-1. The principal loop operational

limits are given in Table 6-1.

L e R



Table 6-1
COLUMBIA MEDIUM PRESSURE HEAT TRANSFER LOOP OPERATIONAL LIMITS

Maximum pressure, psia 2400

Maximum test section flow, gpm : 550
Head developed by pump, ft. of water ' 600
Test section housing length, inches . 200
Maximum heated length of buhdie, £t. 12.5
Tast scection housing TID, inches 6.5
Heat exchanger heat transter arca, ft,.2 250
Maximum secondary (well) water flow, gpm 000
Minimum well water temperature degrees F 64




The major components of the loop are a 100 hp Wilson-Snyder
centrifugal pump, test section housing, mixing tee, heat ex- .

changers, make-up system and purification system.

6.2.2 Primary Loop

The 100 hp Wilson-Snyder centrifugal pump provides the c¢irculation
of the coolant around the closed primary loop. The total flow
leaving the main circulating pump splits with one part going’
through the test section and the remainder through the heat ex-
changers. The flow through the test seé%ion can be varied by
means of a flow control valve which is manually operated from the
loop control panel area. A seéond flow control valve in the heat
exchanger line provides the test section inlet temperature con-
trol. The heat exchanger secondary flow, which also is controlled
manually from the loop control area, provides‘additional control
capability. The test seqtion flow is measured by a venturi and a
turbine flow meter prior to its entry into the test section hous-
ing. Within the test housing, the coolant rbmovcs hecat from the
heated test section and exits from the top of the test housing to
unite in the'mixing tee with the flow from the hecat exchangers.
The mixing tee provides a stable inlet temperature at the pump
inlet and hence at the test section inlet. The heat exchanger
branch of the primary loop consists of three heat exchangers and
~an air-actuated control valve. The heat exchangers have a total
heat transfer area of 23.23 mg (250 sqguare feet) with 15.42 m3
(166 square fect) -in the main heat exchangcr. The loop is con-
structed in such a way that the heat exchangers can be operated
"singly or in any combination, thus providing a wide range of
achievable subcooling even for low mass flow rates. The heat ex-
changers are tube-in-shell type, with the primary loop water on
the tube side. The cooling water for the heat exchangers is ob-
_tained from wells on site. The secondary system is a once-

through open loop.

6.2.3 Make-Up, Feed-Water and Pressure Control System

The make-up and feed-water system is used to fill the loop ini-

tially and to provide make-up water during operation to maintain



loop pressure. Whenever the loop pressure decreases, a Bristol

Model 16500 FF~14 pressure recorder controller activates an air
driven make-up pump (piston pump) to restore the proessure to the
set value. Whenever the reference pressure excceds the set con-

trol value, the overpressure is relieved by a "Mighty Mite” re-

lief wvalve. The make-up system uses deionized water stored in a

heated 93.3 C (200 F) intermediate taunk which is kept filled
automatically by city water fed through the main deivnicing 3ya

tem. In addition, there is a 13.8 gpm, John Bean Model M1l - 10

triplex piston pump (179 bér; 26d0 psia) in the system to pres- &
surize the loop relatively fast. This pump works only by opera-

tor control.

6.2.4 Purification System

The purification system is used to control the water chemistry in
the primary loop. Part of the heat exchanger outlet flow is split
into two streams. One stream is taken through the Graham Heliflow
heat exchangers (Hx-2 and Hx-3 in Figure46—l) and is used to cool
the pump seal, finally merging with the pump inlet flow. The
second stream is taken thfough two Parker Dual'Coil heat ex-
changers (Hx-4 and Hx-S) and again split into two streams. One
stream passes through the deionizers and joiné the pump suction
stream. The second stream is used to cool one of the test section

chamber seals and is returned to the pump suction stream.

6.2.5 Well Water System

water from wells on site is used as the heat sink in the loop heat
exchangers and in the Parker Dual Coil heat exchangers (Hx-4 and
Hx-5) and Graham Heliflow heat exchangers (Hx-2 and Hx-~3) de-
scribed in the purification system. The water from the wells is
pumped by three centrifugal pumps, operated in parallel, to the
iﬁlet of the secondary side of the heat ekchangers. The well
water coming out of all the heat exchangers is discharged into the

sewer.

6.2.6 D.C. Power System

Figure 6-2 shows a schematic of the D.C. power system for the Me-

dium and High Pressure Heat Transfer Flow Loops in the laboratory.

6-7.
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This system is described in detail in the earlier sections.

6.2.7 Flow Housing

The flow housing consists of four major components: the grid

plate, the top adapter, the shroud box, and the bottom adapter.

The grid plate is machined from a nickel plate. It serves
as a top electrical connection. The grid plate is accurately
machined to maintain the tops of the rods in proper array dger

ometry.

The top adapter locates the shroud box with retérence to the
heated rod geometry and provides a transition from the geometry

of the rod bundle channel to an open arrangement for the coolant

discharge.

The shroud box is made of four rectangular pieces of-stain;
less steel, machined and fitted to hold the ceramic liner which
actually forms the flqw channel. The ceramic shroud liner is made
of 98% dense A1203 in 508 mm (20") long sections, and ground to
the desired dimensions within a tolerance of t 0.0762 mm
(t°0.003"). Holes for pressure tap locations are drilled at

selected points along the axial length of the flow channel.
The bottom adapter locates the inlet end of the flow channel
with respect to the heated rods, and provideé a region for co-

olant entry into the channel.

6.2.8 Test Sections

The heater rod diameter, length, rod array pitch, rod-to-wall
spacing, number of rods in a bundle, and number of pressure taps
and their locations, vary from test section to test section. The
details covered in this section are of a general nature and are
for a typical test section. Figure 6-3 shows a typical test sec-

tion installed in the loop.

6.2.8.1 Heater Rods

The nuclear heating in fuel rods is simulated By passing direct
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electrical current through the rods. These rods are composed of
top and bottom electrodes and a heated section. The heated sec-

. tion is fabricated from Inconel tubing or other suitable material.
The tubing outer diameter is equal to the OD of fuel rods bein§
simulated. The tubing wall thicknesses vary over the range 0.254
mm (0.010") to 1.27 mm (0.050") to achieve the desired radial and
axial heat flux in the bundle and to achieve a proper overall test
section resistance to be compatible with the power system. In all
éases resistance measurements of each finished rod are made using
a Kelvin bridge, and the individual heater rod resistances are

used to compute the true radial power distribution.

The heated rods are filled with ceramic suppoft cylinders.
These cylinderg are made from 98% dense A1203 ceramic, 76.2 mm
(3") long with the OD ground to match the ID of the tube. The
inside of the heated tube is at atmospheric pressure during test-
ing. A 6.35 mm (1/4") hole through the bottom electrode and the
ceramié.cylinders permits access for instrumentation. The ceramic

cylinders prevent éollapsing of the thin-walled tubing due to ex-

ternal pressure.

The top electrode is made of a solid piece of nickel rod with
the same OD as the heated section. The top end of the nickel rod
is ground with a self-locking taper which fits a matching conical

hole in the grid plate.

The bottom electrode is made of nickel tubing over the length
where the rod is in contact with high pressure loop water. The
bottom electrode is joined to copper tubing external to the pres-

sure seal. A typical rod assembly is shown in Figure 6-4.

6.3 HIGH PRESSURE COLUMBIA-ESADA LOOP

6.3.1 Facility Description

The test facilities consist of a main circulating loop, a side
stream purification system, auxiliary cooling system, and a con-

trol system. A layout of the :loop is shown in Figure 6-5. A flow
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diagram of the main circulating loop and auxiliary systems is il-
lustrated schematically in Figure 6-6. The main circulating loop
components are the test section housing, main heat exchanger, cir-
culaling pumps, and interconnecting piping. These loop components
were designed according to the ASME Boiler and Pressure Code and

the following specificatibns:

. Loop flow ratc, maximum ' 100 gpm
° Loop operating pressure*, maximum 3500 psia
° Loop operating femperature, maximum ‘700 F

) Main loop cooler heat removal capacity 5 MW

6.3.2 Test Section

° Inlet temperature, maximum - 650 I

° Outlet temperature maximum 700 F

. Rod hundle length 8 or 14 [vu.

. Housing length, maximum 16 ft.
The test section consists of a pressure housing, ceramic flow
channel, flow channel shroud, "O"-ring pressure plugs and elec-

trical power terminals.

The pressurc housing is made up in two sections. The lower
secéion, 10 ft. long, .is employed when 8 ft. long rod bundles are
tested. The upper section, 6 ft. long, is aaded to the lower
section when the 14 ft. iong rod bundles are used. Each section
was constructed from a single forging with integral flanges equi-
valent to type 316 stainless steel 8-inch schedule 160 pipe and

welded neck flangec rated for 3500 psia service.

The cverdamle flow ¢hannel 1s made from precision machined
ceramic (99% A1203) sections, each about 12 inches long, placed
inside the flow channel shroud. The ceramic prevents galvanic
corrosion between the heater rods and flow channel shroud. The

ceramic channel extends about a foot beyond the rod bundle heated

* Refers to all components except the pumps which were designed
for 650 inlet temperature and 2500 psia.system pressure.
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length both upstream and downstream tu provide a ronstant inlet
and outlet geometry. and prevent adverse entrance and exit flow

effects.

The flow channel shroud is constructed from type 17—4.PH
stainless steel plates bolted together to form a rigid square
housing to support the ceramic flow channel sections. The 17-4
PH stainless steel matérial was chocen tn more closely match the

expansion rate of the ceramic flow channel, thereby eliminating

potential bypass flow. The flow channel has two transition
adapters, one at each end. Both adapters offer a transition
between circular and square channel geometries. The bottom

adapter wall has eight l-inch diameter hoies equally épaced cir-
cumferentially to evenly distribute the incoming flow. The top
adapter is bolted to the rod bundle top grid plate and enlarges
the flow channel to allow steam-water mixture to flow through the
grid plate perforationé. Water coming from the test section hous-
ing inlet pipe flows down between the annulus formed by thé shroud
and the pressure housing wall, then passes through the shroud
bottom adapter holes and turns upwards inside the square flo@
channel containing the rod bundle test section. Continuing up-
ward, it flows through the grid plate and into the pipe connecting

the test section and main heat exchanger.

Seals‘for the heater rod penetrations at the bottom are pro-
vided by plugs containing viton "0"-rings, which are spaced to
forh two chambers which provide cooling to thé "O"-rings. These
chambers step down the pressure differential between the test sec-
tion internal pressure and atmosphere. The top chamber is sup-

plied with external cooling water (well water) at 500 to 900 psig.

6.3.3 ﬁiin Heat Exchanger

Two parallel shell and tube heat exchangers, opeiated as evapora-
tive coolers, serve to remove the heat input from test section and
to maintain a constant test section inlet temperature. The heat

removed from the primary coolant, which flows inside the tubes, 1is

transferred to the low pressure boiling water in the shell side of



the heat exchanger. The steam generated in the shell side is
piped to another heal exchanger where it is condensed to a sub-
cooled temperature and recirculated back to the main heat ex-

changer.

The main coolers are capable of removing af least 5 MW
(17 x 106 Btu/hr) of heat by vapariziny abodt 14,000 lbm/hr
(32 gpm) of water on the secqndary side. This amount of heat is
removed when the primary side ls operating between 400 F and
650 F and the secondary at saturation conditions of 150 psia.
The ratc of heal rwmoval 13 contiulled by manually adjusting the

[low to the secondary side of the heat exchanger.

6.3.4 Main Circulating Pumps

To meet the operating requirementsc of the luup and pérmit tlexi-
hility of opecrativn, four ¢anned motor pumps are arranged in two
sets connected in parallel. Each set has two pumps connected in
scries in ordey to provide a maximum developed pressure head of

580 feet of water. The pumps, Westinghouse Model A-150-D1, are

constructed of Type 316 stainless steel. "~ Each pump is rafed at

150 gpm against a head of 300 feet, for 2500 psi and 650 F

service.

6.3.5 1Interconnecting Loop Piping

The primary loop piping is constructed of seamless 4-inch schedule
16U Type 316 stainless steel pipe. The piping is rated at 3500
psi and 700 F. Rerauca of the lairye rdnye oF operating flows
(40-400 gpm), two different size valves connected in parallel are
nsed to control flow. These valves are 4-inch énd l-inch Y-type
valves located upstream of the test section inlet, and aré op-~
erated manually to.adjust loop flows as required. In addition, a
Venturi type BIF flow nozzle and a Potter type turbine meter are

installed in the loop piping to measure flow.

6.3.6 Side Stream Purification System

A portion of the main loop circulating water flows through a side

stream cooler and two parallel purification columns containing a



mixed bed of ion-exchange resin. The system is capable of‘pufi—
fying loop primary water at a rate of 3 loop volumes per hour in
order to maintain low chlorides (O.lp ppm) , maximum water resis-~
tivity of 0.5 x 106 ohm-cm, and low solids concentrations. It is
also equipped with an in-line counductivity cell;, and a sampling
cylinder. This cylinder is employed to obtain loop water samples
for chemical analysis and to inject the necessary chemicals to

adjust loop water chemistry.

6.3.7 Auxiliary Cooling System

The main heat exchangér secondary side and the main circulating
pumps require a closed loop recirculating éobling system in order
to maintain low chloride concentrations to avoid stress cracking
corrosion of the heat exchangers surfaces. Each system consists
of a circulating pump and intermediate heat exchanger. Cooling
‘'water to the secondary side is provided from a well in the facil-

ity or the city water supply lines.

6.3.8 The Control Room

The control room contains loop controls and instrumentation needed
to perform the following functions:
1. Control loop temperature at any desired value be-~
tween 100 F and 650 F.

2. Control loop pressure at any desired value between
100 psia and 2500 psia. The control is applied to
a totally liquid filled system. .

3. Control loop flow between 40 and 4000 gpm.

4. Provide temperature piotection for pumps in the
form of visual and audible alarms. ’

5. Provide over-pressure protection for the system in
’ the form of relief devices and audio-visual alarms.

6. Monitor water supply tanks liquid levels with
audio~visual high and low level alarms.

In addition, the DNB detection recorders are located in this
control room. Loop instrumentation is shown schematically in
Figure 6-6. Temperatures are monitored by thermocouples in con-

junction with single-point circular chart and multi-point strip



chart recorders. Test section inlet and outlet temperatures are
measured with thermocouples and recorded by the CCDAS as described

in Section 6.7.

The loop pressure is remotely controlled by an air operated
make-up pump and a letdown backpressure regulator. Test section
inlct ond outlel pressures dre measured with precision Bourdon
tube gages. The outlet pressure is also recorded in a circular
chart pressure recorder. This recorder is provided with adjust-
able high and low limits which activate a letdown solenoid valve
and Llie wake=up pump, respectively. A gaé pressure controlled
letdown valve is normally used to steady pressure control during
minor pressure changes. In addition, the loop pressure can be

controlled manually with a dump valve.

~Pressure drops across the test section heated length are
measured with Meriam high pressure, differential pressure trans-

ducerc.

Test section inlet flows are adjusted manually with a com-
bination of a 4-inch and l-inch valves connected in parallel.
Flow measurements are made by a Venturi type flow meter, and a
Potter turbine meter. The Venturi flow meter differential pres-
sures are measured with two high pressure Merian differential
type manometers. High flows are monitored with a mercury mano-~
meter, and low flows with an oil manometer with oil having a
specific gravity of 2.§S. The turbine mcter has a digital read

out in cycles per secound which is proportional to flow rates.

Test section power is recorded with the data acquisition
system. Volls are measured across voltage taps bu