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Abstract

This manual provides potential users with detailed information about the Central Receiver Test
Facility operated by Sandia National Laboratories for the US Department of Energy. This
installation is the primary solar test facility for component and subsystem evaluations within the
Department of Energy’s Solar Central Receiver development program, and can also be used for
thermal effects testing. Administrative procedures, facility capabilities and interfaces, and the
information required from potential experimenters by site personnel are described.
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Central Receiver Test Facility
Experiment Manual

Chapter 1. Introduction

The Central Receiver Test Facility (CRTF) is the
primary solar test facility for component and subsys-
tem evaluations within the US Department of Energy
(DOE) Solar Central Receiver development program.

The CRTF (Figure 1.1) has a thermal capability
greater than 5 MW and is designed to perform a
variety of functions including, but not limited to

» Evaluating prototype solar receivers to convert
the concentrated sunlight from a field of helio-
stats into usable heat in a heat-transport fluid
such as water, molten salt, air, or sodium

e Evaluating prototype solar collectors (helio-
stats) for future solar central receiver plants

¢ Testing components and subsystems for ad-
vanced solar thermal systems, including heat or
other energy storage systems

¢ Evaluating direct-energy-conversion cycles
(such as photovoltaics or thermionics) that uti-
lize concentrated sunlight

e Developing and testing instrumentation and
process control systems

e Training personnel to operate solar central re-
ceiver facilities

e Developing high-temperature solar chemical

and metallurgical processes, and determining
high-intensity solar radiation effects on materi-
als

e Performing thermal-effects testing of materials

and devices not related to solar energy develop-
ment programs such as

— Simulation of chemical reaction or nuclear
weapon heating

— Simulation of aerodynamic or reentry heating

— Simulation of nuclear reactor fault and acci-
dent events.

Correspondence from potential experimenters
should be addressed to

CRTF Supervisor and Test Engineer (name)
Division 6222

Sandia National Laboratories

PO Box 5800

Albuquerque, NM 87185

Commercial: (505) 844-2280

FTS: 844-2280



Figure 1-1. Aerial Veiw of CRTF




Chapter 2. Administrative Processes

DOE-sponsored programs are given top priority
for CRTF testing and resource schedules. Priorities
are set by the DOE and the CRTF. In general, the
priority order is as follows:

+ DOE-sponsored solar central receiver develop-
ment programs

¢ Programs sponsored by others that complement
the DOE central receiver program

e Other DOE solar programs

¢ DOE-sponsored non—solar-energy development
programs

¢ Other US-government-sponsored programs
* Programs not sponsored by US government
— US corporations or individuals

— Foreign governments or private programs
¢ Others

Test programs are approved and priorities as-
signed by DOFE’s Solar Thermal Program Office.
Scheduling of test operations by the CRTF depends
on the priority, workload, available resources, and
other factors.

2.1 Experiment Implementation

Experimental programs at the CRTF require
strong, direct interaction between the experimenters
and the CRTF staff to ensure that the work is carried
out systematically and on time. The experimenters
must supply detailed information to the CRTF so that
the experiment can be installed and operated safely
and reliably to obtain results under desired test condi-
tions. Figure 2-1 illustrates this process.

For each series of tests at the CRTF, the experi-
menter must provide documentation. Table 2-1 sum-
marizes the elements. The Experiment Application
(sample presented in Appendix A) is used to deter-
mine the priority and secure approval to perform the
tests; its submittal formally initiates a potential ex-
periment. The details of the Contract Agreement,
required only of non-DOE-funded users, are deter-
mined by the experimenter and the DOE Albuquer-
que Operations Office (AL). This document is pre-
pared after the detailed scope of work has been
reviewed by the CRTF and a cost estimate made for
the proposed work. The scope of work is submitted to
DOE/AL by the experimenter after it is developed
jointly by the experimenter and the CRTF staff.

Information that must be included in the Data
Package, Test Plan, QA Records and As-Built Draw-
ings, and Detailed Procedures is described in Chapter
4 of this report. These documents are combined with
CRTF system procedures into the Integrated Test
Procedures (ITP). The ITP (the final authority for
performing the experiment) must be approved by the
user, the CRTF supervisor, and Sandia’s Safety and
Environmental Health organizations. After the ex-
periment is completed, a CRTF test engineer will
prepare a final Data Report that will include condi-
tions for all tests, operational details, and the data
required by the user and not provided in another
format (i.e., magnetic tape, computer printout, etc.).
The experimenter is responsible for data analysis and
publication of the test program results.



Table 2-1. Required Test Documentation

Item of

Documentation Prepared By

Lead Time

Approved By (days)

Experiment Application User

Scope of Work* User and CRTF

Contract Agreement*

Data Package User
Test Plan User
Detailed Procedures User
QA Records and As-Built
Drawings’ User

Integrated Test Procedure User and CRTF

Data Report CRTF

*For non-DOE-funded users only.

User and DOE/AL

CRTF supervisor, —

DOE/HQ
DOE/AL —
User and DOE/AL —
CRTF 60 prior to hardware
delivery
CRTF 90 prior to test

CRTF and user 60 prior to test

CRTF

User, CRTF and
SNLA Safety

CRTF supervisor

With hardware
10 prior to test

60 after test completion

"The QA package requirement may be waived in some cases, depending on the nature of the experiment.

2.2 CRTF Test Engineers

The CRTF provides the following engineering
services to experimenters through the assigned test
engineer, who

* Assists with obtaining approvals for the experi-
ment (see Figure 2-1 for details)

* Expedites user access; indicates priorities and
develops implementation schedules

* Provides information on CRTF capabilities,
controls, data systems, interfaces, and safety
requirements

» Consults with experimenters on their designs for
mounting and interface hardware; experiment-
ers normally provide all connections to existing
CRTF systems and utilities

* Provides detailed test planning to ensure that
test conditions and data requirements are met

» Works with the experimenter to transform the
experimenter’s detailed procedural input into

actual test operating procedures and sequences
(ITp)

* Provides special safety equipment and proce-
dures as required to ensure personnel, facility,
and test hardware safety

* Provides data reports including test data, local
weather data, and a limited amount of on-line
data processing and analysis

10

* Provides summary reports on the operation and
control of the experiment.

2.3 Experiment Operation

Many types of experiments are possible at the
CRTF. Some are complex, requiring strong interfaces
with the CRTF systems. These experiments must be
closely coordinated between the CRTF staff and the
resident experimenter. In general, the CRTF staff
operates the CRTF heliostats, utility systems, and
diagnostic tools, and is responsible for personnel and
facility safety. Less complex experiments may be op-
erated by the resident experimenter. The exact role of
the experimenter in test operations is defined during
the review of the Data Package and Test Plan.

The solar flux and other system-operating condi-
tions can be changed and tailored in real time. Allowa-
ble flux patterns and sequences are related to facility
safety and to the capability of the heliostat control
system. These are defined during the detailed test
planning and procedure development by the experi-
menter and the CRTF staff. Deviations from the Test
Plan during actual operation require the approval of
the CRTF test engineer and the operations/safety
engineer.
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Figure 2-1. CRTF Experiment Implementation




2.4 Scheduling

The CRTF supervisor is responsible for schedul-
ing test activities. Input from the experimenter, ad-
vice from the CRTF staff, and guidance from DOE is
considered when scheduling experiments. The experi-
menter is notified of the tentative schedule for experi-
ment when the Experiment Application or Contract
Agreement (for non-DOE experimenters) is approved.
The detailed test schedule will be worked out during
the review of the experimenter’s Data Package and
Test Plan.

Weather conditions affect testing schedules. Some
tests may require clear days only, others partly cloudy
days. Table 2-2 is a 38-year summary of the US
Weather Bureau data for Albuquerque, New Mexico.
Our experience to date is that about half the days in
the year have weather adequate for most test pro-
grams.

2.5 Access to KAFB and the

CRTF

The CRTF is located on the Kirtland Air Force
Base (KAFB). Visitors must inform the CRTF of their
expected arrival time, and when they arrive at the

entrance to KAFB, they must provide the Security
police with the name and phone number of the CRTF
contact. Figure 2-2 shows the location of the CRTF
relative to other prominent features at Sandia Nation-
al Laboratories and KAFB. Visitors need not stop at
any other Sandia location before proceeding to the
CRTF.

A visitor to the CRTF normally is not required to
have a security clearance; however, a visitor who is not
a US citizen must secure DOE approval to visit or
reside at the CRTF. This approval is secured by the
visitor’s embassy, the US State Department, or the
DOE Office of International Affairs.

The following items are not permitted on the
CRTF site:

e Firearms, ammunition, or other dangerous
weapons

s Alcoholic beverages or other intoxicants

¢ Illegal drugs, stimulants, or depressants

+ Explosives or incendiaries

+ Radioactive or toxic materials (without special
permission of the CRTF supervisor).

Table 2-2. Typical Albuquerque Weather

(Compiled from 38-year record)

Partly Percent Average Wind Wind
Month Clear Cloudy Cloudy Sun Velocity (mph) Direction
January 13 8 10 72 8.0 N
February 12 7 9 73 8.8 N
March 12 10 9 73 10.1 SE
April 13 9 8 77 11.0 S
May 15 10 6 79 10.5 S
June 18 8 4 83 10.0 S
July 12 14 5 76 9.1 SE
August 14 12 5 76 8.2 SE
September 17 8 5 80 8.6 SE
October 18 6 80 8.3 SE
November 16 7 7 77 7.9 N
December 14 9 72 7.7 N
174 108 83

12
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Chapter 3. Description of CRTF
Capabilities and Interfaces

3.1 Heliostat Array Subsystem

The CRTF energy collection field consists of 221
heliostats (Figure 3-1). The total heliostat field can
concentrate sunlight equal to >5 MW of thermal
power under optimal sun, heliostat, and target condi-
tions. For test flexibility, heliostats may be located on
either of two foundation arrays that form a northern
or a circular distribution with respect to the tower’s
center. To date, only the northern location has been
used.

Each heliostat (Figure 3-2) contains 25 individual
mirror facets, totaling 37.2 m? (400 ft?) of reflective
surface. Each facet is adjusted so that its reflected
beam merges with the reflected beams from the other
24 heliostat facets, to form a single image at the target.
The ideal reflected energy concentration ratio per
heliostat is 25:1. In addition, each facet is contoured so
that it gives a concentration ratio of 1.5 to 2.0:1 at its
focal length. The facets are mounted on a structure
with azimuth and elevation gimbals; the gimbals allow
the reflected energy to be aimed at any target.

Each heliostat gimbal can be driven at angular
rates of 5.6 mrad/s for the fast (or slew) mode and 0.3
mrad/s for the slow (or sun-tracking) mode. While
tracking the sun, the gimbals can be directed to 2°
(8192) discrete, angular, switch-position increments
(7.7 107* rad/increment) that are provided by posi-
tion sensors. During slew, used for startup, shutdown,
and emergency maneuvers, the control system uses
only 21° (1024) increments (6 X102 rad/increment).

3.1.1 Heliostat Control System

The heliostat control system and experiment in-
terface are shown in Figure 3-3. This system is based
on an HP-1000 A-900 computer that is dedicated to
controlling the heliostat field. For automated control
of the experiment, it is necessary to inform the helio-
stat control computer of the status of the experiment,
either directly or through a distributed link. The types
of data that can be passed to the heliostat control
computer are temperatures, experiment power pro-
files, or simply the power demand.

Each major control and data acquisition system
shown in Figure 3-3 transfers data to an HP-1000F
computer for database manipulation, storage, display,

and printing. These systems share peripheral equip-
ment through a distributed system link.

Commands and data transmitted to the individ-
ual heliostats are received and executed by the Helio-
stat Control Electronics (HCE). The HCE provides
the proper drive-motor power until the gimbal axis
encoders indicate appropriate heliostat attitude has
been attained. The HCE and heliostat motors then
await the next command.

When not in use, the heliostats are stored with the
mirror surface facing the ground. As beams of energy
are moved above the horizon, they are controlled so
that “the light intensity in the airspace near the CRTF
is one-sun (or less) at twice the focal length of the
heliostat, and that no intensities over one-sun extend
above twice the height of the standby point.”* Addi-
tional details of this procedure are found in Reference
1. The heliostats can be moved individually or in
groups to specific target points. Returning the helio-
stats to the stow position is done in a safe manner, also
described in Reference 1.

3.1.2 Solar Power Transients

To date, the CRTF heliostats have been used to
produce a variety of transient heating conditions and
thermal pulses. For pulsing, a shutter is used to pro-
vide a rapid rise in flux and a timed sequence of the
flux reduction is achieved with the heliostats. Figure
3-4 shows examples of pulses that have been generated
using this approach. Figure 3-5 shows the power tran-
sient generated using special heliostat control strate-
gies. Heliostats can be brought onto the target at a
much slower rate than shown in this figure if desired.

The heliostats can be removed from the target in
one of three ways: (1) by issuing commands; (2) by
issuing a scram; and (3) by using manual switches to
the elevation drives. Using the first option, groups or
individual heliostats can be commanded off target
following almost any timing sequence desired. The
scram causes all the heliostats at the on-target posi-
tion to go to a standby position. The resulting flux
transient is shown in Figure 3-6. The third option,
manual switching, is a last resort and is normally used
only in an emergency case. The heliostats travel down
in elevation with no movement in azimuth. Recover-
ing from this action is very time consuming.
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One of every 10 heliostats can be equipped with a
detector to determine if the sun is shadowed by a
cloud. Tests sensitive to rapid applications of thermal
power such as would likely follow passage of a cloud
can be protected by moving the heliostats off the
target when the sun is interrupted. When the sun is
again detected, the heliostats are returned slowly to
the target. (This system has not been used to date.)

3.2 Heliostat and Beam

Characterization Systems

The CRTF can characterize the optical perfor-
mance and tracking accuracy of heliostats using the
Beam Characterization System (BCS). We can also
characterize the contour accuracy and alignment of
heliostat facets with the Heliostat Characterization
System (HCS). Potential users of either system should
contact the CRTF liaison for additional details.

3.2.1 Beam Characterization System

The BCS is used to characterize the optical per-
formance and tracking accuracy of heliostats used in
central receiver solar power plants. Figure 3-7 is a
schematic of the basic components of the system.

A heliostat beam is reflected onto a flat target
having lambertian reflectance characteristics. A video
camera is used to measure the reflected light coming
from the target. This video image is digitized in an
array (480Hx512V) by 8 bits to get 256 shades of
grey. A pyrheliometer located at the center of the
target is used to measure and correlate the incident
flux density with the video image intensity levels.

Typically, the BCS is used in one of two basic
operational modes, the beam quality mode or the
tracking accuracy mode. In the beam quality mode, a
full system calibration is performed, and then the flux
density distribution and total power are measured.
These data, in conjuction with an optical model, are
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used to assess the performance of the heliostat. The
optical model used is the computer code HELIOS
(Section 3.3). In the tracking accuracy mode of opera-
tion, a rapid sampling of the beam centroid location is
obtained. (A beam centroid is analogous to a mass
centroid in solid mechanics except that the calculation
is weighted by flux density instead of mass.) The
centroid location is calculated and updated twice a
second. The centroid data is then used to compute
daylong root-mean-square (rms) tracking errors.
Codes are available to unfold error parameters (azi-
muth axis tilt, azimuth to elevation axis nonorthogon-
ality, angular encoder bias, etc.).

3.2.2 Heliostat Characterization System

The HCS is used to characterize the contour
accuracy and alignment of heliostat mirror facets.
Figure 3-8 is a schematic of the system.

The video camera is located at the center of the
target (heliostat aim point) and looks back down the
beam at the modified image of the sun in the heliostat.
A perfectly aligned and focused heliostat presents a
complete picture of the heliostat with all facets uni-
formly bright (i.e., the center of the sun would be
visible at every point on the mirror surface). A poorly
aligned heliostat presents an incomplete picture with
some facets missing or only partially bright. To attain
both qualitative and quantitative information, the
system makes use of the limb-darkening phenomenon
of the sun (the variation of intensity as a function of
the sun’s radius) to determine the contour accuracy
and alignment of the mirror surfaces. This is accom-
plished by correlating the brightness of each elemen-
tal area of the mirror with the corresponding region of
the sun’s diameter, and that region’s angular devi-
ation from the center of the sun. As a qualitative
system, the HCS can be used to quickly assess the
performance of each heliostat facet and allow realign-
ment.
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3.3 Computerized Heliostat

Beam Model

The CRTF heliostat field has been modeled to
allow the user to study many different operating and
safety conditions. HELIOS, a Sandia-developed helio-
stat cone optics computer model, is used to calculate
the solar intensity reflected from the heliostats to any
target location. The code can calculate the flux densi-
ty on a surface (receiver or other experiment) or it can
be used to develop aiming strategies that give unique
flux distributions to meet the needs of a particular
experimenter. The capabilities of the HELIOS model
are described in Reference 2.

Figure 3-9 lists examples of HELIOS calculations.
The calculations are for day 80 (vernal equinox) at two
hours before solar noon, at solar noon, and at four
hours after solar noon. The solar insolation used was
0.1 W/cm? Shown in the figure is the predicted flux
distribution (in W/cm?) at 121 points (11X 11 matrix)
on the target surface and the total power on the target
(watts). The hypothetical flat target was located on
top of the tower, oriented vertically, and faced north.

The alignment coordinates for the heliostats are
those of the HCS (Section 3.3.2) camera. The predic-
tions were made using day 80 at solar noon as the
prealignment day and time for all heliostats.

In this example, the total power is <5 MW be-
cause of the small target (3 X3 m). Similar results are
available for each facet and heliostat and can be
generated for any target size, shape, location, or num-
ber of heliostats. Experimenters are encouraged to
contact the CRTF in the early design stages of their
experiments to ensure that the solar beam will per-
form as expected. Specific HELIOS calculations will
be made by the CRTF staff.

The calculated total power and peak intensity as a
function of time of day and day of year are shown in
Figures 3-10 and 3-11. The total power on a 3X3-m
target varies from 5.4 MWth at noon on the day for
which the heliostats are aligned, to a low of 3.4 MWth
near the winter solstice. Between 10:00 and 14:00 the
total power within the 3X3-m target exceeds 4.9
MW£th throughout the year. The peak flux is a maxi-
mum of ~240 W/cm? at noon on the equinoxes and a
minimum of ~100 W/cm? at 8:00 and 4:00 at the
winter solstice. Figure 3-12 shows CRTF flux density
contours. These contours are valid for any day of the
year at any time of the day on any flat target.

3.4 Solar Tower

The CRTF tower rises 200 ft above ground and
extends 50 ft below ground. The tower cross section is
circular with rectangular projections on the north and
south (Figure 3-13).

The tower cross section begins to taper at 185 ft
and is smallest at 200 ft. The taper minimizes flux
blockage for targets above 200 ft. At ground level the
tower cross section is circular (Figure 3-14). The out-
ermost area, which is one story high, houses mechani-
cal and electrical equipment.

3.4.1 Test Locations on the Tower

The CRTF tower has four major test locations:
three are located on the north side and the fourth is
the tower top. The test bay locations are shown sche-
matically in Figure 3-15. The test bays are referred to
as the 220-ft level, the 240-ft level, and the 260-ft level.
(This nomenclature is a result of the designation on
the architectural drawings.) Table 3-1 lists the height
of the test bay floors (as measured from ground level
in the tower), bay dimensions, and rollup door dimen-
sions,

220-ft Test Bay. The 220-ft test bay dimensions
are given in Table 3-1. The south side of the bay has
no wall and opens into the tower interior. Experiments
(depending on size and weight) can be lifted to the test
bay either by using the passenger elevator, the elevat-
ing module (Section 3.4.2), or the work platform (Sec-
tion 3.4.3), or from the north side by using the jib
crane located at the 260-ft bay (Section 3.4.3).

Cooling water can be supplied to this bay through
the 250-ft level 400 gpm pump (see Section 3.4.6 for
details). An electrical junction box is installed on the
west wall of the bay. It has plug-in jack panels for 48
Type K and 48 Type T thermocouples, and 96 data/
control connections that can be made on terminal
strips. The numbered cables terminate at an identical
box at the 200 level where the signals can be connected
to the experimenter’s or the CRTF data/control
equipment (see Section 3.5 for details).

240-ft Test Bay. The dimensions of the 240-ft
test bay are the same as those of the 220-ft bay.
Currently, a high-speed shutter with a 1X1-m aper-
ture is located at this level. Cooling water is supplied
to this test bay from the 250-ft level pump. The
coolant is supplied through a 6-in. header that has
four 2-in., nine 1-1/2-in., and six 1-in. ball valves. All
valves have flow switch indicators and positions where
thermocouples can be installed, and all coolant supply
and return lines have quick disconnects on both ends.
The instrumentation patch panel at this level is iden-
tical to that at the 220-ft test bay.

260-ft Test Bay. The test bay at the 260-ft level is
an exposed platform (dimensions noted in Table 3-2).
Personnel protection panels can be installed along the
north edge of the bay so that experimental setup can
continue while solar tests are conducted at other levels
on the tower.
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Figure 3-9. Sample HELIOS Calculations (continued)
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Table 3-1. Dimensions of Test Locations*®

Bay Dimensions

Roll-Up Door Dimensions

Test Height Above Width Depth Width
Bay Ground Level (E-W) (N-S) Height (E-W) Height
220-ft 120 (36.6) 32 (9.8) 14 (4.3) 17 (5.2) 22 (6.7) 15 (4.6)
240-ft 140 (42.7) 32 (9.8) 14 (4.3) 17 (5.2) 22 (6.7) 15 (4.6)
260-ft 160 (48.8) 35 (10.7) 10 (3) NA 22 (6.7) 15 (4.6)
Tower Top 200 (61.0) See Module Description NA NA NA

*Dimensions are shown in feet (meters)

Table 3-2. Location, Phase, Quantity, and Breaker Limits of
Electrical Outlets in the Tower

120V 208 V 480 V

Tower Top 10 ea 20-A 1 ea 60-A, 30 2 ea 300-A, 30-3W
Duplex Outlets 3 ea 30-A, 30-5W

260-ft Level 4 ea 20-A *1 ea 30-A, 30-5W 1 ea 30-A, 30-4W
Duplex Outlets

240-ft Level 4 ea 20-A *1 ea 30-A, 30-5W 1 ea 30-A, 30-4W
Duplex Outlets

220-ft Level 4 ea 20-A *1 ea 30-A, 30-5W 1 ea 30-A, 30-4W
Duplex Outlets

Ground Level 6 ea 20-A — 1 ea 300-A, 30-3W

Duplex Outlets

1 ea 100-A, 30-3W

*Have the ability to supply additional 208 V using dry transformers
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Coolant is supplied via 6-in. headers that have two
2-in., two 1-1/2-in., and one 1-in. ports. Flow indica-
tion and temperature instrumentation is the same as
that for the 240-ft level. Patch panels identical to
those at the other two test bays are also located at this
test level.

3.4.2 Elevating Module

The elevating module is shown in Figure 3-16. It
moves within the rectangular hoistway in the tower
interior. The module roof can be positioned anywhere
between the ground level and the tower top. Ground
level access to the module is provided by a 32 x55-ft
vertical-lift door on the north side of the tower. It has
a 100-ton load capacity.

As shown in Figure 3-16, the module has three
separate floors. The upper level contains instrumenta-
tion patch panels and cable trays for control and data
acquisition cables coming from the experiment
mounted on the roof. The middle level contains local
control panels and data acquisition computers. The
lower level can be used for emergency air or gas
supplies and other equipment that supports the ex-
periment on the roof.

The roof of the module is for mounting the largest
experiments. The dimensions of the roof are 30 ft
(N-S) by 25 ft (E-W). Any experiment mounted on the
roof of the module must be attached to the four beams
that span the E-W direction (locations shown in Fig-
ure 3-17).

When the elevating module is at a level other than
the top of the tower, a 30Xx25-ft steel trap door
provides a work/experiment platform at the top of the
tower.

3.4.3 Methods of Lifting Equipment to the
Test Bays

There are several ways to lift hardware to the test
bays on the north side of the tower:

260 Jib Crane. A 5-ton-capacity jib crane located
at the 260-ft level can be used to lift equipment to the
220-, 240-, and 260-ft levels. The crane is not articulat-
ing and therefore cannot extend into the bays at the
220- and 240-ft levels; facility-provided come-alongs
can be used to assist in locating equipment in these
bays.

Tower-Top Articulating Crane. A 3-ton-capacity
articulating crane located on the elevating module
roof can be used to lift equipment onto the top of the
module from the 260-ft test bay.

180 Jib Crane. Lower levels of the tower interior
are serviced by two 5-ton jib cranes, used primarily for
support of assembly work on the elevating module
when it is at ground level.
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Work Platform. A work platform, 30 ft (N-S) by
25 ft (E-W), is located beneath the elevating module.
When the elevating module is resting at any location
above ground level, the platform can be used to lift
loads (weighing up to 100 tons) to any level below. The
work platform cannot serve the 260-ft test bay or
above.

3.4.4 Thermal Protection

All thermal protection for the tower structure is
passive. The north face of the tower above the 210-ft
level was built with replaceable 3-in.-thick, white,
concrete panels or a 2-in.-thick layer of concrete mate-
rial sprayed on the outer tower walls.

The CRTF has had extensive experience with
both active and passive protection used to protect
experiment supports, coolant supply, and return lines
and instrumentation cabling. Thermal protection rec-
ommendations will be made by CRTF personnel de-
pending on the flux levels and experiment size. Active,
water-cooled protection is usually required for flux
densities above 100 W/cm?.

3.4.5 Utilities

A mechanical chase is located along the east inte-
rior wall of the tower. Sewer and fire protection lines
are also located here. Exact locations of piping and
interfacing terminations will be supplied by the CRTF
personnel upon request.

The electrical chase on the west side of the tower
contains 115-Vac single-phase, 208-Vac three-phase,
and 480-Vac three-phase power. The 115 and 208 Vac
is distributed throughout the tower. The 480 Vac is
available only at the tower top and test bays. Loca-
tions of the power lines and their associated current
capacities are summarized in Table 3-2. Power lines
for tower equipment and data acquisition lines run in
separate, isolated conduits in the electrical chase.

3.4.6 Steam/Water Heat Rejection System

The heat rejection system supplies impurity-con-
trolled deionized feedwater or water/glycol to experi-
ments and dissipates energy from the returning fluid.
The heat rejection system (HRS), shown schematical-
ly in Figure 3-18, can supply boiler-quality feedwater
at a maximum of 30 gpm, 400°F, and 1250 psi. The
feedwater temperature can be increased to 550°F by
using the steam-heated preheater, but only if the
receiver or steam generator is providing steam. The
steam HRS can accommodate 12,000 1b/h of 965°F,
2000-psi steam.
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The feedwater system starts at the CRTF raw
water supply. Water is passed through cation, anion,
and mixed demineralizer beds and stored in a 20,000-
gal tank. The water is pumped from the tank into the
233-psi spray-water loop that contains a deaerator-
desuperheater and heat exchanger where Hydrazine is
added for dissolved oxygen control. The feedwater is
pumped into high-pressure piping running to an out-
side boiler. Acidity control chemicals (normally not
needed) are added in this high-pressure pipe (conden-
sate polishing is normally not provided).

Water chemistry is monitored at various sample
points in the feedwater system. On-line analyzers will
be set up as required and can be used to measure

e Cation conductivity

» Specific conductivity

. pH

« Dissolved oxygen

+ Hydrazine

« Silica.

A closed-loop, dry-cooling-tower system dissi-
pates energy returned in the feedwater/steam. The
cooling-tower loop uses a 50% ethylene glycol/water
solution as coolant on the shell side of the heat ex-
changer in the spray-water loop. Coolant at 1500 gpm
is supplied to the heat exchanger.

Two chemical feed mixing tanks and metering
pumps are provided for the feedwater pH and O,
control chemicals. A glycol/water mixing tank is pro-
vided for glycol water makeup in the dry-cooling-
tower loop. A 4000-gal industrial waste water collec-
tion tank is provided for system waste.

A separate cooling loop is available for supplying
coolant to experiments that require water/glycol only
as a coolant. Fifty percent glycol/water is pumped up
the tower at 400 gpm to the 250-ft level. Here it passes
through a heat exchanger to cool another 400-gpm
loop that in turn supplies coolant to the experiment
(usually located at the 220-, 240-, or 260-ft test bay).
The coolant, which originated from the HRS, rejects
its heat as it passes through dry cooling towers located
at the base of the tower.

3.5 Control and Data Acquisition
Systems

3.5.1 Distributed Digital Process Control
System

The CRTF has an on-line process control system
for monitoring and controlling receiver tests. Current-
ly, the system is used for control of HRS, a steam
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generator, and a solar receiver. The control system has
process control units to operate subsystems in a re-
ceiver experiment, and control consoles that allow
operator monitoring and operation. Each control unit
is connected to a central data “highway,” which passes
information to a data acquisition system.

Experimenters requiring additional information
on this control system should contact the CRTF user
liaison.

3.5.2 Data Systems

The general capabilities of the CRTF data sys-
tems are summarized below. All data acquisition sys-
tems are continually being improved and potential
experimenters must contact the test engineer regard-
ing the capabilities of the facility at the anticipated
test period.

Analog System Quantity Channel

Strip Chart Recorders 5 2
Multipoint Recorders (Temp/MU) 5 16
Oscillograph Recorders 3 18
FM/FM Tape Recorder 1 14
CCTYV Beta Tape Recorder 1 1

Digital Microprocessor-Based Data Loggers

4 Mainframes (Acurex and Doric)
800 Channel (max), Variable Scan Rates
Real Time—

CRT Displays (3)

Hard Copy (tables)

Alarm Features

Process Control

Demand Logging

Archive—
Line Printer
Floppy Disc Storage
Magnetic Tape Storage — Cassette

Digital Minicomputer-Based
500 Channel, 2-s Scan Rate Nominal

Real Time—
CRT Displays
Hard Copy
Alarm Features
Process Control
Disc/Cartridge Storage

Archive—
Line Printer (tables, graphs)
Magnetic Tape Storage



3.6 Assembly Building

At the CRTF site is a solar passively heated
warehouse/assembly building, shown schematically in
Figure 3-19. It is currently being used to store spare
parts for active CRTF projects and serves as a helio-
stat maintenance area.

In the high bay of the assembly building is a 5-ton-
capacity bridge crane with a 24-ft maximum lift. The
building is available for on-site assembly of experi-
ments. Utilities for light welding and machining oper-
ations are available.

41



e Assembly Building



Chapter 4. Requirements of Experimenters

It is the responsibility of the experimenter to
provide detailed information on the experiment as
described in this chapter. Table 4-1 summarizes re-
quirements and their lead times. If these lead times

are not met, installation and operation schedules may
be delayed.

4.1 Data Package

The experimenter submits information about the
experiment to the CRTF in the form of a Data Pack-
age. Five copies are required, including all drawings.
Exact contents and amount of detail required depend
on the type of experiment and will be determined by
the CRTF Test Engineer working with the experi-
menter. The Data Package should include the follow-
ing items.

4.1.1 Scope and Objectives

The scope and objectives summarize the nature of
the experiment, including the test sequence and dura-
tion, operating conditions, and desired results.

4.1.2 Design Description

The final design of the experiment must be in-
cluded. It may also include

a. Specifications and design criteria

b. Drawings—mechanical, electrical, instrumen-
tation, and controls

c. Engineering analysis and calculations to dem-
onstrate the design principles used to ensure
the integrity of the equipment during normal,
faulted, and emergency conditions. Design cal-
culations and a summary of prior test experi-
ence may also be required. Appendix B summa-
rizes the design requirements and the codes
and standards that may be applied to the de-
sign and construction of an experiment.

4.1.3 Safety Analysis

Identification of all potential safety problems and
failure modes for the experiment and possible hazards
to personnel and equipment must be supplied. The
analysis is to include normal and faulted operating
conditions and potential problems due to natural
occurrences such as earthquakes, high winds, light-
ning, rain, snow, and hail. It shall list all safety fea-

tures and demonstrate that fail-safe concepts have
been incorporated into the design and operating pro-
cedures. The experimenter supplies this safety-related
information to the satisfaction of the CRTF and ad
hoc review panels organized by the CRTF. The CRTF
staff has the final reponsibility for safety during a test.

The CRTF operates with the general safety rules
listed below, and the experimenters should incorpo-
rate these in their own safety analyses.

a. Personnel is allowed only in restricted parts of
the heliostat field during solar operations. The
CRTF Safety Engineer rules on all requests for
admittance to the field.

b. Personnel is allowed in protected areas of the
tower while the experiment is being performed.
Access near the experiment is allowed only
after special protective equipment and safety
policies are established and approved by the
CRTF Safety Engineer.

c. Whenever possible, experiments are designed
for operation from the CRTF control room or
from an area removed from the test item and
heliostat beam.

4.1.4 Quality Assurance

The quality assurance (QA) plan and procedures
provide details about how quality is incorporated into
the design and construction of the experimental hard-
ware. Any special QA requirements for installation of
the equipment at the CRTF are listed by the experi-
menter. A completed QA records document may be
required at the time hardware is delivered to the
CRTF.

4.1.5 Supplementary Information
Additional information about the experiment and
equipment may be required. This may include, but is
not limited to,
a. O&M manuals for commercial components, in-
struments, and controls
b. Spare parts lists (parts to be supplied by ex-
perimenter; the CRTF does not provide spare
parts for the experimenter’s hardware)

c¢. Functional wire list for power, instrumenta-
tion, and controls
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Table 4-1. Requirements of Experimenters
Experimenter Required Lead Copies
Input Time (days) Required
Data Package 60 prior to hardware 5
delivery
Test Plan 90 prior to test 5
Procedures
Installation and QA 60 prior to test 2
Requirements
Checkout and Presolar 60 prior to test 5
Operation
Operating and Emergency 60 prior to test 5
Training 60 prior to test 2
Maintenance 10 prior to test 2
Unpacking and Receiving 10 prior to hardware 2
delivery
Experiment Removal and 30 prior to removal 2
Disposition
QA Records and As-Built With hardware 2

Drawings

d. Interface drawings for installation
of component-to-component
and test item-to-CRTF systems

e. List of special tools and equipment provided by
the experimenter

f. Description of experimenter’s needs for the
CRTF assembly building (9982) space and
equipment needs, if any.

4.1.6 Data Package Changes

Any design or other change to an experiment after
the Data Package is approved must be submitted as
soon as possible as an addendum. The addendum will
be thoroughly reviewed by the CRTF and separately
approved. Changes normally lengthen the implemen-
tation schedule. Failure to notify the CRTF of
changes at an early date may result in delays.

4.2 Test Plan

The experimenter’s test plan is used to allocate
resources and establish the test schedule for the ex-
periment. It is also used to develop operating strate-
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gies and procedures for the CRTF during the test.
Listed below are some of the items that should be
included in the test plan:

1. A test matrix that defines desired test condi-
tions as a function of time for

» Temperatures

* Pressures

+ Flow rates

* Solar flux density distribution and total
power requirement

« Solar flux density transient requirements

« Coolant purity

* Environmental and weather conditions

» Transient operating conditions

» Other parameters

2. The test schedule and sequence of activities.
This schedule should start with the shipment
of hardware to the CRTF and continue through
removal and final disposition of the experi-
ment. The CRTF Test Engineer works with the
experimenter to develop an actual test sched-
ule after receiving the proposed sequence of
activities.



3. Data acquisition, on-line computer analysis,

and computer control needs. (This must be a
detailed list of data channel and control re-
quirements developed with the CRTF Test
Engineer.) Solar flux monitoring requirements
are also to be stated. Data rate and format
requirements (tables, plots, units, etc.) must be
specified.

4. Special data needs from other CRTF systems.

5. Descriptive procedures indicating the operat-

ing or test sequence for checkout, startup, shut
down, and emergency or faulted conditions.
These descriptive procedures should indicate
how and when various parts of the test item
and CRTYF systems are related, i.e., when cool-
ing must be on or off, when the heliostat beam
is required, how long each test event will last,
when data systems must operate, etc.

4.3 Detailed Procedures and
Training Materials

The experimenter must provide detailed operat-
ing and maintenance procedures. The CRTF deter-
mines the level of detail required based on the nature
of the experiment and how it is to be implemented and
operated. These procedures shall be step-by-step de-
tails of the sequence required to operate or maintain
the test item. (The location of each item in the experi-
ment that should be operated or checked should also
be listed.) Procedures should be written using func-
tional descriptors of each component as well as tag
numbers. The scope of the procedural input required
may include the items in Table 4-2.

Table 4-2. Procedural Inputs

Lead Time Copies
Procedure Required (days) Required

System installation, and QA re- 10 prior to receipt of 2
quirements for installation hardware
Checkout and presolar testing pro- 10 prior to checkout 5
cedures
Startup, operation, shutdown, and 60 prior to test 5
emergency procedures. Emergency
procedures shall cover normal and
faulted conditions and shall take the
experiment and the CRTF from the
faulted condition to safe configura-
tion
Operator training procedures in- 60 prior to test 5
cluding procedures for dealing with with component
all unique hazards delivery
Routine and preventive mainte- 60 prior to test 2
nance procedures with component

delivery
Unpacking and receiving inspection 10 prior to shipment 2
procedures. Needs for special lifting date of hardware
equipment shall be submitted at
least 30 days in advance.
Experiment removal and post ex- 60 prior to removal 2

periment handling procedures

of hardware
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The stated lead times are required to assure meet-
ing the installation and operation schedule. An ITP
that includes the experiment procedures and CRTF
support system procedures are used for the actual test.
The CRTF staff, working closely with the experi-
menter, develops the ITP. The experimenter may
need to provide training on the operation of the
experiment for the CRTF operators.

4.4 As-Built Drawings and
QA Records

The experimenter submits QA Records with the
hardware. The contents of the QA Records vary de-
pending on specific requirements for quality that are
related to potential hazards and the required reliabil-
ity of equipment used in the experiment. In some
cases, formal QA requirements may be waived. The
CRTF determines the contents of the QA Records at
the time the Data Package is approved. The QA
Records in all cases will include as-built mechanical
drawings (including interfaces) and electrical draw-
ings (including data and control links). The QA
Records may also include

+ Thermal and mechanical design calculations
and other documentation

* Nondestructive examination procedures and
data

o Certified test reports

o Welder certification records

« Materials certifications

¢ Archive materials

» Code-stamped certifications.
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The CRTF reviews and audits all submitted infor-
mation. Any serious discrepancies, unexpected design
or fabrication changes, or omissions must be resolved
prior to the start of the experiment. Normally two
weeks are required to review the QA Records.

4.5 Shipping and Receiving

The experimenter must ship his experiment pre-
paid to the CRTF. The shipment should be addressed
to:

(Name of Test Engineer)
Central Receiver Test Facility
Division 6222, Building 9982
Sandia National Laboratories
1515 Eubank NE
Albuquerque, NM 87185

The Test Engineer and the resident experimenter,
if present, inspects the shipment. The experimenter
corrects any shipping damage.

If the test hardware is to be returned at the end of
the test program, the experimenter should make the
arrangements and pay the shipping costs. Otherwise,
the experiment will become DOE property.

References
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CRTF Application
Control Number

Date Received

(For CRTF Use Only)

CENTRAL RECEIVER TEST FACILITY (CRTF)
EXPERIMENT APPLICATION

EXPERIMENT TITLE:

PRINCTIPAL EXPERIMETER:

(First Name Initial Last Name)
Employer
Addresss
(Street) (City)
(State) (Country) (Zip Code)
Telephone:
(Commercial) (FTS)

U. S. Citizen
Yes No

FUNDING ORGANIZATION:

(Specify Non-US Citizenship)

Organization:
(Department)
Address
(Street) (City)
(State) (Country) (Zip Code)
Program Manager
(Name) (Title)
Telephone
(Commercial) (FTS)
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CRTF EVALUATION OF APPLICATION NO.

EXPERIMENT TITLE:

1. FEASIBILITY FOR TESTING AT THE CRTF.

2. POTENTIAL CONFLICT WITH DOE PROGRAMMATIC TESTING PLANNED FOR THE
REQUESTED TEST PERIOD.

3. ANTICIPATED NON-REIMBURSABLE COST OR EFFORT.

CRTF EVALUATOR Date



TECHNICAL INFORMATION
CRTF Technical Support Required - Attach a separate summary of the
technical support requirements such as beam power and intensity,
utilities, data or control systems, heat rejection, etc., and any special
requirements that may not be within current CRTF capabilities.

Purpose of Experiment:

Interest of Potential Benefit to the U.S. Department of Energy, if any.

Will the experiment involved any classified information or hardware?
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SCHEDULING

Proposed Test Period: From To

Experimeter Input to_the CRTF
Date To Be

Submitted
To CRTF

a. Data Package (Detailed Description of Experiment)
b. Test Plan (Details of runs and test procedures)
Total number of solar test days or hours anticipated.

Beam exposure time (range) for a single test.

Time of day or time of year preferred for test.

AGREEMENT FOR TESTING
When this application is approved, the CRTF-Liaison Engineér will assist in
establishing an agreement-for-testing contract with the DOE-Albuquerque
Operations Office for all experimenters that do not have a formal agreement
with DOE for testing at the CRTF. ‘That contract will define:

1. Scope of work

2. Costs and charges

3. Visits or temporary residence at CRTF

4. Key personnel

5. Coordination and administration

6. Responsibility for damage

7. Security, health)and safety

8. Disputes

9. Reports

10. Patents

11. Data responsibilities

12. Publicity releases



CRTF EXPERIMENT APPLICATION SIGNATURE PAGE

EXPERIMENT TITLE:

PRINCIPAL EXPERIMENTER'S SIGNATURE: (This is an application - not
an agreement)

Signature Date

Title

Company

APPROVALS :

U. S. DEPARTMENT OF ENERGY, DIVISION OF SOLAR TECHNOLOGY Date

SANDIA LABORATORIES, ALBUQUERQUE - Division 6222 Date
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Design Criteria
Codes and Standards
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Design Criteria
Codes and Standards

The CRTF will test equipment and systems that
are highly experimental and for which existing codes
and standards may not be appropriate. After the
feasibility of an experiment is initially established, the
CRTF will determine which codes or standards, if any,
must be followed. If existing codes or standards can-
not be strictly met (due to unconventional design or
other reasons), the experimenter must demonstrate by
calculations or by test data that the design and fabri-
cation process to be used will provide a safe experi-
ment.

The following detailed mechanical-design docu-
mentation may be required with the Data Package,
depending on the nature of the experiment. Propri-
etary designs, design methods, and fabrication meth-
ods will be protected.

1. Complete calculations with all assumptions,
computer codes, and conclusions reached shall
be documented.

2. List the assumed static or dynamic loads, and
load factors for normal and faulted conditions.
Wind loads for gusts up to 100 mph and earth-
quake loads* for Zone 2 risk shall be included.

3. Assumed working stress and the factors of
safety used shall be listed. Any unique tem-
perature gradients or temperature -cycles
caused by the solar flux or experiment design
must be considered.

4. Any applicable codes, standards, requirements,
criteria, references, and sources of test data or
other data shall be listed.

The following are potentially applicable codes and

standards.

Mechanical

1. ASME Code for Fired and Unfired Pressure
Vessels and Relief Valves (applicable sections).

2. ASME (or equivalent ASTM) Materials Speci-
fications.

3. ANSI Code for Pressure Piping (ANSI-B31).
4. Compressed Gas Association Standards.

5. Specification for Architecturally Exposed
Structural Steel; AISC.

6. Specification for the Design, Fabrication, and
Erection of Steel for Buildings; AISC.

7. OSHA 29CFR1910.

Electrical

1. National Fire Protection Association Stan-
dards (includes National Electrical Code).

2. OSHA 29CFR1910.

*The CRTF will supply earthquake response data for the
appropriate location and test level on the tower.
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US Department of Energy (6)
Forrestal Building
Attn: H. Coleman

C. Carwile

K. Cherian

C. Mangold

M. Scheve

T. Wilkins
1000 Independence Avenue, SW
Washington, DC 20585

US Department of Energy (3)
Attn: D. L. Krenz
J. Weisiger
D. Graves
PO Box 5400
Albuquerque, NM 87115

US Department of Energy (3)
Attn: R. Hughey
G. Katz
W. Lambert
1333 Broadway
Oakland, CA 94612

New Mexico State University (2)
Department of Mechanical Engineering
Attn: G. P. Mulholland

L. K. Mathews
Las Cruces, NM 88001

University of California

Department of Electrical and
Computer Engineering

Attn: M. Soderstrand

Davis, CA 95616

University of Houston
Solar Energy Laboratory
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4800 Calhoun

Houston, TX 77704

Aerospace Corporation
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2350 El Segundo Blvd
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ARCO Power Systems (2)
Attn: F. Blake

D. Gorman
7061 S. University, Suite 300
Littleton, CO 80122

Arizona Public Service Company (2)
Attn: J. McGuirk
E. Weber
PO Box 21666
Phoenix, AZ 85036

Babcock and Wilcox (3)
Attn: G. Grant

I. Hicks

D. Smith
91 Stirling Avenue
Barberton, OH 44203

Badger Energy, Inc.
Attn: C. A. Bolthrunis
One Broadway
Cambridge, MA 02142

Bechtel Group, Inc. (3)
Attn: G. W. Braun

J. Darnell

P. DeLaquil II1
PO Box 3965
San Francisco, CA 94119

Black and Veatch Consulting Engineers (2)
Attn: J. C. Grosskreutz
J. E. Harder
PO Box 8405
Kansas City, MO 64114

Boeing Engineering and Construction Compa
Attn: R. B. Gillette

PO Box 3707

Seattle, WA 98124
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Attn: M. Soderstrum
PO Box 173

Kansas City, MO 64141

California Energy Commission
Attn: D. Pierson

1111 Howe Avenue, MS-70
Sacramento, CA 95825
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El Paso Electric Company
Attn: J. E. Brown

PO Box 982
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Electric Power Research Institute
Attn: E. DeMeo

PO Box 10412

Palo Alto, CA 94303

Foster Wheeler Development Co. (2)
Attn: S. F. Wu

R. Zoschak
12 Peach Tree Hill Road
Livingston, NJ 07039

Georgia Institute of Technology
Attn: C. T. Brown
Atlanta, GA 30332

Gibbs and Hill, Inc.
Attn: J. J. Jimenez
393 Seventh Avenue
New York, NY 10001

Institute of Gas Technology
Suite 218

1825 K Street, NW
Washington, DC 20036

Martin Marietta (2)
Attn: T. Heaton

T. Tracey
PO Box 179, L#0450
Denver, CO 80201

McDonnel Douglas (2)
Attn: C. Finch
L. W. Glover
5301 Bolsa Avenue
Huntington Beach, CA 92647

Olin Chemicals Group
Attn: J. Morgan

PO Box 2896

Lake Charles, LA 70624

Olin Chemicals Group (2)

Attn: F. N. Christopher
L. C. Fiorucci

120 Long Ridge Road

Stamford, CT 06904

Pacific Gas and Electric Company
Attn: C. Weinberg

3400 Crow Canyon Road

San Ramon, CA 94526

Battelle Memorial Institute (2)
Pacific Northwest Laboratory
Attn: B. Johnson

S. Houser
PO Box 999
Richland, WA 99352

Public Service Company of New Mexico (2)
Attn: A. Akhil
F. Burcham
PO Box 2267
Albuquerque, NM 87103

Rockwell International (2)
Energy Systems Group
Attn: T. Springer

A. Z. Ullman
8900 De Soto Avenue
Canoga Park, CA 91304

Solar Energy Industries Association
Attn: C. LaPorta

Suite 520

1156 15th Street, NW

Washington, DC 20005

Solar Energy Research Institute (3)
Attn: J. Anderson
M. Murphy
L. Shannon
1617 Cole Boulevard
Golden, CO 80401
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Southern California Edison (3)
Attn: J. N. Reeves
P. Skvarna
R. S. Williamson
PO Box 800
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Attn: W, R. Lang
PO Box 5888
Denver, CO 80217

Stone and Webster Engineering Corporation
Attn: R. W. Kuhr

PO Box 1214

Boston, MA 02107

Westinghouse Electric Corporation
Advanced Energy Systems Division
Attn: J. R. Maxwell

PO Box 10864

Pittsburgh, PA 15236
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