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FOREWORD

The Fort Hood Solar Total Energy Project is a large-scale experiment which
is part of the Department of Energy's Solar Total Energy Program. The
project is a military residential application of solar total energy, and is
to be installed at Fort Hood's 87000 Troop Housing Complex where it will
provide a substantial portion of the electricity, space heating, cooling,
and domestic water heating for approximately 700 people.

The preliminary design for the Fort Hood Solar Total Energy System has been
completed and is the principal subject of this four-volume report:

Volume I. Executive Summary
Volume II. Preliminary Design
Volume III. Engineering Drawings
Volume IV. Management Plan

The preliminary design is a mature design as a result of several prior
iterations in design criteria and design approach. Hence, it provides a
sound point of departure for the subsequent definitive design and
construction phases, leading to operational testing early in 1981.

. The many persons who have contfibuted to the project are too numerous to
acknowledge individually, but it is appropriate to Tlist several U.S.
Army/Corps of Engineers organizations whose cooperation and assistance
have made it possible for the Department of Energy and the project team to
bring the project to its present state of development:

Office, Chief of Engineers

Headquarters, U.S. Army Forces Command

Headquarters, III Corps and Fort Hood

Headquarters, Training and Doctrine Command Combined
Army Test Activity

Fort Worth District, Corps of Engineers

Fort Hood Directorate of Facilities Engineering

Headquarters, 6th Cavalry Brigade (Air Combat)

Headquarters, Atmospheric Sciences Laboratory

Corps of Engineers Central Texas Area Office

U.S. Army Communications Command

Detachment 14, 5th Weather Squadron -

Fort Hood Medical Department Activity

Fort Hood ASL Meteorological Team

The cooperation and assistance .of the Texas Power and Light Company and
Lone Star Gas Company are also gratefully acknowledged.
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ABSTRACT

The preliminary design of the Solar Total Energy System recommended

for installation at Fort Hood, Texas, is presented in this volume.

Part 1 gives the design criteria and describes the system. Part 2 gives
the system performance and documents the major supporting studies.

The Fort Hood System will be the first solar total energy Large Scale
Experiment under the Solar Total Energy Program (STEP)—a separate activity
of the National Solar Electric Appfications Program supported by the
United States Department of Energy. A Solar Total Energy System (STES)
maximizes the overall use of collected solar energy by providing both
high-grade electrical generation and low-grade heating, cooling, and

hot water energy needs for specific site applications. A Large Scale
Experiment (LSE) provides program experience in cost-effective design,
component fabrication, construction, control, and operation of large-
scale STE systems which are essential for the future development of
larger full-scale demonstration and commercial STE installations with
strong participation by private industry. To achieve simultaneous tech-
nological advances, an LSE also must provide for the testing and evalua-
tion of design features and of alternate operational modes.

As a military residential application, the recommended Fort Hood STES
design will provide, by solar-derived energy, approximately 57% of the
space heating and cooling and domestic hot water requirements of a five-
building barracks complex, while also providing up to 250 kw gross electric:
output. An oil-thermal storage system supports 24-hour operation in
periods of normal insolation. During periods of sustained poor insolation
or of maintenance, an auxiliary heater, included in the STES design,

can provide all thermal loads. System testing in Tate 1980 and initial
operation in January, 1981 will provide the opportunity for detailed
evaluation of the unique control scheme, overall system operation,

and ‘individual component performance. Continued operation will provide
improved knowledge of operation and maintenance requirements as well

as long-term trends in system performance significant to future larger
installations.
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GLOSSARY
TERMS

Auxi]iary Qil-Fired Heater - A standby heater fueled by #2 fuel.oil which
will supply thermal energy dur1ng per1ods of insufficient 1nsolat1on or

major ma1ntenance

Average Load Day - Total yearly heating (or cooling) load d1v1ded by
the number of heat1ng (or cooling) days per year.

‘Chilled Water - Water cooled to 42°F for use in space cooling. e

Collector Field - The entire array of 2072 collector modules. These are
grouped into the 3 subf1e1ds A1 (1008 modules), A2 (728 modules), and
A3 (336 modu]es) '

" Collector Group - A group of 12 or 13 individual collector modules which
are mechan1ca11y .and hydraulically connected axially in series and rotated
by a single drive: system

Collector Module -AAh individual parabolic'co11ector approximte1y 10 ft.
in length with a 6 ft. aperture. Included in this is the reflector,
receiver, support structure and associated hardware.

Collector Row (Str1ng) - A ser1es of. col1ector groups wh1ch are hydrau]ica]]y
coupled (ax1a11y) in series.

Cooling Season - 'That period of the year during which the absorption
chiller is being used to produce chilled water for space cooling.

Desteer - Rotat1ng the collectors out of focus to temporar11y reduce
fluid heat1ng for system orotect1on '
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GLOSSARY (Continued)

87000 (Troop Housing) Complex - Group of buildings on. the Fort Hoot Reservation
from which 5 were chosen for the STE-LSE program. The specific buildings are:

87012, 87013, 87014, 87015, and 87016.

Electrical Generation Mode - Operation of the system at reduced

condenser pressure in order to increase low pressure turbine butput.
Chilled water may be produced simultaneously, but hot water
generated in this mode.

‘Full Load Day - The daily load used to . determ1ne the system design capac1ty

The actual daily load will be equa1 to or less than this amount 99% of
the time.

Heating Season - That period of the year ddring which hot'wapen is:being

used for space heating.

High Grade Energy - Energy supp11ed in the form of steam, e]ectr1c1ty,

or mechanical work, or therma1 energy stored in oil at a nom1na] temperature
of 225°C (438°F) or above.

High Temperature Operat1ng Mode - Operat1on of the system when 011 is

being supplied to the steam generator at nominal 288°C (550°F). In th1$ mode
the high pressure turbine is always ut111zed wh11e the Tow pressure

turbine and absorption chiller may be used depending on the thermal

load (heating or cooling). |

High Temperature Storage - 0il stored at a nominal temperature of 288°C (550°F).

Hot Water - 60°C (140°F) water used for space heating or heating domestic

water.
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'GLOSSARY (Continued)

Intermediate Temperature Mode - Operation when oil is supplied to the Power
Conversion Subsystem at a nominal temperature of 225°C (438°F). In this mode,
the high pressure turbine is not .used while either or both the Tow

pressure turbine and absorption chiller are used.

Intermediate Temperature'Storage - 0i1 stored at a nominal temperature
of 225°C (438°F). ‘

Low Grade Energy - Thermal energy stored in water at a temperature of
65°C (150°F) or less. '

Low Temperature_Storage - 011 stored at a nominal temperature of 158°C (3]6°F).

Part-Power Operation - Operation of the system when the total output of
electricity, hot and/or chilled water is below the rated capacity.

Peaking Operation - Operation of the'system when the steam generator
output is at rated capacity. ‘

Solar Total Energy System - An energy system designed to maximize the
overall use of collected solar energy by meeting both low grade and high
grade energy needs for selected applications.

Thermal Load - The combined energy requireménts for winter space heating,
production of chilled water used for summer space cooling, and year round
domestic hot water. ‘ ' 1
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GLOSSARY (Continued)

- ABBREVIATIONS

AR S Army Regulation
ATU - : ' American Techno]og1ca1 Un1vers1ty
CHR/CHS : Chilled Water - Return/Supp1y
CpPU R Central Process Unit

- CW Cold Water (Domestic)
CWS ‘ ~ Chilled Water Coo]fng Subsystem

. DHS o Domestic Hot Water Subsystem
DoD Department of Defense

. QQ; v » Department of Energy

" DPY o Distribut1ve Process Unit -

EES-GIT . Engineer1ng Experiment Stat1on - Georg1a Inst1tute
- of Technology - - : o

ERDA Energy Research and Development Administration
EPA Environmental Protection—-Agency T o
FMEA _ ~ Failure Mode and Effects (Criticality) Analysis
FTA Fault Tree Analysis
G Gas
H&H ~ ~ Heery & Heery, Inc.
HT - S + Heat Transfer (0i1)

~ HWR/HWS Hot Water - Return/Supply
HWS Hot Water Heating Subsystem
1&s - Instrumentation and Control Subsystem
LSE , Large Scale Experiment i
MTBF Mean Time Between Failure
MTTR Mean Time to Repair
MKS : Makeup Water Subsystem

~NIS Nitrogen Inerting System
PC Pumped Condensate

. PCS Power Conversion Subsystem
QA Quality Assurance

SCS S Solar Collector Subsystem
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Sanitary. Sewer \
So]ar‘tha1 Energy

Solar Total Energy Program
Solar Total Energy-System
Steam

Solar Utilization Program.

. Thermal ‘Storage Subsystem
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1.0 INTRODUCTION

This volume documents the preliminary design.developed for the Solar .
Total Energy System to be installed at Fort Hood, Texas. Current system,
subsystem, and component designs are described and additional studies

which support select1on among significant design alternatives are presented.
Because of its s1ze, the volume is bound in two parts. Sections 1,

2 and 3 comprise Part 1 while Sections 4, 5 and 6 comprise Part 2.

Overall system requirements which form the system design basis are presented
in Section 2. These include program objectives; performance and output

load requirements; industrial, statutory, and regulatory standards;

and site interface requirements. Material in this section will continue -
to be issued éeparately in the Systems Requirements Document and maintained
current through revision throughout future‘phaseS'of the project.

Overall system design and detailed subsystem design descriptions are
provided-in Section 3. Consideration of operation and maintenance is
reflected in discussion of each subsystem design as well as in an integrated
overall discussion. Included are the solar collector subsystem; the

thermal storage subsystem, the power conversion subsystem (including
electrical generation and distribution); the heating/cooling and domestic
hot water subsystems; overall instrumentation and control; and the STES
building and physical plant. '

The design of several subsystems has progressed beyond the preliminary
stage; descr1pt1ons for such subsystems are therefore provided in more
detail than others to provide complete documentation of the work performed.
In some cases, preliminary design parameters require specific verification
“in the definitive design phase and are identified in the text. Subsystem
. descriptions will continue to be issued and revised separately to maintain
- accuracy during future phases df the project.

'System performance analys1s and evaluation are descr1bed in Section
4. Feedback of completed performance analyses on current system design
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and operating philosophy is discussed.. The basic computer simulation
techniques and assumptions are described and the resu1t1ng energy d1sp1ace-
ment analysis is presented

Supporting technical studies are presented in Section 5. These include
health and safety and reliability assessments; solar collector component
evaluation; weather analysis; and a review of selected trade studies
which address significant design alternatives.

Additional supporting studies which are generally specific to the installa-
tion site are reported in Section 6. These include solar availability
analysis; energy load measurements; environmental impact assessment;
1ife cycle cost and economic analysis; heat transfer fluid testing,
meteorological/solar station planning; and information dissemjnation.

In this volume, reference is frequently made to engineering drawings
other than those included as figures. These drawings, are presented
separately in Volume III.

Detailed plans for the definitive design are presented in Volume IV
where task descriptions, schedule, and management and procurement plans
are provided. An overview of the entire Fort Hood Solar Total Energy '
Project, inc]uding a brief description of the system design, is given

in Volume I, Executive Summary. '




2.0 SYSTEM DESIGN CRITERIA

As a large scale experiment of the United StateS'Department of Energy Solar

Total Energy Program, the Fort Hood Solar Total Energy System’'design is predicated
on fulfillment of program objectives. Those program objectives are discussed
first, followed by consequential system performance and other design criteria
which form the basis for this specific design application.

2.1 PROGRAM.OBJECTIVES"

Three "top- level" de51gn criteria have been taken from Solar Total Energy Program
documents to: estab11sh the ratlonale for more detailed "low-level" requirements.

1) Provide a Solar Total Energy System (STES) design, produc1ng both
electrical and thermal energy outputs, tailored to the specific Fort
Hood site requirements. ‘

2) Develop the technology base and system engineering experience needed
for subsequent desigq ofﬂ]arger commercial-scale solar total energy
' systems. : ' '

3) Obtain, through STE LSE operat1ons suff1c1ent data to evaluate the
fea51b111ty and cost effectiveness of STES in the 2MW range for -
eventua] commercial applications.

Nine specific program objectives apply directly to the Fort Hood Project:

4) Five buildings of the 87000 Trogp Housing Complex have been selected for
this application. At least 50% of the annual thermal energy requirements
(space heating, air conditioning and domestic hot water) of those

. buildings shall be provided by solar energy. '

5) Sufficient thermal storage capacity shall be provided to satisfy thermal
‘loads during 24 hour operation.

6) A standby fossil fired energy source shall satisfy 100% of the peak
' thermal loads when solar energy is unavailable or insufficient.
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7)

8)

10)

1)

12)

To simulate larger scale turbine generators with inter-stage steam
extraction, a multi-stage turbing generator with capacity between
200 - 500 KW electric shall be used.

Electrical power generation Should be synchronized for possible
parallel operation with existing power sources.

" Although secondary to satisfaction of thermal load requirements, the

system shqu]d provide pp;itive net generation of electricity with
peak shaving capability.

Once started up, the STES shall be capab]e‘of operation independent
from existing energy sources.

The ability to return buildings to the existing energy sources with a
minimum disruption shall be provided.to minimize impact of the

__experiment on-operation of the 87000 building complex.

To maximize the use of coTIected solar energy with minimum operator
input, a computer control system shall identify and establish (subject
to operator override) the most advantageous operating configurat{ons
depending on all relevent energy availability and demand parameters.

2.2 SYSTEM PER?ORMANCE REQUIREMENTS

Specific, quantitétive requirementé result from the program objectives as follows:

1)
2)

3)

4)

The system shall be designed to satisfy a peak heating load of 66.4 x
106 Btu/day per the hourly load profile of Figure 2.2-1.

The system shall be designed to satisfy a peak cooling load of 49.5 x

106 Btu/day per the hourly load profile of Figure 2.2-2.

The domestic hot water system shall be designed to produce 32,000
gallons/day of 1400F water. Domestic hot water demand shall be as
shown on Figure 2.2-3.- ’

The eleétrical system shall be sized to produce at least 200 KW gross
of electricity during periods of peak electrical demand.
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5) To assure proper consideration of electrical generation, 'a target‘
of 1600 KW/hour gross e]ectr1c generat1on per day on an average
annual basis is established. =~ .

6) To reflect the use of commercial application quality equ1pment,
plant ava11ab1]1ty of 85% shall be used in performance eva]uat1ons

2.3 ENVIRONMENTAL CONDITIONS

The STES shall be designed to survive the following environmental conditions:

o . TemperafureA- System to be Bpefable
with ambient temperatures: - Min. -12% (100F)
. - Max. 50°C (1220F)
© Snow and Ice - per ‘ “
ANSI A58.1-1972 - on the ground: 238 Pa (5 1b/ft2)
Earthquake - per ANST AS8. 1- 1972 Zone 1
¢ . Rain and Humidity 4 ‘
Average Annual Rainfall 825 mm (32.5 in)
Maximum Rainfall in'24 Hours 180 mm (7 in)
Relative Humidity - Ndrmal Range 53 - 88%
(] Lightning .
' Peak discharge current 100,000 amps
Rise Time 1 Ms
®  Hail - Diameter: 13 mm (0.5 in)
Terminal Velocity: 15.5 m/s (51 Fps)
Wind (Maximum)

Operating _ y
Survival - collectors unstowed
collectors stowed

- 16 m/s (35 mph)
22 m/s (35 mph)
34 m/s (75 mph)




2.4 SITE INTERFACE REQUIREMENTS

2.5

m

2)

3)

The STE Facility shall be located adjacent to the 87000 Troop Housing
Complex at Fort Hood, on a site bounded by Battalien Avenue, Martin
Drive, 15th Street and Central Avenue (Future) as shown in DBrawing 1-1

-in Volume III. - Dfsbiééed‘parking and recreation facilities shall

be relocated.

A1l interfaces shall be compatible with existing Fort Hood systems
(energy, power, pTumbing,.drginage, alarm; etc.) and ‘the presence,

operation, or non-operation of the STES shall not impair eXisting
services.

A1l oil storage units shall utilize dikes, catchment areas and relief

_ vessels to contain leaks.and prevedt the contamination‘of the enviroﬁment.

A1l waste discharges shall be monitored for the presence of oil and
toxic or hazardous substances. |

The fossil fueled boiler shall be equipped with air pollution abatement
equipment or will use the type of fuel necessary to meet requirements
for air pollution abatement. '

The STE facility shall be aesthetically compatible with the local
environs, and shall meet necessary environmental requirements including
app]icéb]e Federal, State and local pollution control standards and
criteria. -

OPERATION AND MAINTENANCE REQUIREMENTS

1)

To assure the large scale expgriment is conducted with commercial
application quality equipment, the STES shall be designed with the goal

. of achieving a system operating life of 20 years with normal maintenance.

2)

A reliable power supply shall be provided to critical system controls
to allow continual operation through momentary power transients
and safe shutdown upon loss of all power.
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2.6

3)

4)

5)

. 6)

To maximize the ava1lab111ty of the STES no schedu]ed maintenance
shutdowns will occur during the operating day. Normal ma1ntenance will
be accomplished during the evgning for the solar collectors and during

the early morning hours for the remainder of the power plant.

Controls and indicators shall be mounted and located for personnel
access. ‘

A11 equipment shall be designed to be maintained using standard tools.
When special tools or fixtures are required, they shall be furnished
by the equipment supplier.

A1l parts or equ1pment which may requ1re serv1c1ng, repa1r or rep]acement
during the lifetime of the equ1pment sha]l be accessible without minimum
interruption of adjacent mounted equipment and with a logical removal
path defined and documented. '

HEALTH AND SAFETY REQUIREMENTS

1)

2)

4)

The STES shall be designed to prevenf 1nJury to personnel and potential
damage to structures resulting from exposure to concentrated solar
beams. |

The STES shall be designed to prevent the exposure of personnel to
high temperatures by providing sufficient insulation around all high
temperature components.

The STES shall bé desfgned to'ﬁinimize"thé potentia1 fife hazards and
burn, hazards which could result from leaks of heated hydrocarbon oils.

Adequate precautions shall be incorporated into the design of the STES
to reduce the hazards of exposure to high voltage, superheated steam
and equipmént-generated high noise levels. Fencing shall be used to
enclose installations and separate areas within installations which

require maximum security and/or protection of life.
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2.7

APPLICABLE CODES, REGULATIONS AND STANDARDS

The..following standards, regu]atlons manuals, and codes shall .be used as
design guidelines:

American Society of Mechanical Engineers (ASME) Bo11er and Pressure
Vessel Code: . :

- Section I, Power Boilers

- Section II, Material Specifications

- Section V, Nondestructive.Exanination
- Section VIII, Pressure Vessels

- Section IX, Welding and Brazing Qualifications

American Petroleum Institute (APf)

- API Standard 650: welded Steel Tanks for 011 Storage
- API Standard 610: Centr1fuga1 Pumps for General Ref1nery Servxcesn
Nat1ona1 Fire Protect1on Association (NFPA):
- Fire Protection Handbook

- National Fire Codes:

Standard No. 15: Water Spray Fixed Systems

Standard No. 30: Flammable and Combustible Liquids Code
Standard No. 68: Explosion Prevention Systems
Standard No. 70: National Electrical Code

American National Standards Institute (ANSI):

- ANSI A13.1, Scheme for the Identification of Piping Systems

= ANSI A58.1, Building Code Requ1rements for Minimum .Design Loads in

Buildings and other Structures

- ANSI B31.1, Power Piping Code

. - ANSI B31.3, Petrolteum Refining Piping

- .ANSI 753.1, Safety Color Code for Marking Physical Hazards and

Ident1f1cat1on of Equ1pment
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Occupational Safety and Health Administration (OSHA):

- OSHA 2206 (29 CFR 1910) General Industry Safety and Health Standards
'39-FR-125 Standards

~ Army Regu]at1ons (AR) and Memorandum

AR-385-10, Army Safety Program '
AR 385-16, Safety System
AR 385-30, Safety Color Code Markings and Signs

AR 420 49, Heating, Energy Selection and Fue] Storage, Distribution,
and Dispensing Fac111t1es

AR 420 28, Spill Prevention Contro] and Countermeasure Plan
C2, AR 200-1, Chapter 6 Hazardous and Tox1c Materials Management

C2, AR 200-1 Chapter 9, 0il and Hazardous Substances Sp111 Contro]
and Contlngency Plan -

Army Memorandum, Campalgn HEAL ..

* Energy Research and Deve]opment Administration (ERDA)

77-47/5, Environmental Factors, Solar Total Energy Systems

Env1ronmenta1 Proteot1on Agency (EPA):

EPA-600/7-77-016

Department of Defense (DOD)

DOD 4270.1M, Construction Criteria Manua]

Amer1can Soc1ety of Heating, Refr1gerat1ng and A1r Cond1t1on1ng
Eng1neers (ASHRAE) : :

ASHRAE Standards of Design of HVAC Equ1pment

ASHRAE Standard 90-75, Energy tonservation in New Bui?ding Design.
ASMRAE Standard 93, Solar Collectors

ASHRAE Standard 94, Thermal Storage Devices

Air Conditioning and Refrigeration Institute (ARI):

Standards for Cooling Towers and Condensers
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H1-Code for Hydraulic Pumps
| American Insurance Association 4;

- National Bu11d1ng Code e
“National E]ectr1c Manufacturers Assoc1at1on (NEMA)
- Standards for Electrical Equ1pment and Controls

Safety Ru]es for the Installation and Maintenance of Electric Supp]y
and Commun1cat1on Lines

Steel Boiler Institute (SBi):

- Codes for Boilers

Tubular Exchanger Manufacturers Association (TEMA):
- Standards for Heat Exchangers

Underwriters' Laboratory (UL) Standards

Uniform Boi]ding Code |

Standards of American institute of Steel Construction and American
Concrete Institute

Interstate Commerce Conmission (ICC) Shipping Standards and Regulations
National Safety Council

- Accident Prevention Manual for Industrial Operations

Quality Assurance

- TME 2908, “Qua11ty Assurance Program Plan, Fort Hood STE- LSE"
(W) AESD, June, 1978.

Factory Material Handbook of Industrial Loss Prevention

“Texas Air Control Board, General Rules," Texas Air Control Board,
Austin, Texas, April 25, 1977.

"Texas Air Control Board, Regulation I, Control of Air Pollution from
Visible Emmissions and Particulate Matter," Texas Air Control Board,
Austin, Texas.

“Texas Air Control Board, Reguiation 1I, Control of Air Pollution from
Sulfur compounds,"” Texas Air Control Board, Austin, Texas.




"Texas Air Control Board, Regulatlon IV, Contral of Air Pollution from
" Motor Veh1c1es," Texas A1r Control Board Austin, Texas.

"Texas A1r Control Board, Regulation V, Control of Air Po]lut1on from
Volatile Carbon Compounds." Texas Air Control Board Austin, Texas.

"Texas A1r Control Board, Regulation VI, Control of Air Pollution by
. Permits for New Construct1on or Mod1f1cat1on," Texas Air COntrol Board,
Aust1n Texas.

“Regu]at1on VII, Control of A1r Possut1on from Nltrogen Compounds,"
Texas Air Contro] Board, Austin, Texas.

“Regulation VIII, Control of Air Pollution Episodes," Texas Air Control
Board Austin, Texas
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- 3.0 SYSTEM DESCRIPTION

3.1 OVERALL SYSTEM

The Solar Total Energy - Large Scale Experiment (STE-LSE) at Fort Hood is com-
.priéed of the following major mechanical subsystems: solar collector, thermal
storage; power conversion; hot water'heating; chilled water cobling; and domestic
hot water, Associated with each of these subsystems for the STE-LSE are various
control and instrumentation components, the STES building, and spec1f1c modifica-
tions to and interfaces with the Fort Hood facilities.

This section briefly describes the overall system and the major subsystems in
the STE-LSE that geherate electrical power and provide the thermal power for

the space heating, cooling, and domestic hot water requirements for the barracks
and administration building complex. A brief summary of the STES operating and
control philosophy is given along with a suhmary description of the site at

Fort ilood.

3.1.1 STES SUMMARY DESCRIPTION

'Fiéufe,3.1;l presents an overall schematic. of the system, along with components
and piping associated with each subsystem. Flow paths and the direction of flow
are indicated by the solid arrows on the figure for the high temperature mode
heating season in which electrical power, hot water heating, and domestic hot
water are provided. The alternate chilled water cooling flow paths and direc-
tion of flow for air conditioning purposes during the high- temperature mode
cooling season are denoted by the open arrows. The overall system character-
istics are given in Table.3.1-1. o ‘ '

3.1.1.1 SOLAR COLLECTOR SUBSYSTEM

As shown in Figure 3.1-1, the solar collector is comprised primarily -
of a series-parallel'arrangement of solar parabolic trough collectors placed in
a collector field with associated piping and control, isolation and drain valves.

3-41.. . ‘



TABLE 3.1-1

“OVERALL SYSTEM CHARACTERISTICS

CHARACTERISTICS:

Application
Energy Utilization

Plant Oberation :
Estimated Annual Energy Consumption:
- Cooling

- Heating

- Domestic Hot Water

Electric Utility Interface

Annual Average Direct Insolation
Annual Energy Displacement

- Electrical

- Thermal

'Site -Size

Normal Collector Aperture Area
Solar Heat Transfer Fluid (oil)
- Maximum Bulk O0il Temperature

- = "Maximum Flow Rate

Thermal Electric Working Fluid
- Normal Operating Steam Temperature

- Normal Operating Steam Throttle Pressure

- Maximum Flow Rate at 260°C (5000F)
Domestic Hot Water: '

- - Temperature

- Daily Consumption
Cooling
Peak Daily Heating

..System Mechanical Availability, Estimated .
Overall System Thermal Efficiency '

~ *Killeen, Texas Data
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Commercial/Residential

Electric

Domestic Hot Water
Air Conditioning
Heating

24 hours/day

624 6J (5.8 x 10°

Btu)
452 GJ (4.2 x 10° Btu)
785.6J (7.3 x 10° Btu)

Parallel Synchronous or

.Independent Qperation

597 GJ/m2 (515.7 MBtu/sq-ft)*

58%

57%

6.1 Hectares (15.1 Acres)
11,612 m° (125,000 sq-Ft)
SUN 21

2880C (5500F)

21 g/sec (330 GPM)

Steam

2600C (5000F)

2164 kPa (300 psig)

45.3 kg/sec (6000 1b/hr)

60°C (140°F) |
121 x 10% £ (32,000 gal)
604 kW (172 tons)

7.14 GJ (66.4 MBtu)

85%

AT




INSTRUMENTATION AND CONTROL SUBSYSTEM
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Figure 3.1-1. System Schematic for
STE-LSE at Fort Hood




The solar collectors collect.and convert solar flux to increase the ehthalpy
of the heat transfer fluid. The solar collector subsystem receives the heat
transfer fluid from the thermal storage system. Thermal energy is transferred
to the heat transfer fluid, increasing the fluid's temperature, before return-
ing the 0il back to the thermal storage subsystem. During periodsAof good |
insolatidn, the thermal energy is provided by parabolic line focusing'threugh
. type collectors. An auxiliary oil-fired heater provides the thermal energy
during extended periods of poor insolation or during major maintenance of the
collector field. The 0oil-fired heater may also be utilized to augment the
collector field in parallel arrangement. The oil-fired heater is also con-
sidered part of the solar collector system. The solar ‘collector subsystem
mechanically and hydraulically interfaces with the thermal storage subsystem
and electrically interfaces with the control system. '

Groups of 12 to 13 collector modules are mechan1ca11y coupled so that a single -
drive system rotates the group of modules. The dr1ve system receives a posi-
tion demand from the control system based on computed sun position and positions
the colleéctor group to the demanded position. External signals can be input to
the drive system to command operation in the different modes (normal tracking,
desteer and stow)t Normal tracking occurs when the sun is out and the wind is
acceptably Tow. Desteer is used to direct the collector off-focus. to temporarily
reduce fluid heating for system protection and to avofd fluid overftemperature
damage. In the stow mode, the collectoré are rotated to a near-inverted posi-
tion to avoid damage and to simplify cleaning procedures. The groups_are
hydraU]ically coupled in series to prqduce a row or string. | '

The collector field is divided into three subfields. ~The row axis orientation
is 17° east of north with a spacing of 4.0m between rows. The collector field
has 84 rows (28 in each subfie1d)'w§th,amtota1 of 2072 modules of a fepresentaf
tive size. ' N |

The flow rate into each subf1e1d is control]ed by flow contro] valves. F]ow is
directed into the largest subfield. Depend1ng on temperature, the heated 0il from

this subfield is either mixed with flow from the pump and directed into the. f
: 1ntermed1ate sxzed subf1e1d or the flow is sp11t between the inlet to the

g intermediate- sized field and reC1rcu1ated to the pump. In turn, the heated 011
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from the intérmediate-sized field is mixed with oi1 from the pump and

directed to the sma])est subfield. From the‘smallest subfield, the heated oil is

returned to the oil storage tanks. The solar collector subsystem characteristics
are given in Table 3.1-2.

The solar collector subsysteh is described in detail in Section 3.2.

3.1.1.2 THERMAL STORAGE SUBSYSTEM

The thermal §torage subsystem provides two basic functions. First, this sub-
system transfers the thermal energy collected in the solar collector subsystem
to the power conversion subsystem. Secondly, the storage subsystem provides a
three temperature level heat transfer fluid storage capability. This capability
allows several different modes of 24-hour operation of the STE-LSE for varylng
requirements. and seasons.

The thermal storage subsystem contains the fo]lowing components: . three (high,
intermediate "and Tow temperature) storage‘tahks, pressure relief tank, liquid
nitrogen storage tank and subsystem, various control, isolation and drain
valves, high temperature circulating pumps, low temperature circulating pumps,’
and all of the associated piping.

During heat storage operation, also called charging, oil is withdrawn from the
lTow temperature tank, pumped through the solar collector subsystem, heated,
and returned to the high (or sometimes intermediate) temperature storage tank.
During discharging operation, when heat is extracted from storage for steam
generation, oil is withdrawn from the high or intermediate temperature tank,
pumped through to power conversion subsystem steam generator, cooled, and
returned  to the Tow temperature tank. :

Thé'storage'tanks for oil are blanketed with nitrogen in the tank ullage to
prgvent fluid oxidation. The nitrogen is supplied to the system from a cen-
~ trally located liquid nitrogen storage system. The nitrogen-inerting blanket
is maintained automatically thrqugh pressure .regulation and bleed-off. The
stbraQa’tanks containing the oil are interconnected such that when one tank '
is emptying and another tank is filling, the nitrogen flows from the tank

3-5



TABLE 3.1-2

SOLAR COLLECTOR SUBSYSTEM CHARACTERISTICS .

CHARACTERISTIC:

o Solar Collectors

Type

Size

Total Area

Number of Modules

Tracking

Tracking Accuracy:

- Open-Loop Computer Designated
Slew Rate in 22.4 m/s (50 mph) wind
Concentration Ratio

Reflective Surface

" Reflectivity

o Collector Field:

Number of Collector Strings

Spacing »

Orientation (degrees east of north)
Loop Losses and Thermal Capacity:

- Loop Losses (103 Btu/hr)

- Thermal Capacity, Receivers only at
2600C (5000F) '

Fluid Capacity (Receivers Only)
Inlet/Outlet Temperature
Heat Transfer Fluid Flow. Rate

- Vo]umetr1c
- Mass

e 0i] Fired Heater

In]et/Out]et Temperature (Norma])

. Fuel

Heat Capac1ty

*Reference Col]ector Va1ue (Acurex 3001 chosen as a representat1ve des1gn)

_+4m radian (+0.259)

10.6 £/s (168 gpm)’

- 158/225°c‘(3i6/438°r) B

15 Mw (5 x 105 Btu/hr)

Parabolic Trough

1.83 x 3.05 m (6 x 10 ft)*
11,550 m (124,320 sq-ft)*
2072*

Single Axis

4m radian/sec (15°/min) minimum
37*

Coilzak Lighting*
Sheet Reflector

0.75 to 0.80

87 (3 Subfields of 28)*
am (13.2 ft)*

17 |

95 kW (325 x 103 Btu/hr)

1.45 MJ/OC (7486 Btu/°F)
3255 ¢ (860 gal)
158/288°C (316/550°F)

483 kg/s (64,000 1b/hr)

No. 2 OiT’




being filled back to the tank being emptied wi thout introducing pressure
differences which affect system operation. -

- The thermal storage subsystem is described in detail in Section 3.3. Charac-'
teristics of the thermal storage subsystem are given in Table 3.1-3.

TABLE 3.1-3
THERMAL STORAGE SUBSYSTEM CHARACTERISTICS

CHARACTERISTICS:
o Maximum Thermal Capacity 1.8 6J (110 x 10° Btu)
o Storage Medium : CswN 21
o Number of Tanks ' 3
e Tank Capacity (Total/Active):
- High Temperature 197/127 m3 (50,680/33,570 gal)
- Intermediate Temperature 529/442‘m3 (140,100/116,450 gal)
- Low Temperature - 498/413 m° (132,170/108,690 gal)
e 0il Storage Temperature: ‘ '
- High Temperature. | 288°C (550°F)
- Intermediate Temperature 226°C (43§°F)
- Low Temperature , 158°C (316°F)
® Maximum Charging Rate T ’ 766 kg/s (101,500 1b/hr)
Maximum Discharging Rate ‘ 565 kg/s (74,850 1b/hr)

e 0il Inventory 406 Mg (894,400 1b)

3.1.1.3 POWER CONVERSION SUBSYSTEM

A power conversion subsystem converts the thermé] enefgy collected and/or
Qstored in the collector and thermal storage subsystems into uséful electrical
energy and into steam or hot water that can be utilized for space heating -
and cooling, and domestic hot water for the Fort Hood complex. :The pbWer
conversibn Subsystehlis composed of the fo]]bwing compbnehts: steam geh-
erator, preheatgr, boiier,'and'superheater, high pressurerturbine;‘lbw
pressure fdrbine; gear fedUcer,‘e1ectrica1 generator, condenser, condensate
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pump, deaerator, boiler feed pump, feedwater heater, all of the associated
piping, and control and isolation valves. Water quality in the boiler is con-
trolled by treatment of the makeup water that is added continuously while
particulates are removed by continuous blowdown.

This power conversion subsystem generates electrical power for the STES and the
Fort Hood grid, fulfills the space heating and domestic hot water requirements
at the condenser interface, and provides energy to the absorption éhil]er for
chilled water (air conditioning) purposes. Two single-stage turbines are used
in the subsystem; these.turbines are representafive of larger extraction turbine
technb]ogy.

The power conversion subsystem provides the means of meeting the load require-
ments for the overall system as described in Section 2. The electric genera-
“tion parf of the power conversion subsystem is provided by a turbine.generator -
single-skid mounted package containing two turbines; a synchronous generator, a
gear reducer, clutches mounted between each turbine and the gear reducer, and
the associated controls. Most of the components and piping associated with

the power conversion subsystem are contained within the STES building. The
power conversion subsystem is described in detail in Section 3.4. Character-
istics of the power conversion subsystem are given in Table 3.1-4 for several
operating conditions.

3.1.1.4 HEATiNG, COOLING AND DOMESTIC- HOT WATER SUBSYSTEMS

Circulating water subsystems provide the heatihg, cooling and domestic hot
water requirements of the Fort Hood STE-LSE. Heat is extracted from the steam
cycle at the condenser during the heating season and is delivered to the
selected buildings by the circulating hot water heating system. The same system
is used to heat the domestic hot water. An absorption chiller driven by steam
provides the chilled water for cooling in the cooling subsystem. These sub-
systems are described below. Table 3.1-5 gives the characteristics of the hot
water heating, chilled water'cooling, and domestic hot water subsystems.
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TABLE 3.1-4

POWER CONVERSION SUBSYSTEM CHARACTERISTICS

STEAM GENERATOR (Peak Cooling Mode):

SUN 21 Flow Rate
Inlet Temperature
Discharge Temperature
Steam Flow Rate
Pressure

Steam Temperature
Feed Water Temperature
Blowdown Flow Rate
Configuration:

- Preheater

- Boiler

- Superheater

High Temperature

Intermediate Temperature

440 kg/s (58,318 1b/hr)
288°C (550°F)

226°C (438°F)

35.3 kg/s (4675 1b/hr)
2164 kPa (300 psig)
260°C (500°F)

144°C (291°F)

0.45 kg/s (60 1b/hr)

Yes
Yes

Yes

STEAM GENERATOR (Peak Heating Mode):

SUN 21 Flow Rate
Inlet Temperature
Discharge Temperature
Steam Flow Rate
Pressure

Steam Temperature
Feed Water Temperature
Blowdown Flow Rate
Configuration:

- Preheater

- Boiler

- Superheater

565 kg/s (74,850 1b/hr)
288°C (550°F)

226°C (438°F)

45.3 kg/s (6000 1b/hr)
2164 kPa (300 psig)
260°C (500°F)

144°C (291°F)

0.45 kg/s (60 1b/hr)

Yes

Yes
Yes

.3_9H

1 0.45 kg/s (60 1b/hr)

353 kg/s (46,743 1b/hr)
226°C (438°F)

158°C (316°F)

30.3 kg/s (4011 1b/hr)
445 kPa (50 psig)

148°C (298°F)

144°C (291°F)

Yes .
Yes
No

353 kg/s (46,743 1b/hr)

226°C (438°F).

158°C (316°F)

30.3 kg/s (4011-1b/hr)
445 kPa (50 psig)
148°C (298°F)

144°C (291°F) |
0.45 kg/s (60. 1b/hr)

- Yes
No .



- ;(Gross/Net)

 TABLE 3.1-4 (Continued)

High TemgeratUref

‘Iﬁtermediate Temperature

TURBINE/GENERATOR (Peak Cooling Mode):

Throttle Temperature
Throttle Pressure
Throttle Flow HP/LP
Extraction Temperature
Extraction Pressure -
Extraction Flow

~ Process Steam
(Absorption Chiller)

- Deaerator

L.P. Turbine Discharge
Temperature

L.P. Turbine D1scharge
Pressure

L.P. Turbine Discharge.

Flow

Electrical Output
(Gross/Net)

260°C (500°F)

2164 kPa (300 psig).

35/16.2 kg/s (4675/2143 lb/hr)
153°C (307°F)

445 kPa (50 psig)

19.1 kg/s (2532 1b/hr)

15-kg/s (1986 1b/hr)
1.8 kg/s (239 1b/hr)

72°C (161°F)

33.7 Pa: (4.9 psia)

16.2 kg/s (2143 1b/hr)

135748 kW

TURBINE/GENERATOR (Peak Heating Mode):

Throttle Temperature

" Throttle Pressure
Throttle Flow HP/LP
Extraction Temperature
~ Extraction Pressure
Extraction Flow

- Process Steam .
(Absorption Chiller)

.- Deaerator
L.P. Turbine Discharge
Temperature

L.P. Turbine D1scharge
Pressure -

-L.P. Turbine Dlscharge'.

Flow
‘Electrical- Output

"3‘247/178 kw

- 260°C (500°F)

2164 kPa (300 psig)

44.9/39.2 kg/s (6000/5234 1t/hr)
148°C (298°F)

445 kPa (50 psig)

- 5.8 kg/s (765 1b/hr)

.
2.8 kg/s (370. lb/hr)
72°C (161°F)

33.7 Pa (4.9 psia)

- 39. 5 kg/s (5234 lb/hr)

3210

148°C (298°F)

445 kPa (50 psig)

0/11.7 ka/s (071546 1b/hr)
148°C (298°F)

445 kPa (50 psig)

18.6 ka/s (2465 1b/hr)

15.1 ka/s (1996 1b/hr)
1.5 kg/s (198 1b/hr)
72°C (161°F) |

33.7 Pa (4.9 psia)
11.7 kg/s (1546 1b/hr)

27/-51 KW

148°C (298°F)

445 kPa (50 psig) ,
0/26.1 kg/s (0/3487 1b hr)
148°C (298°F) '

445 kPa (50 psig)

3.9 kg/s (513 Tb/hr)”

.0 . _ ’ .-

1.9 kg/s (246 1b/hr)

72°C (161°F)

33,7 Pa (4.9 psia)'

2.3 kg/s (3487 1b/hr)‘

>-~76/20 kN




- TABLE 3.1-5

'HEATING, COOLING AND DOMESTIC HOT WATER. SUBSYSTEM CHARACTERISTICS

CHARACTERISTIC:

Chi]led‘Water Absorption Air Conditioner:

- Capacity (ét 50 psig inlet steam)

~ Design Load

- Operating Fluid
- Temperature
Cooling Tower
Domestic Hot Water Heat Exchanger
Hot Water Storage:
- Capacity
- Volume (Total/Active)
Domestic Hot Water:
- Maximum Flow Rate
-  Temperature
Chilled Water Storage:
- Capacity

" -« Volume

Chilled Water Supb]y'(Pgak):
- Flow Rate

- Plant Inlet Temperature

- Plant Discharge Temperature
Hot Water Heating (Peak):

- Flow Rate o

> Plant Inlet Temperature
;A1P1antjDiSthakge:Témpefature

611 kW (174 tons)

604 kW (172 tons):
Steam/Li Br Solution
153°C (307°F)

2.14 MW (7.3 MBtu/hr)

~ 0.59 MW (2 MBtu/hr)

882 MJ (8.2 MBtu)
132.5/94.6 m> (35,000/25,000 gal)

3.85 g/s (61 gpm)
57.2°C (135°F)

591 MJ (5.5 MBtu)

1197/155 m® (52,000/41,000 gal) -

20.5 &/s (325 gpm)
5.5°C (42°F)
14.4°C_(58°F)

20.5 ¢/s (325 gpm) .-

60°C . (140°F)
37.8°C (100°F)




HOT WATER HEATING SUBSYSTEM

The hot water heating subsystem contains the following components: hot hater
storage tank, hot water pump,. hot water/condenser pump, condenser/cooling

tower heat exchanger, condenser cooling water pump, associated piping con-
necting these components, and appropriate control, isolation, purge and

drain valves. The condenser from the power conversion subsystem and the
cooling tower and hot/chilled water storage tank from the chilled water cooling
subsystems are used in the operation of the hot water heating subsyéfeh The
ex1st1ng Fort Hood system, with 12 psi steam, has not been utilized so that
more efficient power conversion can be attained; however, the ex1st1ng system'
remains in place as a backup for space heating and domest1c,water heating.

Hot water space heating is prov1ded to the Fort Hood complex by utilizing the
thermal energy that is trans ferred’ from the power conversion subsystem through
‘the condenser. Energy in excess of the immediate demand is stored in the hot -
"~ water storage tanks. The hot water-storage -tank is filled- first... .Then .the ...
storage tank of the chilled water cooling system (referred to as the hot/chilled
water storage tank) is used for additiona] hot water storage capacity during

the heating season. (Note: During the codling season, only the hot water
storage tank is used for hot water étorage for use with the domestic hot water
~system. In the cooling season, only the hot/chilled water storage tank is used
for chilled wdter étorage.)‘ When these tanks are thermally charged, excess heat
is rejected to the cdoling-tower by a plate-type heat exchanger in a separate
loop. Periods of operation for the STE LSE when excess energy is available
occur particularly durlng the spring and fall. During operatibn in the cooling
season, only domestic hot water is provided to the selected bu11d1ngs the

space heat1ng system is not used and is 1solated by control valves from the
domestic hot water storage piping. Makeup water to the hot water heating

closed loop is supplied as required from base domestic supply. Also,

nitrogen over- pressure is maintained in the storage tanks ‘and acts as a buffer
for surqe contro]

The thermal di'stribu.iion' loop for the selected buildings is ‘shown in Fig-
ure 3.1.2.  The hot water heating subsystem is described in detail in
_Section 3.5. ' S : S - :
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CHILLED WATER COOLING SUBSYSTEM

The chilled water cooling subsystem provides cooling (air conditiohing) to the
selected buildings. This subsystem is comprised of the following components:
two-stage absorption chiller, chilled water/hot water storage tank, chilled
water pump, chilled water booster pump, cooling tower, chiller condenser pump,
all of the associated piping, and control, isolation and drain valves. Ch111ed
water is produced by an absorption chiller that is driven by low- -pressure

steam from the power conversion subsystem. The cooling tower and chiller

- condenser pump are used with the chilled water cooling subsystem to provide

for waste heat rejection from the absorption chiller.

The chilled water storage tank supplies chilled water when the cooling demand
“is greater than chiller output and collects chilled water when the demand is
less than chiller output. As with the hot:water heating subsystem, makeup
water is supplied to this closed loop as required from the base domestic supply.
Also, nitrogen overpressure is maintained in the storage tank. o

The thermal distribution water 1bop is shown schematically in Figure 3.1-2 and
the chilled water Subsystem is described in detail in Section 3.5.

DOMESTIC HOT WA%ER SUBSYSTEM

The domestic hot water subsystem is comprised of the hot water heat exchanger

a hot water circu]ating pump, a pump for circulation of the domestic hot water, -
associated piping, and control and 1so]at1on valves. As shown in Figure 3.1-2
STES domestic hot water is supp11ed to just three of the five selected buildings -
those with residential equipment. The. other two buildings are. administrative
with law requirements which do not justify connection to the STES. The sub§xstem
is cbnnected to a city water makeup line that provides a supply of water te
fulfill the domestic hot water requirements. Heating of the water is provided

by the plate heat exchanger that extracts heat from the hot water heating .
'subsystem through- the condenser and hot water and hot/ch111ed water storage tanks.

The hot water storage tank 1s used to provide the needed domest1c hot water

during the summer months when the hot/ch111ed water tank is being used to store
chilled water ' :

3-14




3.1.2 OPERATION AND CONTROL PHILOSOPHY

The basic philosophy of the operation of the STES is to absdrb as much solar
energy as is available and convert it to either process thermal energy or
e]ectrical energy. The domestic hot water and space heating (or cooling) 1oads
are satisfied first and then, when possible, electrical power generation is
supplied for load peak shaving. However, when the collection of solar

energy is inadequate (due to poor solar insolation weather conditions) to .
satisfy daily thermal requirements, the .oil-fired heater will be used. If
solar insolation exceeds the thermal load, the excess energy is used-to generate
electricity. '

In the operation of the STES, the following different operating categories can
be defined: ' -

e . Normal operation
" @ Start-up and shutdown

e Abnormal operation

For normal operation, there are days when. space heating is required, days when
cooling is required and periods when electrical power is generated at reduced
condenser pressure. During both heating and cooling seasons, modes of operation

' ut1llz1ng oil flow from the high temperature and the 1ntermed1ate temperature.
storage tanks are needed for peaking operat1on of the power conversion subsystem.
(design flow, temperature and pressure) and for part power (less than design
rated conditions) 6peration of the powef conversion subsystemt

Electrical power is generated with modes. that'dse 0il flow from the high te@pera-
ture storage tanks for peaklng conditions and part power conditions. Part power
electric generat1on also 1s accomp11shed in a mode that.uses oil flow from the
intermediate storage tank. In total, dur1ng norma] operat1on, ten d1fferent
operat1ng modes have been defined and are tabulated 1n Table 3.1- 6. The normal
operat1ng mode sequences of the STES are described in Section 3.7 with the
corresponding state po1nts of performance for the defined operating modes
detalled in Sect1on 4.2.
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Mode

C Ful

Full
Full
Full

»_Fu]]

Full

Full
~ Electric Generation Only

Load Heating Season
Load Heating Season
Load Heating Season
Load Heating Season
Load Cooling Season
Load Cooling Season
Load Cooling Season

Electric Generation Only

- *PCS =

- Electric Generation Only

Power Conversion Subsystem ‘
**Peaking Condition is design flow, temperature and pressure conditions of the PCS;

TABLE 3.1-6

FORT HOOD STES NORMAL OPERATING MODES

0i1 Flow to PCS*

From
From
From
From
From
From
From
From

A From

From

High Temperéture Storage
High Temperature Storage
Intermediate Temperature.

Intermediate Temperature
High Temperature Storage
High Temperature Storage
Intermediate Temperature
High Temperature Storage
High Temperature Storagé
Intermediate_Temperaturé

Tank
Tank 4
Storage Tank

Storage Tank

Tank
Tank
Storage Tank
Tank
Tank
Storage Tank

Part Power Condition 1s Less than design rated cond1t1ons of the PCS.

TyEe**

Peaking Condition
Part Power Condition
Peaking Condition

Part Power Condition
Peaking Condition

Part Power Condition
Part Power Condition
Peaking Condition

Part Power Condition
Part Power Condition




Operating conditions other than the normal opefating modes described above
include startup, shutdown and abnormal conditions. The latter are considered
in detail relative to the overall STES in Sections 3.7.4 and 3.7.5 and further
described relative to the individual subsystems in Sections 3.2, 3.3, 3.4

and 3.5.

3.1.3 SITE DESCRIPTION

The Fort Hood STE-LSE is located in the east-central part of Texas, in the
western half of Bell County. The geology of the area generally consists of a
liméstone plain known as the Grand Prairie. This formation consists of sha]]ow-
to-deep soils overlying limestone of varying hardness, often in strlated bands.

The site is located near the city of Killeen, Texas, within the confines of the
Fort Hood military reservation. The 87000 Troop housing complex, which lies
west of Fifteenth Street, becomes the western boundary of the STE-LSE site. The
site is further bounded by Battalion Avenue on the south, Mart1n Drive on the
east, and the future extension of Central Avenue -on the north The site so
described consists of approximately 15 acres. '

The climate of the site is that of east-central Texas, being~genera]1y that of

_ the southwestern prairie. The site is located close to the line of equal evapo-
‘ transpiration/rainfall and enjoys some 32.5 inches of average rainfall, a mean
annual maximum temperature of 76°F, and a mean annual minimum temperature of

57°F.

The site as it exists today is mown lawn, consisting of a variety of grass
speqjes, The western side of the site contains two large parking lots with
 spaces for some 270 cars. Also located on the site is Yellow Ribbon Park
consisting of several medium-sized trees. and some playground equipment.

The overall plan calls for the parking areas to be relocated to the south of

Battalion Avenie in two Tots. These lots will be related to existing circu-
lation pattern of the 87000 complex. ' '
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The area adjacent to these parking areas will be developed into a recreation
area to replace the facilities presently on the site.

The general topography -of the site is-a plateau at the headwaters of South Fork
of Nolan Creek, which flows into the Leon Creek near the center of the county.
The site gently slopes to the southeast between two and eight percent. - Drainage
for the STES will follow the existing pattern.

The overall site plan shown on Heery & Heery Drawing 1-1 has four major
elements:

e Solar Collector Field
e Heated 0il Storage Tanks
e _ Visitor Parking and Access

.0 STES building which houses energy conversion equipment,
- computer control room, training and visitors' fac111t1es
with display areas

The solar field consumes by far the largest -part of the acreage. The co]le;tors
are arranged in rows, the center-to-center distance being determined by site
economics, row-to-row shading, and the space necessary to negotiate service
vehicles for washing of mirrors and inspection.- The general arrangement of the
collectors is parallel to Martin Drive with access roads at each end and at

the approximate center of the rows. Connecting piping transfers the heating oil
from the collector field to the oil s -age tanks, which comprise the second
.major element on the site.

The cluster of oil storage tanks is encircled by a retaining berm to contain the
volume of oil should the improbable occur and a tank burst.. The circular berm

is interconnected to a lower level retention area away from the tanks themselves.
The entire collector field and tank farm are to be surrounded by a security '
fence and partially surrounded by low berms for 0il spill containment which also
soften the visual impact.
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The building itself serves as the entry point for the public and employees,

as a barrier to separate public and non-public functions, and as an interface - .
betwéen solar energy collection and energy consumption. In conjunction with
its associated visitor parking, it serves to provide a point of visual relation-
ship‘between the 87000 complex and the solar collector field.



3.2 SOLAR COLLECTOR SUBSYSTEM
3.2.1 SUMMARY DESCRIPTION

The solar collector subsystem (SCS) is comprised primarily of a series-parallel
arrangement of solar parabolic trough collectors placed in a collector field
(Figure 3.2-1), and the associated piping and control, isolation and drain
valves. The auxiliary oil-fired heater is also part of the solar collector

- system. The SCS mechanically and hydraulically interfaces with the thermal
storage subsystem and electrically interfaces with the control system.

3.2.2 SOLAR COLLECTOR SUBSYSTEM FUNCTION

The primary function of the solar collector subsystem is to collect and convert
~solar flux to increase the enthalpy of the heat transfer fluid. The solar col-
lector subsystem receives the heat transfer fluid (Sun 21 0il) from the thermal
storage subsystem. Thermal energy is transferred to the heat transfer fluid,
increasing the fluid's temperature to a nominal value of 288°C (550°F) before
returning the oil back to the thermal storage subsystem. During period of good
insolation the thermal energy is provided by. parabolic line focusing trough
type collectors. An auxiliary oil-fired heater provides the thermal energy
during extended periods of poor ihsolation or during major maintenance of the
collector field. The auxiliary oil heater may also be utilized to augment

the collector field in parallel arrangement.

3.2.3 DESIGN REQUIREMENTS

It is important to note as a prefacing remark to this section on requirements
that the specific solar collector for this plant has not yet been selected.

The collector modules will be procured under competitive bidding against an.
equipment speciFication.("Equipment Specification for Parabolic Trough Solar
Collectors," E-677542 [Draft], September 29, 1978). For purposes of system design
and performance analysis, a collector with the published characteristics of the
Acurex 3001 éol]ector was used as representative of better quality parabolic
trough solar collectors. The information in this requirements sections primarily
reflects the provisions of the subsystem description document and the equipment
specification, and does not necéﬁsari1y correspond to the representative
collector which is used in the system-model. In other words, it is not implied
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that the representative collector as utilized in the system analysis meets all
the design requirements listed in this section.

The overall subsystem requirement is to serve as the energy source for the -
remainder of the STE-LSE. The sizing of the c011ectorvfie1d and the oil fired
heater are such as to meet the load requirements described in Section 2. The
plant service life is 20 years, with some parts replacement écceptab]e as
defined for individual components. The range of normal operating conditions fdr
the SCS'can be seen in Table 3.2-3, presented as a partial description of the
interface with the thermal storage subsystem. -

3.2.3.1 SOLAR COLLECTOR PERFORMANCE REQUIREMENTS

Considering current solar collector state of the art, it was not judged appropri-
ate to set collector performance (enefgy collection efficiency) requirements
per se. However, performance objectives were established based on the following:

e An "optimum" parabolic trough collector design, utilizing best

.currently available and reasonably well-proven components. This
design is described in Section 5.3.2.3

® Meteoroloaical conditions as represented in the Fort Hood
model year (Section 5.4) for January 3, March 23, June 28, and

September 21; four bright days in the vicinity of the solstices
and equinoxes. : '

e Plant nominal thermal/hydraulic conditions as specified in
Section 3.1.1 of Equipment Specification E-677542.

The performance objective consistent with-the above for the nominal SCS aperture
area of 11,600 in2 (125,000 ft2) integrated over the four days is 7.6 x 1011 J
(7.2 x 108 Btu) for solar collector calculations performed in the customary
manner (Section 3.1 of E-677542). |

3.2.3.2 SOLAR COLLECTOR OPERATIONAL -REQUIREMENTS

The following design réquirements app]ykto the solar col]ectqr modules and to
assemblies of such modules in groups (associated with a single drive system) and
in strings (series assemblies connected to field manifold piping at each end):
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" The solar collector modules shall be high temperature, horizon-
tal, single axis-tracking, parabolic-trough-concentrating,
liquid types designed for high efficiency operation.

.Several solar collector modules shall be connectable in series
hydraulically and mechanically into a linear solar collector
group which is provided with a single drive mechanism.

Several solar collector groups shall be connectable in series
hydraulically to form a linear solar collector string. -Each
collector string shall be isolable by manually operated valves..

The solar collector groups shall be provided with supports and
drive mechanisms, including motors, if required, capable of
moving collector groups at a rate which will enable the
controller to keep the image of the sun focused on the receiver
and which will enable the controller to stow the .collector
modules in a face-down position. Overall pointing accuracy

of the collector assembly including the accuracy of the posi-
tion indicator and the characteristics of the drive system will
be within #4 milliradians (+0.25°) of the demanded position.

The reflector structure shall be'of metallic construction with
 identified measures against corrosion.

The reflector and all other components of the solar collector
module shall be capable of withstanding 34 m/s (75 mph) winds
in the stowed position without permanent damage.

The reflector structure will have sufficient torsional rigidity
to prevent twisting and pointing errors beyond the specified
pointing accuracy in winds up to 16 m/s (35 mph).

The specular surface and fasteners shall be such és to allow
simple replacement of the reflective surface.

Maximum permissible degradation of the installed reflective
surface shall be no more than two percent per year,

The receiver will be compatible with Sun 21 0il, whose tempera-
ture may be between -23°C (10°F) and 371°C (700°F), and whose
pressure may be as high as 690 kPa (100 psia).

The pressure drop through a 128 m (420 ft) collector string
shall be less than 140 kPa (20 psi) for a flow rate of Sun 21
of 0.149 kg/s+m of aperture width (260-1b/h.ft of aperture
width) at a temperature of 233°C (432°F). A :

The support structure shall allow stowage of the solar modules
in a face-down position. ‘ .
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¢ The drive mechanisms and motors shall provide a slew rate of no
less than 15 degrees of reflector/receiver rotation per minute
in a wind up to 22 m/s (50 mph) for emergency stowing.

e Each electric drive for a solar collector group will include
an electric motor with overtemperature protection devices,
speed reducer and end-position 1imit switches to prevent damage
resulting from overdriving, and disconnect switch, all housed
in a rain-tight NEMA 3R enclosure. For hydraulic drive systems,
movement limiting devices will be provided, similarly protected
against environmental disabling. -

¢ Working parts shall be shielded from environemtnal effects that
could impede smooth operation, cause premature wearout or require .-«
cleaning and lubrication more frequently than monthly.
3.2.3.3 AUXILIARY OIL HEATER
The heater shall meet the following design requirements:
@ Rating at 1172 to 1465 kW (4 to 5 million Btu/hr) when raising
the heat transfer fluid temperature from 1580C (3169F) to 2269C
(438°F) - " :
@ Capability of delivering 316°C (600°F) fluid for inlet fluid
temperatures of 149°C to 288°C (300 to 500°F) (heater design
conditions, not necessarily intended operating conditions)

e Maximum film temperature: 343°C (650°F) (Heater design
conditions, not necessarily intended operating condition)

e Turn-down rati¢ of at least 5:1
o The heater shall be of forced draft design

@ The local control panel shall be weatherproof

3.2.3.4 PIPING AND VALVES

The piping and valve general provisions are:

e Accommodation of a 316°C (600°F) maximum bulk temperature and’
wide variations between ambient and the maximum level.

e Conformance to ANSI Standard B31.3. (Chemical Plant and
- Refining Piping)

e Provisions for thermal expansions of the segments to prevent
undue loading of the fixed points.
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¢ Welded construction except where flanges are absolutely
. necessary. Flanges will be 300#, raised face, using spiral
wouhd.gaskets. ' '

e Valving limited to gate, globe, angle and check swing types.
Sizes 1/2 through 2", forged steel (ASTM A-105) with 600# rating
at 850°F; above 2", cast steel bodies (ASTM A216 Grade WEB) or
forged steel (ASTM A-105) with 300# rating at 850°F.

A summéry of the design requirements for piping, valves, and fittings.is presented
in tabular form in Table 3.2-1. Functional requirements of the valves are best
understood from operational descriptions as provided in Section 3.2.4.1 and

3.2.5.

3

3.2.4 SOLAR COLLECTOR SUBSYSTEM DESCRIPTION

3.2.4.1 OVERALL SYSTEM

The total system is described next, with the necessary introduction to the
general modes of operation essential to understanding the hardware description.

FLOW DIAGRAM

The SCS flow diagram is shown in Figure 3.2-2. It will be noted that the field

is divided into three subjields, each a different size, as part of a unique
scheme for safe and efficient control of working fluid field outlet temperature.
This operating scheme, referred to as the "feed-forward control method," is
detailed in the discussion which follows and in Section 3.6, "Overall Instrumen-
tation and Control." Sun 21 o1l is supplied from the thermal storage subsystem
at 158°C (316°F). Normally most of the flow is directed to the largest field
(A1). The flow exiting subfield Al is either mixed with flow from the pump and
directed into the intermediate sized field (A2), or the flow from Al is split
between field A2 and the pump for recirculation. The fluw exiting the inter-
mediate sized field (A2) is directed to the smallest field (A3). The remaining
flow from field A2 is directed to either high temperature storage or recirculated.
The flow from field A3 is normally directed to high temperature storage, except

on startup and shutdown when the flow is directed to either the low temperature or
intermediate temperature storage tanks.
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The inlet fluid temperature for each field increases from field Al and A3 and
therefore the desired fluid temperature rise in each field decreases from field
Al to A3. With this control method, the fluid temperature entering the smallest
field (A3) is sufficiently high so that, even if only a fraction of the
temperature rise desired is obtained, the fluid temperature exiting the field
(A3) is acceptable for directing into high temperature storage. The flow into
each subfield is based on the inlet f1uid-temperature, the demanded exit
temperature and an assumption'of maximum solar insolation. This feed-forward
control method inherently prevents any collector string from overteﬁberathring.

The auxiliary oil heater is used independently or in parallel with the field.
During the independent operation mode, the heater is operated when the collectors
~ are not collecting solar energy. During this operating mode Sun 21 oil is
pumped from the Thermal Storage Subsystem to the auxiliary oil heater where it is
heated and returned to the Thermal Storage Subsystem. Normally the heat transfer |
fluid is pumped by the Collector Feed Pump (Low Temperature Pump) from Cold.
Temperature Storage at 158°C (316°F), heated and returned to Intermediate Tem-
perature Storage at 226°C (438°F). However, fluid can be received from the
Intermediate Storage Tank and delivered to High Temperature Storage at 288°C
(550°F).

The exit‘temperature'of the fluid is controlled by flow control valves and the
heater firing rate. Flow to and from the heater is supplied by the Thermal
Storage Subsystém pump, while recirculation is supplied by a pump associated
with the heater. |

The heater may be used to augment the solar collector héat output and to adjust
the temperature of the stored fluid. These functions can be accomplished by

the independent mode outlined above or by operating the heater in parallel with
the collectors. In the parallel operating mode, the heater outlet temperature -
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- ITEM

. Heavy Hex Nuts

TABLE 3 2- 1
~ PIPE, VALVES AND FITTINGS DESIGN REQUIREMENTS SUMMARY - Co
sizE_RANGE DESCRIPTION ' __ SPECIFICATION
Thry 15" ' Seamlees Cai‘bon_ Steel Tube Drawn to ASTM A 106 Grade B
Schedule 40 Nominal Pipe Si;e ‘
PIPE 2" thru 8" Schedule 40 Seamless Carbon Steel * ASTM A'53 Type S
‘ » Grade B Material
%" thru 2" 3000 1b socket-welding, forged steel ANST B16.11
5" thru 2" 2000 1b screwed, forged steel, back- ANST Bl16.11
‘ , welded with no exposed thread. :
FITThias 2" thru 8" Standard Weight, Carbon Steel Butiwelding " ASTM A 234 Grade WPA or
) R . WPB Material ‘
“USAS B16.9 Dimensions
Thru 8" Standard Weight Forged.Carbon Steel - ASTM A 105 Material
(Branch) weldlngfoutlet Buttweld Connectlon CoL :
WELDING L Coated Electrodes e " ASTM AZ233 E60 Series
ELECTRODES : Bare Electrodes for GMAW Process ASTM A-559 Class E60S-2
JOINTS : k“ thru 2" P1p1ng runs: 3000 1b socket- we1d1ng A ANSI B16.11
o _couplings or buttweld '
L 3" thru 8" Piping runs: buttweld
FLANGES ‘4% thru 8" ‘faintenance, blanking, and fit up to
: : flanged valves and equipment:
USAS 300 1b Forged Steel Welding Neck, ASTM A 181 Material
1/16" Raised Face, Schedule 40 Bore, USAS B16.5 Dimensions
125 AA finish or smoother, _
GASKETS " 175" Thick 300- 1b Type 304 Stainless
Thre 8 Steel and Asbestos Spiral Wound AP1 STD 601
 BOLTING AL Alloy Steel Continuous Threaded Studs ASTM A 193 Grade B7

ASTM A 194 Grede 24

Washers: Bellville spring type

Cold bending of pipe throhgh 6" shall be used where space permits and if economical bending facilities are

available.

Otherwise,

long-radius elbows shall be used except where specified differently.
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w111 be regu]ated so that the comb1ned flow is controlled at the de51red
temperature

PERFORMANCE

 The field layout involving the three subfields and the feed-forward control
method has been evaluated on a stat1c basis only in th1s section. .Defining a
subfield solar factor as:

n q

- F(i) =

max’

so that the power transferred to the fluid in each subfield is: ‘ ‘

Qi) = A() q (1)

where
n; =;c011ector efficiency
q; = direct component of solar flux -
Qpax - Maximum g
i subfield aperture area

P
[}

The demand flow rate (m ) into each subfield is based on the measured subfield
inlet temperature (TI ), max1mum solar flux, and the full operating demand exit
temperature (TO) ‘

/ 'I qmax ’
oWy T c (T0 - T1.)

If the fluid temperature rise in the subfield Al-is low, most of this fluid is
then directed into subfield A2 without mixing any flow from the pump. However;
above a certaih fluid temperature r{se in subfield Al (depends on the ratio of t
subfiers Al and A2 aperture areas), flow from the»pump is mixed with flow from
subfield Al for 1ntroduct1on into subfield A2 This same procedure is used for
subfield A3 dependent on the temperature ex1t1ng subfield A2 The desired‘fluid

’
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inlet temperatures for subfields A2 and A3 as a function of fluid exit tempera-
tures for subfields Al and A2 are shown in Figure 3.2-3.

The static performance (field exit temperature into thermal storage) for a range
of solar factors for each subfield is shown in Figure 3.2-4. The results shown
x can be adjusted to take into account
atmospheric conditions (visibi]ity, humidity, etc.) so as to keep the solar

on this figure are pessimistic because Ina
factors higher.

PROCESS AND INSTRUMENTATION DIAGRAM

Drawing 102E118 (Volume III) diagrams. the solar collector subsystem instrumenta-
tion and controls as required to:

e Monitor the o0il flow rate and temperature, and control the flow
rate and fliow path through the subsystem

® Monitor the oil temperature in each subfield |
® Monitor each colliector group's position

e Control each collector group's position

e Monitor the oil flow through each string

e Monitor and control the auxiliary heater

The instrumentation and control system also includes informational data collec-
tion and malfunction monitoring.

3.2.4.2 DESCRIPTION OF COMPONENTS
SOLAR COLLECTOR

. The solar collector module consists of a reflecting surface thaf'reflects

‘ incident rays from the sun onto a linear receiver. The reflector is a trough
with a parabolic cross section. The linear receiver is located along thevfocai_
line of the ref]ecting surface. SQitab]e structures maintain the parabolic
cross section of the reflecting surface and maintain the Tinear receiver at the
focal line. Means are also provided for supporting the reflector so that the
linear receiver is horizontal and sd that the reflector/receiver structure can
be rotated to,keép the image of the sun always on the receiver. The driven o
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mechanisms provide for rotation of the reflector/receiver at rates consistent
with tracking the sun. Special provisions include rapid or nominal rotation
, to the stowed (face down) condition and automatic defocusing for conditions
which threaten receiver tube overheating.

AUXILIARY OIL HEATER

The 0i1 heater consists of a forced draft burner, fluid heating o0il, fluid
circulating pump, motor control center, combustion chamber, heat transfer
surfaces, flue gas stack, valving, instrumentation, controls and a local control
panel. The control system provides for an automatic startup with proper sequenc-
ing and safequards. Several design configurations exist, but most incorporate
radiant and convective heat transfer while some use only convective transfer.

Use of .a circulating pump provides better control of film temperatures. Forced
draft combustion is safer, therma]]y_more efficient, and easier to control over

a8 wide turndown range. In the size rangéhféquired, a skid mounted package is
available. |

The instrument and control list is given in Section. 3.6 (Table 3.6-5).

The fuel oil supply system consists of a fuel oil buried storage tank, oil
circulating pump and motor control system. The fuel oil system is actuated
by an external signal (manual or aqtomatic) to the motor control system. The
fuel oil pump circulates No. 2 fuel oil through a piping loop where the
auxiliary oil heater burner'may draw fuel for firing the heater.

PIPING AND VALVES

Piping conveys the heaf fﬁansfer f]did from and to appropriate locations in

the circuit. This piping must provide leak-proof paths and be capable of
handling wide variations in fluid temperatures through a daily operating cycle

as well as providing for the initial startup temperature and associated tran-
sients. The design must accommodate the 316°C (600°F) maximum bulk. temperature
as well as the daily temperature variations. The purpose of the valves is to
perform various duties of control, draining, venting, safety and isolation within
the associated loops in the system.
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SOLAR COLLECTOR SUBSYSTEM INSTRUMENTATION AND CONTROL COMPONENT DESCRIPTION

The p]acement and function of the instrumentation and control components are
presented in Section 3.2.4.1 and 3.6. The characteristics of individual 1&C
elements are provided below:

® Flow Element Transmitter - These are in-line flange-mounted

instruments with an output of 4 to 20 MA. Types will be
specified in Phase IV.

¢ Thermocouples - Thermocouples are grounded junction metal
sheathed, and ceramic insulated. The type will be specified
in Phase IV. Installation will be into a welded in-place thermo-
well, or direct insertion using either a compression fitting or
gland.

‘e Reference Junction - A Reference Junction will be provided at
the 1/0 for all thermocouple inputs.

® (Control Valves

‘- Three-way divertor valves, air- operated- using a solenoid
pilot valve

- - Pneumatic control valves with I/P valve positioner and pilot
_ va]ve .

- Pneumat1ca1]y act1vated isolation valve with solenoid pilot
valve

e Flow Switch - Paddle-type with adjustable linkage and microswitch

e Collector Position Sensors - An absolute position optical encoder
providing a 12-bit parallel digital output :

HEAT TRANSFER FLUID

Sun 21 heat transfer oil will be used in the solar collector subsystem. Sun 21
is specifically designed for use in closed circulating systems with operating
conditions up to 316°C (600°F). The evaluation of this oil is presented in
Section 5.5;4, "OilAStabi]ity/Hand]ing/Temperaturé'Eva]uation."

Standardized properties for: hse in p}ojeét analyses are provided in graphical

- form in Figures 3.2-5 and 3. 2 6; and 1n approximate funct1onal ‘form on
Table 3.2-2. '
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TABLE 3.2-2
'PROPERTIES OF SUN 21 OIL

o Specific Heat: C, = 0.4322 + 0.00056667T (1gt2F)

o - Enthalpy:: H = 0.4322T = 0.000283337° (3tY)

o Thermal Conductivity: k = 0.07810 - 0.2266 - 10741 (EFE%%"?F)

o Density: = 53.66 - 0.0149T - 0.1386 - 7 (5)
e Viscosity: _u = 11547-2.396 (ft-sec)

Notes: 1. Temperature, T, in °F

2. Viscosity relationship valid from 200° to 700°F, others valid
from 100° to 700°F.

Tests are underway at sandia Laboratory to confirm the behavior of this heat
transfer 0il. Preliminary results on temperature stability are available and
are reported elsewhere, o

3.2.5 - SOLAR CbLLECT?R.SUBSYSTEM OPERATION
3.2.5.1 NORMAL OPERATION |
SOLAR COLLECTORS

A feed-forward mode of controlling the field mixed mean fluid exit temperature is
used. The flow rate into each subfield is éontrol]ed by flow control valves (FCV)
based upon measured inlet temperature and assuming maximum solar insolation.

Flow from the pump i$ directed into the largest subfield. (A1), part of the heated
0il from subfield Al is mixed'with flow from the pump and directed into the
intermediate sized subfield Az;'in turn part of the heated oil from subfield A2

is mixed with oil from the pump and directed into subfield A3 . The portions _
of the oil remaining -from subf1e1d Al and A2 are d1rected 1nto the high tempera-

. ture 0il-storage if the 0il temperature is greater than 2759C (525°F). (Th1s o

and -other conditions discussed in this section on operat1ons are subject to ‘
‘validation in the final system design process.) Otherwise it is returned to ‘the!
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suction side of the pump and recirculated. All of the oil flow rate from sub-
field A3 is either piped to the high temperature oil storage or recirculated,
based on its temperature. Two-speed pumps (covering the total field flow rate
range) are used to reduce pumping power. During periods of field flow rates of
less than 5 kg/s (40,000 1b/hr) the pump will be rumning at its low speed sett1ng
If the insolation changes, the FCVs will change positions and adjust the flow
rate through the field. If the average FCV position becomes greater than 70%,
the control will increase the pump speed to its high setting thereby forcing the
FCV positions into the normal operating range. ‘

During normal operation, the conditions in the coliector field are as follows:

o Collectors are tracking the sun so as to keep the line image
of the sun focused on the receivers.

e 0il at 158°C (316°F) is pumped from the cold tank to the col-
lector field.

e 0il at 288°C (550°F) is discharged frem.fﬁe.eoileete}v%feldl

e The normal operating pressure for the 01l in the collectors will
be Tess than 690 kPa (100 psia).

AUXILIARY OIL HEATER

The heater has been located in the oil system rather than in the steam system fo
provide a better "thermal" location, for experimental flexibility. It is

- recognized that oil degradation and thermal losses may be incurred in this location,
but it is felt that in an experimental facility, the operational benefits

obtained outweigh these penalties. In a strictly commercial application, a

boiler might be located in the water/steam loop. The following are several of

the possible operating modes of the auxiliary oil heater:

° Normal 0perat1on

The auxiliary oil heater will be used to supp]ement the solar -
collector field to satisfy the thermal loads. In this mode - the
" heat transfer oil is supp11ed from the Tow temperature 158°C (316°F)
oil storage tank, is heated in the auxiliary oil heater to 226°C
(438°F) and piped to the intermediate oil temperature storage tank.
. After the test operat1ona1 phase, this mode of operation of the -
' aux111ary 011 “heater 1s expected to be the only operat1ona1 mode.
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¢ High Temperature Operation

0il is supp11ed from the 1ntermed1ate oil temperature 226°C
(438°F) storage tank and is heated in the auxiliary heater to
288°C (550°F) and directed to the high temperature oil storage
tank.

o Thermal Conditioning Operation

The auxiliary oil heater may also be utilized for thermal condi-
tioning to maintain the temperature of the oil above a minimum
temperature level during major maintenance of both the solar
collector and power conversion subsystem.

In the above qperating modes, -operation is continuous and automatic. Operating
conditions (outlet temperature and mode of operation) will be chosen by the '
operator in the main control room, all secondary conditions (flow, firing rate,
combustion air, etc.) will be automatically controlled. Temperature is controlled
by automatic adjustment of fluid flow and firing rates. Primary operating para-
meters will be constantly available to the operator via display devices (to be

, chosen)[ Secondary operating parameters will be transmitted and stored by the
computer. Unless abnormal conditions or upsets occur, the operator will not

be required to closely monitor the heater operation.

3.2.5. 2 STARTUP AND SHUTDOWN _
For the SCS to operate properly the following conditions must be sat1sf1ed

e Direct componsnt of normal insolation must be at least 158 W/m
(50 Btu/hr-ft

o At least 57 m (2000 ft/) of 0il must be available in the
thermal storage subsystem for transfer to the SCS.

o The wind speed must be less than 15 m/s {35 mph) for solar
‘collector operation.

e The instrumentation and control system must be available .

¢ Electrical power must be available for the low temperature 011
pumps and the dr1ve (tracker) system

o = There must be at least 68 m (2400 ft3) thermal storageAaveilable

for 288°C (550°F) oil. . o '

A:o " For aux1]1ary heater operat1on there must be at ]east 0 3 m3

(10 ft3 ) of fossil fuel available.
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SOLAR COLLECTORS
e Startup

Start pump (initiates oil circulation) and bring to low flow
setting. 0il will flow from the low temperature oil storage
tank, through the collector field and back to the low temper-
ature tank.

Deploy collector groups to sun-tracking poéition.

When the collector field outlet temperature reaches 226°C
'(438°F), switch output of the field to the intermediate temper-
- ature oil tank.

When the collector field outlet temperature reaches 274°C (525°F)
switch output of the field to the high temperature oil storage
tank and open valve so that recircu]ation f]ow may be utilized.

When any of the subfield FCVs open beyond 70%, br1ng flow to high
flow setting.

e Shutdown

When the solar insolation drops to a level where the FCVs
average position is less than 30% (low-speed flow setting),
close valve so that recirculation flow is not possible and
divert the collector field f]ow to the intermediate o0il
storage tank. 4

~ When the so]ar insolation drops to a level where the field exit
temperature is less than 226°C (438°F), divert the collector.
field flow to the low temperature oil storage tank. :

When the field outlet temperature drops below 158°C (316°F),
stow the field collectors and shut the pump down.

AUXILIARY OIL HEATER

The heater is likely to be operated over a wide variety of inlet temperatures.
The necessary tonditions for operétién’inc]ude sufficient fuel and correctly

" functioning electrical, mechanical and control interfaces. ‘The heater will
generally be started from a "cold" condition. By current plans, subject to.
confirmation, it will not be kept in-a "warm" standby condition;
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'3.2.5.3.

Startup
Startup is a mixture of manual and autbmatic events:

- Select outlet temperatures by adJust1ng temperature controller
setpoint

- Select operating mode.by placing selector mode in desired
position 4

- Start No. 2 fuel oil circulating pump by placing control
switch in automatic position and pushing start button

- If in independent mode, start collector feed pump (if in
parallel modes this pump is already running)

- Start heater circulating pump

- Line up thermal storage system valves for desired flow and
- establish flows

- Start the heater by pressing "startup” button., This will
begin an automatic, sequenced start-up culminating in the
desired operating rate.

Snhutdown

Line up the thermal storage subsystem valves for the desired
flow. Push the heater "shutdown" button This will automa-
tically remove the heater from the o0il flow circuit and shut
down the heater in the proper sequence with proper time inter-
vals. A1l heater equipment, including the circulating pump,

w111 be shut down.

ABNORMAL OPERATION

SOLAR COLLECTOR

Stow Mode

The collector will be stowed in an inverted position. Stowage
will take place automatically under the following conditions:

- .Solar 1nsoiat1on'1nsdff1c1ent to keep the outlet temperature
of the col1ector field at or above 158°C (316°F)

N1nd speed greater than ]8 m/s (40 mph)
Stowage w111 11kew1se take p1ace for other cond1t1ons Judged by

operating personnel to represent a threat of s1gn1f1cant damage
to the col]ectors
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o Loss of Flow

In the case of loss of heat transfer fluid flow through the - . ..
~ receivers, the solar collectors will automat1ca11y de-steer so

as to remove the image of the sun from the receivers.in a time

period less than one minute.

e Loss of Power

In the case of loss of primary plant power, the co]]ector group
will de-steer automatically so as to remove the image of the
sun from the receivers in a time period of less than one minute.

AUXILIARY OIL HEATER

Shutdown of any rotating equlpment (fue] oil pump, circulating pump, TSS pump,
" or forced draft fan) will shut down the heater. While the heatér can sustain

such shutdown, it is-relatively hard on the combustion area to do so. In most
~cases, the circulating pump will continue operating to minimize these problems.

_A nunber of safety 1nter]ocks (e.g., flame safeguard) will also cause the
heater to shut down.

3.2.6 SOLAR COLLECTOR SUBSYSTEM INTERFACES
3.2.6.1 SUBSYSTEM INTERFACES

The SCS interfaces meéhanica]]y and hydraulically with the thermal storage sub-
system (TSS) and electrically interfaces with the control subsystem The SCS
I&C 1nterfaces with other subsystems only through the computer

THERMAL STORAGE SUBSYSTEM
The points of interface with the thermal storage subsystem are:
e 0il line at the collector field inlet header
@ 0il line at the collector field'outlet header . _
e 0il recirculation line at collector rec1rcu1at1on header
. 011 line. 1n1et to auxi11ary oi] heater at first connection to. heater \

o 0il line return from auxxliary 011 heater at first connection to
heater
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Table 3.2-3 lists the range of normal SCS operation; these conditions define -
the expected ranges of thermohydraulic parameters at the interface with the
" thermal storage subsystem. °

TABLE 3.2-3

INTERFACE CONDITIONS BETWEEN SOLAR COLLECTOR $UBSYSTEM
’ AND THERMAL STORAGE SUBSYSTEM

- Rec1rcu1at-
- Pump . Field tion Into
F]ow Rate Temp. AP Flow Rate Temp. Storage

(1b/hr) (°F)  (psia) _ (Wb/hr)  (°F) jjb/hr)

Peak Insolation 101,520 316, 36 o .. 101,520
" peak Flow 113,760 380 47 38,030 508 76,460

Nominal" 67,620 317 28 460 472 67,160

Minimm 64,690 332 26 9,980 430 55,610

INSTRUMENTATION AND CONTROL SYSTEM
The SCS will provide to the control system:
o Angular position of each collector group (168 groups)
e Temperature signals from 107 Sensors
. Signa1s‘ffom 78 flow switches
- o  Flow measurements signals from 12 sensors and the pos1t1on of
-~ . each FCV (13)
The control system will pfovide to SCS:
e 1‘Demand drive positions .

04' Demand dr1ve pos1t1ons to any (or all) number of groups for the
. de-steer and stow operat1on '

° | A p051t1on demand for each FCV

vi A pos1t1on demand for each 1solat1on valve affect1ng mode of
" operation :

e Set po1nt and high and low limits, where necessary, for measure-
ment. 1nstruments o :
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Addit1ona] information regard1ng the 1nterface with I&C is prov1ded in:

q" The Process and Instrumentation Diagram (F1gure 3 2-5)
° The Block Diagram (Figure 3.2-8) _
o The Measurement Requirements List (tabulated in Section 3.6)

e Section 3.2.7, SCS Instrumentation and Control Description

AUXILIARY SYSTEMS

Electrical power is requ1red for SCS operatlon and the - -‘power requ1rements are
defined in Section 3.2.6.3.

Special treated water will be required for periodic washing of the collectors,
as described in Section 3.2.8.1. Major quantities of mild water and probably
deionized water will be needed. The source of this water is not yet defined
and may be p%ovided from an on-site or off-site supply sy;tem.

3. 2 6.2 MECHANICAL/HYDRAULIC INTERFACES

The piping and connections between ‘the SCS and the Thennal btorage SubsybLem
as well as among components within the SCS have been described in Sec-
tions 3.2.6.1. and 3.2.4.2.

3.2.6.3 ELECTRICAL POWER INTERFACES
SOLAR COLLECTORS

Electrical power is required to aim, stow and (depending on the selected
eollector design) defocus the collectors. The total power required to operate
the drive motors assoc1ated w1th the solar co]lectors is ‘estimated to be
15.6 kW at 480 volts ac. This represents a peak requirement (all groups stow-

"1“9);qthe'average requirgment will be about 10 percent of the peak value.

AUXILIARY 0IL HEATER

' ‘ The total electrxc power requ1red to operate the oil-fired heater and fuel
.A_supply blower. pump motors, control and heaters is est1mated to be 11.4 kw at
' 220/440 vo]ts ac, AThe,heater will provide to- the cpntrol sybsystem the .
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angular p051t1on of each FCV (2). the open/closed pos1t1on of each 1so]at1on
valve, and a tenperature signal from five sensors.' The control subsystem
will provide on/off signals to the motor control centérs for ‘the pump and
‘blower drive motors. Each FCV and each isolation valve will require a posi-
tion from the control subsystem.

3.2,7 INSTRUMENTATION AND CONTROL

There are two basic control functions associated with the solar collector
field: | S . ‘

e Position the collectors to follow the sun (also de-steer or stow
under appropriate cond1t1ons)

. o Control the flow rates. flow paths and subf1e1d 1n1et and outIet oo
o temperatures

Enstrumentation in the field is provided to support these control functions,

to detect possible over-temperature conditions, to allow operation monitoring
and to collect experimental data. In most cases, the installed instrumentation
fulfills several of these purposes.

3.2.7.1 DESCRIPTION AND CONTROL ALGORITHMS
COLLECTOR POSITIONING

Control of collector positioning is directed by a microcomputer located in the
collector field. The required functions of this controller are as follows:

® Required Functions

- Position the collectors to follow thé sun
- ProVide a de-steering functioh td preveﬁt overheating

- Provide automatic stowing (at n1ght, in periods of extended -
low insolation and for adverse weather conditions)

- Provide information to the operator to monitor operation

- Prnvide information for data collection

The co]]ector positioning contro]]er operates as follows: First a desired - -
position is determined. This is developed in the microcomputer e1ther by
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computing a pointing angle from time and date information provided by the
central computer, or by receiving commands to stow, de-steer or point in
another externally specified direction. Subsequently, the current positioh
of a collector group is determined by decoding the output of a position
encoder mounted on the collector grbup. The encoder will provide a grey code
signal of epproximately 12 digital bits to represent the collector position.
The number of bits is dependent upon the point accuracy required by the
selected solar collector. FinalTy.'based upon the difference between the
desire& and measured positiohs, signals are sent to the collector group drive
motor to either go forward or reverse or stop. '

Ordinarily, no data are sent to the central computer for operational purposes.
Periodic data reports are transmitted for data logging. Malfunctions detected
by the. positioning controller are communicated to the central controller. -

FLON AND TEMPERATURE CONTROLLER

The obJect1ve of the flow and temperature contro]]er is to produce a f1e1d
exit temperature in the desired range from the collector field while ensuring
that the fluid temperature in the collector does not become excessive. '

The controller conditions the subfield flow and inlet temperature to satisfy
two objectives: First, based upon the existing inlet temperature, a flow rate
is-established that would result in acceptable subfield outlet temperatures if
the insolation were at the maximum attainable. Second, the subfield inlet
temperature is raised to the maximum value for which the first objective is
not violated (with too high an inlet temperature, the demanded f]pw may be
greater than the available flow). In addition, the controller determines the
disposition of subfield outlet flow that is removed from the main flow path.
This flow can be routed to the high temperature storage tank or recirculated,
depending upon its temperature.

The flow and temperature controller is contained in a microcomputer in the
field. The controller senses field flow rates, temperatures and control valve
positions. Based upon this information, adjustments are made to valve posi-
tions in order to satisfy the above criteria.




SUPERVISORY SAFETY SYSTEM

An auxiliary function associated with the collector field is a supervisory
safety éystem. This system observes the outlet temperature of each collector
string. If excessive temperatures are sensed, a signal is sent to the position
controller to adjust the position of the collector groups in that string to a
de-steer position where the heat input to_tﬁe collector is reduced, alloying
the temperature to drop to acceptable Tevels. Loss of'flow to a collector
string is detected by'e low flow switch that also initiates a de-steer command
for the affected string. | ' o

MEASUREMENTS

Most of the measurements that are made in the collector field were discussed

as part of the discussion of the controls. Several other measurements, such

as subfield outlet temperatures and total field outlet temperatures, are made
for information and evaluation of system operation. A few measurements, such
as temperatures along a few strings and extra f1pwmeters,,are made to assist

in engineering'evalhation.' The Measurements Requirements List (MRL) (Sec-

tion 3.6.6.1) outlines these,ektra_measuremenfs.

3.2.7.2 BLOCK DIAGRAM

The block diagram of the solar collector field controls is shown in Drawing No.
102€118 (Volume III). This shows the flow of measurements and commands between
the collector field and the controllers. '

3.2.8 MAINTENANCE

Maintenance considerations for the solar .collector subsystem include as a
minimum, the following items:

e Maintenance schedule:
e Estimated repairs
e Personnel requirements

‘e Parts inventory
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'o Materials

o Special maintenance equipment and facilities

Maintenance efforts for the solar collector subsystém aré performed mainly
during the overnight shutdown of the collectors in order to minimize inter-
ference with the solar collection. Accordingly, maintenance manpower is
heaviest during the overnight period.

3.2.8.1 SOLAR COLLECTOR

The field maintenance of the solar collector subsystem includes periodic
calibration and lubrication of the drive assemblies and the washing of the
mirrors. When the collectors are non-operable, the units will be stowed in a
down position to lessen the material degradation of the assemblies. It is
“estimated that the collector mirrors will require cleaning using a mild water/
detergent mix and rinsing with demineralized water. The source of the water .
for cleaning and rinsing opelrations is not yet defined. Cleaning of the mirrofé
and recejvers is planned for three-week intervals. Routine visual inspection
of the subsystem is conducted daily. Calibration and lubrication of drive com-
ponents are conducted every month. The haintenanée estimates are given in
Table 3.2-4.

3.2.8.2 AUXILIARY OIL HEATER'

The following preventative maintenance activity is expected to occur on a
periodic basis: ‘ .
° 'Luﬁrication of moving parts

e  Checking of operating fidelity and accuracy of readings of

safety controls and temperature limit controls. Adjusting as
necessary ‘ '

e Inspec;ion of heater tubes, burner, refractory linings
e Periodic inspection of heater surfaces '

e Inspection of water cooling at the circulating pump
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TABLE 3.2-4

MAINTENANCE ESTIMATES - SOLAR COLLECTORS

Estimates for Annual Maintenance Labor Per Group
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(720-ft2 - 12 Modules)
Annual
Number Maintenance
Task Time Per Year Labor
Collector Surface Washing 60 min. 17 17 hours
Monthly Inspection, Lube & Adjust Drive 10 min. 12 2 hours
Daily Visual Inspection 0.6 min. 365 3.5 hours
Unscheduled Mechanical or Electrical 2 hours 1 2 hours
- Repair/Touchup Paint " "1.5 hours 0.5 '0.8 hours
Major Overhaul of: 24°hours 0.1 2.4 hours
- Reflector | tonce
. every
- Receiver 10 years)
- Motor
- Bearings
- Chain and Sprockets
- Insulation
TOTAL FOR EACH GROUP 27.7 hours
"TOTAL FOR FIELD (168 GROUPS) 3225.hours
Estimated Replacement Parts Cost Per Group
(720-ft2) Per 10-Year Period
Parts Cost (Dollars) $/Year
Receiver Tube Assembly $ 75 $ 7.50
Motor ' 75 ‘ 7.50
Bearings 25 2.50
Chain and Sprockets 30 '3.00
Insulation 23 2.30
 Miscellaneous (Nuts, Bolts, etc.) 10 1.00
Flex Hose, Fittings, etc. 100 - 10.00
TOTAL FOR EACH GROUP $ °33.8
© TOQTAL FOR FIELD (168 GROUPS) "$ 5,672.00




® Repacking of stuffing boxes (according to manufacturers'
specifications)

e Checking of forced draft fan drive belt tension

Curative maintenance will primarily concern moving parts replacement (especially
the pump mechanical seal), attention to insulation, and elimination of leaks. If
a malfunction occurs in the system, decoking the inside of tubes or soot blowing

the outside may be required. However, these are unlikely. Overall maintenance
of the heater is expected to require an average of one man-day per month.

3.2.8.3 PIPING, VALVES AND FITTINGS

A properly controlled construction process will lead to minimum maintenance

-requirements for these flow control and ducting components.

- Maintenance .practice will parallel that followed in the Thermal Storage Subsystem

and described in Section 3.3.8.3. The unique piping component that may be pre-
sent in the SCS is flexible hoses between the solar collector strings and the
manifolding. If the collector procurement leads to the selection of a collector
with a flexible connection requirement, collector supplier maintenance recommend-
ations will be imp]emehted. It can be expected that the flexible hose will
require special attention during piping inspections andrperiodic replacement
(approximately 10-year cycle estimated).

3.2.8.4 INSTRUMENTATION AND CONTROL

A1l instrumentation and control equipment, including cabling, connectors, capil-
lary lines, etc., will be subject to a preventative maintenance program. The
preventative maintenance program identifies schedules for performing visual
inspections (typically every six months), and for performing routine maintenance
(annually). ‘The latter oparation can be extensive and may be staggered over

the course of the year. A manual(s) maintained at the facility will provide
maintenance procedures and instructions for such operations as: equipment dis-
assembly and component inspection; troubleshooting; repair; parts replacement
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schedules (e.g., "0" rings); calibration testing; and installation and check-
out. Section 3.6.8 provides a more complete discussion of I&C maintenance
projections. :

3.2.9 SPECIAL FEATURES AND PRECAUTIONS
3.2.9.1 HEALTH AND SAFETY CONSIDERATIONS -
SOLAR REFLECTANCE HAZARDS

Several different hazardous cond1t1ons could result from the effects of concen-
trated solar insolation or reflectance from the parabolic trough-type collector
modules in the collector subsystem. A severe eye hazard exists for those
personnel whose eyes are looking at, and happen to be located near, the focal
point of a collector during periods of sunshine. In addition, a glare hazard
may also exist when personnel are located in or near the collector field. A,
skin hazard (concentrated sunburn) is also a consideration for the design of

an SCS.

Most of the above ‘solar hazards are of concern primarily to the construct1on,‘
testing, operating and ma1ntenance personne]. and to the v1s1tors authorized
~or unauthorized, to the LSE facility.  Techniques that will be used to eliminate,
reduce the frequency of; or mitigate the severity of, some of these potential.
hazards include: the use of fencing to enclose the collector field; requiring
eye protection, protective t]othing and/or gloves when working near the
collectors; proper instruction of LSE personnel on the methods to avoid. these
hazards; proper design of the insulation and supports at the end of,the~receiver
‘tube; and the use of safety and warning devices and'signs. ”

OIL HAZARDS (SUH 21)

A paraff1n1c oil, Sunoco heat transfer oil No 2], is the heat co]lect1ng and
transport fluid in the collector and thermal storage subsystems. Sun 21 has
flash point and fire point temperatures of n227°F (440°F) and 254°C (490°F),
respectively, while its auto-ignition temperature is about 379° C (715 F)

This material meets the definition of a Class III-B liquid when ‘cold. However,
since it is stored and handled above the flash point, relevant standards require
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‘treatment as a Class I 1iquid regarding electrical equipment design, and a
Class II liquid for civil structure design purposes. The bulk of the heat
transfer oil by far is in the Thermal Storage Subsystem. A detailed discus- |
sion of the health and safety implications of using the Sun 21 is presented

for the TSS itself, and for the TSS portion of the site in Sections 3.3.9.1

and 3.8.4.2, respectively. 0il1 leakage into an absorptive and wicking insulation
can lead to spontaneous. combustion. |

ELECTRICAL HAZARDS

Three general types of electrical hazards have been identified for considera-
tion. First, an electrical shock or burn hazard may be possible in the SCS

as by accidental contact with exposed wiring to electrically driven components
and from the power distribution subsystem. The second type of hazard is an
electrical fire hazard that could result in an ignition spark from the combus- .
tion of leaky oil or oil vapors. The third type of electrical hazard is a
possible current surge to sensitive electronic or electrical equipment. Such
current surges might result from lightning. In light of the extensive back-
ground and experience in the electrical power generation field, particularly
by the Westinghouse team, the minimization or elimination of significant
electrical hazards are expected to be competently accomplished.

MECHAHICAL HAZARDS

During tracking operations, emergency defocus or normal stowing operatibn; of
the collectors for the solar collector subsystem, the parabolic trough and?o?
the receiver tube assemblies are set into motion, creating a potential mech-
anical hazard. Attendant with these tracking and stowing operations are limit
switches to control the maximum rotary motion of the coliectors and/or receiver
tube assemblies. Due to the low speed of the drive system (15°/minute), no-
injury is anticipated to operating or maintenance personnel or visitors,
authorized or unauthorized, to the STE facility.

Some components of the SCS can be damaged during severe wind, hail or stom
conditions. Debris from this damage or destruction (for example, broken glass

from the solar collectors) constitutes a health and safetv consideration for
personnel with access to the field. '
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- A number of methods will be uytilized to eliminate, mitigate the severity of,
or reduce the frequency of, these potential hazardous conditions. These
methods include: the implementation of cleanup procedures for debris subsequent

to hail, wind or storm conditions; and arrangement of actual work1ng areas to
prevent access by the general public.

Mechanical hazards associated with the auxi1iary heater lnclude rotating
equipment (fuel pump, circulating pump, and fan) and various control 11nkages,
valves and dampers which may move and inJure personnel

» if proper maintenance
procedures are not followed. I

MALFUNCTION HAZARDS | |
Loss of flow in the collectors can cause overheating of the Sun 21 0il in the
subsystem and significant degradation in performance, offgassing, and charring .

of the oil may be possible. The auxiliary oil heater 11kew1se carries some threat
of overheat1ng or oil leakage.

Several techniques will be used to eliminate or mitigate these malfunction
hazards. These include the use of selected redundancy in the temperature and
flow controllers to insure adequate flow to the collector f1e1d subsystem,
 the proper design of an emergency defocus subsystem to insure that the collectors
are either slightly defocused or put into a stowed condition when overheating
s detected, ‘and ‘the adequate use of ex1st1ng standards for the design of the

G-

0il- f1red heater

3.2. 9 2 ENVIRONMENTAL CONSIDERATIONS
AIR .QUALITY EFFECTS

Fuel and stack characteristics are requ1red to assess ' the potent1a1 impact of

a new or modified fac111ty on air quality. In this case, the aux1J1ary oil
heater will use No. 2 residual oil and will be operational for only about

'2200 hours dur1ng the year. Em1ss1ons from the heater fall far below the value
set by the Env1ronmenta1 Protect1on Agency as a new po]]ut1on source.

o

- 3-53




LAND USE EFFECTS

Approximately seven acres of land will be required for the SCS. Howé\)er, there
is no land use conflict, since the land has no present important use. The
entire area is owned by Fort Hood and no land purchase will be required.
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3.3 THERMAL STORAGE SUBSYSTEM
3.3.1 SUMMARY ‘DESCRIPTION

The Thermal Storage Subsystem (TSS), shown in Drawing A-2119- 1001(VolumeIII), is an
all-liquid sensible heat storage system that incorporates three storage

vessels: a high-temperature vessel that operates at a nominal 2880C (5500F)

level, an intermediate temperature vessel that operates at a nominal 226°C

(4389F) level, and a low temperature vessel that operates at a nominal 1580C
(316°F) level.

The TSS incorporates two sets of redundant fluid pumps that p}ovide the fluid
transfer to other interfacing §ubsystems or components such as the Solar Collector
' Subsystem (including the Auxiliary Heater) and the Power Conversion Subsystem,

and provide for internal (vessel-to-vessel) transfers:

A nitrogen supply system is incorporated into the TSS to provide an inert
atmosphere within the vessel ullage spaces to prevent storage fluid oxidation
and to eliminate any potential for ignition.

<

3.3.2 FUNCTION -

The TSS provides the required "buffer" between the Sular Collector Subsystem
and the Power Conversion Subsystem and incorpof&teé components, fluid transport '
lines and control logic suitable for the accommodation of the widely varying
solar collection characteristics anticipated for the Fort Hood, Texas site.
The TSS provides for utilization of the Auxiliary Heater in periods of low
.solar insolation or in;possible situations requirihg that the heat transfer
fluid (thermal storage fluid) be “conditioned" to provide acceptable tempera-
ture conditions for reduired operating temperature levels supplied to the
Power Conversion Subsystem. There are also provisions incorporated into the
TSS piping 'system such that the storage fluid can be pumped between storage
vessels as required during start-up and normal operations.

Duriﬁg sunlight hours with normal operations the thermaj,storage f]uid is
pumped by centrifugal pumps either CP2460 or CP2461 from
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the nominally 158°C (316°F) low temperature storage vessel (T2399) through the
solar collectors where it is heated to a nominal 288°C {550°F) and returned to
high temperature storage vessel (T2199). The nominal 288°C (550°F) fluid is
then pumped from T2199 by either CP2560 or CP2561 through the steam generator
(Power Conversion Subsystem) to produce high pressure superheated steam and
returned to the nominal 2260C (4389F) intermediate temperature vessel (T2299).

In the intermediate temperature operational mode the storage fluid is pumped
from the intermediate temperature vessel:-(T72299) (using either CP2560 or CP2561)
through the steam generator (Power Conversion Subsystem) to produce low-pressure
saturated steam and then returned at a nominal 158°C (316°F) to the low tempera-
ture storage vessel (T2399). The cycle is then repeated on a daily basis when-
ever sufficient sunlight is available.- '

During periods of essentially zero solar insolation, or on days when the solar
insolation is insufficient to meet operational requirements, and there is an
experimental reason to do so, the nominally 158°C (316°F) fluid in the low
temperature vessel (T2399) can be pumped, either totally or in parallel with
the solar collectors, through the Auxiliary Heater where it will be heated to
a nominal 288°C (550°F) so as to provide for normal daily operations.

Normally, however, when there is insufficient insolation, the fluid is pumped
“from the low temperature storage vessel through the Auxiliary Heater and heated

to a nominal 226°C (438°F) and returned to the intermediate temperature vessel
for subsequent use to generate low pressure Steam.

During active operation, and during periods of non-operational shutdown, an
inert nitrogen ullage is maintained in the storage vessels at a nominal over-
pressure of 4-inches of water column to prevent storage fluid oxidation or
ignition. - :

3.3.3 DESIGN REQUIREMENTS

The design requirements for the Thermal Storage Subsystem are as follows:
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Provide for all-liquid sensible heat energy storage w1thout
capability for future retrofit with dual media (i.e., 0il "
plus rock{

Accept heat .transfer fluid at 316°C (600°F) maximum at a meximum -

rate of 51,360 kg/hr (113,160 1b/hr)

Discharge heat transfer fluid at temperatures up to 316°C (600°F)
at a maximum rate of 33,950 kg/hr (74 850 1b/hr§ :

Discharge heat transfer fluid at temperatures up to 232°c (350°F)
at a maximum rate of 51,500 kg/hr (113,500 1b/hr)

Store a maximum of 84,300 kg (185,850 1b) of heat transfer fluid
at a maximum temperature of 316°C:(600°F) .

Store a maximum of 318,850 kg (694,200 1b) of heat transfer
fluid at a maximum temperature of 260°C (500°F)

Provide for oxidation protection of the heat transfer fluid
Provide for heat transfer fluid maintenance and rep]enishmént

Provide for removal of “low boiling" 0il cracking products con-
tainment for disposal or by environmentally acceptable "flaring"

Provide for fluid discharge rates over a turndown range of
three-to-one maximum

Operate on demand continuously or for intermjttent time periods
Operate reliably for a 20-year service life

Design in accordance with ex1st1ng codes, standards and
regulations

Provide for energy containment in accordance with economic/
operational criteria established during system design

Provide valving and’valve-1ogic such that automatic and safe
shutdown will occur in the event of system failure (modes to be
analyzed during detail design) or system power or pneumatic
failure

Provide piping and valving such that initial startup and daily
operational startup can be accomplished without introducing
undesirable fluid temperature levels into designated storage
vessels

Provide vessels for fluid storage at three nominal temperature
levels of 288°C (550°F), 226°C (438°F) and 158°C (316°F)
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e Utilize a commercially available petroleum 0i1 (heat transfer '
fluid), SUNOCO 21 or 25, as the storage media

o Provide for independent storage fluid flow from the 288°C (550°F)
vessel and from the 158°C (316°F) vessel with flow from the 226°C
(438°F) vessel (using a common pumping system to the 288°C (550°F)
vessel) occurring at times when flow from the 288°C (550°F)
vessel is not required

® Provide suitable field devices such that the instantaneous status
of the energy storage can be assessed and utilized in a control
logic sequence

3.3.4 THERMAL STORAGE SUBSYSTEM DESCRIPTION

~3.3.4.1. OVERALL SUBSYSTEM

The TSS at the Preliminary Design level is described by two essential drawings
given in Volume III:

e Subsystem Flow Diagram, Dwg. No. A-2119-1002, sheets 1-3

e Subsystem Process and Instrumentation Diagram, Dwg.
No. A-2119-1003, sheets 1-3

FLOW DIAGRAM

The Subsystem Flow Diagram presents the principal piping connections arrangement
between major subsystem components (the storage vessels, fluid pumps, nitrogen
system and condenser/flare) and the interfacing subsystems and components.

PERFORMANCE PARAMETERS |
Drawing A-2119-1002 includes the basic subsystem diagram, and Drawing A-2119-1003

presents the fluid conditions existing at the principal subsystem locations
during the defined Heating and Cooling Season operating conditions.

The calculations to determine the fluid conditions at the principal locations

were made using preliminarily defined piping sizes and insulation thicknesses
as described in Section 3.3.4: Description of Components.
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PROCESS AND INSTRUMENTATION DIAGRAM

The TSS Process and Instrumentation Diagram is presented in Drawing A-2119-1003,
Sheets 1, 2 and 3. The P&ID includes all-components incorporated into the |
"Thermal Storage Subsystem prel1m1nary des1gn Sheets 1 and 2 include the total
TSS P&ID diagram, and Sheet 3 prov1des the interpretation deta1ls for the
P&ID..

3.3.4.2 DESCRIPTION OF COMPONENTS
STORAGE VESSELS

The requirements for the storege vessels for the.TSS'have been defined by an .
evolutionary process of overall STES requirements, economic considerations:,*
and explicit code design and construction coverage.

The results of the various considerations produced vessel requirements having
minimum active volume requirements of:

_Vessel ' - L " Active Volume
High Temperature 127.4 m° (4500 ft3)
Intermediate Temperature | 442.0 m® (15,610 ft3)
Low Temperature T E R I (14,500 £t3)

.Using the miﬁimum‘active volumes and incorporating a one-foot deep volume incre-
ment for minimum vessel draw-down, one foot for clear ullage space, plus an

"engineering reserve" volume of "one hour at maximum discharge rate" from the
high temperature vesse], resulted in vesse]s having volumes of:

__Vessel . ___Total Volume
H1gh Temperature 196.5 m° (6940 ft?)
Intermediate Temperature : 528.7 m° (18,67O‘ft3)‘
Low Temperature S 498.4 n3 (17,600 ft3)

*See Section 5.5-~Trade Studies
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The storage vessels evolved in the Preliminary Design are shown in Figure 3.3-1
in profile, and the vessel specifications are presented in Table 3.2-1.

PUMPS

The fluid pumps that have been defined for the service requirements of the two
principal fluid circuits within the STES (i.e., the Solar Collector Subsystem
circuit and the Power Conversion Subsystem), are dual (redundant) installations
of horizonté1, center-line supported, heavy duty API 610 service, centrifugal
pumps with two-speed drivers (Note: The determination of required speeds will
be predicated on the minimization of parasitic power consumption.).

The fluid pumps are described in Table 3.3-2. The included initial speéifica-
tions for developed head are based on standard commercial/marine piping sizes
'and are subject to decreases during the detailed design, phase IV, to reduce
the parasitic pumping power on the system;

PIPING AND VALVES

The piping system for the TSS will be designed in compliance with the provisions
of ANSI B31.3, Petroleum Refinery Piping, and will incorporate flexibility
provisions to sustain the 20-year diurnal operational requirements.

Initial piping and valving sizes were established based on usual practice and
after a preliminary analysis of parasitic pumping power requirements, were
increased in size to_reduée the pumping head required. The results of the
preliminary design are presented in Table 3.3-3. Associated valving was incor-
porated into the TSS on the basis of sizes equal to line size up to 7.6 cm
(3.inches) and one line size less in diameters over 7.6 cm (3 inches).

A1l valves are specified as 300# for the specific sér?iceiconditions associated
with the operation and for Sun 21 oil containment. A1l valves, except flow
control valves, are specified to be gate valves (to assure tight shut-off) to
minimize the pressure drop through the fluid circuits, and consequently,

the parasitic pumping power requirements.”
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Vessel Type

Vessel Life ,
Construction Details
Shell Diameter ‘
Shell Height

Vessel Volume
Veﬁsé] Material
lSi;dked Material

-weight Stored Materié]
Volume Stored Material

Operating Pressure
Maximum PresSure
Operating Temperature
Structural Design
Temperature-
Temperature Variations

TABLE 3,3-1

THERMAL STORAGE SUBSYSTEM STORAGE VESSEL- SPECIFICATIONS

High Temperature Vessel Intermediate Temperature Vessel Low Temperature Vessel

Cylindrical Section,
ASME Heads

20 Years
ASME Section VIII

6.1 m (20 ft)

8.8 m (29 ft).
196.5 m3 (6940 ft
Carbon Steel |
Sun 21 0i1

85,238 kg (187,915 1b)

135,9 m3124800 £t3)
at 288°C; (550°F)

996 Pa (@f Water Gaugé)
1494 Pa (6" Water Gauge)
288°C (550°F)

3

316°C (600°F)

Cylindrical Flat Bottom

20 Years

API 650;

9.1 m (30 ft)

8.1 m (26.5 ft)

528.7 m> (18,670 ft°)
Carbon Stee]

Sun 21 0i1

374,810 kg (826,300 1b)

521.6 m> (18,420 ft3)
at 226°C| (438°F)

996 Pa (?" Water Gauge)

1494 Pa (6" Water Gauge)-

226°C (438°F)

260°C (500°F)

~ 28°C (50°F), 7000 Cycles 11°C (20%F), 7000 Cycles

56°C (100°F), 100 Cycles 42°C (75°F), 100 Cycles

278°C (500°F), 50 Cycles

208°C (375°F), 50 Cycles

Cylindrical Flat Bottbm

20 Years

API 650

9.1 m (30 ft)

7.6 m (25 ft)

498.4 m® (17,600 ft3)
Carbon Steel o

~ Sun 21 0i1

374,810 kg (826,300 1b)

491.6 m3 (17,360 ft3)
at 158°C (316°F)

996 Pa (4" Water Gauge)
1494 Pa (6" Water Gauge)
158°C (316°F)

260°C (500°F)

8°C (15°F), 7000 Cycles
28°C (50°F), 100 Cycles
139°C (250°F), 50 Cycles




TABLE 3.3-2
THERMAL STORAGE SUBSYSTEM FLUID PUMP CHARACTERISTICS

Collector Field Pumps (Tandem redundant installation)

Deliver 18.7 2/s (296 GPM) at 72.5 m (238 ft) Head at operating
temperature of 260°C (500°F)

Pump Sun 21 oil at 260°C (500°F), 0 60 cp

Pump Sun 21 011 at -6°C (22°F), 667 cp and at 1ntermed1ate _4
tempenratures

Duty: Daily startup from ambient temperature, cont1nuous for
12 hours (7000 cycles)

Dual Speed: 3500 rpm maximum
Maximum NPSH Available = 25 feet
API Standard 610 Design

Over-temperature protection for pump and drive

.ngh pressure cut -out for motor

Driver 15 kW (20 hp) at 3500 rpm

Steam Generator Pumps (Tandem redundant 1nsta11at191)

Deliver 14,3 2/s (226 GPM) at 89.3 m (293 ft) Head at operating
temperature of 316°C (600°F)

“Pump Sun 21 o0il at 316°C (600°F), 0.47 cp

Pump Sun 21 oil at -6°C" (22°F) 667 cp and at intermediate
temperatures

' Duty Continuous, per1od1c startup from ambient temperature with

7000 cycles; 316°C (6000F) to 2040C (400YF); 50 cyc]es, 3150c (600°F)
to ambient

Dual Speed:‘ 3500 rpm maximum

Maximum NPSH avai]able'= 20 feet
_API Standard 610 Des1gn

'Over temperature protect1on for pump and dr1ver -

H1gh temperature cut-out for motor f

Driver 15 ki (20 hp) at 3500 rpm

o~ -
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: TABLE 3.3-3

THERMAL STORAGE SUBSYSTEM PIPING LIST

Pipi_g}Section

Size

Material

- Collector F1e1d D1scharge Header to (288°C/550°F) Storage Vessel
Inlet (36-37)*

High Temperature Storage Vessel (288°C/550°F) to Steam Generator

© Pump Inlet (45-44)
. Steam Generator Pump Discharge to Steam Generator (43-20)

B Intermed1ate Temperature Storage Vessel (226°C/438°F) to Steam
" Generator Pump Inlet (46 44)

A ‘Low Temperature Storage Vessel (158°C/316°F) to CoTTector Fleld/
 Auxiliary Heater Pump Inlet (39-41)

Intermediate Temperature Storage Vessel (226°C/438°F) to

.Collector Field/Auxiliary Heater Pump Inlet (46-41)

» ‘Collector’ F1e]d/Aux111ary Heater Pump Discharge to CoTTector
Field (38-55). v

- Collector Field/Auxiliary Heater Pump Discharge to Auxiliary
Heater Inlet (38—48)

Steam Generator Discharge to Intermediate Temperature Vessel

4 f(226°C/438°F) Inlet (21-49)

Steam Generator Dlscharge to Low Temperature Vessel (158°C/316 F)

Inlet (21-50)

- ‘Aux111ary ‘Heater Discharge to H1gh Temperature VesseT (288°C/
. 550°F) Inlet (47 37)

~ Auxiliary Heater Discharge to Intermediate Temperature Vessel

(226 C/438°F) Inlet (47-49)
Collector Field D1scharge Header to Collector Fler/Aux1T1ary

'4Heater Pump Inlet (42-4])

'8.9 cm (3-1/2"), Sch 40

12.7 cm (5"), Sch 40

7.6 cm (3"), Sch 40
12.7 cm (5"), Sch 40

15.2 cm (6"), Sch 40
15.2 cm (6"), Sch 40

12.7 c¢m (5"), Sch 40

12.7 cm (5"), Sch 40

7.6 cm (3"), Sch 40

7.6 cm (3T}, Sch 40

8.9 cm (3-1/2"), Sch 40
10.2 cm (4%), Sch 40

7.6 cm (3"), Sch 40

: ~*Numbers 1n parenthe51s refer to subsystem locations shown in Dwg. A-2119-1002 (Volume III).

A-53, Gr. B

A-53,

A-53,
A'539

A-53,
A-53,

A-53,

A-53,

A-53,
A-53,
A-53,
A-53,

A-53,

Gr.

B

Gr. B

Gr.

Gr.

Gr.

Gr.

Gr.




INSTRUMENTATION AND CONTROLS

' Instrumentat1on has been 1ncorporated into the Thermal Storage Subsystem such
' that the operational status of the system can be determined at any instant.
Fluid 1eve1'(static head) sensing and transmitting equipment and tehperature
sensing devices. are utilized so as to provide for 1nstantaneous determination
of storage energy levels as we]] as fluid 1nventory. ‘

The principal fluid loops aré instrumented to ‘'sense and transmit fluid flow in
order to assess the dynamic status of the system'at any time. Fluid pressure
. sensing and transmftting equipment is provided to assess fluid capability of
the system. A summary of the TSS instrumentation is presented in Table 3.3-4
with detail listings in Tables 3.3-5, 3.3-6 and 3.3-7. |

Use of operational temperature sensors has'been kept to a minimum; only instru-
mentation required for recognition of system status during initial and daily
start-up is included. Over-temperature sensing devices protecting the fluid
temperature entry into the storage system are not included in the Thermal
"Storage Subsystem. Except for the 60 thermocouples identified in Table 3.3-4
for diagnostic purposes, all instrumentation is typical of commercial STES
apb]ications.

AUXILIARY SYSTEMS |
-The TSS-Auxi]iary Systems include:
o 'The Nitrogen Inerting System"(NIS)
o- _The 0i1 Management System (OMS).
e The 0il Vapor and Gas Management System (OVGMS)

e The 0il Precond1t1on1ng System (OPS) -

NITROGEN INERTING SYSTEM

The NIS prov1des for the prevent1on of f1re and oxidation: degradat1on of the
storage fluid by maintaining the storage vessel(s) ullage space-at a low n1trogen
pressure levelu(the order of inches of water) and will provide for the
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| TABLE 3.3-4
THERMAL STORAGE SUBSYSTEM INSTRUMENTATION CHARACTERISTICS

- @ Storage Vessel Level Sensors:

- 3dp cells w/output of 4 t6"20 ma at 0 to 69 kPa (0 to 10 psi
AP.with 158°C (316°F), 226°C. (438°F) and 288°C (550°F) fluid nominal
operating temperatures and “cold" connections

° F]ow Sensors .
- 2 dp cells w/output 4 to 20 ma at O to 48 kPa (0 to 7 psi) aP
- 2 Annubars at O to 48 'kPa (0 to 7 psi) range
- 316°C/260°C (600/500°F) operating temperatures using "cold" connections

® Pressure Sensors:

~-6-Pressure sensor/transmvtters 4 to 20 ma output at 0 to 690 kPa
(0 to 100 psi) -and -35 to 69 kPa (-5 to 10 psi)

o Temperature Sensors:

- 25 Thermocouples - Type J with thermal-wells and operating capability
to 316°C (600°F) for analysis of available energy content of storage
vessels

- 60 Thermocoup]és - Type J with direct spot-weld and capability .to - .-~
316°C (600°F) for start-up and initial operation diagnostic purposes
(field installed)




TABLE 3,3-5
THERMAL STORAGE' SUBSYSTEM TEMPERATURE MEASUREMENTS LIST

Quantity - ___Component .' . Function

7 Thermocouple : Measure temperature at varibus levels
- Type J in high temperature storage vessel for
Iron-Constantan ~ purposes of available energy content
analysis.

7 | Thermocouple " Measure temperature at various levels

' Type J in.intermediate temperature storage
Iron-Constantan vessel for purposes of available energy
‘content analysis ;

7 - Thermocouple Measure temperature at various levels
Type J in low temperature storage vessel: for
Iron-Constantan . . purposes of available energy content

ana]ys1s -

4 Thermocouple- Measure temperature of pumps to detect
Type J over-heating : '
Iron-Constantan

60 Thermocouple To be used where required for start-up :
E Type J ' and diagnostic purposes

Iron-Constantan

i L



TABLE 3.3-6

THERMAL STORAGE SUBSYSTEM PRESSURE  AND FLOW MEASUREMENTS LIST

Quantity

Component

Differential
Pressure Cell
Transmitter

Differential
Pressure Cell
Transmitter

Force-Balance
Pressure
Transmitter
Differential
Pressure Cell
Transmitter

Pressure Switch
Flow Indications
High and Low

Pressure Alarm

High Level Alarm

Flow Detector

Differential
Pressure Cell
Transmitter

Differential
Pressure Cell

. Transmitter

Force-Balance
Pressure
Transmitter

Differential

Pressure Cell

. Transmitter

Function

Measure height of o0il 1n storage
vessels and to be used for available
energy calculations

Measure flow of o1l to solar collectors
and steam generator

Measure inlet and outlet pressures of
collector field and steam generator
pumps

Measure pressure of n1trogen blanket
system

Indicate sufficient water pressure to
seals of steam generator pumps

Indicate proper flow of water to seals
of steam generator pumps

Protection of storage vessels from
pressure variations

Protection of storage vessels from
over filling

Activate flare

Measure height of oil in storage

_vessels and to be used for available

energy calculations ,
Measure flow of oil to solar
collectors and steam generator

Measure inlet and outlet pressures of
collector field and steam generator

pumps

Measure pressure of nitrogen hlanket

- system. .
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Quantity -

2

TABLE 3.3-6 (Continued)

Component

Pfessure Swifch -

High and Low

Pressure Alarm

High Level Alarm

Flow Detector

" Flow Indfcations‘
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Function

. Indicate sufficient water pressure to

seals of steam generator pumps’

Indicate proper flow of water to seals
of steam generator pump

Protection of storage vessels from ”
pressure variations

Protection of storage vessels from
over-filling

"Activate flare



TABLE 3,3-7

THERMAL STORAGE SUBSYSTEM SYSTEM CONFIGURATION CONTROL AND INDICATIQN LIST

Quantity

Cdmponent

Function

2

Remotely actuated, Valve with
open/closed position 1ndicat1on
switches

Remotely actuated, Valve with
open/closed position indication
switches

Remotely actuated, Valve with

- open/closed position indication

switches

Remotely actuated, Valve with
open/closed position indication
switches

Remotely actuated, Valve with
open/closed pos1tion indication
switches

Remotely actuated, Valve with
open/closed position indication
switches

Remotely actuated, Valve with

open/closed pos1t10n 1nd1cat1on
switches

370

Blowdown for Storage vessel
‘protection

Control direction of flow from
storage vessel outlets

Isolation and control direction
of flow at storage vessel inlets

Isolation of storage vessels

nitrogen blanket system

--—Low -temperature-pump recycle T

for protection from overheating

To allow o0il to be recycled to
collectors

To by-pass liquid seal in order
to purge ullage space




accommodation of (1) normal operation temperature variations, and (2) short-
and long-term shutdown situations.

The NIS provides nitrogen to the ullage system as required to maintain the
ullage positive pressure and will provide for the relief of pressure build-up
caused by temperature increases within the storage vessels during initial
start-up and daily start-up. The NIS utilizes a cryogenic nitrogen supply
system capable of replenishment from mobile transport units. '

. The Pre]iminaryADesign Nitrogen Inerting System requirements are presented in '
Table 3.3-8. : ’

OIL MANAGEMENT SYSTEM

The oil management system is comprised of a defined program of fluid evaluation
that is designed to reveal any degradation of the storage fluid in a timely
manner so as to allow for appropriate development of countermeasures before

the storage fluid degradation is critical. The management program combines
initial reduction of vessel ullage ‘oxygen content, and periodic measurement.

of acid number, flash point,'viscosity and Cs/C “insolubles and periodic fluid
vacuum degassing. To complete the program, SUNOCO SNTECH personnel will be
consulted periodically to take advantage of their experience and knowledge of
SUN 21 oil. ‘ '

As operational exper1ence 1s obta1ned the need for more extensive fluid main-
tenance will be evaluated. Such steps are not anticipated, but should include:

° Replacement of the storage fluid at extended intervals
0 D11ut1on of the storage f1u1d with fresh fluid on a per1od1c schedu]e
o Installat1on of a vacuum d1st111at1on "side stream processor"'at a.

future date if one is found to be necessary

The range of propert1es that establlsh the f1u1d operat1ng cond1t1ons from
1n1t1a1“ to "cr1t1ca1" are presented in Tab1e 3 3-9.
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TABLE 3.3-8
THERMAL STORAGE SUBSYSTEM NITROGEN INERTING: SYSTEM REQUIREMENTS

Cryogenic Nitrogen Storage,Vesse1:

- 5.7 m3 (iSOO gallon). Capacity with pressure sensor, vaporizer, relief
valve, check valve and pressure regulation to deliver 4.7 2/s (600 scfh)
at 10.2 cm (4-in.) water gauge

Feed Line:

- 1.9 cm (0.75-in.) dia. Type 316 SS tubing to vessel header

Liquid Seal Drum:

- 0.76 m (2-1/2-ft) dia., 0.38 m3»(100 gallon) with dual slotted orifices
and 10.2 cm (4-in.) water gauge pressure drop maximum '

Flare:

- Capable of burning 68 kg/hr (150 1b/hr) of hydrocarbon vapors, with
flow actuated sequence-starting of auxi]iary gas pilot, igniter,

multiple jet burners, and a steam supply, if necessary, operating from
the 448 kPa (65 psia) steam system

Continuously monitor the vessel ullage spaces for oxygen to actuate an
" alarm if oxygen contents exceed one'percent

Comply with NPFPA:

" - #69-73, Explosion Prevention Systems, and other codes and standards
as applicable .
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| | TABLE 3.3-9 -
STORAGE FLUID PROPERTIES RANGES POSSIBLE DURING FLUID OPERATING LIFE

Mgasurement Initial Values Warning Values Critical Values
Acid Number, mg/gm 0 to 0.0 0.5 . 0.8
Flash Point, °C (°F), ©218°C +3 - 213°C (415°F) (TBD)*
Cleveland Open Cup (425°C + 5) ' '
Viscosity at 38°C (100°F) 200 to 215 220 to 235 (TBD)*
(sus) - ‘
C5/Cq Insolubles o . 0. (TBD)*

*To be determined in the detailed design phase

OIL VAPOR AND GAS MANAGEMENT SYSTEM

The QVGMS is comprised of an air-cooled condenser located in the-vapor/gas
transfer line between the high and intermediate temperatu}e vessels, a con-
densed liquid receiver vessel, an oxygen detector and a hydrocarbon vapor

‘ detéctdr."The OVGMS requirements are presented in Table 3.3-10.°

The -vapor condenser. will normally operate with natural convection transfer from.
the air-side of the condenser but will provide for an estimated initidl fluid
~heat-up vapor generation of ‘approximately three percent (over 90 hours), based
on Figure 3.3-2, for the solar Sun 21 data, with a temporary forced convection
fan. This will provide valuable operational understanding as well as-minimize’
the quantities of hydrocarbon vapors that must be burned tovenvironmenta11y
acceptable levels in-the flare, thereby reducing the parasitic energy consump-
tion by that auxiliary component in the TSS.

The oxygen detector will provide for detection of initial start-up oxygen -
content in the ullage space all will provide on a continuous basis the
necessary safety monitoring of the ullage spaces to assure non-hazardous
aperation and storage fluid protection. . ‘
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TABLE 3.3-10
THERMAL STORAGE SUBSYSTEM OIL VAPOR AND GAS MANAGEMENT REQUIREMENTS

Precondition the oil before introduction into the system to remove dissolved
gasses by vacuum degassing

Provide an air-cooled condenser to remove the condensables from the ullage
gas prior to flaring :

Provide a liquid seal upstream of the flare to insure system pressure main-
tenance and to prevent backfdiffusion'of'oxygen'(air) from the flare

Provide a non-continuous, demand-type flare, with‘sens1ngfgas/vapor_f10w
downstream of the liquid seal to ignite the flare burners

Periodically blow-down the ullage space to prévent continubus build-up of

’ hon-cﬁhdéns&ﬁ]é“}ow flasn point vapors in the ullage, using a continuous
hydrocarbon monitoring of the ullage spaces to determine when (TBD) percent
hydrocarbons exist before initiat#ng blow-down

Air Condenser - Capable of condensing 34 kg/hr (75 1b/hr) of C4/Cq hydro-
carbons normal operation, and 68 kg/hr (150 1b/hr) of C4/Cg hydrocarbons
during start-up using.forced air circulation
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The hydrocarbon sensor provides for the detection of unacceptahle and potentially
unsafe levels of hydrocarbon vapors within the ullage spaces. The vapor pressure
of Sun 21 at 288°C (550°F) is approximately 3448 Pa (O}S.psial. and at 226°C -
(438°F), appfoximately 345 Pa (0.05 psia) The degree to which the ullage space
becomes saturated or displaces nitrogen with C5/C6 vapor from the storage fluid
is dependent on a number of factors:

o Time of residence of the oil at the'high temperature level

e Volume of the ullage space

® Area of the liquiu 1nterface

o Manner in which the oil is fed to the vessel

o Age of the o0il in the system

. Mess'tnansport‘tp the Tow temperature vessel‘with condensation

o. Rate of evolution and escape of vapor during operation

Hence, the actual quantity of these oil vapors in the gas space abovye the 1{quid
can vary significantly. If an unacceptable condition develops, puovjsions have
been made to allow the vessel ullage space to be "blown-down" through the vapor
flare to bring the vaporucontent of the ullage space back to acceptable levels.

OIL PRECONDITIONING SYSTEM

The OPS is compr1sed of a vacuum vessel through which the storage fluid will be
"sprayed“ during 1n1t1a1 filling of the system to remove oxygen and other dis-
solved gases from the "fresh” storage fluid. Exposure time to the vacuum will
be a minimum of 10 seconds at 635 mm {25 inches) mercury Such preconditioning
is norma] practice in the petrolem 1ndustry o

3.3.5 THERMAL STORAGE SUBSYSTEM OPERATION
3.3.5.1 NORMAL OPERATION
' HIGH TEMPERATURE MODES

The Thermal Storage Subsystem operates in the high temperature mode whenever
fluid is being heated to 288°C (550°F) by the Col1ector Subsystem and/or the
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".Auxiliary Heater and/or high-pressure superheated steam is belng generated
The high temperature modes are identifled as follows; ‘

"f_o' H1gh Temperature Peak1ng Mode Coollng Season - Ful Load Day
. {' High Temperature Fast Power Mode Cooling" Season -.Full Load Day
e High Temperature PeakingAMode Heating Season - Full Load Day
o High Temperature Part Power Mode Heating Season - ‘Full Load:-Day -
e High Temperature Part Power Electrical Generation Mode

‘e High Temperature Peak Electrical Generation Mode .

In all of these cases, the storage fluid flow paths are the same with the
exception of the case where the Auxiliary Heater may be operated in para11e1
with the Collector Subsystem, or unless the Auxiliary Heater is used exclusively
as the energy input source.

System operation and flow is as follows: RN . ( ‘

e Fluid is extracted from the low temperature vessel at a tempera-
_ture of approximately 158°C (316°F) and pumped to the Collector
Subsystem (or to the Auxiliary Heater, or to both the Collector
Subsystem and the Auxiliary Heater) where i%. is heated to approxi-
mately 288°C (550°F) and discharged into the high temperature
vessel. :

e When sufficient fluid is contained in the high. temperature vessel
to assure continuous supply from the. high temperature vessel to
the Steam Generator (this depends .on operational mode), the high
temperature fluid is pumped to the Steam Generator where super-
heated steam (high pressure) is generated and the fluid is cooled
to approximately 226°C (438°F) and returned to the intermediate .
temperature vessel. This continues as long as sufficient solar
insolation is available or until all of the storage fluid is dis-
charged from the low temperature vessel, through the Solar -
Collectors and/or the Auxiliary Heater and the Steam Generator,
and into the intermediate temperature vessel. . :

INTERMEDIATE TEMPERATURE OPERATION
The intermediate temperature operating modes‘are identtfied as'fol1OW§:

o Intermediate Temperature Part Power Mode Coollng System - Full
Load Day
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o Intermediate Temperature Peaking Mode Coo1ing Season - Ful] Load
Day

o Intermed1ate Temperature Part Power Mode Heating Season = Fu11
Load Day

o Intermediate Temperatdre-Part Power Electrica] Generation Mode«

In the intermediate temperature modeiof operation, system flow is as follows:

e Fluid at approximately 226?C (438°F) is extracted from the inter-
mediate temperature vessel (rate depends on operating mode) and
pumped through the Steam Generator to produce. low pressure steam

° The»fluid is returned from the Steam Generator to the low temper-
ature vessel at approximately 158°C (316°F)

3.3.5.2 STARTUP AND SHUTDOWN
CINITIAL SYSTEM.HEAT-UP = - - — === =777

Initial system heat-up occurs only once after construction or major maintenance
shutdown. The appropriate procedures for initial system heat-up are best
accomplished using the Auxiliary Heater rather than the §o1ar Collector Sub-
system since the Auxiliary Heater can be modulated easily to a 1ow‘output level
that allows for careful and cautious initial system heating.

The general initial heating approach wou]dvfol1ow a re]ative1y slow schedule = . .

where not more than 28°C (50°F)‘temberétUre'ihcreﬁents are imposed on the
system for each "o0il1 pass." This would be accomplished along the following
procedural lines: ‘ ' ' ' B '

o 0il would be pumped from the low temperature vessel at a rate of
54,360 kg/hr (100,000 1b/hr) maximum through the Auxiliary Heater:
where it would be heated by 28°C (50°F), and would flow tnto the
high temperature vessel. Even at the lowest historical ambient
“temperature, the oil w111 remain above its 0°F pour point and
will be pumpable.

¢ Simultaneously, but at a lower rate, the oil would be pumped
from the high temperature vessel through the steam generator
" (no steam generation but filled with water), and into the {nter-
“mediate temperature vessel.

"o When the high temperature vesse1 is filled to maximum level, the

fluid discharge rate from this vessel ‘would be 1ncreased to the
inlet level. _
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‘The balanced flow would continue until all of the fluid was

" extracted from the low temperature vessel, heated by 28°C (50°F),-
passed through the high temperature vessel and into the inter-
mediate temperature vessel until all of the fluid is transferred
to the intermediate temperature vessel.

At this point, the temperatures of the high temperature and
intermediate temperature vessels are approximate]y 28°C (50°F)
above the low temperature vessel. The fluid is then pumped from
the intermediate temperature vessel through the Col]ector Sub-
system and into the low temperature vessel.

The cycle is repeated (approximately six t1mes) until a11 three
vessels are approx1mate1y 158°C (316°F)

At this point, the low temperature vessel is eliminated from
‘further heating and the fluid is circulated in-a similar manner

- through the high and intermediate ‘temperature vessels until both

- vessels, the Solar Collector Subsystem and the Steam Generator,
are at approximately 226°C (438°F). -

Next, the fluid is pumped at a rate of 40,000 kg/hr (88,000 1b/
hr) from the intermediate temperature vesse1 and through the
Auxiliary Heater, heated to approximately 260°C (500°F ?, and
‘placed in the high temperature vessel until it is filled to
maximum level,

When the high temperature vessel is'filled to maximum level, flow -
from the high temperature vessel is initiated through. the Steam
Generator where superheated steam is generated at a rate such
that the returned fluid to the intermediate temperature vessel
is approximately 226°C (438°F). This is continued until all of.
the fluid charge has passed through the Auxiliary Heater

‘Next, the fluid is heated to 288°C (550°F) using the Auxiliary
Heater (226° to 288°C/438° to 550°F) and again, when the high
temperature vessel is filled, superheated steam i$ generated
and the fluid is returned to the intermediate temperature vessel
at 226°C (438°F).

. When all.of the fluid has been heated to 288°C (550°F) and has

- been used to generate superheated steam and returned to the.
intermediate temperature vessel, the fluid is then pumped from
the intermediate temperature vesse1 through the Steam Generator
where saturated steam is generated and the fluid is returned to
the Tow temperature vessel at 158°C (316°F).

At th1s point, the subsystem is complete]y preheated to normal
operating conditions, the Collector -Field has been heated initi-
ally to about 226°C (438°F) (approximately the "average" normal
operating condition), the Auxiliary Heater performance has been
verified, the Steam Generator has operated through two complete
cycles (h1gh and low pressure generation) and the Subsystem is
ready to perform the normal operations.
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SUBSYSTEM SHUTDOWN

The Thermal Storage Subsystem can be shutdown from normal or abnormal condition
of dynamic operating status by shutting off the fluid pumps and the storage
fluid flow over a time period of>15‘seconds minimum, followed by appropriate
valving configurations to avoid fluid circuit "lock-up." (Note: Even though

a failure event might affect the ability of the valving to be properly actuated
in such a short time interval, the "normal" valving positions will override and
provide a safe ("soft") subsystem configuration.)

The major requirement for continued subsystem viability under both dynamic
normal and abnormal operating conditions, and including shutdown, 1s the pro-
tection of the integrity of the nitrogen supply system and the proper function-
_ing of the nitrogen supply to the vessels u]lage‘space.and interconnecting

piping.

3.3.5.3 ABNORMAL OPERATION: AND NON-OPERATIONAL STANDBY
OFF-NOMINAL TEMPERATURES |

There will undoubtedly be conditions of operation that will result in off-nominal
subsystem operating temperatures. Such conditions, however, can be accommodated
by the total syétém by small adjustments to operating points; i.e., the mass
flows, pressures or temperatures of the adjacent fluids, which can safely be
accommodated by the energy transfer equipment interfacing with the Thermal
Storage Subsystem or the adjacent equipment, as the energy is "cascaded" down
the system. In those cases where the temperatures that exist might be defined
as "abnormal per se" and unusable, then the conditions can be accommodated by
the use of blending or minor conditioning using the Auxiliary Heater.

FLOW REDUCTION OR BLOCKAGE

In the event that a flow blockage or reduction occurs, the observation instru-
ments on adjacent subsystems would detect the off-nominal conditions and would
alert the operations personnel to take corrective action or the safety diagnos-
tfc instrumentation would interject a safety override command which protects
the sensitive components or areas.
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NON OPERATIONAL PERIODS

Non-operational periods, either of "short" or "long" term duratton, are of no |
consequence to the subsystem so long as' the integrity of the nitrogen blanket
over the storage fluid {s maintained. Temperature variat1ons that develop w1th
time can easily be accommodated by proper procedures of b]ending, mixing,. or -
condi tioning (using the auxiliary heater) and brought back into "normal" operat-
ing 1evels '

©3.3.6 THERMAL STORAGE SUBSYSTEM INTERFACES
3.3.6.1 SUBSYSTEM INTERFACES

The subsystem interfaces with the TSS are defined as follows where the numbers
refer to Drawing A-2119-1002 in Volume III -and to Figure 3.3-3. .

SOLAR COLLECTOR SUBSYSTEM INTERFACES

55. 0i1 Tine inlet to collector field at connection to collector
‘inlet header at field

36. 01l line return from collector field at connection to collector
' outlet header at field

42, 011 recirculation 1ine from collector field at: connection to
collector rec1rcu1ation header at field

48, 011 Tine inlet to aux111ary oil heater at first connection to .
heater

- 47, 01l line return from aux111ary oil heater at first connection to
heater

POWER CONVERSION INTERFACES

20. 011 Tine inlet to steam generator at first connect1on to
packaged steam generator .-

-21. 0il line return from steam generator at first connection to
. packaged steam generator

HOT WATER HEATING/CHILLED WATER COOLING SUBSYSTEM INTERFACES

A56, Connection at (TBD) of hot water heating/chilled water cooling
nitrogen line to nitrogen 1ine at nitrogen suppjy
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"INSTRUMENTATION AND CONTROL INTERFACES

64. Connections at the 1/0 Board of instrumentation and control
signal lines to lines to DPU o

3.3.6.2 MECHANICAL INTERFACES

The Thermal Storage Subsystem mechan1ca1 interfaces includes those identified
as subsystem interfaces under Figure 3.3-3 and the following site interfaces.
The mechanical interfaces are summarized in Table 3.3-11. ’

SITE INTERFACES

57. Connection of site water 11ne to therma1 storage subsystem water
line ,

58. Connection of site compressed a1r 1ine to thermal storage Sube«
system compressed air line

59. Connection of site natura1-gas'1ine'to naturalhgas line to flare

3.3.6.3 ELECTRICAL POWER INTERFACES

Electrical 1nterfaces consist of connections for electric power to thermal
storage subsystem electric motors. Requirements for the electric power inter-
faces are given in-Table 3.3-12. This table also lists instrumentation and
control signal connections as an e]ectrica].interface.

" ELECTRICAL INTERFACES

60. Connection of s1te e1ectr1ca1 power line to col1ector fie1d
pump drive

61, Connection of site electrica1 power 11ne to steam generator
feedpump drive

62, Connection of site electrical power Tine to heat exchanger fan
drive \

63. Connection of site e]ectrical power line to f1are electrical
1nput
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TABLE 3.3-11

THERMAL STORAGE SUBSYSTEM MECHANICAL INTERFACES

Interface Type Maximum
Identification Pipe Connection Temperature Fluid  Maximum Flow Rate
K (°F) kg/hr (1b/hr)
20 7.6 cm (3") Sch 40, A-53, Gr. B Weld 589 -(600) 011 33,952 (74,850)
21 7.6 cm (3") Sch 40, A-53, Gr. B Weld 505 (450) 01l 33,952 ..(74;850)
36 8.9 cm (3-1/2") Sch 40, A-53, Weld 589 (600) 01l 39,191 (86,400)*
Gr. B .
42 7.6 cm (3") Sch 40, A-53, Gr. B Wald 561 (550) 0il 20,866 (46,000)
55 12.7 cm (5") Sch 40, A-53, Gr W21d 450 (350) 0il .51,484 (113,500)

47

48
56
57
58
59

8.9 cm (3-1/2") Sch 40, A-53,
Gr. B . .

12.7 cm (5") Sch 40, A-53, Gr
TBD |

TBD

TBD

TBD

Weld

Weld

Screw
Screw
Screw

Screw

589

533

(600)

(500)

Ambjent

Ambient

Ambient

Ambient

0i1 - 13,154 - (29,000)

011 13,154  (29,000)
Nitrogen T8D
Water T8D
Air T8D

Natural TBD
Gas
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TABLE 3.3-12 o
THERMAL STORAGE SUBSYSTEM ELECTRICAL INTERFACES..

Interface ©~ ~ Type : ' Power Rating
Identification Connection Voltage of Drive Motor
, .. . 4 (kW) (hp)

60 TBD* 480 volts ‘three phase 15 (20)

61 © TBD 480 volts three phase 15 (20)

62 - TBD 110 volts single phase "0.56  (3/4)

63 -7 TBD 110 volts.single phase © 0,37 (1/72)

64 ~ TBD (TBD) MV to (TBD) MV 4-20 ma

BN

*To be defined during detailed design phase

3.3.7 INSTRUMENTATION AND CONTROL
3.3.7.1 CONTROL ALGORITHMS
COLLECTOR FIELD PUMPS

The collector field pumps will be powered by two speed motors. The motor speed
will depend on the flow requirements of the collector field and/or auxi]{ary
heater. In general, if the flow is less than 35‘percent of the rated flow, the
pumps would be at low speed. The high speed would be used when the flow is

35 percent or greater. For specific control logic for a ‘two-speed pumping
system, refer to Figure 3.3-4. A

AUXILIARY OIL HEATER

The auxiliary heater will be designed fb operate with the.collector field pumps
in the low speed configuration when the:collector field is not operating. The
control logic is reflected in Figure 3:3-4. '

POWER CONVERSION SUBSYSTEM PUMPS

The speed of the steam generation pumps will depend only on the operational
mode of the steam generator. For specific control logic refer to Figure 3.3-5.
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AVAILABLE ENERGY CALCULATION

The purpose of this calculation is to estimate the thermal energy that is

available from the Thermal Storage Subsystem at any time,

° Outbuts:

a3

Q =

Q2

Usable - heat contained in oil in the high temperature
vessel that can be used in the high temperature opera-
tion mode.

Usable heat presently contained in the intermediate
temperature vessel. '

UsabTe. heat that will be contained in the intermediate
temperature vessel after all of the useable o0il in the
high temperature vessel has been used in the high tem-
perature operation mode

e Definition of‘variables:

> o
[}] n

Pressure in 1b/in2

Approximate height of 0il in feet

Actual height of 0il in feet

. Height of a specific vesse1~;one in feet

Partial height of vessel zone L

‘Specific vessel zone

Number of complete vessel zones filled by the oil.

Temperature in °F:
Density in 1b/ft3
Enthalpy. in Btu/1b

—-

e Key Relationship:

"

p

"

H

53.66 - 0.0149T - 0.1386 (10°%) T2 1b/ft3

0.43222T + 0.0002833T2 Btu/1b

Reference temperature = 0°F

Dimensions are assumed at operating. temperature
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The Available Energy Calculation Flow Diagram is presented in Figure 3.3-6.

CONDENSER FAN

The temporary fan to the condenser will be operated during the initial heating of

the storage oil. It is anticipated that this fan will not be required during normal
operation. '

FLARE FORCE DRAFT FAN

The fan on the flare will operate to provide a forced draft any time the flare
is operated.

3.3.7.2 BLOCK DIAGRAM
The TSS Block Diagram is included in Drawing 1025145_(V01ume 111).

3.3.8 MAINTENANCE REQUIREMENTS

In general, maintenance requirements will be detected by instrumentation or
inspection and if they are not critical will be scheduled for a period when
that section (line, pump, valve) is not operating. This will reduce down time
and facilitate scheduling the maintenance operations that lead to efficient

and effective maintenance management. The entire system, except for the oil
pumps, has industrially demonétrated long life expectancy and quick maintenance
time features which allows for planned outages and overhight repair.

Estimates of maintenance man-hour requirements for the TSS after initial
start-up/shake-down were made. They are:

Skill - Estimated Annual Man-Months
Electrician ' 1
Mechanic 4
Instrument Technician 3
Foreman 1
TOTAL . 9
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Figure 3.3-6. Avaijab}g'EﬁgrgyuCalcu]ation Flow Diagram
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Calculate level in last Zone
L =X-NL

Calculate Available Heat iﬁ_Vesse1

Qavail

= 380 (, - 1) p(Ti)kH(Tl)'- 243.67)
(1) -

N L
+ g L, p(Tn) (H(Tn) - .2,43.67 )

+ v (T,) (H(T.) - 243.67 )}

‘Calculate Available Mass in Hot Vessel
. N a
Mhot = 380 {(L1 - 1) p(Tl) + g L, p(Tn)
+ 9 p(Tn)} ‘
.p', Tlgsz T3, T49
Tes Tgo Ty -

(2200 Area)

Calculate Approximate Height '
i xé'= 3.1185%p

Figure 3.3-6. ' (Continued)
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Calculate Number of Zones

Covered by 0il

N:E. .
L Truncate -’
|
Calculate Mean Temp
N
T
17
= _ n
T=—5

Calculate Mean Density

5= 53.66 - 0.0149 T - 0.1386 (1074

I A
Calculate Height
x = P * lga g
[o)

L = 3,4' for ITV

Calculate Available Heat in.Vesse1' ) : S .
= 706.9 (L= 1) o(T)) (H(T)) - 164.87 706.9= —1 2.

quai]

(2)

Calculate level in last Zone
2 = X - NL

L, o(T ) (H(T ) - 164.87

o(T ) (H(T) - 164.87

2

i}
D= 22'

164.87 = H(3169F)

o)

‘ .Figure '3.3-’6, (COHtinued)’ I
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_ Print
Heat available for high
Temp Cycle = 0(1)

Heat immediately available
For Low Temp Cycle = Q(Z)

Heat for low Temp Cycle .

-Remaining after high Temp
Cycle Operation = 0(3)

Figure 3.3-6. (Continued)
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3.3.8.1 STORAGE VESSELS

There are no unusual maintenance requirements related to the storage vessels of .
the TSS. Insulation may require occasional repair due to physical abuse, and-
in general, maintenance will be associated with either insulation or close-
proximity vessel associated valves.

Should a vessel seam rupture, repair would require drainage of the vessel (pump-
ing to another vessel) followed by welding repair as required by applicable code
requirements. Maintenance preparations may require entry into the vessel and.

~ steam cleaning of the oil side tank area prior to welding repair. Such failure
is not anticipated because of adherance to proven design and fabrication
standards. o e

3.3.8.2 PUMPS

The pumps used in the_systém will reduiregweekly checking of the o1l lubricator
_wreservoirnandwoeeaéionalwchangihg“of‘the‘seaT flush 1iquid fiTter. The high
temperature pumpé have water~cooled bearings and seals which require weekly
checking for leaks and blockage in the water system.

Physical maintenance will be required to change the shaft seals on these pumps;
however, the frequency is unpredictable. The redundant nature of each pumping
system permits ample time for this operation since seal replacement or pump
section replacement is expected to require only six to eight hours. ‘

3.3.8.3 PIPING VALVES AND FITTINGS

The piping is not expected to requiré any significant maintenance. - QOccasional
replacement of a section of insulation caused by physical abuse may be
_ necessary. ' o :

Should a line crack occur, this would require isolation of the affected area,
~draining the oil from the pipe'settion,'pOSSible steam cleaning of the oil side,
followed by welding repair of the affectéd area accbrding to established codes. °
Such failure is not anticipated. '
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It will be necessary to periodically check all piping'supports to detect any
"binding points" and to assure that all spring hangers are operating within .
" their established range.

Maintenance on the valves will require weekly examination of the valve seals
to determine if (or when) they start leaking (externally) and determined
whether the.packing can be tightened to eliminate Teaking or if the valve
packing-set needs to be replaced.

Should the valve trim become worn or damaged and require service, depending
on type of valve, the seating surface can either be resurfaced in situ or the
entire va]ve trim replaced during non-use periods or, if necessary, the entire
valve can be removed and replaced. '

Mechanical joint fittings are limited to connections at the fluid pumps where
expansion bellows will be utilized and to'certain vessel vapor space nozzles
or entuy ways; all other connections within‘the TSS will be welded connectiohs
or will be threaded and seal-welded. .

3.3.8.4 INSTRUMENTATION

Maintenance of the TSS instrumentation will consist primarily of replacing the
sensors/transmitters in the event of fai1ure'(with the element serviced in an
instrument shop, if economically feasible), The selection of the instrument
type and quality will be such that Tittle maintenance is expected to be required
on the instrumentation.

Periodfc calibration checks will be‘reqdired on the transducers within the\TSS:
I&C'system. '

3.3.8.5 AUXILIARY SYSTEMS

~ These systems 1nc1ude the n1trogen inerting system, the condenser and: condensate
'system, the 11qu1d seal and flare system, and the vacuum degassing system
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NITROGEN INERTING SYSTEM (NIS)

Maintenancé of the NIS will consist of periodic filling of the cryogenic
nitrogen Storage tank, and weekly checking of any safety valves in the system,
The oxygen sensor will probably have 1imited 1ife in this system, and conse-~
quently will require replacement at infrequent intervals, a change-out requir-
ing only a few minutes. '
In the event a vacuum relief is actuated, an alarm will be actuated and will
iequire immediate action to locate the cause and replace or re-set the unit

to prevent oxygen contamination and large usage of nitrogen blanketing gas.

It is estimated that this unit can be replaced in approximately one hour,
1imiting potential contamination and nitrogen usage.' ‘

CONDENSER AND CONDENSATE SYSTEM

Maintenance on the air vapor condenser will be minimal. The liquid condensate
will require periodic removal for disposal in an environmentally acceptable
manner. No maintenance problems are anticipated with Lhe condensate storage
tanks or valves.

LIQUID SEAL AND FLARE

‘Daily monitoring of the liquid level in the 1iquid seal supply system will be
required, and periodic replacement if the seal liquid becomes contaminated
such as to change its volumetric characteristics. Provision for periodic
removal and replenishment will be made in the detailed piping design.

Flare maintenance primarily will entail periodic examination of the flame
barrier to insure it is not accumulating a coating and thus decreasing its
efféctiveness. If replacement becomes necessary, this can be readily accom-
plished during periods when the flare is inactive. The burner and ignition
systems are expected to be essentially maintenance frée, except for occasional
replacement of igniter rods, and flow sensor element.
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VACUUM DEGASSING SYSTEM

This system is used only during the addition of fresh oil (at amhient tempera-
ture) to the storage subsystem. Consisting of a vacuum tank, a Tiquid separatar
and a vacuum pump, maintenance will only be required in preparation for use when
there is addition of 011 to the TSS. During use,‘the 1fqu1d separator will need
occasional liquid draw-off. The vacuum pump may require addition of oil during
any major storage media fill but the overall usage of the system is occasional
and there may not be any major type maintenance required during the plant.1ife-
time, provided that the units (primarily the vacuum pump) are protected from the
environment during non-use periods following manufacturer recommendations.

3.3.9 SPECIAL FEATURES AND PRECAUTIONS
3.3.9.1 HEALTH AND SAFETY

Plant health and safety protection is achieved by conservative operation and
compliance with applicable codes in the design and construction of the system,
The TSS has potential safety hazards in the following areas:

e 0il leakage or spray and fire
e 0il vapor escape into the surrounding area
e 0il spray or flow causing personnel burns

¢ 0il contamination of foodstuffs that may be consumed on the
‘premises

None of these areas is considered to be of high risk to saféty and hedlth.

0i1 leakage or spray does present the possibility of fire, however, the storage
fluid has a very high flash point of 216°C (420°F) and any liquid or spray will
cool very quickly when it-escapes and is exposed to ambient conditions, Should
a -sudden and catastroph1c rupture of a vessel or vessel connection occur, the
fluid will be contained within the diked safety area and if ignited, will be
maintained under control by the plant fire system which would quickly cool the
escaped oil to below its f1ash po1nt ‘ '

The principal concern for fire in such systems comes from entrapment of o1l
seepage or leakage in high-surface area insulating materials which, when
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suddén]y exposed to air through rupﬁdre of the insulation lagging, may spon-

taneously ignite. To preclude this bossibility, the system insulation has
been prescribed to be a closed-cell foamed glass insulation that will not

" absorb any leaking fluid.

Personnel burns will be minimal (perhaps a hand or finger on a hot valve stem
or body) by administrative controls and supervisory adherence to safe working
practices when in the TSS area. It is doubtful that oil spray or flow will
cause personnel burns, since the visual recognition of such fluid escape is
easy and personnel will avoid contact with such situatfons. '

Vapor escape into the surrounding area will not be sufficient to cause concern
for STES or base persdnnel because of the very low vapor pressure of the cold

fluid and the incorporation of sealed transport lines to the vapor flare which
_will oxidize the vapors to form carbon dioxide and water. '

3.3.9.2 ENVIRONMENT ' - . J

The TSS presents no significant concerns relative to the environment. Although
the system represents new operational technology at the subsystem level, there -
are no new or technologically different features or components that differ from
well developed design and operating knowledge. A1l elements of the design and
operation, including the storage fluid, involves materials and processés that
have demonstrated, and have'environmentally acceptable and safe industrial
app1icatjons histories. A

Emissions or spills from the TSS are controlled by appropriate measures such

as the vapor flare and the diked control area and any eséape will be held to

a very small amount which could result in the event of flare failure or valve,
pump or piping leakage.

The TSS will continuously release heat to the surrounding area after it is
Started'up,'but this is only a very slow redistributfon_of‘the normal solar
heat from the collector area that will be quickly assimi1ated'into the
“surrounding-air and - terrain.features with no sighificance towards the creation
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of a “thermal island” which could affect any viable ecology that resides in .

the local area by virtue of daytime temperature effects, or the slfght effect
through the nighttime of a d1urna1 cycle
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3.4 POWER CONVERSION SUBSYSTEM
3.4.1 SUMMARY DESCRIPTION

The Power Conversion Subsystem (PCS) receives thermal energy from the Thermal
Storage Subsystem in the form of hot 0il. It converts this energy into high

2164 kPa (300 psig) and/or low 445 kPa (50 psig] pressure steam and uses

this steam to produce electricity via the turbine/generator and hot water via
the condenser. It also supp1ies low pressure steam to the absorption chiller
for the. production of-chi]]ed water for cooling.

The PCS is composed of the fo]Towing components: steam generator, turbine/
generator, condenser, condensate pump(s), condensate return unit, deaerator,
boiler feed pump(s), feedwater heater and the associated biping, valves and
controls necessary for the subsystem operation.

3.4.2 FUNCTION
The functienai requirements of the power conversion subsystem are as follows:

e Receive Sun 21 oil from the Thermal Storage Subsystem at flow
rates,. temperatures and pressures as defined 1n the state po1nt
performance, Section 4.1,

e Produce at least 200 kW of electricity as measured at the
generator output terminals

e Heat 57,470 kg (126,700 1b) of water from 37.8°C (100°F) to 60°C
(140°F) in one hour :

"o Supply steam to the absorption chiller at the flow rates, pres-
sures and temperatures specified in the state point performance,
Section 4.2.

e Receive startup, mode ‘change’,” control setpoint and shutdown
- commands from the plant control system : :

e Transmit data on operat1ng parameters (temperatures, pressures,

valve position, turbine speed, etc.) to the plant control and
to the data acquisition system
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3.4.3 DESIGN:REQUIREMENTS

3.4.3.1

3.4.3.2

FLUID/MECHANICAL SYSTEMS

The Power Conversion Subsystem will operate in a_stable fashion in

~all of the operating modes defined in Section 3.7.3

The PCS will be capable of a smooth transition from any operat1ng

mode to any other operating mode

The des1gn life of the PCS will be 20 years

The PCS will be designed for maximum efficiency in meeting thermal
loads. Electrical generation mode performance will be of

" secondary importance

Each major component will have its own control loop

Each major component will be equipped with all necessary safety
devices (pressure relief valves, rupture discs, overspeed trip,
minimum flow bypass, etc.)

In the event of a loss of signal from the plant control -system,
PCS will assume a safe shutdown configuration

The PCS will contain sufficient local instrumentation for the
proper operation of its components. Output signals to the plant
control system and the Data Acquisition System will be as
defined . in the P&ID (Section 3.4.4.1).

Water chemistry within the PCS will be maintained within the
limits defined in Table 3.4-3

tLECTRICAL DISTRIBUTION SYSTEM

Cond1t1on the 480 volt output of the STES turbine generator to
12,470 volts for connection to the Fort Hood system _

Provide 480 volt and 110 \olt'power to the STES from the

- . 12,470 volt Fort Hood system when the STES. turbine/generator 1sA

not operating
Distribute power within the STES

Automatically disconnect from the Fort Hood system if the
utility grid fails '

Prevent reconnect1on of the STES to the Fort Hood system when ‘na.
voltage 1s present on the Fort Hood system
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e Provide synchronizing signals to the turbine/generator automatic
synchronization equipment

e Conditionally provide the ability for continued operation of the
STES in the event of a loss of utility grid power. STES startup
without utility grid power will not be required

3.4.4 POWER CONVERSION SUBSYSTEM DESCRIPTION
3.4.4.1 OVERALL SUBSYSTEM
FLOW DIAGRAM

The flow diagram for the Power Conversion Subsystem is shown in Drawing 102E110
(Volume III). It consists of a conventional steam/condensate loop with components
as defined in subsequent subsections. It has interface connections with

the thermal storage subsystem at the steam generator, with the Hot Water

Heating Subsystem at the condenser and," in addition, it supplies low pressure
steam to the absorption chiller. Auxiliaries required by the PCS include

makeup water, control air and nitrogen for inerting the system during shut _ ...

down.

t

PERFORMANEE PARAMETERS

Performance parameters for the various PCS components in the high temperature
and intermediate temperature peak heating modes are given in Table 3.4-1.

PROCE$S AND INSTRUMENTATION DIAGRAM

The P&ID for the Power Conversion Subsystem is Drawing 102€127 (Volume III),

which shows the relationship between the subsystem and the overall Instrumentation
and Control System (Section 3.6). It also defines the local instrumentation -
 available for monitoring component operation.

SINGLE-LINE DIAGRAM

The STES Electrical Single-Line Diagram shown in Dréwing 5-2 (Volume IfI)
describes the electrical.relationship between the turbine/geneator, the balance
of the STES and the site. Included is generator and grid protection logic

and tpg automatic synchfonizing equipment.
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TABLE 3.4-1 |
" POMER CONVERSION SUBSYSTEM PERFORMANCE PARAMETERS

High

Parameter Temperature
Steam Generator ' '
o 011 Inlet Temperature, °F 550
o 011 Outlet Témperature. °F : 438
o 011 Flow, Ib/hr 74,850
o Steam Pressure, psia | , 315
o Steam Flow, 1b/hr ‘ : 6,000
o Steam Temperature, °F 500
o Feedwater Temperature, °F 291
Turbine/Generator
o H.P. Turbine Flow, 1b/hr . o 6,000
¢ H.P. Turbine Output, kW ' 125
o L.P. Turbine Flow, 1b/hr 5,234
o L.P. Turbine Output, kW ’ : 122
o Generator Output, kW 247
Condenser/Deaerator :
e Steam Flow, 1b/hr 5,234
e Condenser Pressure, psia ' 4.9
o Deaerator Pressure, psia ' .22
o Cooling Water Filow, 1b/hr - 126,700
o Cooling Water Inlet Temperature, °F 100 -
o Cooling Water Outlet Temperature, °F .. 140
Feedwater Pumps and Heater
® Pump Discharge Pressure, psia 355
o Feedwater Flow, Ib/hr - = | 6,000
e Pump Motor, hp - ' 0
o Heater Inlet Temperature, °F 230
o Heater Outlet Temperature, °F . 201
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Intermediate
Jemperature

438
316

46,743
65

. 4,0m

298
291

0
0
3,487
76
76

3,482

4.9
22
84,810
100
140

.. 83
" 4,000

230
291




3.4.4.2 DESCRIPTION OF COMPONENTS

A tabulation of components is given in Table 3.4-2.

 STEAM GENERATOR

The steam generator package consists of a preheater, a combination evaporator
and superheater, piping, control valves, relief valves, instruments, supporting
étéel frame, insulation and accessories. It is sized to produce 6000 pounds
per hour of 500°F superheated steam at.315 psia when supplied with 94,850 pounds
per hour of Sun 21 oil at 550°F (high temperature mode). It is also sized to
produce 4000 pounds per hour of saturated‘steam at 65 psia when supplied with
46,480 pounds per hour of Sun 21 oil at 438°F (intermediate temperature mode).

TURBINE/GENERATOR .-

The turbine[genefator package consis;s of a sing]e-stage-high-pressure'turbine
and a single-stage low-pressure turbine connected to a genefator through a dual
' input speed reducer. It also ineludes piping, valves, controls and instrumen-
tation necessary for its operation. The high-pressure turbine is sized for a
steam flow of 6000 pounds. per hour at 315 psia and 500°F inlet conditions,
exhausting to a 65 psia back pressure. Shaft horsepower at these conditions
is apprbximaté]y 165 hp, generating approxima;ely 125 kW.

The Tow-pressure turbine is sized for a saturated steam flow rate of 5234 pound-
per hour at an inlet pressure of 65 psia and an exhaust pressure of 4.9 psia.

© Shaft horsepower at these conditions is approximate]y 165 hp, generating
approximately 125 kW. '

" The generator is sized to produce 250 kW of electricity af 0.8 power factor
with both turbines operating at their design rating.

Turbine/generator controls include a backpressure controller and a speed con-
troller, an automatic startup controller and an automatic synchronizing control
system, ‘




TABLE 3.4-2
POWER COMVERSION SUBSYSTEM COMPONENTS LIST

e Steam Generator Including:
- Superheater
- Boiler
- Preheater
- . Superheater Temperature Control Valve
- Steam Pressure Control Valve
- Water LeVe]'Control System*
‘- Preheater Temperature Control Valve
- Blowdown Conductivity Control, System
- Steam Pressure Relief(s)
- 0il System Rupture Disc
- 011 Pipingvlhterconnects Between Components
- Steam Piping Interconnects Between Components
- Thermal Insulation h ‘

° 'Turbine/Generator Including:
- High Pressure Turbine
- Low Pressure Turbine
- Gear Reducer
- Turbine Discount Coupling(s)
- Generator (or A]tefnator)
- Turbine Bypass Control System
- Automatic Synchronization System
. - Turbine Protection System
- Generator Protection System
- Turbine Control System
- Automatic Startup System
- Thermal Insulation

o Condenser Including: -
- Pressure Relief Valve(s)
- Condensate Level Control System

*A11 control systems -include Controller, Sensor and Control Valve

3-105




TABLE 3.4-2 (continued)

Condenser Including: (Continued)
- Condensate Pump(s)

- Air Removal Equipment

- Thermal Insulation .

Deaerator Including:

= Pressure Control System

= Condensate Level Control System
- Pressure Relief Valve(s)

- Air Removal Equipment

- = -Thermal Insulation

= Bofler Feed Pumps

o Condensate Return Unit Including: ;
- Condensate Return Tank

- “Condensate Réturn Pumps

.= Condensate Level Control System
Feedwater Heater .
Feedwater Temperature Contrbl System
Steam Piping

Steam Piping Insulation

_Feedwater Piping

Feedwater Flowmeter

Feedwater Piping Insulation
Isolation Valves

- Local Instrumentation .

=7
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CONDENSER AND CONDENSATE 'RETURN

~ The steam surface condenser is a package un1t consisting of tubes, shell, frame,
‘water boxes, hotwell, vacuum pump air:ejector, dual condensate pumps , relief
valves ‘and the necessary valves and controls for proper operation. It is sized
to condense and cool 5234 pounds per hour of steam with an enthalpy‘of 1092 Btu
per pound to condensate at 156.4°F when supplied with approximately 250 gpm of
100°F cooling water. The condenser is designed so that the cooling water will
leave the condenser at 140°F. The condenser .also is capable of operating with
68°F cooling water to reduce the condenser pressure and increase the generator
output during the electrical generation mode. ‘

The condensate return unit is a collection tank into which all unpressurized
condensate return lines are directed. Included are returns from the absorption
chiller, various traps and seal leakages, and the makeup water. The unit is
sized by the cooling season load when it must handle the ebserptioh chiller
condensate in addition to makeup and miscellaneous condensate returns.

DEAERATOR

The deaerator package consists of the deaerating tank, boiler feed pumps , spray'
nozzles, pressure reducing station and necessary instruments 'and control. It is
sized to deliver 6000 pounds per hour of deaerated feedwater produced from 5234

pounds per hour of condeneate from the condenser at 156°F and:395 pounds per hour ‘
of condensate from the feedwater at 290°F. To heat these condensate streams to
the 22 psia saturation temperature of 230°F requires 370 pounds per hour of 65

psia saturated steam.

FEEDWATER HEATER .

The feedwater heater is a shell and tube heat exchanger with feedwater in the
tubes and low pressure steam on the shell side. It is sized to heat 6000 pounds
per hour of 230°F feedwater to 290°F, approx1mate1y 130°F below saturation
temperature at 315 psia.
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PUMPS

Two different sizes of feedwater pumps'hane'been sefected because of the differ-
ing operating conditions between -the high temperature and the intermediate tem-
perature operating modes. The high pressure pump, used during high tempenature
operation, is a multi-stage (approximately 25 stages) diffuser type. with a

10 hp motor. It 1s sized to dellver 6000 pounds per. hour (12 gpm) at 355 psia
(750 foot head)

The low pressure pump used during intermediate temperature operation, is also
a multi-stage (approximately 17 stages) diffuser type with a 1 hp motor. It
is sized to deliver 4000 pounds per hour (8 gpm) at 85 psia (150 foot head).

» Condensate Pumps: The condenser is equipped with two condensate
, .- pumps, each sized to deliver. the total peaking condensate flow .
' of 5234 1b/hr from the condenser hotwell to the deaerator.

» Condensate Return Pumg, Two different sizes of condensate return
pumps have been selected, one for the heating season and one for -
the cooling seasun. The cooling scason pump is sized for
approximately 2200 1b/hr to handle the absorption chiller conden-

- sate, makeup, and trapped condensate and seal leaking. The heat-
ing season pump, which does not have the absorption chiller
condensate, is sized at approximately 200 1b/hr. This small pump
is required to prevent the "slugging" of cold makeup water into -
the deaerator whlch would occur if the larger pump were used.

PIPING AND VALVES

Piping and valves in the Power Conversion Subsystem will conform to American
National Standard Code for Pressure Piping. 0il piping will conform to Sec-
tion 3, Chemical Plant and Refinirng Piping, ANSI B31.5. A1l other piping will
conform to Section 1, Power Piping, ANSI B31.1. ‘ |

- Piping for 300 psig steam will be Schedule 40 with 300'pound class flanges‘
Piping for 50 ps1g steam will be Schedule 40 with 150 pound class flanges.
Condensate and feedwater p1p1ng will be Schedu]e 80.

1

After installation, p1p1ng will be hydvostatxcally tested at 1 1/2 times
: operat1ng pressure
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Pipe sizes range from 1-in. for condensate .to 4-in. for steam.

INSTRUMENTATION AND CONTROLS

Flow Element Transmitter

In-line flange mounted instruments with an outbut‘of 4 to 20 mA type(g) will be
specified in Phase IV. ' |

Thermocouple

Thermocouples are grounded junction and metél sheathed with ceramic insulation.
The type will be specified in Phase IV.

A welded in- p]ace thermowel] or‘direct"in§gr§ion:gsing a gompression!fittihg;
will be used. : ' S o '

Thermometer

Mercury type with 9-inch scale.

Pressure Transmitter

Transmitters will produce an output of 4 to 20 mA. Tne type Wil] be specified
in Phase IV. | ‘

Installation will be into process lines with taps (welded or. plug), and into
components at flanged parts or p]ug taps ’ ‘

Pressure Gage

Type to be specified in Phase IV.

Level Transmitters

Transmitter will produce an output of 4'to 20 mA. Type will be specified in
Phase 1V.

Installation will be to flanged parts.
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Level Switch -

Float-type with édjustable linkage énd microswitch(es)..
Iﬁstéflation wii] be to flanged pérts.

Level Glass ‘

Scale to be specified in Phase IV.

Conductivity Probe

Type to be specified in Phase IV.

Analog Contro]]ers

Rack- mounted analog controllers receiving an analog 4 to 20 mA signal, and
outputt1ng aidto 20 mA control signal. Types will be specified.in Phase IV.

ControT“VaTves

e Three-way mixing type, a1r operated by 3 to 15 psig air us1ng an
I/P valve positioner (4 to 20 mA input)

e Solenoid valves

e . Pneumatic control valves with I/P valve positioners

AUXILIARY SYSTEMS
The Power Conversion Subsystem requires the fo]1OWing'supportih§'s}sﬁéms;ﬂ o
e Nitrogen (inerfing)
e Instrument air
e Cooling water

o AC power

BOILER FEEDWATER/CONDENSATE CHEMICAL TREATMENT-

Water chemistry control within the PCS will follow routine industry practice
for recjrculating boilers using makeup and blowdown to keep chemitalx :
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concentrations in the boiler within prescribed 1imits. Demineralized water
will be used for makeup with hydrazine added for oxygen scavenging and'morﬁho-
1ine added for pH control. This all volatiles treatment (AVT) will not contri-
bute any solids to the boiler water. Specified rates of blowdown will ensure
that impurities in the feedwater due to condenser in-leakage and corrosion
products do not accumulate in the boiler. Makeup and boiler water chemistry
specifications are given in Table 3.4-3. Maintenance of water chemistry within
these specifications, and periodic boiler inspection and cleaning should result
- 1in trouble-free boiler operation over. the design‘lifetimg of the plant.

TABLE 3.4-3 | '
WATER CHEMISTRY REQUIRED WITHIN THE POWER CONVERSION SUBSYSTEM

Makeup Water Specification:

o Conductivity (cation) A 1 umho/cm at 25°C (max)
® Suspended Solids- : ‘ 0.1 ppm (max)
o Silica : | ‘ 0.2 ppm (max)
e Chlorides 0.1 ppm (max)
- o Oxygen “0.1 ppm (max)
e Sodium 0

.01 ppm (max)
Boiler Water Specification (Blowdown) . .
-umho/cm at 25°C (max)

o Conductivity (cation) 2
® Suspended Solids 1 ppm (max)
o Silica 1 ppm (max)
o Chlorides 0.15. ppm (max) .. .
o Sodium : : 0.1 ppm'(max)
. o Free hydroxide (as CaC03) 0.15 .ppm (max)
e Morpholine ' &.ppm {min)
e pH 9.0 to 9.6
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3.4.5 POWER CONVERSION SUBSYSTEM OPERATION
3.4,5.1 NORMAL OPERATION
HIGH TEMPERATURE OPERATING MODE

High temperature dperating mode is characterized by the PCS receiving high
temperature (550°F) oil from the thermal storage subsystem and producing steam
at 300 psig and 500°F (78° superheat). This steam is passed through the high
pressure turbine, exhausting at 65 psia to the low pressure heater. A small
percentage of this 65 psia steam is bled-off to the deaerator and the feed-
water heater. The balance is fed to the low pressure turbine and, in season,
the absorption chiller. The low pressure turbine exhausts to the condenser

at 4.9 psia for hot water production. The absorption chiller discharges
condensate to the condensate return unit at 180°F.

Steam Generator

‘e Preheater: 0il flow to the preheater is regulated to heat the
boiler feedwater to within several degrees of the saturation
temperature at 315 psia (421°F).-

e Boiler: 0il flow to the boiler is regulated to boil enough water
in the boiler section to maintain a pressure in the high pressure
steam header of 315 psia. Boiler operations is load following

* since an increase in load (steam flow rate) causes a reduction
header pressure that causes an increase in oil flow rate, which
increases steam production.

o Superheater: 0il flow to the superheater is regulated to main-
tain a steam outlet temperature of 500°F.

e Feedwater Flow: Feedwater flow to the steam generator is regu-
lated to maintain a constant water level in the boiler.

Turbine/Generator

o High-Pressure Turbine: The governor valve in back pressure con-
trol regulates steam flow through the turbine to maintain 65 psia
in the Tow pressure steam header. '

o Low Pressure Turbine: The governor valve in position control
regulates steam flow through turbine to maintain approximately
5 psia in the condenser. Speed of both turbines is regulated
by the 60 cycle grid frequency seen by the generator. If the
generator is not synchronized to the grid, both turbines are
operated in speed control.
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If, during the cooling season, the hot water storage tank becomes filled, the
low pressure turbine and condenser are secured and all of the high preSsure
turbine exhaust is directed to the absorption chiller, deaerator and feedwater
heater., The low pressure turbine is uncoupled from the generator at this time.

:Condenser and Condensate.Return

Condenser pressure is controlled either by the governor valve of the low pres-
sure turbine as described above or by the outlet cooling water temperature In
the event the turbine is not operational, a turbine bypass valve and pressure
controller performs the same function. Heat removal from the condenser is
controlled by the Hot Water Heating subsystem. Water level in the condenser
hotwell is controlled by a level controller that operates a modulating valve
downstream of the condensate pump. Non-condensable gases are removed by a
vacuum pump operating intermittently.

Condensate from the various traps and drains and, in the cooling season from
the absorption chiller,.are collected in the condensate return tank. A level
switch controls the condensate return.pumpAthat transfers the collected con-
densate back to the deaerator.

Deaerator

‘Deaerator pressure is maintained at 22 psia by steam supplied from the low
pressure header through a pressure control valve. Non-condensable gasses,
stripped from the feedwater in the deaerator, are vented to the atmosphere.

Water level in the deaerator hotwell is maintained by the makeup water sub-
system. The deaerator hotwell serves as the main condensate storage vo]ume .

“for the loop.

Feedwater Pump and Heater

The high pressure boiler feed pump operates cont1nuous]y to -supply feedwater
to the boiler.
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The feedwater heater uses low pressure steam to heat the feedwater to 290°F.
prior to injection into the preheater. Steam flow is regulated by a throttle
valve that is responsive to feedwater temperature leaving the heater.

INTERMEDIATE TEMPERATURE OPERATING MODE

Intermediate temperature operation is characterized by the PCS receiving inter-
mediate temperature (438°F) oil from the thermal storage subsystem and producing
dry, saturated steam at 65 psia. This steam bypasses the high pressure turbine
and is fed directly to the 65 psia loads described in the high temperaturé opera-
tion section; 1;e.. deaerator, feedwater héater, low pressure turbine and/or the
absorption chiller, |

Steam Génerator Operation

e . Preheater: 011 flow to the-preheater is regulated to heat the
boiler feedwater to within several degrees of the saturation
temperature at 65 ps1a (298°F)

1) Boiler. 011 flow to the boiler 1s regulated to boil enough water
e boiler section to maintain a pressure in the hiyh pxessure ‘
steam header of 65 psia . $

o Superheater: The superheater is'not used during intermediate
temperature operation. 011 flow is shut off and the saturated
steam from the boiler passes through the superheater section
without hcat addition”

o Feedwater Flow: To the steam generator is regulated to maintain |
a constant water level in the boiler

Turbine/Generator Operation

o High Pressure Turbine: Not used during intermediate temperature
operation. Tﬁé‘high pressure turbine bypass is ‘opened to pass
the 65 psia steam directly to the low pressure steam header.

The turbine output shaft is uncoupled from the-gear reducer to
prevent friction and windage losses.

o Low Pressure Turbine: Operation is the same as discussed under
Section 3.4.5.7. ; S _ .

Condenser and Condensate Returmn

Operation is the same as discussed under Section 3.4.5.1.
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Feedwatér.Pump and Heater

The low pressure boiler feed pump operates continuously to supply feedwater to
the boiler. Note that this is a different pump from that used during high tem-
perature operations (the reduced flow and head requirements results in a pump

of approximately 1/10 the horsepower).  Feedwater heater operation is the same

.as described in Section 3.4.5.71..

ELECTRICAL GENERATION MODE

“Electrical generation modes occur at both high and intermediate temperature

operations and are characterized by lower-than-normal cohdenser pressure. "The
reduced condenser pressure is achieved by lowering the condenser cooling water
temperature in the Hot Water Heating Subsystem via cooling tower operation.

The reduced condenser pfessure of this operating mode results in increased
power from the low pressure turbine and increased electrical:-output from the
generator.

Operation of components other than the condenser are the sane'as‘in high
and intermediate temperature operations. . ‘

3.4.5.2 STARTUP AND SHUTDOWN
INITIAL CONDITIONS FOR STARTUP
o Power Conversion Subsystem cold and depressurized

o Thermal Storage Subsystem available in the intermediate temper-. - .
ature mode '

®  Condenser cooling water available
0 'Makeup water system available
e Utility power available .

o Plant control system available
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FILL AND VENT
o Close nitrogen overpressure control valve

o Using makeup water and condensate return unit, establish proper
water 1eve1 in deaerator :

° Us1ng Tow pressure bo11er feed pump, establish proper water level
in boiler

e Estab]ish proper Qater chemistry in boi]er by makeup and blowdown

STEAM GENERATOR STARTUP

e Start 1ntermed1ate temperature oil flow to boiler; establish
25 psia steam pressure

¢ Vent non- condensab]e gases from all steam lines, steam generator,~
turb1nes, condenser and deaerator s

-

CbNDENSER AND DEAERATOR STARTUP

e Place tyrbine bypass in pressure control at 4.9 psia condenser
pressure

e Start condenser coollng water flow to reduce condenser pressure
to 4.9 psia

e Start condenser vacuum pump
o Start condensete pump to maintain cundenser hotwell water ieve]
e .Increase steam pressure to 65 psia
® Make final check of boiler water chemistry; PCS is now at hot
standby condition
INITIAL CONDITIONS FOR SHUTDOWN - ' v N '

e PCS is in hot standby cdnditjon'

. COOLDOWN
e Adjust system water chemistry for layup
e Secure oil flow to steam generator

‘e If rapid cooldown is desired, start condenser cooling water flow
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() Secure blowdown
° Nhen steam pressure reaches 25 psia, open turbine bypass valve
e Open nitrogen overpressure supply valve

o When. steam pressure reaches 20 psia, secure condenser cool1ng

water, condensate pump and boiler feed pump ,

o When system pressure reaches 17 psia, nitrogen system w111 main-
- .. tain this pressure; PCS is now shut down . .

3.4.5.3 ABNORMAL OPERATION
MANUAL OPERATION -

Sufficient local 1nstrumentat1on and analog contro]]ers will be prov1ded to
permit the manual operat1on of the PCS .in, the 1ntermed1ate temperature mode.
This feature will permit the thermal loads of the five buildings to be satis-
fied in the event the plant digital control system 15 1noperat1ve Operation
of the turb1ne/generator during manual operat1on is at the d1scret1on of the
operator. '

OPERATION WITHOUT fURBINE/GENERATOR

A turbine bypass line and control valve are provided %o permit the operation
of the condenser to satisfy thermal loads in the event the turbine/generator
is inoperative. The bypass control valve is operated by a pressure controller
to maintain the proper condenser pressSure. Turbine bypassing is permitted
only in the intermediate,temperature operating mode.

3.4.5.4.  HOT STAND-BY OPERATION

Hot stand-by operation maintains steam pressure at 65 psia and a minimum of
steam flow to keep the lines hot and the deaerator pressurized at 22 psia.
Water 1eve1 is maintained in the boiler, the condenser hctwell and the deaerator
while steam flow to absorption chiller and cooling water flow to the condenser
are turned off. '
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3.4.6 POWER CONVERSION SUBSYSTEM INTERFACES -
3.4.6.1 SUBSYSTEM INTERFACES

The 1nterfaces of the PCS with adjacent subsystems are def1ned as follows w1th
numbers referring to the state points shown on the Subsystem Flow Diagram.
Fluid conditions at the interfaces are tabluated by state point number in
Section 4.2. o

THERMAL STORAGE SUBSYSTEM

. 20. Interface to the hot 0il inlet line at the inlet to the super-
heating inlet check valve

21. Interface to the cold o0il return line at the outlet of the 011
f]ow control valve
HEATING, COOLING AND DOMESTIC HOT wATER;SUBSYSTEMS

7. Interface to the steam inlet of the absorption chiller-at the
steam throttle valve inlet

8. Interface to the condéensate relurn line at the condenqate connec-
"~ tion of the absorption chiller

18. Interface to the condenser cooling water supply line at the
condenser nozzle

19. Interface to the condenser cooling water return line at the
condenser nozzle
INSTRUMENTATION AND CONTROL SYSTEM

A1l electrical I&C channels interface with the local 1/0 and microprocessor.
As described .in Section 3.6.4.2, the I/0 provides all s1gna1 conditioning
functions. In add1tion certain channels also interface with 1oca1 ana]og
controllers to provide control signals for certa1n valves.

AUXILIARY SYSTEMS
50. ' Makeup Watef connection at the condensate return tank

51. Blowdown connection at the boiler drain or blowdown nozzle
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52, 011 pressure relief 1ine at rupture disc ﬂange

53. Nitrogen connection at the inlet tolthe nitrogen check valve

3.4.6.2 MECHANICAL INTERFACES
STEAM GENERATOR

Mechanical finterfaces between the steam generator and its foundation, feedwater
1ine, steam line, oi1 lines, blowdown line and reiief valves will be defined on
the steam generator vendor drawings to be supplied during the procurement phase.

TURBINE GENERATOR

Mechanical interfaces between the turbine generator and its foundation and
steam nozzle definitions will be included on the turbine generator vendor draw-
ings to be supplied during the procurement phase.

CONDENSER

Mechanical interfaces between the condenser and its foundation and the defini--
tion of steam, cooling water and condensate connections will be 1ncluded on
condenser vendor drawings to be supplied during the procurement phase.

3.4.6.3 ELECTRICAL POWER INTERFACES
The electrical power interfaces include:

e 12,470 volt, 3-phase, 4-wire tie into the existing Fort Hood base
and a 12,470 volt, 3-phase to 480/277 volt, 3-phase, 4-wire
L transformation at the STES plant

o A system by which power from the STES generator s In excess of that
required by the STES plant load, can be fed back into the
Fort Hood base to reduce peak demand requ1 rements and consumption
on the base system

o A system to assure safety of personnel and protection of equip- ‘
ment in the event of a loss of base system, yet conditiona
provides the ability for continued operation of the STES p‘lant s

Toads.
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SITE POWER DISTRIBUTION

The STES plant will be served electrically by connecting into the base
12,470 volt primary distribution system and by extending service to a new
300 kVA transformer (12,470V to 480/277 volt, 3-phase, 4-wire) for the STES
building, as shown on Drawing 8-13 in Volume III.

A sensor and relay with an upper current 1imit to detect net reverse current
flow back into TP&L and Fort Hood distribution system will be provided. The
relay will be installed on the line side of the new transformer to.detect net
reverse current due to a failure of the Fort Hood base system rather than merely
~ the fact that the STES plant generator output exceeds load requirements for the
STES plant. If net reverse current is detected, ACB "A" will trip.

A zero sequence over-voltage relay will be connected through a Y-open delta
connected potential transformer on the 12,470 volt system to trip 480 volt,

ACB "A" upon phase to phase or phase to ground faults and to isolate fault from
STESSyétems. Total separate isolation of the STES Facility will be by means

of a new 12KV o0il circuit breakef placed ahead of the new transformer.

Service from the 300 KVA, 12,470 volt to 480/277 volt, 3-phase, 4-wire trans-
former will be underground to the STES switchboard.

STES PLANT POWER DISTRIBUTION SYSTEM

‘The STES Plant Power Distribution System and control sequences are illustrated
on Drawings 8-14 and 8-15 (Volume IIl).  The STES plant power distribution
system consists of three parts: c

o The feed into the main switchboard from the base service
¢ The feed into the main switchboard from the generator source

o Branch circuit distribution within the STES facility and at the
solar collector field
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- THE 480 VOLT BASE SYSTEM SERVICE

The feeder from the 480 volt base service is connected to air circuit breaker
ACB "A". The following metering will be provided on the line side of ACB "A"
in the switchboard:

0 Recordjng watt-hour meters to measure power in and power out
® A voltmeter to measure each of three phases

o An ammeter to measure each of three phases

The operation of ACB "A" will be as follows:

e Normally closed with base service energizing main bus in STES
plant; ACB "A" will open upon::

- Reverse power indication
- Fault on base system

- Abnormal over—vo1tage,,under-voltage or frequency on the main
- bus in the STES plant

Generator Source

Service from the 480 volt, 3-phase generator will be fed through a 480 volt,
3-phase to 480 volt, 3-phase, 4-wire isolation transformer (used to provide
short circuit protection and to reduce harmonics) to the main switchboard
through ACB "B". The generator will feed the main bus as described in pre-
ceeding sections. Excess power generated (that wh1ch is in excess of the .
_ power requ1red by the STES plant) will be fed into the Fort Hood Base System
to assist in shav1ng peak demand on the system and reducing total consumption.
Actual hours of operation of the generator will be determined as the STES
design progresses. The generator packdge will include the following:

e A generator neutral grounding transformer with resistor used to

provide ground fault protection for the generator and suppress

unwanted resonances. Transformer and resistor rating to be as
spec1f1ed after selection of the generator and transformer.

e Ground fault relay that will shut generator down and open elec=
trically operated power circuit breaker ACB "B".

3-121




.o A time delay ground fault relay circuit that will trip ACB ."B",

o A series of protective relays: phase-over-voltage, phase
1mbalance| Qenerator over-voltage, and reverse power which will
trip ACB "B" and shut the generator down.

Metering on the generator side of ABC "B" will include the foI]oWing:

¢ An ammeter for each of three phases

o .A recording voltmeter for each of three phases

¢ A recording watt-hour meter to measure power out

o A recording wattmeter

o A recording VAR meter

e A recording frequency meter

Recording meters w111 be prov1ded in the Centra] Control System,

Synchron1zer Switches and Breaker Operations

A single set of Synchronizer switches and indicator (included as a part of the
generator) will be provided.

A synchronized condition across both secondary breakers (ACB "B" for the
generator and ACB "A" for the base 480 volt source) and the main bus must be
met before the STES facility main 480 volt bus can be connected to both sources.

If ACB "A" (480 volt base source breaker) is closed and STES main bus is
energized from base source, ACB "B" (generator source breaker) cannot be closed
unless generator output is synchronized with the base source. If base source
is down and ACB "A" (base solUrce breaker) is closed, then ACB "B" (generator
source breaker) cannot be closed at a11 i.e., ACB "B" (generator source

" breaker) can connect generator output to STES bus only if (a) in sync with the
base source or (b) isolated from base source.

Likewise, if STES main bus is energized from generator on]y'(through ACB “B"),
ACB "A" (base source breaker) cannot be closed unless synchronized with generator
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source. In this case, generator must manua]]y be brought into sync with base
source and ACB "A" must be manually closed.

Under normal opérating conditions. the synénronizing function is to be carried
out aUtomatica]ly~- This condition exists when the STES main bus is normally
energized by the base system and when generator comes up as programmed. Once
in sync with base source, the generator is automatically connected into the
STES main bus and the base system by the closing of ACB "B". A shutdown of the
generator, whether due to normal or abnormal éircumstantes; isolates the
generator from main bus by tripping the generator source breaker ACB "B".

Distribution Within the STES Facility and to the Collector Field

Distribution within STES and to the collector field will comprise standard
electrical power feeder breakers and control power connections. - The systems
fed can be broken down as follows:
o Motor control center which includes pump motor loads for the
- solar collector subsystem, thermal storage subsystem, power con-

version subsystem, domestlc hot water and make- up. water
subsystems .

e Power panel for the so]ar collector field
6 Building 1ighting panel and miscellaneous power panel

e Security lighting for the STES plant collector field and
.. surrounding area

® An emergency panel battery -powered to feed emergency lighting
circuits.

® A static Uninterruptible Power Supply System to power the
: cr1t1ca1 load of the ICS.

STES Building Power Plan (Drawing 8-16, Volume III) - indicates equipment requir-
ing power connections. Branch circuit distribution for this equipment and
- details of electrical control will be completed in Phase IV.

3.4.7 INSTRUMENTATION AND CONTROL

The Power Conversion Subsystem instrumentation consists of local indications,
instrument signals that are'processed by the local microcomputers (uC) and
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controls, some of which are local analog controls, and some of whiéh are
digital controls through‘the microcomputers. There are two microcomputers
provided for the PCS. One is located near the steam generator, and the other
is located in the STES building. Each uC communicates with the central
minicomputer.

Each uC provides several functions. Measurements of important subsystem para-
meters are made by the uC and are periodically transmitted-to the central
computer. The parameters are compared against plant limits and, if a para-
‘meter is out of bounds, the central computer is notified and protective action
is initiated. Control functions provided,by.the uC are generated by the uC
using information about overall system status and desired operating modes pro-
vided by the central computer and the measurements made by the uC, Control
outputs are transmitted by the uC to the'plant.

3.4.7.1 SUBSYSTEM CONTROL ALGORITHMS

Power conversion subsystem opération mudes are determined by thc.energy manage-
ment program that operates in the control computer. This program determines
an operating mode for the entire STES based upon energy inventory, anticipated .

energy supply and demand, and equipment operational status. The desired

operating mode is transmitted to the PCS uC controllers that then.align the PCS
to the desired operating mode by starting up desired equipment and establishing
operational setpoints. | : o '

3.4.7.2 SUBSYSTEM BLOCK DIAGRAM

The power conversipn sqbsystem'block diégram,‘sheet 2 of Drawing No. 102E145,
Volume III, shows the instrument signals being measured by the microcbmputer

or being processed by analog controllers that are’deve1dped by the ﬁiéfoCohputer'
or by the analog controllers. 4
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3.4,7.3 INDIVIDUAL COMPONENT CONTROLS

STEAM 'GENE-;‘.RATOR CONTROLS

Preheater Qutlet Temgekature

The preheater outlet temperature is controlled by adjusting the flow of 0il.
through the preheater tubes by adjusting the position of a 3-way modulating
valve on a preheater bypass line. The modUleting valve is controlled by the
uC which measures .preheater outlet temperature ' and compares this against a
desired temperature that is generated in the central computer.

Steam Pressure

Steam pressure is controlled by adjusting the flow of oil through the boiler
tubes. The oil flow rate is controlled by a modulatmg valve that controls the
flow of 0il to the steam generator. The modulatmg valve position is controlled
by the uC based upon the measured-steém pressure and a desired pressure )
generated in the central computer.

Superheater Qutlet Temperature

Superheater outlet temperature is controlled by adjusting the flow of oil
through the superheater tubes by adjusting the position of a 3-way modulating
valve on the superheater bypass line. The modulating va]ve is controlled by
the uC which measures superheater outiet temperature and compares this agamst
a desn'ed temperature that is generated in the central computer.

" Boiler Water Level

Boﬂer water 1eve1 is control]ed by adjusting the feedwater flow regulating
valve. The valve is- contro]]ed using a conventwna] analog controller that .
measures water lTevel. Backup control is provided by local manual contro] of
the feedwater flow regulatmg valve. ' |

“eTURBiNE/GENERATOR CONTROLS:

o Back Pressure.Control: Steam flow through .the turbine is regu-
lated by the governor valve to mamtaln a constant turbine
exhaust pressure. :
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e Speed Eontrol: Steam flow through the turbine is reguTated by
the governor valve to ma1nta1n a constant turbine speed.

o By-pass Control: A low pressure turbine by-pass valve is pro-
vided for use during plant startup and shutdown. It can also be .
used to satisfy thermal 1oads if the turb1ne/generator is
inoperative. .

~ @ Automatic Startup: A control system that automatlcally starts
the turbine/generator, including venting and draining, and
brings it up to operating speed.

o Automatic Synchronization: A control system that adjusts
- turbine/generator speed to match generator output frequency and
" phase angle to that of the utility grid and then automatically
connect the generator output to the grid. .

CONDENSER CONTROLS

Condenser Hotwell Level Control

“The condenser hotwell is drained by ‘two condensate pumps”operat1ng in para]]e]
The first pump 15 turned on by the uC when the condenser begins operation. The .
second pump is started by a level switch if the condenser hotwell level is too
high., The flow is controlled by a control valve at the common condensaté pump
discharge. The valve is controlled by an analog controller with a hotwell

level feedback.

Condenser Vacuum Pump

The condenser vacuum pump will be bpératéa ihfermittently as required‘to remove
non-condensables from the condenser. ’

DEAERATOR CONTROLS

Deaerator Pressure Controller

The deaerator pressure is controlied by a modulating valve that controls the
rate of steam flow to the deaerator from the low pressure steam header. This
valve is regulated by an analog controller reacting to deaerator pressure.
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' Deaerator Level Control

. Level controI 1s provided for low 1eve1 by drawing water from the makeup water
subsystem to the condensate return un1t that then sends the water to the
deaerator. The flow of water from:the makeup water subsystem is regulated by
a control valve that is operated by an analog controller which reésponds to low
deaerator level. No provision 15 made for automatically dealing with high
water.level because high water level is not expected to occur.

Condensate Return Unit

The water level in the condensate return unft (CRU) is controlled by an analog
controller on a valve in the condensate return pump outlet. There are two
pumps; the first is turned on by the uC when the unit is placed in operation.
The second 1s placed in service by a local controller when the CRU water level
exceeds a high level set po1nt. '

Feedwater Heeter' Temperature Control

Feedwater heater water outlet temperature is regulated by adjusting the flow
rate of low pressure steam to the un1t{ The steam flow rate is controlled by
" a modulating valve that is regulated by an analog. controller responding to
outlet water temperature.

3.4.8 MAINTENANCE REQUIREMENTS

.Ma1ntenance requirements for the Power Conversion Subsystem include routine
inspection and servicing of mechanical components as well as periodic perform=
- ance ‘testing of the major subsystem components. The designated performance
tests and maintenance requirements are Judged to be identical, or very similar
to those required of conventional plants of the same capacity. It is antici-
-pated that the complete'subsystem performance tests will provide the informa-
tion for appraising the performance of ‘the major components so that separate
testing.of each component 1s not necessery.' The p1ant process computer can

be used to provide a printout of the performence data necessary to assess plant-<'

and component performance so special performance test runs w111 not be
requ1red. i - '
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Most of the routine major maintenance operations can be scheduled for perform-
ance in the spring and/or fé]] when thermal loads on the system are light.
This will reduce the impact of inspection and maintenance on overall system
operation.

The maintenance requirements for the Power Conversion Subsystem are discussed
in the ensuing paragraphs, and are summarized in Table 3.4-4, which also
includes an estimate of the annual cost of replacement parts. These estimates
show a known annual labor requirement of 527 man-hours and a parts/supplies
cost estimate of $180.

3.4.8.1 COMPLETE SUBSYSTEM
PERFORMANCE TESTING (6-MONTH INTERVALS, SPRING AND FALL)

A) Start-up and operate over the load range with PCS connected to
the utility grid. Verify proper mechanical operation of all
components. Measure and record thermal inputs and outputs (flow
rates, pressures and temperatures, and electrical output para-

. Ireters) at selccted Inad points. FEstimated manpower requirement,
excluding startup, four crew-hours. :

B) Repeat A) with PCS not connected to the utility grid. Verify
frequency control (speed control) accuracy. Estimated manpower
requirement, same as A), above. :

C) Simulate contingencies (TBD, such as loss of utility grid con-
nection) and check-out emergency response operation. Manpower
requirement, TBD. :

ROUTINE INSPECTIONS

A) 'Periodica11y check and fecord preséure drop in interconnecting
piping as a check against deposit formation or other blockage.
Estimated manpower requirement, 1/2 manhour per check.

B) Periodically inspect piping connections for evidence of leaks,
especially at gasketed joints. Insulation jackets (muffs) should
be removed during a plant down-time to. reduce personnel hazard.
Estimated manpower requirement, 4 manhours per connection.
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N TABLE 3.4-4 |
MAINTENANCE ESTIMATES—POWER CONVERSION SUBSYSTEM

ESTIMATED ANNUAL MAINTENANCE LABOR = - - " Annual
: ‘ _ o Time ‘ No. Per Labor
Task . ' (Hours) ~ Year (Man-Hours)
1. sttem : ‘ | , |
' A. Performance Test1ng and Appra1sa1 48,0 . A' o 2 96.0
'éé Leakage Inspection . B 200.0 o 0.2* 40.0
" .C. Emergency Response ' TBD 2 TBD
2. Steam Generator E B . |
A. Thermal Efficiency . = R - Part of 1.A ~=mmecmmea-
B. Pressure Drop Tests S | mmmme—ema- Part of 1.A <-=-romoem-
c. 'Flow Control Va]ve Test1ng (3)** . 0/va1ve R B 3.0
D. Safety Valve Inspect1on () 4.0 o1 4.0
E. MWater Level Control (1) & 8.0 1 8.0
F. Valve & Instrument Packing =~ t o '
Inspect1on (13) . "~ 0.25/item 12 39.0
G. Pressure Gauge Calibration (6) - 1.5/gauge 1 . 9.0
Pressure Transducer’ Cal1brat1on-(5) 1.0/ transducer 1 5.0
I. Temperature Gauge (Thermometer) . | | |
Calibration : None o None None
J. Temperature Transducer Ca11brat1on ' - o
(9) 1.0/ transducer | R 9.0
Flow Contro] Valve Inspection‘(3) 1.0/va1ve :A' 1. 3.0
L. Air Filter Inspection & Cleaning/ . : . -
Replacement (Sg 0.5/valve 12 30.0
3. Turb1ne Generator - ,
A. Performance Testing = S Part of 1.A ==emecreea-
B. Steam Inlet Strainer 2.0 . 1 - 2.0
C. Governor System (Mechanical) (2) 1.0 2 4.0
D. Governor System (Hydraulic) (2) - ~ 0.5 12 12.0

*Assumes 50 Jo1nts to 1nspect and 20 percent of p]ant inspected each year.
**Nunbers in parentheses () indicate number of units in the p]ant :
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TABLE 3.4-4 (Continued)

Annual
Time No. Per Labor
Task (Hours) Year (Man-Hours)
3. Turbine Generator (Continued)
E. Overspeed Trip Inspection/Cleaning ‘
(2) | 0.25 2 1.0
F. Lube 011 Chemistry (3) , 4 2 24.0
G. Lube 011 Level, Inspection/Replenish-
ment, Al | 0.25 52 13.0
H. Clutch Inspection (2) | 2.0 4 16.0
‘4, Condenser Condensate Retumn Deaérator
" Feedwater Heater .
A. Performance Testing S Part of 1.,A ~cecaccnaas
B, Leak Tests (Condenser & Feedwater
Heater) , 8.0/each 2/each 32,0
C. Level Controls (Condenser & Conden-
sate Return) 4.0/each ~ 2/each  16.0
D. Deaerator Vent Inspection -~~~ 0.5 e SRS P11
5. Condensate & Bofler Feedwater Pumps
A. Bearing Lubricant (4) o
1) Inspection (4) 0.125/each 4 2.0
2) Replenishment (4) 0.25/each 2 4.0
-~ B, Seals (4) :
1) Inspection (4) 2.0 -2 4.0
2) Replacement (4) 8.0 0.2% 6.4
6. Piping, Valves and Fittings
A. Power Actuated Valves .
1) Response to Control Signal** (L12) 1.0/valve 2 24.0
2) Power Required (Afr Actuated)
(6) | cecmmacane Part of 6.A.1 ~ccemeae- '
3) Packing Inspection (12) = = =eccocccca-- Part of 6.A.1 wceconeee
4) Packing Replacement 4.0/valves 0.2%** 9.6

*Assumes Seal Life of 5 years
**ay be Part of A.1
***Assumes S5-Year Packing Life
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TABLE 3.3-4 (Continued)

n 4 Annual
Time. - . No. Per Labor
Task . . (Hours) JYear  (Man-Hours)
6. Piping, Valves and Fittingé (Contfnuéd) ‘ - : ~ o
B, Manual Va]ves (20) o _ o
1) Packing Inspect1on S - -0.25/valve - 2 ©10.0
2)- Packing Replacement o 2.0/valve . - 4,0
7. Instruments and Controls " T8D - TBD  TBD
Unschedu]ed Malntenance & Cont1ngenc1es - 60 ] 60
SUBTOTAL: ANNUAL MAINTENANCE . . . . .+ . .. . ... e e e . 491
_ FAJOR OVERHAUL OF: e
Steam Generator (Cleaning, Plugg1ng ‘ ' '
Leaks; 0.8) . 160 0.1* 16
Turbines - 100 . 0.1* 10
Electrical Generator . 50 3 0.1 5
Motors, Pumps o .10 S 0.1 T
Insulation (Thermal) - 0.1 2
Feedwater Heater, Condenser, Deaerator 20 . . 0.1 2
-SUBTOTAL: MAJOR OVERHAUL (ANNUAL BASIS) . . .. .. '." e e e e e e 36
TOTAL ANNUAL MAINTENANCE . . « v v e vv o v v e wa v o s v .. 527
(Contfnued)
*Asstimes 1O-Year7Life S ;,' - | e
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TABLE 3.3-4 (Continued)

ESTIMATED ANNUAL REPLACEMENT PARTS COSTS

" No. Per  Annual

Part ' Estimated Cost ($) = .Year Cost (3)
Pump Motor 75 0.1 7.50.
Bearings, Turbine (9) - ' 25 0.1 10.00
Bearings, Generator (2) 25 - 0.1 5.00 .
Bearings, Pumps (4) : : 25 0.1 10.00-
Seals, Turbine (4) 40 0.2 32.00
Seals, Pumps (4) 40 0.2 32.00
Packings, Valves :

- Power Actuated (12) 0.2 " 12.00
- Manually Actuated (20) 0.1 10.00
Insulation ' ‘ 25 - 0.1 2.50
Gaskets (5) - 10 0.1 50.00
Miscellaneous (Nuts, Bolts, Tubing, etc.) - 50 0.1 5.00
Lubricants -~ - . K 0.1 4.00

CTOTAL L e e e e e e i e e e e . . $180.00
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3.4.8.2 STEAM GENERATOR

The steam generator is an unfired boiler that contains no moving parts. It
cons1sts of a preheater plus a comb1nat1on evaporator and superheater, each of

. which is comprised of a U-tube heat exchanger conta1n1ng hot oil on the pr1mary
side and water and/or steam on the secondary side. While the preheater will
each have single-phase fluid on both the primary and secondary sides and is
expected to exhibit no significant operational problems throughout the lifetime -
of the plant, periodic tests and inspections are indicated to confirm continuing
efficient operation. The evaporator section-of the steam generator will.contain
single-phase fluid (0il) on the primary side and two-phase fluid (water/steam)
on the secondary side. Some problems associated with the boiliqg of water can
be anticipated in the evaporator section even though the water chemistry will be
closely controlled and water cleanliness will be maintained by periodie blowdown
operations. Typical problems in the evaporator sections are sludge deposits and
chemical hide-out. Sludge is formed when minute particles of dirt are "left
"behind" as water evaporates; these particles can build up on the evaporator
tubes reducing heat transfer efficiency or in flow channels increasing the
flow pressure losses. Chemical nide-out can occur in regions poorly flushed

by the water (such as in the crevices between tube bundle support plates and
tubes); this ‘leads to higher chemical -levels in these regions, which can accel-
erate corrosive attack and, in turn lead to tube leakage. The periodic inspec-
tions are designed to detect these types of conditions. The superheater section
will have single-phase fluid (0il) on the primary side and may have two-phase
fluid (steam plus some carnyfdvef water) on the secondary sfde. ‘Superheater
operation can cause "plate-out" of solids and chemicals on the superheater.
tubes. The plate-out can affect superheater efficiency. The periodic tests

are designed to detect this condition.

PERFORMANCE TESTING (SEMI-ANNUAL)

Thermal Efficiency

Start-up and operate the steam generator at several load points. Measure.-
and record primary fluid (oil) equ111br1un inlet and outlet temperatures and
flow rates in each sect1on of the steam generator at.each load point.
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Simultaneously measure and record the secondary fluid (water/steam) inlet and
outlet temperatures and flow rates in each section of the steam generator at
each load point. Use the data obtained to monitor the heat transfer efficiency
of the steam generator; the data may be obtained from the overall plant test
list of Séction 3.4.8.1. Estimated manpower requirement; one crew shift.

-

Pressure Drop Tests

These tests should be performed concurrently with the thermal efficiency test,
above. At each load point, measure and record the inlet and outlet pressures
of tie primary and secondary fluids at each section of the steamrgenerétor.
These data will reveal any flow blockages before they become critical to plant
operation. Estimated manpower requirement; none, if performed as part of
Thermal Efficiency, above. ‘ '

Flow Control Valve Operation

The oil and water flow control valves will be operated remotely and observed
locally for proper operation.. Estimated manpower requirement; one manhour per
valve. ‘ '

ROUTINE INSPECTIONS
Steam Safety Valve (Annual)

The steam safety valve will be removed from the unit, cleaned if necessary,
checked for lift-off (full flow) setting, and reset if necessary by an organi-
.zation authorized to do'so (ASME licensed shop). Estimated man-power requirement;
four man-hours.

Boiler Water Level Control (Semi-Annual)

The boiler water level control will be calibrated over the flow range and
..reset if required: Estimated man-power requirement; eight man-hours.

Valve and Instrument Packings (Monthly)

A1l valves and instrument packings, primary and secondary, will be inspected
for leakage and tightened as necessary. Estimated man-power requirement;
one-fourth man-hour per item. '
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Pressure Gauges and Transducers

Pressure gauges will be calibrated -annually; pressure transducers will be
calibrated as indicated in Section 3.4 .,8.7, Instrumentation.

Temperature Gauges and Transducers.

Temperature gauges (thermometers) used for local temperature indication Wi]]
not normally require servicing or inspection other than possible cleaning to
maintain legibility. This is considered incidental. " Temperature transducers
(thermocouples and/or resistance temperature detectors) will be iﬁspected and
maintained as indicated in Section 3.4.8.7, Instrumentation.

0il Control Valves

Each oil flow control valve will be operated through its stroke. Prober
response to the control signals will be verified.

‘Air Filters (Monthly)

Filters in fhe'afr.supp1y for pneumatic valve actuators will be inspectedfand
cleaned, or replaced as required.

3.4.8.3 TURBINE/GENERATOR

" The turbine/generator has a high reliability and will not nbrmally'require, at
intervals of less than 10 years, any major maintenance invo]vingfremOVal/
replacement of rotor, buckets, diaphragms, bearings, seals, valve or governing
mechanisms. Such major maintenance, if needed, should be performed -under’ the
supervision of the manufacturer's representatlve : '

PERFORMANCE TESTING

The performance testing will be done as part of the compiete system performance
tests. ' '

U3.135




ROUTINE INSPECTIONS AND MAINTENANCE

¢ Inspect and clean, if necessary, the stean inlet strainer after’ _
- the f1rst day and first week of operation and annually thereafter

o Clean and lubricate external pivots of governor system; replenish
Tubricant in lever system bearings once per month 4

o Check oil level in hydraulic governor system once per month

o Check out over-speed trip on each turbine once per month; clean
and lubricate, if required, outside moving parts of over-speed
trip control

e Test oil neutralization number, f]ash point, viscosity, etc
(every six months)

e  Maintain oil levels, as required, in turbine bearlng reservoir,
speed reducer gear box, generator bearing reservoir (if required)

e Inspect clutches semi-annually for wear effects

e Review data from Section 3.4.8.1.1 to detect wear/depos1t1on
effects

- 3.4.8.4 STEAM CONDENSER, CONDENSATE RETURN, DEAERATOR AND FEEDWATER HEATER

These units contain no moving parts, and are expected to require very little
maintenance over the design 11fe of the plant(except pumps associated with
“packaged" units). :

PERFORMANCE TESTING

The condensate return tank does not require performance testing. Thermal
performance test1ng of the remaining units will be done as part of the system
performance tests,

‘ROUTINE INSPECTION AND MAINTENANCE

¢ Leak Tests: The steam condenser and feedwater heater will be checked for
Teak-tightness at intervals of not. less than six months; leaking
tuoes will be repdiréd as required.’ A§1 units will be ‘inspected
for external leakage at intervals of not less than one year.

e Qondensate return.and condenser hotwell level controls will be
~.~ inspected and calibrated at intervals of not less than six months.
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3.4.8.5

Deaerator vents will be inspected and clearied as required at
1ntervals -of not less than 6-months.

Deaerator relief va]ve w111 be 1nSpected and calibrated at inter-

vals of six months,

ﬁ Data from system performance tests (Section 3.4.8.1.1) will be

evaluated to assess steam condenser and feedwater heater thermal

_performance.

CONDENSATE ANKD BOILER FEEDWATER PUMPS

These units are rotary pumps that are highly reliable and should require very
Tittle maintenance during the design life of the plant.

 PERFORMANCE TESTING

Following initial plant checkout of flow/head/power characteristics, no perform- -

ance testing is anticipated.

ROUTINE INSPECTION AND MAINTENANCE |

,3.4.8.6

Bearings are either grease-packed or oil-lubricated and will be
checked on a semi-annual basis. Annual lubricant replenishment
is anticipated.

Seals are designed for long life and should not require replace-
ment at intervals of less than five years. Seals will be
inspected for evidence of leakage semi-annually and replaced as
necessary.

PIPING, VALVES AND FITTINGS

System and component piping and fittings are static eiemehts that shoulq;nptk
require any maintenance except at gasketed joints. Three categories of valves

are present in the system:

Manually operated isolation and shut-off valves
Power actuated control valves

Self-actuated relief valves

Relief valve maintenance has been discussed in conjunction with the equipment
that they are designed to protect. Manually operated valves should require
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 little more maintenance than the pipes and fitting;; some attention‘mus; be
given to the stem packings. The power-actuated control valves will require
periodic maintenance as indicated. ‘ '

PERFORMANCE TESTING

. Nd specific performance testing is required for manual valves, pipes and pipe
fittings. Testing of relief valves have been described. Performance testing
of power actuated valves should include:

e Response of valve actuator to control signal (semi-annual) -

o Measurement of power (air pressure) required for valve actuator
(semi-annual)

ROUTINE INSPECTION AND MAINTENANCE

P1pes, fittings and manual valves will not require rout1ne 1nspect1on or main-
Atenancemexcept ~for-observation-of-gasketed—joints (and packings, for valves)
for leakage. Requirements for relief valves have been discussed. For power
actuated valves, the following inspéction and maintenance are indicated:

. A1r filter 1nspect1on and replacement, if required, forpneumat-
ically actuated valves

e Valve steam packings will be inspected and adJusted for leak-free
operation on a semi-annual basis. Packing replacement is.
anticipated at not less than five-year intervals.

7" 3.4.8:7 fINSTRUMENTATfON AND CONTROL'«
A e Periodically 1nspect the genera] condition of all I&C equipment,.
including cabling and connectors. Unsatisfactory conditions
" would be subject to 1mmed1§te maintenance.
"~ & Periodically recalibrate each I&C equipment item or channel.
This includes confirmation of setpoint accuracies, deadband
etc.;, for switch1ng funct1ons..

[} VPerform rout1ne maintenance. and/or repa1r/rep1acement as recom-
: mended by maintenance manua]
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3. 4 9 SPECIAL FEATURES AND PRECAUTIONS
3.4.9.1 HEALTH AND SAFETY

Steam Generator

The steam generator will be supp]ied and constructed in accordance with the
“Class R mechanical standards of the tubular Exchanger Manufacturer s Assoc1a-
- tion and the ASME Code for unfired pressure vessels ‘

In additfon, the packaged boiler will be provided with the following features:
9 ASME Steam Safety Valve. |

e Valve vent and dra1n connections arranged to comp]etely drain
the boiler of all water

o Blow-off connect1on and tandem blow-off va]ves

o Each tube bundle head will have 2 1 1/2 in. rupture disc set to
‘ _relleve excess pressure -

.o' Standard instrumentation and contro1 1nd1cators to g1ve indwcat1ons
~of poss1b1e hazardous generating conditions

Turbine/Generator

The turbine/generator will be prov1ded as a packaged sk1d-mounted unit using
standard single-stage turbine designs and a standard generator rated at approxi-
mately 350 kW. Design pressures and temperatures (315 psia, 500°F) are low in
comparison to the conventional industrial TG systems, thus reducing the inherent
hazards of industrial power plants. However, the designs of the turbine/
generator will meet ASME, ANSI, NFPA, NEMA and OSHA requirements.  In addition,
procedures of safe operation will be incorporated into the design'and into the
actual operating sequences. Special features 1like Automatic Turpine Start (ATS)
over-speed- control, load control, speed control and automatic synchronization

to the utility grid will be provided for the safe operation of the turbine/
generator. " Also, indications of generator output power, voltage and frequency
will be displayed on a control panel and protection against over/under voltage,
over/under frequency and reverse current will be incorporated into the generator
protective system.
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The skid-mounted design of the turbine/generator pgckage will minimize the
boundary available to local electrical shocks. Where necessary, barriers will
be-incorporated and interlocks used on-electrical power and control pane]é;
Signs identifying potential electrical:ishock hazards will be posted in areas
where personnelhaccess becomes necessary. These signs will warn of .the.
specific hazard and request "author1zed personnel (tra1ned for malntenance or
repair) only.”

Condenser and Condensate Return System

The condenser will operate at approximéte]y 5 psia and will be provided With‘

an atmospheric relief valve to prevent excessive shell pressure in the event of
primary instrumentation failure. A vacuum alarm will be provided to warn_operators
in time for corrective action such as shutdown of vacuum pump

Piping and Insulation

Proper insulation will be used to prevent acc1denta1 burns due to local contact
with hot water and/or steam 1ines.

Insulation will also give partial protection and in some instances reduce the
hazard caused by rupture or leaks in piping, pumps or turbines. Piping runs

- will be made in accordance with the proper codes, including ASME, ANSI and
OSHA requirements. Piping between equipment will be run to minimize personnel
exposure to leakage of hot water or steam. | '

Pressure relief devices will be installed in the steam generator, condenser
and assoCiated}pipingAto prevent possible leakage or rupture caused by oil,
hot water or steam. In addition to operational instrumentation, which will
‘give continuous and early indications of an off-design (i.e., high pressure,
high temperature) condition, instrumentation will be desfgned to detect and
- mitigate effects of steam release from leakage or rupture of the various
‘equ1pment
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'3.4.9.2 ENVIRONMENT .

The PCS has been designed to keep discharges to the environment to a mininium.
The: following are the discharge pownts ofiithe subsystem and the env1ronmental"
treatment of each: : ' ;

'011 "drains on the steam generator - collected in an oil dra1n

tank

0il rupture discs on steam generator - discharge is manifolded to ‘
a pressure relief tank , o L

Boiler blowdown - treatment as necessary to comply with EPA
standards and d1scharge to drain. ; .

- Steam relief valves - ‘vent to-atmosphere'

Condensate re11ef valves - vent to drain

Condenser vacuum pump - vent to atmosphere
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3.5. HEATING/CHILLED AHD DOMESTIC HOT WATER SUBSYSTEM
3.5.1 SUMMARY DESCRIPTION '

The existing Fort Hood steam and. chilled water system for the five selected

-buildings will be abandoned for a more efficient total energy heating/chilled

and domestic hot water-subsystem. The existing systems will remain in place
and in operating condition to serve as a redundant backup for _space cool1ng,
heat1ng and donest1c hot water needs.

The five selected buildings will be served by a new two-pipe, change-over
system; chilled water in the cooling season; hot water in the heating season.

_The two conditions cannot occur simultaneously as the same pairof pipes (supply

and return) are used for both seasons.

The heating/chilled and domestic hot water subsystem interfaces mechanically,
hydraulically or thermally with .the Power Conversion Subsystem, Makeup Water
Subsystem and,exjstingucoldeater.makeup-systenh41eating-Nater-System and
Chilled Water System. | o

3.5.2 FUNCTION-
3.5.2.1 HEATING WATER

The function of the heating water system is to provide heating water to the
existing Fort Hood five selected buildings and the STES building.

3.5.2:2° DOMESTIC HOT WATER' | |
The functxon of the domestic hot water system is to prov1de rec1rcu1at1ng
potable hot water to Fort Hood for three of the buildings and for the STES
building. Two buildings, 87014 and 87016, have small electric domestic water
heaters which will remain.. :

. 3.5.2.3 CHILLED WATER

i The function of the chilled water system is to provide chilled water to the

existing Fort Hood five selected buildings and the STES building.
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3.5.3 DESIGN REQUIREMENTS
3.5.3.1 HEATING WATER

The 66,000 gallon effective heating water storage capacity in two tanks is
25,000 gallons and 41,00039a110ns (shared with the chilled water system). .(From
either cooling tower heat exchanger or heating system return.) S

o Heating water entry to condenser at 100°F
o Heating water exit from condenser'to be contfo]]ed at 1405F

e Heating water storage tank will be a thermocline :type’

3.5.3.2 DOMESTIC HOT WATER
o 40-gallon/day/person dqily usage
e 3660-gallons/hour peak demand ‘
o 20 x 10° Btu-hr/day energy requirements
o 2-4hour supply of domestic hot water
e 140°F temperature into storage
e 75°F makeup water temperature wifh seasonal variations

e 796 people

3.5.3.3 CHILLED WATER
e 41,000-gallons effective chilled water storage capacity
o Chilled water return to absorption chiller at 58°F |
o Chilled water exit from absorptidn chiller at'42°F
‘o Chilled water storage tank will bé a thermp;line type
e Steam suppiy at 65 psia and 298°F

e Steam mass flow rate - 1992 1b/hr
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3.5.4 SUBSYSTEM DESCRIPTION
3.5.4.1 OVERALL SUBSYSTEM

A1l of the major components of the subsystem do not operate simu1taneous]y,
therefore, the heating water, domestic hot water, chilled water and secondary
thermal distribution components are described separately herein. '

FLOW DIAGRAMS

- Flow diagrams identify state points and schematicé]]y illustrate piping arrange-
‘ments, points of interface, major system components and flow paths for particula
systems. The following diagrams are given in Volume III:

e Drawing 5-2 - Heating Subsystem Flow Diagrém

() Drawing 5-3 - Domestic Hot Water Subsystem Flow Diagram
e Drawing 5-4 - Cooling Subsystem Flow Diagram

¢ Drawing 5-6 - Thermal Distribution Flow Diagram

e Drawing S-f - Heating/Cooling and Domésfic Hot Water Subsystem
Mode Diagram o 4 :

~

HEATING WATER COMPONENTS

'The heating water piping is illustrated in Flow Diagram Draw-

ing.5-2, and Process and Instrumentation Drawing 5-1 in Volume III. Heating
water is pumped through a primary loop. In this path, heating water enters’
the surface condenser and absorbs thermal energy from the steam turbine'dis-
charge steam, with the heating water discharge teMperature controlled at 140°F.
‘The -140°F water will be available from the primary loop to the secondary heat-
ing water pump for supply through the new underground secondary thermal distri-
bution piping, as described hereinafter, to the five selected buildings.

During off-peak perio&s, the heating water storage.tank and/or the heating/
chilled water storage tank is charged with heating water, ‘The~piping and flow
control arrangements at these tanks is such that during peak demand periods,
flow is reversed through the tanks and stored heating water may be supplied to
the primary loop. .
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During periods when all of the energy available in the surface condenser is not
removed by the heating water primary loop, part of the flow from the surface
condenser can be diverted through the condenser heat exchangér where excess
energy is transferred to cooling tower water to be d1ss1pated by the coo]1ng
tower. ‘

DOMESTIC HOT WATER COMPONENTS

‘The domestic hot water piping is illustrated on Flow Diagram Drawing 5A3'and
P&ID Drawing 5-1 given in Volume III. Heating water is pumped from L .
the primary heating water loop through the "domestic hot water heat exchanger by
.. the domestic hot water pump. A thermal energy exchange takes place at:this
point, from the heating medium to the domestic hot water subsystem.

Domestic hot water is supplied to the.existing barracks buildings through a new
underground supply and recirculating system that connects to the existing cold
water inlet at the existing hot water generator. This new underground piping
will be installed in the same trench with the new secondary thermal distribution
piping. A new domestic hot water'rééirculating pump will be installed in the
new STES building to insure that aluniform water temperature is avai]aP1e to the
three existing barracks buildings.

» Makeup water w111 be supp11ed to the domest1c hot water supply line in the new
STES bu11d1ng ‘

In the event the new domestic hot water subsystem is out of service, the new

automatic two-position steam valve will open allowing steam to enter the exist-

ing hot water generator. As steam enters the existing hot water generator, a

new automatic valve in the STES hot water éupp]y'1ine closes and a new automatic
valve in the existing cold water inlet opehs.

The existing electric water heaters supp]y1ng buildings #87014 and #87016 are
to remain in service. ‘
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CHILLED WATER COMPONENTS

The chilled water piping is illustrated in Flow Diagram Draw- e

ing 5-4, and Process & Instrumentation Drawing 5-1 given in’'Volume III. Steam is
supplied to the absorption chiller from the Power Conversion Subsystem. Con-
densate frbm the absorption chiller is returned by gravity to the Power Conver- .
sion Subsystem. Chilled water is pumped through a primary loop. In this path -
chilled water returns to the absorption chiller at 58°F and rejects thermal
energy to the réfrigerant, allowing the chilled water leaving temperature to

‘be controlled at 42°F. Thermal ene?gy absorbed by the refrigerant is trans-
ferred to the condenser water. ' ' o

At full -load, the condenser water enters the absorption chiller.at 85°F and
exits at 90.5°F. The condenser water is conveyed to the cooling tower by a
condenser water pump wheré thermal energy absorbedifrom: the refrigerant is
rejected to the atmosphere. The 42°F chilled water will be available from the
primary loop to the secondary chilled water pump for supply through the new

. underground secondary. thermal distribution piping to_the. five_project. buildings..
During off-peak periods, the heatihg/chi11ed water storage tank is charged with
chilled water. The piping and flow control arranagement at these tanks is such
that during peak demand periods, £low is reversed through the-tanks and stored
chilled water may be supplied to the primary loop.

SECOHDARY THERMAL DISTRIBUTION COMPONENTS

The new secondary heating water pum, or chilled water pump takes water from the
primary heating or chilled water loop and supplies water to.the five buildings.
through new underground piping, referred to herein as heating/chilled water
piping. '

The heating/chilled water piping entérs new valve pits to be constructed at each
of the three existing tarracks buildings- and connects to the existing piping

with new automatic three-way two-position isolation vaives. A new bypass arrange-
ment with new automatic two-way, two-position bxbass valve connecfs the existing
supply and return piping. When the heating/chilled water is being supplied to the
mechanical room from the new heating/chilled water piping, the path of flow from
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the existing heating/chilled water is blocked by the new three-way valves..
When water is supplied from the new STES facility, the flow path of water in.
the existing piping is through the new two-way by-pass valve, which causes no
effect upon the flow characteristics of the existing chilled water pump and

~ water supply to buildings being served by the existing system.

Existing three-way valves in the heating/chilled water piping will be fitted
with automatic valve positioners where deemed possible, otherwise the exi;ting
valves will be replaced with new automatic valves. The function of these
three-way valves is to facilitate changeover from the existing heating to the: new
‘heating/cooling water supply system.

Piping arrangements s1m11ar to those described above for the barracks buildings
are required for buildings #87014 and #87016 (Administration and Supply), except
connections to-the existing piping will occur in the existing mechanical rooms.
In addition, two new automatic three-way, two-position valves will be installed
in the existing heating/chilled water piping to supply heating water only to

new unit heaters in the storage areas of -buildings #87014 and #87016 only.
Ex1st1ng air handling units will remain in service with the steam heat1ng only
coils serving.as a backup to new heat1ng/ch11]ed water piping to ex1st1ng water
coils being served by the STES.:

A new automatic two-way, two-position valve will be installed in the existing
steam supply line and a check.valve will be ihsta11ed in the existing pumped
condensate return line serving the five project buildings. The new_steamﬁvalve
will be sequenced to open to furnish steam. to the existing building converters’
if heating water is not available from the,solar totalienergy‘heating subsystem.
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PERFORMANCE PARAMETERS
The Heating/Chilled and Domestic Hot Water Subsystem will be capable of the-
following:

° Heating water effective stgrage capacity of 66,000 gallons of
water at 140°F, 90.05 x 10° Btu/day

e Chilled water effective sgorage capacity of 41,000 gallons of
water at 42°F, 71.15 x 10° Btu/day

e Domestic hot water supply to the three existing buildings;

67 total gallons per minute at 135° with a rec1rcu]at1ng rate
of 6 gailons per minute

o Heating water supply to the existing five buildings, 325 gallons
per minute at 140°F

e Chilled water supply to the existing five bu11d1ngs, 325 gal]ons
per minute at 42°F

PROCESS AND INSTRUMENTATION DIAGRAMS

Process and inétrumentation diagrams schematically i]lustrate'piping arrange-
ments, major system combonents and flow paths. Signal transmitters, gauges,

sensors, computer control ‘interfaces and the actxon of va1ves and motors are

indicated symbolically on drawings included in Volume III:

e Drawing 5-1 - Heating/Chilled and Domestic Hot Water P&ID
o Drawing 5-5 - Thermal Distribution P&ID

3.5.4.2 COMPONENTS

The major components of the heating/cooling and domestic hot water subsystems
are the absorption chiller, the cooling tower, the heat.exchangers-(one for
neating domestic hot water and one for heat rejected from the steam surface
condenser), the outdoor tanks for heating and heating/chilled water storage
and pumps to move water through the subsystem.
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ABSORPTION CHILLER

The absorption chiller is a 385-ton two-stage unit of hermetic deSign; factorx
assembled and leak tested, to be operated at 175-tons capacity w1th 65 psia
steam.

The chiller uses a double effect, two-stage concentrator. The heat of refrigera-
tion generated in the first stage is used towéenerate additional refrigerant in
the second-stage concentrator. The first-stage concentrator is ASME construc-
tion with stainless stee] tubes ‘the second-stage concenerator uses copper

tubes.

Steam is to be introduced into the first-stage concentrator to provide heat to
boil out the refrigerant (which is water) from a dilute solution of distilled
water and lithium bromide salt. This refr1gerant vapor is used as 4 psig steam
to heat the second-stage concentrator. ' '

D11ute lithium brom1de solution from the abosrber section of the mach1ne is sent
to the first-stage concentrator, where it is partially concentrated, and then
to the second- stage concentrator, where the concentration process is completed.

Cooling water from the cooling tower flows through the tubes of the condenser
to condense the refrigerant generated in the second-stage concentrator. This
refrigerant is combined with the refrigerant that is condensed in the tubes of
the second stage concentrator, and is passed through an orifice in the '
evaporator section, ‘ B '

The refrigerant effect is produced in the evaporator. section, because the -
pressure in the evaporator is substantially lower than in.the second-stage
concentrator and condenser section of the machine. Refrigerant passing through'
an orifice from the high- to low-pressure side causes this refrigeration effect.

Returned water flows through the evaporator tubes and is chilled by refrig-
erant to approximately 400F sprayed over the tube bundle. Transfer heat to
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the refrigerant .causes the refrigerant to vaporize. .The vapor-is drawn
into the absorber section where it ii$ absorbed in the concentrated lithium
" bromide solution,

The absorption chiller is provided with a control panel with electric relays,
gauges and indicating lights to indicate operating conditions.

THERMOCLINE TANKS

| Chilled and heated water storage uses thermocline-type tanks. These tanks
differ from normal storage in that when:water of the desired temperature is
removed, it is replaced by water from the system return. That is, water that
has given up its thermal heat or become less chilled due to absorbing heat.
Mormal storage tanks would remove water and replace.the water volume with a
gas. For each normal supply tank, a second return storage tank is required to
store the displaced water. Thermocline tanks eliminate the second tank by _ ‘
storing return water in the same tank. Since the supply water and return water
are at different temperatures, a stratified thermal profile (thermocline)
exists in the tank. Hot water is on top, cold on the bottom. Hot (or warm)
water is removed or returned to the top while cold water flows to or from the
bottom,

The required effective storage capacities are 41,000 gallons for the hot/
chilled water storage tank and 25,000 gallons for the hot water storage. These
values were obtained by calculating and profiling daily heating and cooling
requirements shown in Section 4.1.1. The hot/chilled water tank size is based
on the full-load cooling requirements. The hot water tank size is based on ‘
the domestic hot water requirements during the cooling season, as described in
Section 4.1.1. |

Effective storage is that amount of storage produced during charging mode

(off-peak demand)" that can be used in‘the system during the discharge mode
when the load exceeds the capacity of the STES plant.
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Because of thermal conductivity, unavoidable mixing and other noh-ideaT.effécts,
" the thermocline tank must be somewhat larger than the normal storage'tank.
Preliminary computer modeling indicates that, considering steady-state flows

and no wall effects, the height of the non-usable section'of water is 1.4-feet
for the cold storage tank and 2.1-feet for the hot storage tank. For the |

. purposes of design, these values are doubled. Sidewall effects could be sub-
stantially eliminated by the use of internal insulation, and internal manifolding
could minimize flow disturbances. ‘ ' '

Since the storage tank and distribution system fluid contents vary in tempera-
ture, the fluid volume varies. This requires expansion room in the system.
The storage tanks have extra room to accommodate the expansion. The space
above the liquid level is filled with nitrogen. The tank does not breathe
nitrogen; it operates as a closed pressure vessel,

Tank design parameters are given in Table 3.5-1. Geometric parameters will be
re-examined during the definitive design phase.

HEAT EXCHANGERS

Two heat exchangers are used in this subsystem. One is for the domestic hot
water, which is heated by an exchange of heat with circulating heating water
flowing from the steam surface condenser at 140°F, or from stored heating
water. This raises the temperature of the incoming city water to 135°F for
de]ivery'to the three barrack bqildihgs»served. A hot water recirculating line
returns from the buildings approximately 6 gallons per minute. The amount

of water delivered to the bui]dings\}s the 6 gpm for recirculation plus the
amount required to satisfy the demand'byfthe showers and lavatories as the hot
water is used. '

The other is the condenser heater exchanger. This is used to reject energy
from the surface condenser when the storage tanks are full. In the event
the condenser heat exchanger is used to cool the circulating water discharged
from the condenser from 140° to 100°F. Cooling water from the cooling tower
passes through'the,exchanger and cools the warm water discharged from the
condenser. :
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TABLE 3.5-1
THERMAL STORAGE TANK PARAMETERS

Cold Tank -
@ Hot Storage Temperature . . . . .. ... 58F
e Cold Storage Temperature . C e e e .. . 482°F
e Effective Storage'Volume Required . . . . 41,000 gallons
e Diameter .. ... ... .. e v e o s o 22-feet
e Height .. . . . ¢ ¢ v v e v o oo+ . 19-feet
© Steel Tank . . . . . . v+ « « + .« « .+ Thickness 1/4-inch Plate
o Insulation . ..............2-inch Fiberglass (external)
® Minimum Hot Side Temperature Acceptable . 54°F
e Maximum Cold Side Temperature Acceptable. 44°F
¢ Cycle (11-hour Charge) . ... « « « « .+ . 42°F Fluid In
| | e .. . . 58°F Fluid Out
Followed by 13-hour Discharge . . . . . . 42°F Fluid Out
. e e e e e e e e 58°F Fluid In
Period . . ¢ . v v i e e e e e e e e e 24-hours
Hot Tank
® Hot Storage Temperature . . . . . .. .. 140°F
e Cold Storage Temperature . . . . . . .. 100°F
o Effective Storage Volume Required . . . . 25,000 gallons
e Diameter ... .. .. .. e e e e e e 18-feet
@ Height . . . . . . ¢ ¢ v v o v v v oo 19-feet
o INsulation . . v v v v e h e e e e 2-inch Fiberglass (external)
e Minimum Hot Side Temperature Acceptable . 135°F
e Maximum bp]d Side Temperature Acteptbb]e. 105°F
e Cycle (11-hour Charge) . . . . . . . . . 140°F Fluid In
‘ ' 100°F Fluid Out
Followed by 13-hour Discharge . . . . . . 100°F Fluid In.
... .. ... . 140°F Fluid Out
PEriod v v v vt e e e e e e e e e e e 24-hours '
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COOLING TOWER

The cooling tower is used to reject heat from the absorption chiller. When
the steam surface condenser cannot be used in providing domestic hot water or
water for heating the five building complex, the cooling tower rejects the
energy absorbed from the surface condenser into the atmosphere.  The tower is
an induced draft cross-flow type with a propeller fan at the top .of the tower
and water distribution basins on each side. Water flows over the honeycomb
fill below the water distribution basins where it is cooled by evaporation in
contact with the direct air. The cold water at 85°F or cooler is collected
in a below-ground sump for recirculation to the condenser of the absorption
chiller and/or to the condensgr heat exchanger.

PUMPS

‘1. Primary Heating Water Pump: Electric motor driven, end suction,
~ o vertical split case frame mounted, flex
coupled bronze 1mpe11er, sta1n1ess steel

A shaft.
Electrical: : . 480 volts, 3-phase, 60 Hz, 5 hp motor
.‘Capaciﬁy: _ A 253 GPM-vs. 49,.9-ft water column
2. Domestic Hot Water Pump: Electric motor driven, end suction, 1

vertical split case frame mounted, flex
coupled bronze impeller, sta1n1ess steel

. shaft.
Electrical: o ‘4804volts, 3-phase, 60 Hz, 3 hp motor
Capacity: . 253 GPM vs. 29-ft water column

3. Primary Chilled Water Pump: Electric motor driven, end suction,
vertical split case frame niounted, flex
coupled bronze 1mpe11er, sta1n]ess steel

shaft.
Electrical: - . 480 volts, 3-phase, 60 H;, 5 hp motor
‘Jquaéity: : : . 371 GPM vs..26.4-ft water column
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Secondary Heating Water
Pump:

‘Electrical:

Capacity:

Secondary Chiiled Water
Pump:

Electrical:
Capacity:
Domestic Hot Water

Recirculating Pump:

Electrical:

Capacity:.

Condenser Water Pump to
Absorption Chiller Unijt:

Electrical:

Capacity:

Condenser Water Pump to

Condenser Heat Exchanger:

Electrical:

Capacity

Electric motor driven, end suction,
vertical split case frame mounted, flex
coupled bronze impeller, stainless steel

_shaft

480 volts, 3-phase, 60 Hz, 15 hp motor -
325 GPM vs. 112.4-ft water column

Electric motor driven, end suction,
vertical split case frame mounted, flex

coupled bronze 1mpe11er, sta1n1ess steel o

shaft,
480 volts, 3-phase, 60 Hz, 15 hp motor
325 GPM vs. 112.4-ft water column

Electric motor driven, end suction,
vertical split case frame mounted, flex

—--coupled bronze 1mpe11er, sta1n1ess stee]

shaft. _
480 volt, 3-phase, 60 Hz, 2 hp nbtor _

6 GPM vs. 112-ft water colum ‘
Multistage vertical turbine, bronze
impeller, cast iron discharge head,

steel pipe column, stainless steel shaft.
480 volt, 3-phase, 60 Hz, 25 hp motor
1250 GPM vs. 50.5-ft water column
Multistage vertical turbine, bronze
impeiler, cast iron discharge head,

steel pipe column, stainless steel shaft.

480 volt, 3-phase, 60 Hz, based on 530 gpm
hp motor

TBD
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PIPING, VALVES AND FITTINGS
"Underground Heating/Chilled Water Piping B

Schedule 40 black steel pipe ASTM A-53, Grade B, factory encased in polyurethane
foam 1nsulqt1on with a rigid PVC outer -jacket. Gasketed joints will be used.
The system will satisfy the dual temperature requirement for an operating range
of 42° to 140°F and a working pressure rating of 150 psi.

Underground Domestic Hot Water and Hot Water Recirculating Piping

Type K, hard drawn copper pipe ASTM B-88, factory encased , in 1/2-inch polyure-
thane foam insulation with a rigid PVC outer jacket. Joints in straight piping
will be of the gasketed or O-ring type. The system will satisfy the require-
ments for a temperature rating of 140°F and a working pressure rating of 150 psi.
Fittings will be wrought copper,silver soldered with field applied insulation
and jacket. ' -

Pipe Above Grade

Hot water, chilled water and condensing water piping; black carbon steel ASTM
A53 Grade B Schedule 40, except water piping 8-in. and larger will be
Schedule 30. Domestic hot water and recirculating hoc water piping will be
Type L hard-drawn, wrought copper fittings with silver soldered joints.

Above Grade Piping Joints and Fittings

' Fittings in copper pipe will be wrough; copper, silver soldered joints. Joints
in piping 2-in, and smaller steel pipe will be screwed. Fittings w111 be
125-1b rated standard cast iron or 150 rated standard malleable iron. Joints
in piping 2-1/2-in. and'larger will be Welded, except flanged or grooved end
Joints will be used at connections -to equibment.. Flanges will be forged steel
raised faée,‘we]ding neck, class 150 conforming to ANSI B16.5. Flange gaskets
will be asbestos composition. Grooved end fittings will be malleable iron.

F1tt1ngs 2-1/2-in, and larger will be butt- -type carbon steel conforming to
ANST B16.9 and ASTM A234 and the same schedule as the pipe. Factory made
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fittings will be used for reducers and elbows; miter will not-be used for

turns but machine-made bends may be used. Factory made tees will be used for

branch connections, except that forged steel welding saddles may be used on 2-1/2-in.
and . larger mains where the branch is smaller than the main. Unions will be

provided at connections to equipment. Pressure ratings of unions will equal

or exceed the ratings specified for other fittings in the system. Unions 2-in.

and smaller will be threaded end ground joint type; unions 2-1/2-in. and larger

will be bolted flange-type with gaskets, or grooved end couplings may be used

as unions. S

Valves

Gate valves will be 150-1b union bonnet, bronze body, solid wedge, screwed end
type for 2-in. piping and smaller. Valves 2-1/2-in. and larger will be flanged
end, iron body, solid wedge, bronze fitted, non-rising stem, 125-1b class.
Butterfly valves 2-1/2-in. and larger will be lug type, cast iron body, a]umihum—
bronze disc, stainless steel stem, flexible seat-liner, 150-1b water wovking
pressure. 'Butterfly valves larger than 4-in. will have worm gear operation,
4-in. and smaller will have lever handle and all-valves used for balancing

will have memory stops. ‘Check valves will be éwing type, regrinding metal disc,
same make and construction as gate valves. Check valves at pumps will be

spring loaded non-slam type. Ball valves 2-in. and smaller will have threaded
ends, bronze body, ball and stem, steel handle, teflon Seafs, packing and
gasket, :

Strainer

2-in. and smaller: Y pattern 250-1b cast iron or semi-steel screwed ends,
screwed cover and stainless steel or monel screen, 1/32-in. openings. Strainers
2-1/2-in. and larger: Y pattern semi-steel or cast iron, 125-1b flanged ends,
bolted cover, brass screen with 1/16-in. openings.

Pipe sizes vary from 2- to 10-inches.
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INSTRUMENTATION AND CONTROL .

1.

3.

Temperature Indicators:

Pressure Indicators:

Temperature Transmitters.:

Primary Element:

Amplifier:

Electrical:

" Signal:

Pressure Transmitters:

- Primary Element:

Amplifier:
Electrical:

Signal:

Flow Transmitter:

Erim&ry Element:

Amplifier:

E]ectriéé]:

Signal:

. Level Transmi tter:

‘Primary-Elementﬁ

Bimetallic thermometers, mounted locally.

Helix type Bourdon tube pressure gauge,
mounted locally

Thermocouple housed in thermowell on
process - ' ‘

EMF/current converter and transmitter
110 volt.a.c. power input

5 to 20 milliamps output

,MetalTié bel]ows-fype pressure sensor
" . Current amplifier

| 110 volt a.c. power input

5.to 20 milliamps output

Orifice plate w1th h1gh- and low-pressure

.- taps

:'leferent1a1 pressure transm1tter w1th
-high- and low- pressure taps :

110 volt a.c. power input

5 .to 20 milliamps Gutput

: D1aphragm with two pressure chanbers and

h1gh- and low pressure taps
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6. Level Transmitter: (Continued)

Amplifier: ' Differential pressure transmitter w1th

. high- and low-pressure taps

Electrical: © - . - 110 volt a.c. power input

Signal: © 5 to 20 milliamps output ~

7. Transducer: ' Milliamp current signal to pneumatic air

. signal converter

Air Supply: 20 psi

Signal Input: 5 to 20 milliamps

Signal Output: | 0 to 15 psi

8. Control Valve Positioner: Pneumatic operator with controller and
' : supply air inlets. Mechanical stem link
attachment for redundant feedback posi-_
cwee .- - - tion-controt. .

HEAT TRANSFER FLUID TREATMENT

The cooling water that is circulated from the steam surface condenser through
the heat exchangers and the storage tanks will be treated to prevent corrosion
and scale development. This water will be treated with corrosion inhibitors
and pH adjustment chemicals. Cooling water that is circulated through the
tower will be treated with biocides to kill slime and algae and with corrosion
inhibitors and pH adjustment chemicalé'to‘prevent”corrosion'and'Stale.
Currently, the water_treetment at the 87000 complex consists of the following:
h o Ch1]1er - Brom1ne Nitrite used in chilled water as corrosion
"~ inhibitor and pH- control "
e Cooling Tower Water - Hydro-Chem 1340 composed of Tri Sodium
Phosphate, Acrylic Polymer, Organic Phosphate, Sodium Hydroxide
and Sodium Lingnosulfanate is used at rate of 300 ppm
e Boilers - Sodium Hydrox1de is used in the bb1ier for acid cen-

trol; Cyclo Hexylamine is used as a corrosion inhibitor in the
condensate ,
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A water treatment will be used which is coﬁpatib]e with those above where the
possibility of STES water mixing with eXisting Central Energy Facility exists.

3.5.5  SUBSYSTEM OPERATION .

This'subsystem operates to provide 24-hour supply of domestic hot water, heat-
ing water for building heating during the winter months, and chilled water for
building cooling during the summer months. Heating water and chilled water
are not supplied simultaneously, but are supplied seasonally. The supply and
return piping to the five buildings is a two-pipe system and can handle only
one-temperature water at a time. The domestic hot water is supplied 24-hours
a day all year. ‘

3.5.5.1 NORMAL OPERATION

‘Normal operation of the heating/eooling and domestic hot water subsystem is
controlled from the mi croprocessor and the main computer. Each component in
the system is started from the main computer control room and in normal opera-
tion, continues until manually stopped at the end of the winter or summer
season. The domest1c hot water.system will operate throughout the year.

HEATING WATER SUBSYSTEM

In normal operation, the heating water subsystem will run continuously“throhgh-
out the heating season and will operate so that heating water is generated at

a constant temperature and a varying rate depending on the operational mode

of the steam surface condenser. A constant rate of flow of heating water
with varying temperature is suppl1ed to the buildings 24-hours a day every

. day of the heating season. Return water from the buildings will be a constant
100°F. The varying supply temperature is accomplished by mixing the 140°F
water from the conde&ser or from the storage tanks with 100°F retum water.

The supply water temperature is reduced as the outdoor temperature rises so
‘that the return temperature can be held constant.

During the day; excess thermal energy rejected from the steam surface condenser
and not required to heat the five buildings will be retained in the storage
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tanks. When the energy available from the surface condenser is not sufficient
to meet the heating demand, the heating water will be supplied from the hot
water storage tanks. '

CHILLED WATER SUBSYSTEM

In normal operation, the chilled water subsystem will run continuously through-
out the cooling season and will operate so that chilled water is generated at
a constént rate and temperature 24-hours a day évery day of the cooling season.
A constant rate of flow of chilled water with varying temperature is supplied
to the buildings 24-hours a day every day of the cooling season. Again the
return temperature is held constant (at 58°F). The varying temperature is
accomplished by mixing the 42°F water from the chiller or storage tank with
58°F .return water. The supply water temperature is increased as the outdoor
temperature decreases so that the return water temperature can be held constant.

During the night, excess chilled water produced but not required to cool the
five buildings will be retained in the storage tank. During the day, when the
peak cooling load occurs, this chilled water is used to supplement the absorp-
tion chiller output in meeting the load. ‘ '

DOMESTIC HOT WATER SUBSYSTEM

The domestic hot water subsystem normally operates to provide domestic hot
water to the three barracks buildings 24-hours a day all year. The temperature
of incoming city water is increased in. the heat exchanger, which uses hot water
from the steam surface condenser or from storage as the energy source. The
domestic hot water recirculating pump will run continuously to maintain a
constant flow of return water from the building so that hot water is available
when required without considerable delay. The amount of domestic hot water
flowing through tne heat exchanger is the combination of recirculating water
and the makeup from city water due to the consumption of hot water at showers
or lavatories. The output temperature of the domestic hot water heat exchanger
will be controlled at 135°F by varying the flow rate on the heating water side
of the heat exchanger.
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START-UP AND SHUTDOWN

Initiation of start-up and shutdown will be accomplished for each part of the
heating/cooling and domestic hot water subsystems from the main control com-
puter transmitting control signals through the appropriate microprocessor.

HEATING WATER SUBSYSTEM

‘The heating water subsystem start-up will require that the valves allowing
heating water to flow to the five buildings be positioned so. chilled wéter
flow is prechecked. These valves are positioned automatically from the STES
control room. .The'primany and secondary heating water pumps will be started.
When these pumps have been started, steam will be admitted to the condenser
and hot water beg1ns to flow e1ther to the storage tanks or out to the
bu11d1ngs.

Shutdown is essentially the reverse of start-up. As soon as the steam stops
being delivered to the condenser, the circulating pumps will be stopped, and
the system will be out of service. '

CHILLED WATER SUBSYSTEM

For start-up of the chilled water subsystem, the chiiler will be brought into
service as steam becomes available from the power conversion subsystem. The
steam control valve will be energized and the prinahy chilled water pump will
' be brought into service. The condenser water pump and the cooling tower w111
now be started . The control valves will be positioned to permit the flow of
chilled water to the storage tank. The system secondary chilled water pump
"will be started and chilled water will begin to flow to the buildings.

Shufdpwn“of'thé”chil1ed water system is essentially the reverse of startéup

The steam control valve is de- -energized, ‘and the chiller and appropr1ate pumps
are turned off

3-161 .




DOMESTIC HOT WAfER SUBSYSTEM

The domestic hot water'subsystém must operate all year 24-hours of eveny day. '
Accordingly, start-up will be infrequent and will only be required when the
plant goes into service for the first ‘time or has to be re-started because of
a necessary shutdown. Start-up will take place after steam is available from
the power conversion subsystem. The domestic hot water recirculating pump
will be started, and the heating water pumps - if not already running - will
be. started.

Shutdown of the domestic water system is.essentially the reverse of start-up
and consists of stopping the two pumps associated with the domestic hot water
system,

3.5.5.2 ABNORMAL OPERATION

- In the event of loss of flow to the buildings in the case of the heating water
:,Tor'chi1}ed—water;~an”alarm-sﬁgna]«wi]1-be~transmitted-to the control room to- -
' alert the facility operator. Corrective action will then be taken to deal

with the situation..

In the event of a deviation from set output temperature of the heating water or

- chilled water being delivered to the building system, an alarm signal likewise

will be transmitted to alert the operator. The operator may take corrective
action. to correct the condition. Other alarms will be transmitted to warn the
operator of other abnormal conditions such as loss of control air pressure,

-pump,moton contacts not cidsed, etc.

3.5.6 HEATING/CHILLED AND DOMESTIC HOT WATER SUBSYSTEM INTERFACES
3.5.6.1  SUBSYSTEM INTERFACES
POKER CONVERSION SUBSYSTEM

The Heating/Cooling and Domestic Hot Water Subsystem interfaces thermally,
hydraulically and mechanically with the Power Conversion Subsystem at the inlet
and outlet connections to the surface condenser and the steam supply and
condensate return connections to the absorption chiller. Their interface
points are identified on Flow Diagrams 5-2 and 5-4 .(Volume III).
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EXISTING SITE SYSTEMS

Heating Water

Interface with the existing heating water piping occurs inxthe form of fitting
existihg manual three-way heating/chilled water changeover valves in the

three selected barracks buildings equipment rooms with new automatic actuators
or replacing the existing three-way valves with new automatic three-way valves,

A new automatic fwo-way, two-position valve will be instAIled in the existing
steam supply line and a new check valve will be installed in the existing pumped
" condensate return line serving the five selected buildings.

Chilled Water

Interface with the existing chilled water piping supplying the three selected
barracks buildings occurs in-new valve pits to be constructed adjacent to the
three existing barracks buildings. (See Figure 3.8-4 for location of new

valve pits.) In the new pits, new automatic three-way, two~position isolation:
valves will be installed in the existing chilled water supply and return lines.
A new by-pass arrangement with a new automatic two-way, two-position by-pass
valve connects the existing chilled water supply line to the existing chilled
water return line. Interface occurs at the point of connection of the new '
valves and by-pass piping to the existing piping. ' ‘

Interface with the existing chilled water piping supplying buildings #87014 and
#87016 (Company and Administration Buildings) is of the same arrangement as -
described above for the three project barracks buildings, except that there are no
new valve pits at these buildings and the interface occurs in the existing
mechanical equipment rooms. Another point of interface occurs at the'pbint

where new automatic three-way, two-position control valves are to be installed

in the existing chilled water piping to supply heating water only to new uni;
heaters. .
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Domestic Hot Water

Interface with the existing domestic hot water system occurs in the mechanical

equipmént rooms of the three project barracks buildings, with new domestic hot

uater.supply and recirculating connections to the existing hot water generators
and the addition of a new drain valve. | '

INSTRUMENTATION AND CONTROL

The Heating/Cooling and Domestic Hot Water Subsystem instrumentation interfaces
with the ICS at.the terminal board of the microprocessor cabinet. The absorp-
tion chiller steam control. valve, which physically interfaces with the power
conversion subsystem, is controlled from the absorption chiller control panel.
Data collection for stored energy availability and load demand forecasts are
obtained and transmitted to the energy management and control .system through
the microprocessor. ' ‘

3.5.6.2 MECHANICAL INTERFACES

‘Site interface occurs along the route of the new secondary heating/chilled
water underground distribution piping. This will involve replacement of
paving and sidewalk material removed and reseeding areas where grass is
removed and generally restoring the site to its original condition. Founda- '
tion interface occurs at the base of the new heating water storage tank and
chilled/heating water storage tank. Both storage tanks rest on concrete
foundations. Interface occurs from the cooling tower basin and supporting
structure foundation. Interface also occurs between the overhead exterior

piping and supporting structure foundation.

3.5.6.3 ELECTRIC POWER INTERFACE
Interface with the Electrical Distribution System occurs at the motor control center
housing starters for the following equipment: ‘

e Primary Heating Water Pump . . . . . . . . . . .. 480V, 3¢, 5 hp

o Domestic Hot Water Pump . . . e e 480V, 3¢, 3 hp




Xy Primary Chi]led Water Pump .'._. [N cee e . 480V, 34, 5 hp
° Secdndary Hea;ing Water Pump . .l. e e e e ... . 480V, 3@; 15 hp
i -Seéondary Chilled Water Pump . . . . . . « + . « . 480\!, 3¢, 15 hp -
o  Domestic Hot Water Recirculating Purp . . . . .. 480V, 3¢, 2 hp
o Condenser Water Pump to Absorption Chiller . . . . 480V, 3¢, 25 hp
0 Condénser Natér Pump to-Condenser Heét Exchaqger .'489V, 3d, z-f/z hp
e Cooling Tower Fan (two-speéd motor) . . . . . ... .480V. 3¢, 20 hp

Interface will also occur at power connections to absorption chiller control
cabinet,

3.5.7 INSTRUMENTATION AND CONTROL-
3.5.7.1 OVERALL SUBSYSTEM CONTROLS

Instrumentation and control components for the heating/chilled and.domestic hot
water subsystem are illustrated in the Process and Instrumentation Drawing 5-1 in

Volume III. The contral requirements for the heating/cooling and domestic

hot water subsystem includes not only providing the five selected buildings Qitn
more efficient automatic total energy system, but also data collection for
stored energy availability and load demand forecasts.

The operator interface allows for operational flexibility along with set point
and control parameter override. The controlling sequences for each system are
discussed herein. ‘

The subsystem changeover controls from heatin§ to cooling cycles are handled
through the micrdprocessor or manually from the control room. An exterior
temperature sensor measures- the prevailing weather conditions and relays them
to the microprocessor. Oncé‘activated, the subsystem changeover controls divert
the flow in the éupply and return lines of fhe~secondary thermal distribution
component by reverse operations of the two modulating temperature'éomxvol valves
ahead of each subsystem's primary loop. . Two additional valves 1ocated at the
outlet and inlet lines of the heating water component and chilled water
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~component fntertaces to the hot/chilled water storage tank operate tranS-
versely to divert the flow of the tank. Another two-way valve isolates the .
domestic hot water component of the primary hot water loop during the cooling
‘season.

HEATING WATER SUBSYSTEM CONTROLS

A control system associated with the surface condenser maintains a constant
140°F at the outlet of the condenser by varying the in]et‘temperature in a
manner that is inverselyproportional to the amount of energy being added in
the condenser. The variation‘in"inlet temperature is accomplished by mixing
140°F water from the condenser outlet with 100°F water being returned from the
buildings or from the thermal storage tanks. In this manner, a constant
140°F supply temperature to thermal storage and a constant 100°F return tem-
perature from thermal storage are accommodated while keeping the flow rate
through the condenser high enough for guod heat transfer.

In a similar ‘manner,. the temperature of water being supplied to the five selected
buildings (and STES) is varied to ma1nta1n a constant 100°F return temperature
at a constant circulation. rate. The var1at1on in supp]y temperature is

achieved by blending 100°F return water with 140°F water from the_condenser

or thermal storage tanks.

During periods when the thermal storage tanks are fully charged and turbine
operation is to continue (electrical generation mode) condenser cooling water
is diverted to the condenser heat exchanger. In this operating

mode, condenser ocutlet temperature is not controlled but permitted to fall,
which reduces condenser pressure and increases turbine output power. |

DOMESTIC HOT WATER SUBSYSTEM CONTROLS

The domestic hot water subsystem pumps 140°F heated water from the primary

hot water loop through the domestic hot water heat exchanger by the continuously
running domestic hot water pump. A modulating temperature control valve

located between the domestic hot water pump and the domestic heat exchanger is
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controlled by a thermocouple at the domestic hot water outlet of the heat
exchanger. As demand drops, the amount of flow through the temperature
‘control valve also drops proportionately, thus maintaing the domestic hot water
at a constént temperature. As demand surpasses heat available from the primary
loop, two temperature diverting valves allow hot water to be taken from the
charged chilled/heating water storage tank.

CHILLED WATER SUBSYSTEM CONTROLS

Control of the chilled water'subsystem is similar to that of the heating water
subsystem. Chilled water flow is maintained through the primary chilled water
loop by the continuouslyjoperating primary chilled water pump. Constant flow
rate is maintained through the absorption chiller by means of a by-pass loop
with a modulating flow control valve. Chiller outlet temperature is held
constant at 42°F by throttl1ng the steam supp]y to the ch111er. ’(Fpr details
of the chiller controls, see Section 3.5.7.3.)

The secondary chilled water loop, like the heating system, maintains a constant
flow rate and constant return temperature (58°F) with variable supply tempera-
ture to the buildings, which are dependent upon thé thermal load. Temperature
variation is achieved by mixing 42°F water from the chiller or. thermal storage
tank with 58°F return water. Chilled water in excess of that which is needed
to satisfy the thermal load is stored in the chilled water tank for use when
the thermal load exceeds the capacity of the chiller.

- 3.5.7.2 SUBSYSTEH BLOCK DIAGRAM

The Heat1ng/Cool1ng and Domestic Hot water Block D1agram Drawing 5-9.in Vol-- .
ume I3I) schematically illustrates the interface between field and locally .
mounted instruments and control components with the STES control and energy
management system. Types of instruments, method of control, number of
components, and appropriate subsystems are s_hown.
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3.5.7.3 INDIVIDUAL COMPONENT CONTROLS
ABSORPTION CHILLER CONTROLS

In dddition to packaged controls, the chiller will be controlled in at least
two modes of operation from the main computer. The first mode will be ON/OFF;
when ON, the chiller will be operated at full load to make the most efficient
use of available steam. The output temperature control will remain at a fixed
set point (approximately 42°F), and the return water temperature will be held
steady at the maximum chiller load value. The second mode of control is used
tn mndulate the chiller load, based.on a varying return water temperature,

The éecond mode, modulating contraol, occurs when the outdoor chilled water tank
is fully charged with chilled water and there is no other place to put chilled
water other than through the buildings. This type of control is available, but

Wi]] not be normally used.

In any event, the chilled water flow through the chiller will remain constant
at approximately 370 gallons per minute. A modulating valve controllad by a
flow controller, which will sense flow through the chiller; will regulate the
amouni of water in a "run-around" bypass, so that the'bypass water and return
water will add up to a constant flow of 370 gpm in either mode of operation.

COOLING TOMER

Tne cooling tower and associated condenser water lines incorporate four modes
of -operation or a combination thereof to maintain 85°F condenser water leaving
the cooling tower, ' ‘

A thermocouple located between the mixed condenser water junction and the
modulatingthree-way temperature control bypéss valve sets the mode of opera-
tion. Peak heat dissipation occurs with the two-speed cooling tower fan
operating on high speed. A second speed can be used on other than full load
day heat dissipation. If deemed desirable, the cooling tower fan can be
totally stopped, rélyihg upon gr;vity,féeq. Finally, any portion of the
condenser water flow can be diverted for the 1eastAheat)dissipation, or with
any other mode, to‘maintain'the~maXimum 8§°F output”cohdghser water set point.
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3.5.8 MAINTENANCE

Installation and maintenance manual$ will be obtained from the manufacturers
of each piece of major equipment and will be provided to the STES operating
perSonne]'as part of a permanent library of necessary information. In add1-’
tion, spec1f1cat1ons for each piece of this equipment will be written to
require each manufacturer to provide the services of techn1ca1 personnel to
1nstruct_the des1gnated_stat1on personnel in the operation and maintenance of
equipment supplied by that manufacturer. To the greatest extent possible, .
station pehsonne] will perform preventive maintenance on eqdipment to insure
that equipment will operate properly and efficiently and will be out of service
for the shortest'length of time. ' '

As a part of a preventive maintenance prgram, shift supervisors will be treined
to make a brief ipspection of equipment when they come on duty and to examine
the log of the previous shift for any item that indicates a developing need for
specific maintenance. '

It is estimated that the_average daily manpower required for maintenance of
the heatihg/cdo]ing'and domestic hot water subsystem will be one%half man-hour.
Annually, the manpower'for the entire year, excluding daily requirements, will
be 80 man-hours. The annual cost of maintenance supplies for this subsystem
will vary depending on the hours of use of the system and w111 probably vary
between $500 to 51000 ' ‘

3.5.8.1 ABSORPTION CHILLER

. The manufacturers' maintenance manual will be used as a text for teaching
maintenance of the absorpt1on chiller. In add1t1on ‘once a month the mach1ne ,
will be checked for purge pump and motor pu]ley alignment, V be]t checked for
tension and adjusted, the purge pump oil changed, unit stra1ner c]eaned,
inspect the main control valve for binding“ahd proper opehetjon. Annually

the purge pump motor would be lubricated, absorber additive added, control
settings checked for adjustment,'inspect ebsbhber tubes and condenser tubes.
Consideration would be given to contractxng for annual service inspection

and maintenance with the’ manufacturers service department in order to.keep

the machine up to date.end:1p good working order over many years. '
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3.5.8.2 THERMOCLINE TANKS

The two outdoor water storage tanks for heat1ng water and ch1]1ed/heating water

will be used as thermocline tanks with a b]anket of n1trogen gas at the top

‘of the water of each one. Norma]]y these tanks require very 11tt1e ma1ntenance,
nowever, they would be inspected externally at least once a month for any

signs of deterioration of the insulation or breakdown in the insu]atihg Jacket.

3.5.8.3 HEAT EXCHANGER

The two heat exchangers wph]d be inspected externally monthly to determine the
condition of their insulation, supports and weatherproofing jacket. At that
time, a review of the performance record of each unit would be made. to determine
if there has been any change in the ‘thermal performance of each exchanger A
deterioration of performance indicates ‘possible scaling of tubes, b1ock1ng or
other trouble. The exchangers would be cleaned, desca]ed, if necessary, and

any internal problems corrected. -

3.5.8.4 COOLING TOWER .  ...- -

The'coo]ing"towek would be inspected once a week during any period‘in which it
is operating. The motor and drive would be inspected to determine that it is
in proper operating conditon; the upper basin inspected for algae formation;
the lower basin inspected in the same manner for algae and scale; general
condition observed throughout.

The motor and fan drive would be TubFicated in accordance with the manufacturers'
recommendat1ons - The'.cooling tower sound would be observed - a sudden change in
Assound or unsual v1brat1on indicates some other change that would be investigated.
~Annually the tower would be inspected internally for condition of fill, .-

structure, tightness of bo]ts; condition of basins "and general overall soundness.

. 3.5.8.5 PUMPS

- Pumps and their motors would be "listened to" daily for any change'ih their usual
sound which can indicate developing trouble. - Annually, pump perfofmance would be
checked and if deterioration in performance is found, the pump wou]d be disassembled
and checked for 1nterna1 conditions of wear, corros1on or other causes and '
indicated repa1rs made. '
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3.5.8.6 PIPING, VALVES ANb FITTINGS

P1p1ng valves and fittings would be 1nspected v1sua11y da11y for Ieaks Ohce
a month an inspection would be made noting the condition of supports, 1nsu1at1on,'
valve mechan1sm and packing, and: general condition.

3.5.8.7 INSTRUMENTATION AND CONTROL u.

The manufacturers' maintenance information will be used to.develop a maintenance
program for the various 1nstruments and controls in the heat1ng/cool1ng and
domest1c hot water subsystems

3.5.8.8 HEAT TRANSFER FLUID CHEHICAL TREATMENT

The chem1ca1 treatment equipment for the heat1ng/coo]1ng and domest1c hot water
subsystem consists of simple injection equipment for introducing inhibitors..
.into thevcirculating water and'cooling tower treatment. The injection equipment
is to be kept clean when not in use. The cooling tower equipment will be

- inspected weekly for its condition with attention to. any developing corrosion,
calibration of sensing elements and tightness of piping and electrical wiring.

3.5.9 SPECIAL FEATURES AND PRECAUTIONS
3.5.9.1 HEALTH AND SAFETY
No health hazards will exist in the STES Facility.

Safety hazards are limited to burns personnel may receive from contact wjthy .
steam or hot water piping or the leakage of steam or hot water therefrom. The
possibility of injury is limited through the use of thermal insulation on'hot
‘pipe surfaces. -As piping systems will be leak tested ‘after installation and
all. leaks must be repa1red and retested, no. leaks in piping systems are expected
“to occur.

3.5.9.2 ENVIRONMENT

Thermal energy and a 11m1ted quant1ty of moisture are rejected to the atmosphere
from the cooling-tower. This: results in a-humid condition in the immediate
area of the cooling tower, but is deemed to produce no adverse env1ronmental

effect.
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3.6 OVERALL INSTRUMENTATION AND CONTROL
3.6.1 SUMMARY DESCRIPTION e

BN

The Instrumentation and Control Subsystem (ICS) is comprised of a central
processing unit (CPU), real time operating software system, associated computer
input/output (I/0) devices, an operator control console, and a control panel(s)

" located in the STES control room. and certain local control panei(s) such as on
the o0il fired heater and absorption chiller.

[ )

f Distributed process units (DPU) are located in the ma jor subsystems they monitor
‘and control. The DPU (microprocessors) are linked to conventionai instrumenta-
tion in the subsystems via signal conditioned I/0 terminals and data lines. The
DPU's are also iinked to the CPU via independent data transmission.lines, and
therefore are iocated between subsystem instrumentation and control actuators,
and the master computer (CPU). s

The operator control console and panel, and the computer I/0 terminals, provide
 1/0 control and monitor capability to the STE-LSE operator. o

13.6.2 DESIGN REQUIREMENTS
_For the ICS to operate properly the following are required:

o The design will provide means of data acquisition of system
measurements and performance evaluation

® - The design will make use of conventionai computer hardware and
software

o‘ The design will make use of standard conventiona1 control
devices

}. The design wili prov1de alarms for system malfunction

* The design will provide automatic protection for faulted or
alarmed conditions :

o The de51gn will provide operator override of automatic control
o The -design wiil provide”Iocai‘manuai‘controi

o Electrical power avaiiabie and backup power for emergency
: conditions : - A
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e Instrumentation must have signal'COnditions
e Instrumentation should be calibrated

"o Distributed Process Units located ‘external to STES should be
R enclosed in cabinets for protection against environment.

o STES Control Room must have separate air condttioning =

3.6.3 FUNCTIONS

The ICS system prov1des remote automatic and local manual contro] interface for
..a11 subsystems, .plant system operatlonal mode se]ection and energy management
of the STE-LSE plant. .
The ICS w111 prov1de for storage of data and 1nstrumentat10n for measurement of
system parameters and perform ca]cu]ations for evaluation of plant performance
and experimental data.

The ICS hardware and software will prov1de f]exible plant operational modes to
satisfy electrical and thermal load demands, and allow for experimenta] and
prototypical control evaluation.

The ICS will provide interactive operator communication with the plant control
system. ' ' ' '

3.6.3.1 INSTRUMENTATION

The major components of the control system are the operator control console,
the central process1ng unit and the distributed processing units.: The sub-
system 1nstrumentat1on consists of convent1ona1 analog and d1g1ta1 signals and

signal cond1t1oning circu1try Typical sens1ng elements are position encoders;

temperature; pressure and flow transducers; binary status switches; and voltage,
power and frequency indicators. The command conditioned signals are conven-
tional analog and digital signals of appropriate format and scale to drive the
various current, pneumatic‘and hydraulic actuators.
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3.6.3.2 CONTROL

The ICS is basically a computer based, software driven, control system w1th
the capability to provide on/off control and ‘'setpoint commands to conventiona1
hardware-orientated (analog) systems, . -

The ICS analog control subsystem consists of conventional control components
where stra1ghtforward feedback control is applicable, and where fa11-saf1ng
the system in case of computer failure or power fai]ure is necessary.

The ICS digita1 control subsystem provides flexibility and versatility to the
overall plant control by system configuration control. The IS may be recon-
figured by changing software or changing coefficients via operatbr 1/0 terminals
(CRT) thereby eliminating calibration of analog modules at remote locations.

3.6.3.3 DATA ACQUISITION

The ICS generates a data base via measured data received via DPU and meteoro-
logical, energy and weather forecasting data via operator or existing system
data storage devices. The data base is used for performance and experimenta]

evaluationof the plant as well as for overall svstem contral and -
energy management. :

The measured data is received from the instrumentation transmitters at the I/0
terminals of the DPU's and is further conditioned (i.e., reference junction
for thermocouples) if necessary.

Thetinpuf data is converted into digital format via multiplexed analog-to-

digital convertors....The data..is-temporarily stored in the DPU-and is averaged - --

or linearlized over a given time period until CPU requests data input. The
CPU operating system then perqums the desired engineering scaling, statistical
analysis and other engineering calculations prior to output or storage of the
data.

The data output is stored aufomatica]]y on disk and then transferred to -

magnetic tape on a daily operating;basis, Hard copy on CRT djsplay_of key
parameters is provided automatically or under -operator control.
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3.6.4 OVERALL INSTRUMENTATION AND CONTROL DESCRIPTION

The 1nstrumentation and control subsystem is composed of computers and control

equipment Wlth thls equipment the control and operational programs are
implemented

The operator hasvultimate control of the equipment He has override power over
most automatic functions and can assign modés of operation or system startup or
shutdown, and is a backup in the event of failure of a lTower level component

He communicates with- the central computer via CRT terminals, the control panel
and the various other readout devices. His commands are generated via the
terminal. keyboard and by controls on the‘control panel.

The second Tevel of the control equipment is the central computer. The central
computer receives orders from the operator and receives data from the distribu-

tive processing units. It processes the data, stores data, generates, displays,

communicates with the operator and downléads information to the DPU's. The
central computer is described more fully in Section 3.6.4.3.

The third level is the distributed processing units (DPU). The DPU's, along
with their associated input/output devices, receive data from the plant equip-
ment, send commands to the plant equipment, and communicate with the central
computer. The DPU's are located in the field near the equ1pment that they

" control and are described 1n Section 3.6.4.3.

The lowest level in the control equipment are the instrument transducers that
convert plant parameters to electrical signals that can be interpreted by the
DPU I/0 equipment and the control actuators that turn on or off motors, open
or shut valves, etc. This level also includes analog controllers for some
equipment. ' S ‘ I S

The highest level of control or operational program is created in the operator
by training. The operator makes decisions on overall operations. using informa-
tion that may not be available to the computer'Such‘as the appearance of a
large storm cloud that could cause a loss of insolation, a report that a pump
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is méking unusual nofses, and the fact that é special test fs Being piéhﬁed.
The operator has the ability to select operating modes and to chadgé control
set-points.

The second level of operational program, the energy management program, is
implemented in the central computer. This program selects a mode of operation
for the plant based upon information on the inventory of energy in the storage
tanks and the anticipated energy demand and solar availability that are ‘
derived .from weather forecasts.

The next level is a supervisory program that is also larated in the central
computer. This program implements the mode of operation determined.by the
energy management program or by the operator and' transmits instructions,
revised setpoints, and rates of changes to the DPUs. The supervisory program
monitors the overall system status, performs safety functions and communicates
with the operator.

The fourth level of operational program is located in the distributed process
units. These DPU's incorporate the control a1gorffhms that control equipment
operation and send out signals to operate the plant valves, motors, etc. The
DPU programs also collect data for transmission for the supervisory program
and perform limit checking for safety purposes.

3.6.4.1 PLANT SUBSYSTEM CONTROL CONCEPT SELECTION

. The description of the ICS given herein gives an evaluation of alternate control
designs that were considered and presents the selected control system
configuration. '

3.6.4.1.1 SELECTED COHTROL DESIGN

The instrumentation and control subsystem consists of analog and digital control
elements éqmbined and interfaced through the CPU to form the overall plant

control system.
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The choice of digital or analog control of a subsystem or a subsystem component
’ is based on the fo]1ow1ng

o Analog controllers are used when they are a convenient and con-
ventional part of a vendor's hardware package, and do not
require significant modification to provide interface to the
overall control system. These analog elements are typically
turned on/off and provided a set point via the central process
unit (CPU).

e Digital control of components and subsystem is used where flexi-

- bility and versatility are required in the control loop. These
are the components that are critical to configuring operational -
modes, energy management strategy and changes to control algo-
rithms required for system stability.

The foTlowing is a 1ist of major component controls.

- Analog Control E1ements
| ) vTurBine - Generator
e Boiler Feedwater Valve
o Cooling Tower |
() | Absorotion“Chiller
e Auxiliary Heater
) Condepsate_Return‘Unit
° CondenSer
o Deaerator ' ‘
e All oil and»water transport pumps

o Minimum configuration control valves

ng{tal Control

° Solar fleld collectors and associated flow valves
o' Steam Generator .

®  Power conversion subsystem and flow control valves
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e Domestic hot water subsystem flow control valveé
o Hot/;hi]]ed water heating subsystem valves

- o Thermal storage subsyStém valves

3.6.4.1.2 BLOCK DIAGRAM OF SELECTED DESIGN

The I&C System Block Diagram ( Draw1ng No. 102E145 in Volume II1) is a schematic of the
system hardware: Sheet 1 shows the control room equipment, "the uninterruptable

and the parallel-series data bus communications link to the micro-
processors at local stations in the field. Sheet 2 contains block diagrams for

the solar collector and thermal storage Subsystems, and Sheet 3 contains the

power conversion and heating and cooling subsysfems. Each subsystem diagram

indicates the microprocessor, types and quantities of instruments, the signal

level required to control each instrument, and the typical I/0 signal condi-

tioning devices required for each type of instrument.

power supply,

For reasons.of clarity, the block diagram does not show hard- w1red redundant
instruments and contFo11érs that “are required in the event of computer mal-
function. The extent of this redundancy is described in the following sections.:

3.6.4.1.3 DESIGN TRADE-OFFS

The block diagram represents the selec’ d design configuration. The following
paragraphs explain the alternatives that were considered and the rationale for
the selected design:

ANALOG VERSUS BIGITAL

The ICS represents the best combination of analog and digital control
techniques. SeveraT'analog control circuits with digital set-point control

have been built into the basic digital control system. At these points

the additional interfaces required to use digital control were more complex-

and costly than the conventional analog controls supplied as a part of a

vendor package. The digital system selected therefore allows more flexibility
than an analog system to be-programmed,dahd{is easier to change by reprogramming.
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. The digital éystem also allows extensive automatic operationa1 1nteriock
sequencing to be built in and then easily modified as exper1ence is gained
with the system. ‘

A total analog control system was estimated fo cost 20 to 25 nercent more than
the selected design. This system included an automatic relay sequencer and a.

digital data acquisition system. Due to these cost considerations and the'faet :

lthatlit would require significantly more operator action including operator
selection of system operating mode and set point adjustment to allow for opera-
tion under different plant operat1ng conditions, a total analog control system
was. not selected.

CPU VS. DPU

The digital controls of the ICS are distributed in a star network to meet tne'f
STES efficiency needs. The CPU handles the centraIized functions of operator
interactive communicat1on central control display, data collection, and for-
mating total system.efficiency and protection, controls and interlocks. These .
functions requjfe a higher level of computer intelligenCe with the abflity to
switch complex tasks effectively and efficiently, and to handle large quanti-
ties of data. The DPU's which are local to each subsystem allow an 80 to 90 per-
cent‘cabling cost savings, since hard-wiring'each‘instrument to the central
control room is eliminated. The distributed intelligence of the parallel DPU's
allows efficient initial process of data and fast real time control. The DPU's
free the CPU to project supply and demand, and coordinate and select system-
“wide operation. The DPU capability to operate independently of the CPU, with .
direct operator input, provides a potential means of control redundancy.

LOCAL VS. REMOTE

The entire system is a combinafiontof Tocal DPU's at_each subsystem and the _
remote CPU in the control room. All indications can be remotely displayed for
the operator in the control room through the CPU.via CRT's or the partially
redundant, hard-wired control board. Some remote indications are dup11cated
by a local device at each sensing point. The DPU uses the measurementg
locally for control and sends them to. the CPU for remote display and storage.
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The DPU's 1ocal control is setup and adjusted by the CPU which has ultimate
control through the operator's console. The operator may manually control - :
the CPU's selection of the STES mode or even set individual valve and motor: -
states, and control set points.' Otherwise the program in the CPU will auto-
matically tell the DPU's how to run the STES.

Without the CPU each DPU is in full control of its subsystem without automatic
remote coordination. The system also provides an option of operating the local
DPU's by means of a portable keyboard and CRT unit.-

PARTIAL VS. FULL

Considerations of system redundency ﬁ]timate]y reduce to those of cbst'perform-
ance and safety. Two failure modes requiring reduhdant equipment were ihvesti-
gated, loss of grid power without the STES turbine generator operat1ng, and
internal failure of computer components

The loss of grid power can be momentary (less than a second) or for longer
periods of time. Momentary interrupts causing loss of temporary core memory
can be satisfied by a small motor generator set with an inertial fly wheel
driven by grid power or an Uninterruptable Power Suppiy (UPS); continuous
operation is thus maintained. If power is lost for longer periods of time,
an Uninterruptable Power Supply (UPS) for the data'acquisition system (not’
pump or va]ves) consisting of a battery inverter combination would permit
follow1ng the system coastdown to assess a restart. A 10 kWhr system capa-
bility is estimated for one-half hour operation to provide this function.
This option of one-half hour operation with loss of grid is approximately
five times more costly than supplying power for momentary interrupts only.
Due to cost considerations, it is recommended therefore that momentary loss
of grid power be satisfied with an MG set or.UPS and that loss of grid power
for longer periods of time without the turbine generator operating will result
in unassessed system shutdowns.
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In the event that the control system has a component failure. (failed board,-
shorted communications line, etc.), a "fail-safe" operating mode is defined -

to be operation of the steam generat&r at the low pressure (60 psia) mode with
energy being supplied by the auxiliary heater (collection field is stowed):

This is expected to meet typical minimum requirements of-a prototypical LSE
application. Three levels of backup analog redundancy were considered in order
to determine this fail-safe operating mode; full redundancy for all modes of
~operation, partial redundancy with remote control at the control room, and-
partial redundancy with control at local control panels to‘miﬂimize wiring
costs. Full redundancy (not DAS) would increase the cost of the basic system
by 60 to 70 percent. Partial remote redundancy has a relative increase of -

.20 to 30 percent, and the partial local redundancy amqunts to a 5 to 10 percent
1increase in cost. This last option was selected dbe;to‘cest cons1derat16n'and
it defihes the operational capability of the piant when computer failure occurs.
Under conditions of a failed CPU, the SCS is placed in a safe conf1guration

and the auxiliary oil heater is operated A backup operator is assigned to the
thermal storage area to operate the Thermal Storage Subsystem as well as the
auxiliary 0il heater at the local control panel. :Another operator is 355191(V
to the Power Conversion Subsystem control panel. Various control signa1s an-
status conditions are hard-wired back to the control room for the controi r-.m
operator's use to insure safe p]ant operation as well as directing local r~= =’
operations. These critical indications are provided to the control roor

since operating conditions of the other subsystems are not ava11ab1e .

local control panel operators. Commun1cat10n Tinks are provided from ¢ :h
system to the central control room.

COLLECTOR FIELD CONTROL CONCEPT SELECTION

The distributive field configuration concept reference in Section 3.2,4.1 was
selected on the basis that stable flow control and thermal conditioning are:
more easily achieved, and it also provides protection against over-temperature

due to cloud cover changes.
The control concept is based on cend1t1oning,the subfield inlet temperature to

achieve acceptable outlet temperatures via adjustment of field flow based on.
maximum solar insolation conditions. ‘
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Figure 3.2-2 shoWs the collector field layout and {nstrumentatton, and as shown
the total f1e1d scheme 1s separated into a series and parallel flow arrangement,
First, a feed forward path is provided for thermal condit?ontng of each fteld
inlet temperature. . Second, a high temperature storage path ts provided from

each field for storage when each field yields the demanded field exit tempera-
ture conditions Finally, a low or intermediate temperature or rectrculatton

path is provided for conditions of low insolation, but contatning enough energy
for either storage or for conditioning field inlet temperature to maximize.

final field exit temperatures. Figure 3.6-1 shows the control function'schematic.

Collector.
—3»  Group

Desired Positiun Motor - Motor Operate

Position + _Error _ Controller Signals Position

:

Position

M red Position
asu oS - Measurement et~

Figure 3.6-1. Collector Positioning Controller

Temperature control of the field segments (subfields 1, 2 and 3) consist of
setting'the fie1d flow rates to correspond to maximum temperature differences

( max) allowabIe under "perfect“ insolation conditions. This prevents a sudden
change in cloud cover to cause an over-temperature in any field string. The
field inlet throttle valve is set to allow a flow split between fields 1, 2
and-3.» Part of the flow goes to field one and the remaining flow difference

is diverted to the feed forward path (FFP) which splits fields 2 and 3 depending
upon inlet temperature and flow requirements needed, and the solar insolation
conditions of each field. The feed forward flow mixes with an amount of the
previous field exit flow to achieve the desired inlet temperature. Depending
upon the amount of mix necessary to achieve this temperature, a portion of the
previous exit field flow may be dumped to either the high temperature storage
(HTS) path, the low-intermediate storage path, or the recirculation (LIR) path
as conditions dictate. Therefore, fie1q‘in1et and exit temperatures are
controlled via only five flow controi valves'which feedkforward, dump and/or
mix flow for thermal conditioning.’ A11 components are controlled via DPU's
1ocated in the field, as shown in Section 3.2.4.1.
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This concept was chosen over a two-parallel segment field with parallel flow '
modulation strings. Table 3.6-1 shows a comparison of performance features
for the collector field configuration

3 6.4.1. 4 DESCRIPTION OF MAJOR CONTROL LOOPS

"The major control loops in the p]ant are introduced in this section. The task
inputs, and outputs for each loop are identified. Safety 1imits and protective
f_actions'are identified. .A_tontrol block diagram is presented for these control
Toops. Development of specific control algorithms will be based on use of the
system simulation programs described in Section 3.6.9. Detailed information on
. the physical implementations of the various control loops is presented as a.
part of the appropriate subsystem descr1ption

COLLECTOR POSITIONING

Jask: The task of the collector positioning control system is three-fold.
First, the tollector is directed to track the sun. Second, the collector is
“directed to a desteer position, and finally the collector is directed to stow.
Each of these is accomp11$hed in a similar manner by comparing a directed
position against a measured position and then operating the motor drive system
as required. ‘Collector positioning is on a group busis where each group is
contro]]ed independently.

Inputs: The 1nputs to the collector p051tioning contro! system are a directed
position and a measured position The directed posit1on is obtained from
another control program. The measured position is derived from an absolute
position encoder on each collector group. 

Qutputs: The output of the collector pdsition controller is a motor operate
signal that is Forward, Reverse or Off, with also possibly a Fast or Slow

control, depending upon the design.

Contro1'Funct50h The contro] function is to control the co]]ector p051t10n ,

by operating a drive motor in vresponse to a desired position command. The
 block diagram is shown schematically in F1gure 3.6-1.

3183




TABLE 3.6-1

COMPARISON OF PERFORMANCE FEATURES FOR COLLECTOR FIELD

Performance Feature

Parallel Field Segments with
Parallel Flow Modu]ation

Distributed. Field Configuration
(Selected Concépt).

Over-temperature due to
change in insolation

Over-temperature due to
loss of flow

Temperature control
performance

o

pgL-¢

Flow control strategy

'Pumping Power

Instrument and Control
Costs

" High Risk - dependent on field

transport time

Small Risk

Continuous modulation of 16 valves
for exit temperature optimizatior
creates tendency for control
instability

Maintain desired outlet temperature
for all static operating conditions

Highly dependent on temperature

feedback from set thermocouple for

optimum energy collection

Fixed by collector string length
and connecting manifolds and piping

The difference is relatively small to overall IiC cost;

Low Risk - eliminated by design
Small Risk

Temperature control external to field.
Also, number of control valves reduced
to 5. Decreased sensitivity when a
string is defocused.

Outlet temperature differs for some
static cperating conditions.

Flow control is more adaptive via using
field temperature difference as well as
field exit temperature for obtaining
optimum energy collection. Each field
inlet temperature and flow can be
independently regulated.

Relatively higher due to additional
piping, manifolds, mixing tees and
cascading pressure levels.

less than 5 percent.




Limit Values: There are 1imits to the allowable travel at each that the -
collector must not exceed. This 1imit is determined by the positioh detector.
In addition, if the collector is directed to move, but the position detector

" does not detect motion, the motor will be directed to stop ‘to prevent any
further physical damage or to avoid overheating the motor.

- Protective Actions: The protective action is to stop the drive motor.

Control Algorithm: The anticipated control algorithm is to drive the motor '
for a calculated time based upon the position error if the position error is
beyond a specified dead-band. .

COLLECTOR FIELD FLOW AND TEMPERATURE CONTROL

Task: The controller for the field flow and temperature is a combined controller
that simultaneously controls flows and diverting valves with the objective of
delivering a specified outlet temperature to the storage tank.

Inputs: Temperatures are measured at the field inlet, at the 1n1etvto~each sub-
field, and at the field outlet. Flow is measured at each subfield inlet and at
the total field inlet or outlet. '

Qutputs: The field outlet temperature is controlled by contro11ing'subfié1d
flows and by mixing subfield flows. The Jowest Tevel output is control valve
positions. ' ' SO
Control Function: The collector field control. function consists of a nest of
control functions and plant responses.

~ The flow and temperature control algorithm for the collector field has not yet
been completely formulated. However, several basic principles'have been
established. First, a temperature feed-forward control approach determines a
set of flow demands. These demands are met by flow controllers around each of
the control valves. A minimum flow to each subfield is determined to limit
the outlet temperature of an acceptable value based on a maximum insolation
that is determined based upon long-term weather conditions, time and date.
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Flow from the feed-forward path is mixed with outlet flow from the previous
subfield to condition the inlet temperature to that field. The maximum allow-
able subfield inlet temperature is limited by the obtainable flow through that
subfield and the subfield inlet temperature should be as high as possible
within that limit.

Excess flow leaving a subfield is sent to a bypass path. Depending upon its
temperature, it is sent to either the cold bypass or the hot bypass path.
This control function is shown schematically in Fiqure 3.6-2.

Limit Values: Over-temperature can occur if the flow is too low or:the inlet

temperature is too high. If lTow subfield flow or high string outlet tempera-

ture is measured, protective action is required. The maximum allowable outlet
temperature will be determined in_transmit response studies during definitive

- deésign..

Protective Action: The protective action for a string with high outlet tempera-
ture or a subfield with Tow flow is to desteer the string or subfield to limit
the heat input. To do this, a signal is sent to the position controller.

Control Algorithm: The control algorithm will be developed based upon the
basic control function described above and will be tested by simulation.

STEAM GENERATOR CONTROL

Task: The primary objective of the steam generator controls is to supply

steam at a demanded flow rate at a desired pressure and temperature. There .
are several individual parameters to be contr911ed to accomplish this objective.
These are boiler water level, boiler pressure, preheater temperature and super-
heater temperature. Each of these has its own controller but since they all
interact, they will be considered- together.

Inputs:

e For the water level control, the input is‘the.obse%véd water
level ‘ . ' ‘
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Figure 3.6-2. Collector Field Flow and Temperature Controller )



o For the boiler pressure control, the inputs are observed pressure '
and demanded pressure : -

o  For the preheater temperature control, the inputs are observed
temperature and demanded température '

e For the superheater temperature control, the inputs are super-
heater temperature and demanded temperature

Qutputs:

o The output of the water 1eve1 controller is the pos1t1on of the
e feedwater flow valve , .

o The output of the boiler pressure contro11er 1s the’ poleion of
the oil flow valve

¢ The output of the preheater temperature controller is the posi-
tion of the preheater o0il bypass control valve

o The output of the superheater temperature controller is the
position of the superheater 0il bypass control valve

Control Function: The control function for each of the controllers is similar,

and is shown in Figure 3.6-3.

"ibfsturbances

- — ~ Valve
Desired Value t(JError | Controller Position | Process | Output Variable

L.

‘Measurement

Figure 3.6-3. Steam Generator Controller

Limit Values: The primary variable that has safety significance is boiler

outlet pressure which has a maximum allowable value. Low water level 1s
undesirable since it can lead to deposit1on of scale on the tubes
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Protective Actions: The protecfive action for high boiler pressure is to stop
oil flow. For low water level the protective action is to stop steam flow.

Control Algorithm : The water level will be controlled using a conventional
analog COntroller. The other parameters will be controlled by algorithms in

the control microcomputer.

DEAERATOR PRESSURE CONTROL

Task:  The deaerator recéives water from many soprceé at various temperatures.
The water is heated with a steam flow that bypasses the turbine. Sufficient-.
steam flow must be provided to heat the incoming fluid. The measure of the
heating is the saturation pressure in the deaerator.

Inputs: The input to the pressure controller is the deaerator pressure.

Qutputs: The oufput of the pressure controller is the valve position of the
steam flow control valve.

Control Function: The block diagram is given in Figure 3.6-4.

Desired Pressure

Pressure »

Pressure 4™y Error I controller Y?]Ye PosftiQﬂ Process

" Measured Pressure

—| Measurement fe—

Figure 3.6-4. Deaerator Pressure Controller

Limit'Va]ues}xaThe deaerator is proteétéd,agéinst overpressure by relief va1vesf
 However, it is pfudentvto avoid the need for.this overpressure protection;
Therefore, the controller will alarm at a high pressure below the relief valve

set point.
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Protective Action : The protective action, aside from relief valyes, is to
stop steam flow into the deaerator, It will be desirable to shut off the
feedwater pumps to prevent. cavitation that could occur when the pressure
decreases with the steam valve shut off, '

CHILLER CONTROL

The chiller is supplied with itsvown control system. The only control necessary
is a valve upstream of the chiller to supply steam slowly to the chiller to

. avoid overload on the remainder of the steam supply. Similar rate control will
be used during shutdown.

Task: The chiller steam supply flow valve will control the rate of change of
steam flow during startup and shutdown to avoid strong perturbations throughout
the steam supply system.

Inputs: The control valve position'wﬁ11 be based on steam flow measurement,
Rate command may not be satisfactory because of the 1ikely non-linear valve
characteristic and the possibility of interaction with the chiller control
valve. Since steam flow is measured for energy management, it will be used:
for control also.

Outputs: The output is chiller shutoff valve position,

Control Function: The chiller controller schematic is shown in Figure 3.6-5.

Valve
Reference + Flow Error _| Flow Valve | Positio - Flow
, . Flow -QJ 1 Controller Process >
Shutdown Rate ‘ :
N * Generator |
e T s Measu;?gw. Flow
- . h Measurement

Figufe 3.6-5, Chiller Controller
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All scanning for limits will be performed in the prepackag1ng ch111er un1t
_Only an alarm output w111 be prov1ded R

Protettive,Actibh:-:The-responsé to chiller alarm will be to shut the {nlet’
control valve. S - :

CONDENSER CONDENSATE LEVEL CONTROL -

‘Task: The task of the condeﬁser condensate level control 1s to control the
water level in the condenser hot well. A secondary task is to 1imit the rate
of change of condensate flow- to the deaerator which could result in loss of
adequate suction pressure to the feed pumps. - '

Ingut:"The input to the level controller {s condenser ﬁot well level,

OQutput: The autput of the level controller is a throttle valve position and
a signal to operate the second pump if required, :

Control Function: The block diagram of the control function is given in
Figure 3.6-6. I

Valve Position . :
| ' - " Level > ‘
.evel Setpoint +7~\ Level Error Condenser | Level

> Controller | Pump Operate

Measured Level Level
- | Measurement

Figure 3.6-6, Condenser Condensate Controller .
Limit Values: The hotwell level ‘can go out of control high or low,

. Protective Action: High water Tevel is unacceptable because it will blanket
the tubes and potentially lead to overpressurization'of'the condenser, The
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response to high level is to shut off steam fTow to the condenser. Low level
is acceptable to the condensate pump which are designed to work under cavita-
tion conditions; however, an informational message will be sent to the operator.

HOT WATER HEATING SUBSYSTEM CONTROL

Task: The hot water heating subsystem encompasses the condenser cooling flow,
the hot/chi]]ed water’ storage tank and the connection to the heating system.
The task of the controller to the hot water heating subsystem is to extréct
heat from the condenser at a desired temperature, deliver hot water to the
heating system, store the excess heat or extract the needed heat from the hot/
chilled water storage tank, and control the temperature of water returned from
the heating system to the storage tank. '

Inputs: There are a number of inputs to the controller for the hot water sub-
system. These are for the condenser heat exchanger, inlet and outlet tempera-
ture and flow. For the hot water storage tank, a number of temperature sensors
defines the energy storage. Flow and temperature sensors measure the flow and
energy transfer into and out of the tank. Flow and temperature sensors measure
the energy usage of the heating system. Additional measurements identify the
flows and temperatures to the cooling tower and to the domestic hot water.
system. |

Qutputs: The output of the hot water system controller is a valve configura-
tion which will give the appropriate energy transfer rates and return water
temperatures.
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“Control Funct{oni The HWS Contro]Ter is shown in Figure 3.6-7.

Operating
Mode
Temperature + Error| Valve Valve |0t water .
Setpoints — I Controllers |—Fosition Subsystem Flows, Temperatures
‘MeaéureMents

Figure 3.6-7. HWS Controller

Limit Values: Protective 1imits are loss of flow to condenser, to domestic i
“hot water, or to the site heating system. A related system 1imit is condenser

pressure. High or low temperature out of the condenser, the hot water system,
-or to the heating.syStem are cause for informational alarm.

Protective Actions: The protection against high condenser outlet temperature
or loss of condenser outlet temperature or loss of condenser flow ts to stop
steam flow to the condenser. '

~ CHILLED WATER SUBSYSTEM CONTROL
Task: The chilled water subsystem collects chilled water from the chillef,
delivers chilled water to the buildings, efther stores or draws upon stored
chilled water depending upon the demand, and returns water from the bui]dfngs.
to the chilled water storage tank at the desired temperature. '

Inputs: Measurements are made of flow and temperature in various pafts of
the chilled water system.. : '

. Qutputs: The outputs of the chilled water system contro]1er‘are_va1ve positions
to control flow rates. . B ‘
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Control Function: The schematic of the CWS is given in Figure 3.6-8.

-Desired Temperature +,~ Temperature Valve Position Tem‘;

Controller

Process ;

-y’ error

Measured Temperature | Temperature
Measurement

~ .Figure 3.6-8. CWS Controller

Limit Values: There are no safety related 1imits associated with the chilled
water system. Informational signals may be produced due to high or low temper-
ature out of the chiller or delivered to the buildings. Also, Tow inventory of
the stored water in.the storage tank will be annunciated, o

Protective Actions: No protective actions are required in the chilled water .

system.

FEEDWATER HEATER CONTROL

Task: The task of the feedwater heater is to heat the feedwater to a desired
temperature for delivery to the preheater.

Inputs: The input to the feedwater heater controller is measq(éd outlet
temperature.

Outguti' The output of the feedwater heater ¢ontroller is the'Tow_pressure
steam subp]y control valve. ’ S
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Control Function: The b]ock dlagram g1ven in F1gure 3.6- 9 shows the. control
function. :
Desired ‘ . -:V.i 4P it .- -Outlet
_ Temperature +y~ Tempe Famnaraturolraive Position r———— Temperature . -
A v,{\ perature | Temperature A )f Process 3>
| — error Controller . — "
} ..
_Measured Temperature Temperature]
Measurement

Figure 3.6-9. Feedwater Heater'Controllér_

Limit Values: The feedwater outlet temperature cannot obtain dangerous 1eve1s,‘
however, 1nformat1on a]arms should be generated for h1gh or low tenperature

v

Protective Action: None'required.'

36.4.2 CONTROLS ANALYSIS

The controls analysis is accomplished through a process of deriving log%c
diagrams, developing of transient simulation of the total plant, using th1$
mathematical model to study various control strategies and response'to pertur-
bat1ons, and lastly to impose on the model various system malfunct1ons to
determ1ne the controlled response. )

Logjc<Diagrams’

Operational Logic Diagrams are provided for the various subsystems that comprise

the STES at Fort . Hood. A11 operational decisions as well as selected control
functions are incorhorated into é'software flowchart hierarchy: . Flowcharting
illustrates how each subsystem cycles through the»startup/run/shdtdown ‘
sequence. ' ’
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It should be noted that as each subsystem cycles through the logic diagram,
dgcisions'are being“made with consideration to overall plant operating condi-
tions that are present at the time of decision. Depending on the decision,
different logic paths will be followed. At the same time, data from all sub-
systems are being fed into the Overall Plant Control Logic. The 0veFa11 Plant
Control Logic then can interrupt into the cycle of any subsystem to control
path deviation so that operation response is in accordance with overall plant
control and energy management. A flow schematic of overall plant operation

is given in Figure 3.6-10 to illustrate how control information will be trans-
ferred between various I&C components. Subsystem logic diagrams are presented
in Figures 3.6-11 through 3.6-19. '
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Transient Model

An analytic model has been deve]oped to prov1de t1me trans1ent responses of
the Fort Hood STES.

The tool can be used to obtain system frequency responses in evaluating
alternate models as well as providing overall systems responses for the

development of control system a]gor1thms and strategies, and a]so to be '
~ used in deve]op1ng energy management contro] schemes

The energy equation and conservatism of,mass and mOmentum have been used to
generate di fferential equations that'represent the thermal-hydraulic dynamics
‘of the Fort Hood System. The system. of<equations7nas been divided into two
discrete port1ons at the thermal storage subsystem interface for the purpose
of transient response and malfunction ana]ys1s. The two sect1ons can be
.connected as requ1red for energy management ana]ys1s.

The system of equations in Sect1on 3. 6 9 have been 1ncorporated into a
general purpose simulation program wh1ch so]ves

e Steady-state - by a matrix method u51ng part1a1 der1vat1ons and
iterates to a solution ) .

e Frequency responses h by using a matrix method

o Time transient responses - by us1ng a var1ab1e t1me step w1th
high order Runge-Kutta numer1ca1 1ntegrat1on
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3.6.4.2.1, TRANSIENT RESPONSE OF THE POWER CONVERSION SUBSYSTEM .

To demonstrate the dynamic capabilities and test preliminary control
aTgorithms for the plant power conversion subsystem, (PCS),and the hot
water heating subsystem,a mode transition transient was made using the
transient model and associated controllers described in Section 3.6.9.

Figures 3.6-20 thru 3.6-26 show system temperatufes, flows and pressures

for the components in the PCS. The transient begins with initial conditions
jdentical to the heating season high temperature peakinyg mode and changes

under demand control to the heating season high temperature normal mode as given
in (Tables 4.2-3 & 4.2-4). Basically this involves a change in a thermal

load demand reduction and reduced electrical power generation. Load

changes and power requirements do not require relatively fast changes to the
power conversion subsystem. Therefore, control o mode changes were made

on the basis tHat a smooth transition from one mode to another .is most
desirable.

The control and transient results used state point data from Table 4.2-3 of this
report to calculate system heat transfer and pressure drop coefficients. The
preliminary control system design gains and time constants are based on: step
response data contained in this section. Also Table 3.6-2 contains model
assumptions used in the transient case presented.

The high and low pressure turbine flow rates ére controlled via changes in hand
valves or position valves to reflect changes in load demand. Condehserlcoolant
flow rate is controlled to maintain condenser pressure, deaerator steam flow is
controlled to maintain pfessure and feedwater heater steam flow is controlled
to maintain temperature. The control change of these variables reflects the
thermal load and power generation demand changes.

As the flow rates decrease while following lower thermal load demand for

the normal mode operation the oil throttle valve closes to maintain boiler
pressure at 365;psia. The superheater and preheater 0il.flow valves '
open and close as required to maintain superheater exit steam temperature,
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TABLE 3.6-2
MODEL ASSUMPTIONS FOR TRANSIENT

Ail valve characteristics are linear (ie. flow is proportional
to valve position) o

“Turbine and pump dynamics'are neglected
: Tnenmal transport delays between components are neglected

.Instrumentation lags and delays are not considered in feedback
-;ontrol loops along with actuator dynamics and characterjstics :

A1l controllers are either proport1onal - integral type or -
1ntegra1 type elements

Feedwater flow control is based on an assumed time lag between
steam flow and feedwater flow.

Actual control demand signa]s are precalculated and entered
as set points rather than being calculated from actual load
change

Turbine flow control is via flow demand assumed for goVernor
valve position control mode of'turbine.control‘system‘~

.. Turbine efficiency assumed constant
Condenser pressure controlled via condenser coolant flow rate
0i1 flow dynamics neglected

Consensate 1eve15 are constant (ie. no pump operation
simulated) :
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and preheater exit water temperature at. 5°F subcooled (boiler saturated water
temperature -5°F), -

Similarly, the deaerator and feedwater heater steam flow modulating
valves close to maintain deaerator pressure and feedwater heater exit
water temperature.

As shown in Pigure 3.6-78 the high pressure turbine exhaust pressure

(Low Pressure header) changes to compensate for turbine flow changes.
However, the pressure changes are relatively small (<10%) and do not seem
to cause adverse conditions. All other system pardmeters follow thermal
load changes without adverse behavior. The overall net result is a stable
transition from one operating mode to another.

Figures 3.6-27 thru 3.6-33 show a similar plant mode transition transient with
condenser coolant temperature control added. The inlet coolant flow is mixed

with storage or return fluid to obtain desired inlet temperature. .This. transient. -
starts from time = 110 seconds and terminates at ~275 seconds.

The major difference in the two mode transition cases is that the condenser
exit coolant temperature is controlled to 145% by decreasing condenser
inlet coolant temperature to ~97°F while coolant flow decreases to

match load demand.

STEP RESPONSE

Figures 3.6-34 thru 3.6-49 show steam generator and turbine parameter
responses to large step changes in oil inlet temperature and flow
rate at the inlet to the steam generator. The plant operating mode
conditions are for the heating season high temperature peaking mode.

Step changes occur at time = 5 seconds.
The. transient responses are the results of either stepping inlet o0il

temperature -50°F, Figure 3.6-41, or oil flow rate -50%, Figure 3.6-34,
while maintaining constant feed water temperatdre or drum water level
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(1e. feed flow .= steam flow) and without system control1éfs$.(0pen Jggﬁ» K

The relatively large values in step size were chosen to démongtréte that

the system is reasonably linear and well behaved. Alsb, the results provide
a dynamic check of the transient model as well as broviding preliminary

data for control system synthesis.

An interesting result of the sfep change in o0il flow (Figures 3.6-34

thru 3.6-40) is noted by the increase of superheatef exit temperature
(Figure 3.6-35). This is due to an increase of heat flux caused by a
decrease in steam inlet temperature, which yields a larger mean AT between
the 0il1 and steam in the suberheater. .The decrease in steam temperature is
the result of the decrease in flux _to the steam boiler which lowers '
saturation conditions .in the boiler; The net effect of this causes steam
flow to decrease 36% rather~than‘an anticipated 50%. |

Figures 3.6-41 thru 3.6-49 are system responses to a -50°F step change
" in inlet 0il temperature.

The comparison of Figures 3.6-45 and 3.6-48 shows that the,pkeheater water
exit temperature (in]ét to the boilér) remains at least 2°F below the
steam saturation temperature of the boiler. This indicates an inherent
design feature exists that gives a temperature margin in preheater water
temperature without the aid of oil bypass flow control, which is a
desired feature for transition to a fai1 safe configuration mode.

The superheater exit temperature has a 69F oVershoot due to the changé[

in mean temperature difference in the superheater and the decay of stored
energy in the boiler along with the sudden change in oil inlet temperature. '

The remaining figures illustrate that the PCS is a reasonably well behaved
system and that large pertubations do not cause adverse effects.
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OPEN LOOP FREQUENCY RESPONSE

Preliminary frequency response results were calculated for the power
conversion subsystem to determine system dynamic characteristics

and relative stability of the system with respect to control variables
such as oil flow rate and temperature, and feedwater flow rate and
temperature. No controllers were used for these responses so the results.
are open loop results. Bode plots of response of steam generator para-
meters :to feedwater flow, oil flow and feedwater temperature are shown in
Figures 3.6-50 thru 3.6-63. The steady state conditions are for the high
temperature peak mode (heating season).

CLOSED LOOP FREQUENCY RESPONSE

Based on the open loop system frequency response data, proport]ona] and integral
control elements described in Section 3.6.9.6 were added to the system transient
for mode] validation and for preliminarv transient analysis. '

- Figures 3.6-64 thru 3.6-67 are Bode plots of closed loop frequency response . . _ .

of the power conversion subsystem. The initial conditions are identical
to the high temperature peaking mode (heating season).

The resu]ts shown are responses of system pressures with respect to
change in boiler pressure demand with all PCS control elements active.

As indicated proportional control a.:ion is needed to provi&e more phase
margin in the pressure control elements. This will be incorporated as
system hardware and design sizing is updated. As well as control design for
other operation modes. '

3.6.4.2.2 SOLAR COLLECTOR FIELD TRANSIENT .ANALYSIS'

Analysis of the solar collector field was conducted using the model of
the field and the controller described in Section 3.6.9.1 of this report.
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Figure 3.6-57 Open Loop Frequency Response of Boiler Steam Temperature to Feedwater Flow
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Figure 3.6-59 Open Loop Frequency Response of Superheater Exit Steam Pressure to Feedwater Flow
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The basic conclusion of this anaiysis is that the controller performs

as well for transients as it does for steady‘state evaluations. Except .
for certaih unuSual'situations there is no tendancy to overshoot the
design temperature There 1s no pronounced tendancy for the temperature
to undershoot the temperature that would occur for an equivalent steady
state cond1t1on, Some problems -were observed with the contro]]er, the
analysis model and the system design, but they are all considered to be
relatively minor and will be further addressed in future analysis.

~ Previous analysis of response: of a single collector subfield was reported
'1n DRM: DA-0568 of September 11, 1978

TRANSIENT EVALUATIONS',
Insolatiqn Reduced. To Half-Ai] Subfields

Several basic transients were run to characterize the response of the solar
collector field with the controller. The first of these is shown in

Figure 3.6-68. This transient was initiated from-a-steady. state .condition

at maximum insolation. The insolation was reduced to half in all subfields

at the start of transient. Field 1 outlet temperature dropped from the initial
value of‘305°C to 229°C after the field 1 basic response time of about

600 seconds.. This condition was maintained until at about 1800 seconds
recirculation caused the field 1 inlet temperature to begin to increase

slowly. This temperature increase was matched by a corresponding small

- flow increase so there was no increase in field 1 outlet temperature.

The temperature that reaches the field 2 inlet mixing junction (at node 6)
is the temperature that leaves field 1 but delayed by a large transport
delay. At this time,the transport delay is modeled as a tank node at

the outlet of field 1 in flow path 3, and as a tank node in flow path 4.
This causes the temperature entering node 6 to be a- s1ow1y varying-
function rather than a more rapid change delayed in time as would be a .~
better representation of'transport delay. Future analysis will have a
.-string of nodes to give a better representation of this time delay.

Table 3.6-3 shows the magnitude of the transport times in the collector
field, including the effect of the pipe heat capacity. '
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TABLE 3.6-3
SOLAR COLLECTOR SUBSYSTEM TRANSPORT TIMES

FIELD 1 , o 378 sec. at 5.3 kg/sec.

FIELD 2 157 sec. at 9.2 kg/sec.
FIELD 3 . 67 sec. at 9.9 kg/sec.
PUMP TO FIELD 1 342 sec. at 10.9 kg/sec.
CFIELD.1 TO FIELD 2 - 694 sec. at 5.3 kg/sec.
" FIELD 2 TO FIELD 3 204 sec. at 9.2 kg/sec.
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~ The inlet flow and temperature for field 2 are conditioned by the
field controller - As the temperature of the fluid arriving from field 1

decreases, the controller acts to simultaneous]y reduce the flow into

- field 2 and to increase the inlet temperature to field 2 (above that which
would occur with no controller) by decreasing the amount of cold fluid
being added through path 12. Thus, the inlet temperature to field 2 does
not fall -as quickly as the temperatufe leaving field 1.

Due to the reduced insolation to field 2, the field 2 temperature

rise drops from an initial value of 235°C‘in1et to 299°C outlet

(aT = 649C) to 228°C to 259°C (AT = 31°C) at 30 minutes into the
transient. Thus, although the insolation was reduced by half and: the
effective heat collected was reduced by more than half, the temperature
out of field 2 only dropped by 40%. .

The fluid that reaches the field 3 inlet junction is the temperature
that leaves field 2 delayed by the transport delay. .This fluid is
conditioned by the controller by first reducing the amount of cold
fluid that mixes with the field 2 outlet flow, and then, when this flow
reaches zero, by reducing the flow entering field 3 by bypassing flow
B through path 13. These actions reduce the decrease in temperature
leaving field 3. The initial temperature rise across field 3 was
from 287°C at the inlet to 299°C (T = 14?Cl3 At 30 minutes, the inlet temp-
erature had dropped to 255°C and the outlet temperature was 269°C (aT = 14°¢).
With no controller, the field outlet temperature with half insolation would be
about 2279C so the controller reduced the size of the out temperature drop by
ébout half. .The performance of the controller would beé improved at longer
times as recirculation flow becomes effect1ve at 1ncreas1ng the field
| out]et temperature.v :

Insolationllncreased from 0.5 tb 1.0 - A1l Fields

Figure 3.6-69 shows a continuation of this same transient with insolation '
reduced to half and then restored at 2350 seconds. The temperature

and flows return to the design conditions with no significant overshoot
which demonstrates that the controller is performing as desired.
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Inso1atidn increased from 0.5 Q max to 1.0 Q max at 2350 seconds
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Insolation increased from 0.5 Q max to 1.0 Q max at 2350 seconds
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Insolation increased from 0.5 Q ma'x_ to 1.0 Q max at 2350 seconds
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Insolation increased by 0.5 Q max to 1.0 Q mak at 2350 seconds
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Insolation increased from 0.5 Q max to 1.0 Q max at 2350 seconds'
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Insolation increased by 0.5 Q max to 1.0 Q max at 2350 seconds
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The strange behavior in field 3 outlet temperature at 2600 to 2800
seconds is caused by a fault in the computer program which allows a
leakage of about 0.5 kg/second through path 14 with valve 5 closed..

This causes the in1et temperature to field 3, and thus the outlet temperature,
to be low by about 8%c. This is corrected after 2900 seconds when valve 5

begins to control the flow in path 14.

Insolation Reduced to 0.0 in Field 1

A second trans1ent shows better performance for the f1e1d This
transient, wh1ch is shown in F1gure 3.6-70 was also 1n1t1ated at
steady state w1th maximum 1nso1at1on over the ent1re ‘field. At the
start of ‘the transient, the 1nso]at1on to field 1 was reduced to zero
while fields 2 and 3 are maintained at maximum. insolation. Field 1
oUtlet_temperature dropped to 142°C5at about 600 seconds. This is

-»wubelownthe¥in]etwtemperature~dueetovconttnping~heat 1csses.

The fluid reaching field 2 from field 1 sTowly dropped in temperature
to about 165°C at 3600 seconds. :Until ‘about -1800 seconds, the flow
controller was. cond1t1on1ng the flow to field 2 by reduc1ng the amount
of cold fluid added through path 12. When this flow reached zero, the
valve in path 11 opened to further reduce the flow into, field 2 to
preserve the desired field temperature r1se across field 2, if, as the

nﬁasewlnmth1§v§xamp1e,_mgx]mum insolation occurs at field 2. The desired

result is obtained that field 2 outlet-temperature remains at very nearly
the design value throughout the transient.

Although the outlet temperatdre from field 2 is nearly constant, the
flow through field 2 decreases. 'ThiéAcauses the flow controller to act
to reduce the inlet temperature'and;f1ow through field 3 so that its
temperature is maintained at its desired value. Field 3 outlet
temperature is nearly unaffected. '

3-273




, i
Initial Condition: Maximum Insolation All Fields, Then'Field 1,
Insolation to Zero, Continue Maximum Insolation to Other Fields

w

8
o T T 11 T T | T 17i 1 1 4 y L 3 1
' 7 :
™ . e
250 F C -
S L 10 HoT TANK Lrreo 3 meer 1
[TV o -
w 150 \ L i 1 1 ! [ | 1 1 : 1 1 !
o 350 T . T T T T Tt —- T T T T T T
° .
. l -= .
: -T oUT:
‘I», : 250 R o . o . 0 FIELD 2 -
3 2 o S LT N FIED 2 .
N . . . * B
w 150 1 1 g 1 gL 1 L. 1 1 1 1 1 { 1
T T T " T ) T v” =T T T T T T T ¥
300 T A
‘;’ . T ON TEMPERATURE AT FIELD 2 INLET MIXING JUNCTION i
' : . : . : _
) ~ 200 .
o = —— ‘44================EEEEEE==EEEEE!E===?Tj
-
:: 100 - 1 1 1 1 1 1. 3 ! 1 1 1 1 1
- 0 200 600 1000 14"00 1800 2200 2600 3000

~ TIME - SECONDS

Figure 3.6-70.a. Temperature Response With Closed Loop Field Control

[ Tad

O RRRRRRREREDmmmmmm




§l2-€

FLOW - KG/SEC

Initial Condition: Maximym Insolation A1l Fields, Then Field 1,
Insolation To Zero, Continue Maximum Insolation to Other Fields

T T T T T T T | I S B BT R She S e Ee m e s e a e ¢ 'I;
7\_\\/‘rmo,3

|y FIELD FIELD 2 ,

——— ———— =

L

i 1 1 X ) | P 1

1 1 [0 1 L1 R | 1 1 1

J -

1

1

]

1200 1400
TIME - SECONDS

600 800 1000

1600

Figure 3.6-70.b. Flow Response With Closed Loop Field Control

2200 2400 2600 2800 3000



ey sy

Even though the field outlet temperature remains near 300°C, the amount
of energy collected is reduced because the total field flow rate is
reduced. This is shown by the reduction in flow through field 3.

Insolation Increased From 0.0 to 1.0 in Field 1

Figure 3.6-71 shows a continuation of the same transient as before with
the insolation to field 1 reduced to zero. The insolation was restored

at 1330 seconds. This transient shows that the temperatures were restored
to their original values with no detectible overshoot. The transient’
also had little effect on field 2 or 3 outlet temperatures a]though the
inlet temperatures and flow were affected.

Startup Transient

One simple startup transient has been run Figure 3.6-72. This started
with all temperatures in the field at the cold tank temperature of 160°C.

“Insolation was added at half the maximum value. The value of maximum

insolation in the controller was the design maximum of 0.806 kw/Mz.
Throughout the transient,which ran for slightly over an hour, all fluid .
was recirculated and none was delivered to the cold tank because the fluid -
temperature did not reach the 265°C setpoint at the outlet of the field
which is required to direct flow to the hot tank, although the femperature
was approaching this setpoint. \ ‘

The field 1 outlet temperature increased to 230%C in about 600 seconds.
Fluid was recirculated from the outlets of all three fields to the .
inlet of field 1 so the field 1 inlet temperature began to rise at

about 300 seconds. Due to the rise in inlet temperature, the flow
through- field 1 was increased by the controller from an initial value of
5.6 kg/sec to nearly double this rate. This caused a reduction in the
field 1 temperature rise which continued until the field 1 inlet flow

" control valve reached its full open position at 3200 sec.

- 3-276




FIELD | TEMPERATWRE - C - =

A s BN
bl N Ty e
* “¥

INSOLATION IN FIELD 1 INCREASED FROM ZERO TO

1.0 Quax® OTHER fIEFDS REMAINﬂAT 1.0 Qmax

. ) ) . , . R

. 600, IR N N S o
N P .

- . ';.,. -
l’ N B
o”. . .
] rdp /—'—J' ___*_,.__M
s‘“‘- a'l . -“"P--"’A -
S Y 3
. 200,

100.

TTTT 11T PR
+:3

0, — _ .
© 1200, 1400, 1600, - 1800, ~ 2000, 2200,
| ~ TIME - SEC,

S e

BT R50M0 R 2 Mix TN FRCN FLDI

Figure 3.6-71.a. Field 1 Temperature

3-277

2400,

)



FIELD 2 TEMPERATURE - C -

INSOLATION IN FIELD 1 INCREASED FROM ZERO TO
1.0 Q.00 OTHER FIELDS REMAIN AT 1.0 Q_ .

L

= ' ===

100.

---c—-—..ﬁ-q - o o o

0. _
1200, 1400, . 1600. 1800,  2000. . 2200.
B TIME - SEC. -

'2""A°T-TOFLDONXMNFRNMQ

" Figure 3.6-71.b. Field 2 Temperature

3-278

 2400.




INSOLATION .IN FIELD 1-INCREASED FROM ZERO TO

| 1.0 Qmax’ OTHER FIELDS BEMAIN AT~1.0vaax.

240, }—

120.

FIELD 3 TEMPERATURE - C

0.

1200, 1400, 1600, 1800, 2000,  2200.  2400.
B TIME - SEC.

CEND.
r o U
&= GAT_HOT TANK

Figurex3.6571.c. Field 3 Temperatufe

3-279




FIELD | FLOW - KG/SEC

INSOLATION IN FIELD 1 INCREASED FROM ZERO TO
1.0 Qays OTHER FIELDS REMAIN AT 1.0 Qmax

o =

Figure 3.6-71.d. Field 1 Flow

3-280

10.0
O —1
. —
7.5
F-‘ .............................. - 3
5.0 '
8.8 F a1
0.0 L ===
1200. © 1400, 1800,  1800. . 2000,  2200. 2400,
TIME - SEC.
: LECZND
:?E—-—j;— CCOLD TAlK
sessscef ) PULS
g gD |
-RGCIRCULATION




INSOLATION IN FIELD 1 INCREASED FROM ZERO TO
1.0 Qmax’ OTHER FIELDS REMAIN AT 1.0 Qmax

1.8
: 4O
__.-o""‘-'--
5.0 | '
2.5
=
- _---
—---—;-—-:-—
o.o -de o w w q T2 TR R X L TR PR Y _a

1200, - 1400, 1600. - -1800.  2000.  2200. '2460.
TIME - SEC.

Figure 3.6-71.e. Field 2 Flow -

3-281




FIELD 8 FLOW - KO/SEC -

IQ;,O' g

INSOLATION IN FIELD 1 INCREASED FROM ZERO TO
1.0 Q .y OTHER FIELDS REMAIN AT 1.0 Qmax

1.5 : —
s
5.0
2.5
— et
Pt =% S P i :
0.0 Lo . . A ’
' 1200.° . 1400. 1600,  1800.  2000. . 2200.  2400.
. TIKE - SEC. |
: FIELD 2
oa»! ---§- Ko7 CuT - WIg
o = A~ CLD 1N - Wi4

Figure 3.6-71.f. Field 3 Flow

3-282




FIELD | TEMPERATIRE - € * = °

Startup from 160°C
Insolation at 0.5 Q max, Controller used 1.0 Q max

¥-MID
., Y- - 1-GUT
cfPecef3- T-IN
=~ = A-T-T@ FLD 2 MIX JCTN FRCM FLD!

Figure 3.6-72.a. Field 1 Temperature

+.3-283

- oto.
i ‘ pos
: = my - 11" =T
J " /4/
, s "1 L~
. 200. |—¥ e s e
. L~ L1 ‘ .
_‘80.' -‘é// '
120.
80.
40,
o, — _
0. 1000. 2000. 3000. 4000,
. - TIME -, SEC. o |




FIELD 2 TEMPERATLRE - €

Startup from 160°C

Insolation at 0.5 Q'max, Controller used 1.0 Q max

“4= = A-T-73 FLD 2 MIX JCTM FRSM FLD 2

. Figure 3.6-72.b. -Field.2. Temperature

' 3-284

280, -
L Ll
. . —
. ". .- /// .
200. —p—t— ' —
Yy RN
L~
160, Gt
120.
80,
40,
0. L A —
0. ©1000. 2000, 8000. - 4000.
| - TIME - SEC.
§ LEGEND
T-MID
. woe)e T=GUT
“B---Q-1-IN




'FIELD 8 TEMPERATURE - €

. 'Startpp from 160°C
Insolation at 0.5 Q max, Controller used 1.0 Q max

Figure 3.6-72.¢. Field 3 Temperature

- 3-285

T ——
40. . - [ - o amn I
. porer
" . a /" . : /..-v"“
200. 4 =
/[ ' ."./
. o]
. —
. |3°. é-“f/ "
120..
80. -
-~ 40. -
. 0. B . J
0. " 1000, 2000,  3000. 4000,
TIME - SEC.
LEGEND
- T-out
BTl T-in
&G 1 nid




FIELD | FLOW - KG/SEC

12.0
~10.0
8.0

’ 3.0

- 2.0

Startup from 160°C

Insolation at 0.5 Q max. Contr611ef_u§ed 1,0 Q max ..

L

v

TN
-

=]

4.0

1000, - ¢ 2000. 3000.
TIME - SEC.
. LEGEND
CGLD TANK
....... w

. P
' ’A'."' ﬁ'RECIRCLLATlﬂ

Figure 3.6-72.d. Field 1 Flow

3-286

" 4000,




Startup'from,160°c
Insolation at 0.5 Q max, Controller used 1.0 Q max

21240

10,0 —+——+——1 1 A

80 Pt SR Ny

”}'fBQOi

" 4.0 ;;f 1

FIELD 2 FLOW - KG/6EC

2.0 IREE _ 1 TN\

0.0 - — ,
© 0.0 . 1000, . 2000. - 8000.
B TIME - SEC. |

LEGEND
. FIELD 1|

C ereeenes . FIELD 2
<E&r---4- HOT GUT - M|
“&— - A- CeLD IN - B2

Figure 3.6-72.e. Field 2 Flow

3-287




FIELD 3 FLOW - KG/SEC

12.0

. 8.0

_ Startup from 160°C
Insolation at 0.5 Q max, Controller used 1.0 Q max

. -~ : L~
——1 |
. 2.0 :
S L 1 ' . /w
0.0 T ‘
0. 1000, - 2000. 8000, 4000,
' TIME - SEC. '

Figure 3.6-72.f. Field 3 Flow

3-288




- VALVE P@SITIEN FRACTIGN GPEN ~

. Startup from 160°C

Insolation at 0.5 Q max,.Controller used 1.0 Q max

0.6
0.4 - _ //
e
0.2 — ;»””’
. 7 7—é \L ’
) *~, )
0.2 ~
0. 1000. .. 2000. 3000.  4000.
TIME - SEC.
- LEC2D
Vi
o v2
g

Figure 3.6-72.g. Valve Position

3-289




The inlet temperatures to field 2 and 3 also increased resulting in an
increased flow .and decreased temperature rise for these fields.

The response of the field and controller to this transient are not the most
desirable. To start with, the controller was not set to charge fluid to
the intermediate temperature tank during warm up. As a consequence of
this, all of the fluid in the field is heated to around 250°C which

- is undesirable because the field ﬁrobably would not be able to compensate
for an increase in insolation to the design maximum. Also, it is _
undesirable to store all of this fluid at such a high temperature in the
piping. Changes to the controller that are suggested for startup are to
direct outlet flow to either the cold or intermediate tank rather than

to the pump inlet. Also, the field 1 inlet temperature should not be allowed
to 1ncrease as h1gh as in this case. Further, it is desirable to use a
maximum insolation value closer to the attainable maximum, particularly in
the morning when it is desirable to increase the temperature at the output
as quickly as possible. These asbects will be considered further in the
next phase of development.

Clouds

The previous analyses have been directed toward understanding the performance
of the collector field and controller under certain simple and easily
understood circumstances. The true test of the controller and field

design js the response to clouds passing over the field. This is shown in
Figure 3.6-73.

A cloud pattern was defined for this transient which consisted of a random
series of clouds. The clouds were normally distributed with both the cloud
and clear spaces having mean lengths of 500 meters with a standard deviation
of 300 meters.- The clouds drift across the field from south to north (the
predominant wind direction -at Ft. Hood) at 6 m/sec (about 15 mph). The

mean cloud duration was 83 seconds. . The clear portion had an insolation

of 1.0 times the design value and the clouds had 0.2 times the design value
of insolation. The average insolation was 0.6.
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The prfmary result of this transient is that the field was well behaved.
The outlet temperature varied from about 262 to 288%C with a rough average
of about 277°¢ (530°F). These temperatures are reasonable for collection on
this relatiVely‘heavily clouded day. There is no evidence of temperature
overshoot or unstability in the controller. Figure 3.6-73.h shows

the instantaneous energy delivery rate to the hot tank. This is the _
product of. the hot tank flow with the total field temperature rise. This
function tends to respond to a longer term average of several clouds.-
_The value for steady state at maximum inso]ation is about 1500 kg - °C/Sec
so the collected energy during th1s transient is a Tittle more than half .
of that value

Future Analytical Considerations

The current studies have disclosed a number of areas for‘future deve]opment
of the model; of the controller and of the field design. The most s1gn1f1cant
of these is that a strong effort should be made to reduce the intra-field
.piping volumes and thus reduce transport delays. This will strongly help
startup transients and reduce the energy wasted during shutdown via losses

to ambient. The second point is that valve V, is only open when the _
temperature of the fluid is below 200°C due to the design of the controller.
" Thus, there is no need to send fluid from this path to the hot tank so

valve Vg and path 19 -can be eliminated. At this time it is not clear
whether valve V, and path 16 are required because the temperature of fluid

in this path-is higher and the valve V, shutoff point is more variable. This
 will be studied further in future analysis.

The basic field controller appears to work quite well at this time.
| However, more attention is required to the programming of the on-off valves
for startup and shutdowns. Also, a function should be added to temporarily
maintain high flow after an inlet temperature decrease to'prevent overshoot
of temberature of "01d" oil. The temperature at which the on-off. valves
‘ change state should be. based on a stronger foundation.
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Modeling of the intrafield -transport delay should be improved by either
including more mixing nodes or using other techniques in these paths.

This also includes adding transport lag between the mixing junction at the
inlet of the field and the actual field inlet.

Field hydraulics will be revised based on recent information which reduces
the collector resistance by about one-fourth. More realistic valve ‘
loss factors will be incorporated. Some changes to the hydraulic network
connectfons for the bypass paths will ba considered. ‘

The equations which predict the field temperature rise are a linear fit over
a given range and have resulted in steady state outlet temperature
differences of the subfields of about 5°C. A better fit will be generafedA
for the future analysis. ' '
A“very éimp]e controller has been implemented for the control valves which
feedback on a desired flowrate. No account has been taken for any potential
- stability problems of these controllers. Particularly, momentum pressure
changes have been neglected in the flow paths. This aspect will be
evaluated in the next phase.

With these modelingland controller changeé a fuller set of transients will
be evaluated to better charaéterize field performance.

3.6.4.2.3 MALFUNCTION ANALYSIS
MALFUNCTION OF SOLAR COLLECTOR FIELD

Loss of Flow

. The most severe malfunction that can occur in the solar collector field

is a ]ossﬁof~f1ow (not including loss of coolant due to a pipe rupture e
which would be a casualty.) Figure 3.6-74 shows the response of the first
subfield to a complete loss of flow with maximum insolation. The initial.
fluid outlet temperature was 300°C. With loss of flow the fluid temperature

increased by 1°C in about 3.6 seconds. when'thé fluid temperature reached :
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the trip point af‘the'exit of the collector string at 180 seconds, the

collector began to defocus. The trip point was arbitrarily established

at 350 °C for this transient. The collector defocused in 10 seconds

and the heat losses to ambient immediately began to cool the pipe wall.

Since the pipe wall temperature was initially higher, the fluid température

continued to increase reaching a péak of 358 °C about one minute after

the collector was defocused. Much Gf the reason for the large difference
between pipe and fluid temperatures is due to the flow decrease which

" lowered the heat fransfer coefficient between the fluid and pipe. A

minimum heat transfer coefficient of 10% of the normal coefficient is

imposed in thé program. The fluid temperature overshoot should be included

in the consideration when establishing the overtemperature trip pbint.

EFFECTS OF CONTROLLER MALFUNCTION

- Fields 2 and 3 cannot easily be subjected to a loss of flow unless the
pump would fail. However, a failure of the field inlet temperature
controller can cause lower flow and higher inlet temperature than desired.

The transient was initiated from an initial steady state condition at
maximum insolation. The inlet temperature controller for field 2 failed
and demanded higher inlet temperature to field 2. The result was that -
V2 opened and V3 shut (Figure 3.6-75.f.). The flow to field 2 (Figure
3.6-75.d.) decreased-from-9:7—kg/sec—to-l+4-kg/sec- and-the-field—intet -
temperature (Figure 3.6-75.a.) increased from 235 °C to 273 °C as a '
result of these valve actions. Since the insolation had not Chahged,
the temperature of the fluid in field 2 increased from an initial outlet
temperature of 297 % to the field trip point of 310 C in about 40
seconds. The insolation was decreased to five percent in field 2 in
response to the trip signal by deéteering the collectors in this field.

This case is interesting because a fault at the inlet to field 2 caused

a temperature excursion in field 3. At the start of this run, field

3 was being supplied with a]most all of its flow (Figure 3.6-75.e.)

from the outlet of field 2, 9.5 kg/sec at 297 °C (Figure 3.6-75.b.),

and only a small flow from the cold bypass line through valve 5, 0.7 kg/sec
“at 160 °. The field 3 inlet flow was 10.2 kg/sec at 287 °C. _When

the field.2 flow ‘decreased to 1.4 kg/sec, the field 3 inlet controller
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readjusted its valves and established a new condition of 3.2 kg/sec
at a<temperature_of 218 °C which would have an acceptable‘temperature
rise in steady state. However, the fluid in field 3 was at a temperature
that requ1red a high f]ow rate to avoid overtemperature In this trans1ent‘
the outlet temperature rose from an 1n1t1a1 299 °C to a peak of 307 °C ‘
after 100 seconds then decreased to. a value of 297 C after 600 seconds

It is Judged that the magn1tude of the peak overtemperature in th1s

case was underpred1cted. Field 3 is s1mu1ated by only 2 m1x1ng modes.
Therefore, part of the effect of reduced inlet temperature would reach’ ,-A‘
the fluid exﬁt earlier in the mode] than in the actual case. This is
compensated by longer time at h1gh temperature This will be corrected

for future evaluations. ' -

POWER CONVERSION SUBSYSTEM MALFUNCTION

Ma]funct1on Turb1ne Tr1p

While in the h1gh temperature peaking mode. (heating season) a high pressure
turbine trip due to a system malfunction is simulated by stepping turbine ‘
flow to zero and allowing the bypass valve to open to control the low
pressure header pressure. Ten seconds after the trip occurs the boiler
pressure-demand is ramped from 365Apsia to 65 psia at 10 psia/sec.

At the same time the oil flow is switched from the high temperature
tank to the low temperature tank. The change in 0il inlet temperature

-~

to the steam generator is simulated by ramping the temperature from
550 OF to 438 OF at 10 °F/sec.

One other cond1t1on i 1mposed on the system to maintain a reasonable
amount of oil flow to the steam generator, and this is to set a 30 per cent
minimum 1imit on the oil thrott]e va]ve‘1n1the steam generat1ng,system."

Figures 3.6-76 thru 3.6-81 show the transient results following the:
turbine trip (Trip Time = 3.0 seconds).

As shown, the system recovers from the initial effect of the high pressure_

“turbine trip and begins trans1t1on ‘to heating season intermediate normal )
mode of operation as defined in Table 4.2-5. F1rst ‘the superheater. bypass
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Steam Flow Rates During Turbine Trip Transient
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Steam Generator 0i1 Temperatures During Turbine Trip Transient

Figure 3.6-80.
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valve closes (t = 16 sec) removing the superheater from the system heat
transfer and flow path. The system follows the steam pressure and flow

~ demand for ~100 seconds. However, the demand for power generation which
remained fixed at the high temperature peak mode set point, becomes larger
than the energy available. This causes oil flow control valves to become
saturated at full open positions, and the PCS system to become uncontrollable
since the demand flow required for pressure and temperature control cannot
be met. Therefore, the pressure and temperature in the low pressure header
begin to collapse, as well as the terminal temperature difference in the
feedwater heater which becomes dangerously small, and would probably cause
tube burnout at the less than ?°F difference.

The probable cure for the adverse result following the trip would be to
change the power generation set point (ie. flow demand to low pressure
turbine), and change the feedwater heater temperature demand to track low
pressure header temperature conditions by some 5°F difference. This would
lower energy demands to turbine and feedwater heater. Also, more detailed
analysis in the control system is needed to adjust for gain changes
required to state point operating conditions.

Partial Loss of Steam Generator 0il Flow

The hypothetical partial loss of oil flow to the system steam generator
caused by system control valve failures, flow blockage, or loss of

pump flow set point or other events that lead to a 50% change in flow
can be interrupted from the step response data in Figures 3.6-34 thru
3.6-41.

The step response data provideé a further insight into the inherent

system design safety. As shown in the figures a large step change in
system flow does not cause unsafe or adverse operating conditions, but only
an undesired system operating point. The important result is that the
system responds and settie to a new operating point at a lower energy level.
The only period of time where this may be a problem is when the hot/chilled
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water storage tank is depleted, and this loss of energy availability would
thereby create a situation where the thérmal load demand could not be met.

3.6.4.3 DESCRIPTION OF COMPONENTS
The’ components of ICS span from the contro] room to each subsystem S
1nstrumentat1on. ‘The central control.1s:1n the CPU that communicates with

the operators control console and the DPU's. The DPU's monitor the instru-
ments and control the subsystems under the guidance of the CPU, through the
- I/0 channels and signal conditioners. ‘

Central Processing Unit (CPU)

The description of the STES CPU includes the central minicomputer mainframe and
‘the central computer peripherals as well. The mainframe is sized with 64K words
of memory to allom efficient operation of a real-time multiprocessing, disc-
based operating system executive. Efficient floating point capabi]ﬁtyla11ows :
data conversion and formating as well as calculations for energy management,

. Additional features include: real-time clock; poWer'faiI/restart; 1/0 inter-
rupts; direct addressing of words, bytes and bits;_memomy management;'expansion
capability to 128K words; memory byte parfty error detection; and operating
panel. The single reliable link has 80 MB of storage for formatted data,
operator -communications and disp]ay formats, and program storage. To reduce_
downtime if the disk fails, the 80 MB may - be divided. between two discs. The
system default I/0 will be the programmers CRT with keyboard that will also
allow program ma1ntenance and may include EPROM programming hardware: for DPU

" maintenance. ' ' '

The major 1/0 devices of'the GPu;'outsjde'of the operator console, are the
magnetic tape drive, the line printer and the oard reader.t'The nine‘traCRx
~magnetic tape drive will handle 2400-foot reels at e1ther 1600 or /800 BPI.. It
will be useful for large program input and data output. ‘The density is se]ect-
able so that the capability to match the BPI rate of other facilities where -
detailed data analysis is to be pursued. yThe card reader is an easy, reliable
input device for small amounts of data or control and provides backup to the
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magnetic tape input. The medium speed line printef provides hard copy output
as the system demands. It will be used for program maintenance, selected
data output, and hard copy of sequence of alarms.

Distributed Processing Unit (DPU)

The DPU hardware is purposely unspec1f1ed so as not to limit the design to
match a certain vendors products. The "functional requirements of local control

and data gatherings however are specified. Each DPU is envisioned as a micro-
computer containing control algorithms and data storage areas. The DPU has
complete local control over its assigned subsystem and responsibi]ity'for
monitoring its instrumentation. It will accept and implement commands from
the CPU specifying the mode of subsystem automatic operation and specific
component operation. When polled it will provide the CPU with current data
from its instrumentation. '

- CONTROL CONSOLE

The Control Console is located in the main control room of4the STES building.
Panel meters, system status lights, and alarms that are hard-wired from the
field locations are mounted on the Control Console. The Control Console also
contains two CRTs with interactive keyboards for operator use. One of the CRT .
units is dedicated for display of alarm functions while the second is for
general use to the operator for display of all data system parameters. Space
is also provided for digital'mete%s for continuous display of selected system
data. These digital meters are driven by the CPU I/0 system. The ten foot
Control Console and the.dedicated recorders and displays are incorporated into
a typical control room layout shown in Figure'3.6-82.

' Input/Output Channels and Signal Conditioners

The 1/0 ports for the DPUs are shown on Orawing 102E145 of Volume III. ,

Although the input and output signals of each DPU varies, a description of the
signal types is presented. The I/0 ports and the microprocessors are part of
the overall DPU. '
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Two types of'énalog signals are transmitted to the>I/0 ports. One of these is
a low-level signal from the thermocouple sensors; the other is from field
transmitters that have an output of 4 to 20 milliamps. The low-level thermo-
couple signals are initially received at the input port at a thermocouple
reference unit which establishes a reference temperature from which input
signals are derived. " These signals are then multiplexed (scanned) by the
low-level mu1t1p1exer, amplified and transmitted to the A/D converter. The
A/D converter changes the analog signal to a d1g1ta] format that is ava11ab1e

to the mlcroprocessor data bus. Transmitter current signals terminate at
dropping resistors at the input to the multiplexer. These current signals are
interpreted as high voltage input s1gnals of one to five volts. Since no
amplification is required, these signals go directly to the A/D converter from
the high-level multiplexer and are handled in the same manner as described
above. '

Analog output signals are provided by. the output ports of the I/0 system
Digital signals from the m1cr0processor are converted to 4 to 20 milliamp
signals by the D/A converter.. These‘s1gna1s are distributed to the respective
“control channels by the de- mu1tip1exer where they are used for}anaﬁog set point
“control, direct valve pos1t1on control or converted to pneumatic signals for'
valve control purposes.

Contact'c]osure input ports as well as digttal input ports from position
encoders are provided at the I1/0 ports. These signals are basically the -
some,and are handled as single bits of information. These digital bits are
transmitted to the microprocessor bus directly. .

Contact closure output ports are provided and the digital signa1§ are buffered
by relay drivers that energize control relays. Contacts from the relays are
then used for power ON/OFF controls, solenoid and circuit breaker control,
pump motor and fan motor controls. Optional poWer driving outputs from triac
devices may be utilized as required.
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3.6.4.4 INSTRUMENTATION

Instrumentation descriptions as a component of the overall I&C are given in
detail in each subsystem description and are not repeated here. However,
included in this section is the MRL summary. In the preceding description,
all instruments that are required to monitok and/or‘measure selected para-
meters for control were discussed and are listed in the Measurement Require-
ment List. The details are given in Section 3.6.6. Instruments are classi-
fied by function and are arranged by sdbsystém. Various subsystem control
Toops are identified by channel numbers. A1l instruments carry a channel

“number and those ins.ruments belonging to a given control Toop can be iden-
tified. Table 3.6-4 summarizes the type and number of instruments required

to control the STES at Fort Hood.

3.6.4.5 POWER SUPPLIES

" Various power supplies required by the computer system are provided by the
computer equipment supplier. Separate 45 Vdc power supplies are provided for
use with the instrumentation transmitters. Sufficient voltage is provided by
the instrumentation power supply to drive separate 1oads such as local and
remote readout devices as well as the input to the DPU. In addition, capa-

.bility for driving optional bistables for alarm functions is also provided.

3.6.4.6 AUXILIARY SYSTEMS

: = .
To insure that hard to detect fluctuations and interruptions in commercial AC
power do not affect the computer systems operation, a reverse transfer static
UPS is provided. Transient powef line disturbances often affect memory cohtents
such that éomputation errors, an inability to breakout of a command Toop, an
unexpebted branch or jump, ah unexpected program hé]t, a reduced throughput
rate, or an inabi]ity to read data prevfous]y recorded on disk or tspe can occur.

Although some minicomputers have circuits which initiate a power-down sequence
when the supplied DC voltage moves out of tolerance for more than a few milli-

seconds, to protect agaihst these distortions of data stored in memory, there
- are many cases when these voltage detection circuits command a power-down
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sequence for a transient that poses no threat to the computer system, causing
an unnecessary interruption in service.

The reverse transfer static UPS insures continuous computer operation without
frequent manual or automatic restart by providing protection agafnst common-
mode noise, normal mode noise, voltage fluctuations, varying line frequency,
blackout and brownout conditions. The UPS will be rated at 20 KW at a minimum
and 28 KW at a maximum and will regulate the operating voltage and frequency
to 120 VAC + 10% @ 60 Hz + 1 Hz.

3.6.5 INSTRUMENTATION AND CONTROL OPERATION

The Instrumentation and Control Subsystem (I1CS) improves overall plant perform-
ance by maximum utilization of available solar energy and the efficient conVers
“sion of solar energy to thermal and electrical power. ' |

- The~Energy Management and'Contr61'(EMAC)'b}ogram is a software controller that
contains necessary calculations to determine heat balances, energy avail-
ability, energy load demands and ehergy forecasting on a subsystem and total
system basis. The energy management and plant control interface provided by
the ICS is composed of both hardware and software control functions.
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TABLE 3.6~4

MEASUREMENT REQUIREMENT LIST SUMMARY

c . " Control On/0ff Motor
Subsystem Temperature Pressure Flow Level Valves Valves  Commands Other
Solar Col}ector:
-Collector. Field 107(TE) lZéFT 5(TCV):D 3§3HAY 168 (10 Bit
84(FS 5(ZSL) 2WAY Position
5(ZSH) 5(ZSH) Indication)
, : 5(Z5L)
-Auxiliary Heater -~ 2(7S) 1(PT) 1(FI) 1(LG) 2(TCV):A - 1 (BA)
. 2(TI) - 1(PS) 1{FsL) I(LS) 2(FCV):A 1 (BC)
1(TSH) 9(PI) ~2(FCY  T(LAHL) 2(PCV):A
1(7C) .T(PSH) ) .
:l(PSL)
Thermal Storage 32(TE) . 10(PT) 2(FT) 3(LT) 19( 2WAY)
: 3(PAHL) ) 3(LI) 19( ZSH)
. 3(LAHL) 19(ZSL) 1 (cC)
Power Conversion 16(T1) 7(PI) 2(FI) 1(LS) 1{CCV) :A 6(1Y) 1 (CT)
. 13(7TE) 7(PT) 2(FT)  4(LT) 4(LCV) :A 5(2y) ‘1 Voltmeter
13(77) 1{PDI) 1(FIT) (LSH) 1(PCV) :A : " 4 Watt Hour
1(TC) 1(LSL)  2(TCv):D - . Meters
' + 4(LG) . I(TCV):A © 20 (1Y) Elect.
S 4(Le) 1(PCV):D Distribution
7(ZSH) 1 Volt/amp
7(ZsL) Requlator
) 15(TE) . .
Hot Water Heating 15(TT) © 7(PT) 4(FT)  1(LT) 3(1Y)
8(T1l) 3(zv)
]G(TE) A . .
Chilled Water 16(7T) 10(PT) S(FT) 1(LT) 1(PCV) :A - 8(1Y)
Cooling : g ¥é 1(PI) 2(FS) 1(PCV):D 10(zy)
Domestic Hot- 5(TT) 2(PT) 1(TCV}:D 2(1Y)
Water 1(71) 2(2Y)
TOTAL - 139(TE) 37(PT)  26(FT) 9(LT) 24(2wWAY) 19(1Y) 168 Encoder
49(TE/TT) 3(PS) 4(FI 3(LI) 3(3WAY) Command Outputs
é 17§PI)) 87%FS% 2(tg; 2 Val Outputs 20 Elect
1{PDI 2(FC Valve . : .
G 0 a(LAHL) Positions 20(EY)  Distribution
4(LC) v (2SH/25L) Inputs 1 Voltmeter
4 Watt Hour

Meters




3.6.5.1 NORMAL OPERATION

The computer based control system relies on both serial and parallel control
operation in real time by allowing non-critical calculations to proceed in the
serial fashion of computer logic and in parallel fashion with the control

loops. The series program execution consist of logic control, energy calcula-
tion, control algorithms, set points, data calculations and data input/output.
The parallel execution of the program is based on interrupts generated by either
the real time clock (internal), one of the process interrupts (external), or a
software controlled interrupt (program logic). The %nterrupt capability of the
system provides the function of allowing the system to change from series to
"'par‘alleTll operation. The interrupt process causes the normal sequence of
program/control instructions to be temporarily suspended while a higher pri -
ority calculation, data transfer or control function can be performed. :

Figure 3.6-83 shows the functional operations of EMAC. Proceeding from left

to right of the diagram defines the serial operation of the control program.
‘The upper to lower vertical levels are divided into: level (1), overall system
energy management and control; level (2), measurements; and level (3), sub-
system control. The interconnecting lines between bloktks and levels show flow
path of control, measurement or data information. Alsc, several blocks are
shown that generate program interrupts such as the real time clock, operator
control console, and alarm indicators.

The EMAC level divisions are defined as follows:

Level (1) - Overall System Control (Main CPU)

e Input/output data, operator information
e CPU peripheré] I1/0 control

e System on/off procedures

e Data acquisition

® Support programs and calculations

e - Control a]gorithms and strategy

3-324 ..




& Monitoring systems, a]arms; e;c.

¢ Diagnostics (plant)

e Auxiliary component controi functions -
e Energy management

e Local manual control selection

e System clock-

Level (2) - Instruments and Meésurements (Hardwqre)
® Computer peripheré] diagnostics
e System clock
e Interrupt control
@ Input/output device control

8 Input/output data transfer control (Micro to main CPU)

Level (3) - Subsystem Controllers (Microprocessors)

e Microprocessor I/0 device control

® Output command to subsystem aétuatdr

o Input feedback measurement

@ Input subsystem measuremeﬁt

© Input subsystem alarms

6 - Input subsystem status

e - Calculate control system errors and check against limits
¢ Store measurement data |

e Transfer control data

@ On-line diagnostic (when able)
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3.6.5.2 STARTUP AND SHUTDOWN

The ICS contains an "automatic controller" that sequences subsystem startup/
shutdown procedures through initiation of on/off commands and set points to
the distributive processing units (DPU) which in turn transmit signals to the
subsystem actuators, motors and component analog controllers. Based on
operator mode selection, the automatic controller will sequence appropriate
valving and system flow rates. During the startup/shutdown sequence, key
system parameters are monitored to determine if plant capability will be
inhibited by the subsystems as they come "on-line" or go "off-line." 1If so,
it initiates plant protective functions and alarms the operator.

The ICS also contains a "master control logic program" that monitors the
various subsystems and determines the operating mode of each subsystem, rate
of change of key parameters, and operating levels. The “controller" also
contains a series of interlocking functions such that in case of failures, or
when rate 11m1ts are exceeded, an automatic trip._function would be-initiated.~
“The interlock function would only permit return to normal startup mode by
operator action.

3.6.5.3 ABNORMAL OPERATION

To allow for safe operation and subsystem component protection, certain key
features are provided for in the ICS for plant control in the event of loss
of electrical power, loss of a DPU, or loss of the central processing unit.

LOSS OF ELECTRICAL POWER

The ICS is designed such that in case of electrical power failure (loss of
grid; turbine generator unoperational) all control valves, pumps.and major
subsystem components will go to a fail-safe position and the plant will
coast to an unaccessed shutdown. ‘

The fail-safe position features include:
e Automatic turbine - generator trip.

e Valves (both pneumatic and e1ect§ic) going to predefined states
that yield the fail-safe shutdown configuration
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@ All pumps tripping

@ Stowage of the. collectors

DPU OUT-OF-SERVICE

In the event of a failure in a distributed process unit, the system'I/O and
instrumentation will latch on the last commanded output (set point conditions)
and the operator will be alerted. The subsystem will remain in this state

“until the malfunction is corrected or until the operator takes appropriate

action (i.e., places the subsystem under local analog control if provided).

~ CENTRAL PROCESSOR OUT-OF-SERVICE

A minimuh amount of redundant measurements will appear on the operator control

panel for monitoring system operation and performance. In the event of the
CPU failing or being out-of-service, the system will be configured to operate
in the dgfined fail-safe operating mode.

3.6.6 OVERALL INSTRUMENTATION AND CONTROL INTERFACES

A1l of the Fort Hood STE-LSE subsystem instrumeqtation-and controls interface
with the Overall Instrumentation and Control Subsystem at the local DPU's.
The following subparagraphs define the interfaces.

7

3.6.6.1 SUBSYSTEM INTERFACES - MEASUREMENTS REQUIREMENTS

The measurement requirements for each of the subsystems are identified in the
following tables. Abbreviations used in the MRL tables are defined in Table
3-6-110

SOLAR COLLECTOR SUBSYSTEM

The Solar Collector Subsystem (SCS) measurement requirements are identified
in Table 3.6-5.

THERMAL STORAGE SUBSYSTEM

The Thermal Storage Subsystem (TSS) measurement requirements are identified
in Table 3.6-6.
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POWER CONVERSION SUBSYSTEM

The Power Conversion Subsystem (PCS) measurement requirements are identified
in Table 3.6-7.

HEATING/COOLfNG.AND DOMESTIC HOT WATER SUBSYSTEMS

The measurement requirements for the water systems are sebarately divided and
are identified as follows:

¢ Hot Water System - Table 3.6-8
o Chilled Water System - Table 3.6-9
o Domestic Hot Water System - Table 3.6-10

AUXILIARY SYSTEMS

Provisions for various auxiliary systems have been provided in the main control
room. Space for the system fire alarm annunciation as well as display for
heating; ventilation. and air conditioning parameters within the STES building
are provided within the main control console and vertical equipment racks. In
addition, space is provided for communications systems such as telephones,
“intercoms and public address systems. Radio communications will also be pro-
vided as a backup communications system by means of walkie-talkies. These
hand-held radio devices will be required during'inspectjons and maintenance

of the Solar Collector Subsystem and Thermal Storage Subsystem, and at various
facility locations as needed. - It is expected that frequencies or channels
will be dedicated for use by the STES facility without interference from
“other Fort Hood systems.

7

‘INSTRUNENT AND CONTROL INTERFACES .

The ICS interfaces electrically and mechanically with tﬁe solar collector
'Subsystem, thermal storage subsystem, pdwer conversion subsystem, domestic hot
water'subsystém; chilled/hot water subsystem, makeup subsystem, and meteoro-
. logical station}éubsystém:  THE'ICS'a]so.interfaces with the TP&L grid thfough
b 'an.Uninterruptible Power- Supply. ' ' ' i
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SOLAR COLLECTOR SUBSYSTEM MEASUREMENT REQUIREMENT

INSTRUMENT
NUMBE R

TE3000
TE1001%
vi002
fe1002
TE1004
TEtunS
TE10006
TE1007
NVIVO08
TE1008
TEL09
TEL1010
TF1011
NVEO0T2
Tei012
FTivi
FTi014d
FT101S
FT1016
FTtot7
TCvivy8
I8KH1018
Z8Lto018
. 1CViIUte
I3H10139
28L1019
Tcvi020
1841020
IsL1020
T TCV102}Y
1311021
28Ltv2t
1cving2
28H1022
I8L1n22
FT3023
FT1024
. Fltiues
Frives

S Tetv2?
TEtnre
211030
11031
213032
11038
211034
213038
7117087

TABLE 3.6-5

THSTRUMEMNT DESCRIPTION
DEVICE

SENSDR=TEMPERATURE
SENSHR=TEMPERATURE
ON/OFF VALVE « 3 wAY
SENSDRTEMPERATURE
SENSNR=TEMPERATURE
SENSNR=TEMPERATURE
SENSNR=TEMPERATURE
SENSNR=TEMPERATURE
ONZOFF VALVE o 3 wmaAY
SENSIHR=TEMPERATURE -
SENSNR=TEMPERATURE
JENSNR=TFMPERATURE
SENSOR=TEMPERATURE
ONZUFF VALVE = 3 wAY
SENSORTEMPERATURE
TRANSMITTER=FLOw
TRANSMITTER=FLOW
TRANSMITTER=FLOW
TRANSMITTERFL(Ow
TRANSMITTER=FLOW
CONTROL VALVE o PLOW
BWITCH =HIGH POSITIUN
SATTCH =LOwW POSITION
CUNTROL VALVE=FLOW
SwITCH =MIGH POSITION
SNITCH =.Um PUSITION
CUNTROL VALVFe$#|On
SATICH =HIGH POSITIUN
SwWITCH «LOW PUSITION
CUNTR(IL VALVE = FLOW
SwITCH =HIGH PNSITION,
SATTICH = LUw PUSITION
CONTRUOL VALVE = FLOW
SHITCH oH]GH PNSITIUN
SwITCH «Liw POSITION
TRANSMITTERFL N
TRANSMITTER=FLOW
TRANSMITTEReFLIIw
TRAMSMITTER=FLNx%
SENS(IReTFMPERATURE
SENSIIR=TEMPERATURE
ENCIONER = PHSITION
ENCUDER = POSITION

ENCUDER o PHSIT)ON
fHCUDER « PUISITION
ENCINER PI:SIYVION

EHNCUNED o PLSITIUN
ENCOHDER = PUSITIC
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VARIABLE

SERVICE DESCRIPTION

INLET OIL FIELDY
OUTLET OIL FIELD!

EXIT OIL FIELD 13
UUTLET OIL FIELDY
FOFwD, INLEY OILFIELD2
INLET UIL FIELOR

INLET OIL FIELD2
UUTLEY OIL FIELN2

EXIT UIL FIELD 2
QUTLET OIL FIELD2
FOPWh INLET OIL FIELD3
INLET UIL FIELDY

INLET UIL FIELD3

EXIT OIL FIELD 3
QUTLET OIL FIELDS
INCET OIL FIELD
EXIT OIL FIELD
INLET OIL FIELD
EXIT UIL FIELD
INLET OIL FIELD
INLET OIL FIELD

- R e e

PRUPQRTIONAL FCV PUS,

PRUPORTIONAL FCVY PUS,
EXIT UL FIELD 1@
PROPORTIUNAL FCV PDS,
PRUPNRTIONAL FCV PUS,
INLET OIL FIELD 2
PRUPORTIONAL FCV PUS,
PRUPORTIONAL FCV PUS,
EXIT OIL FIELD 2
PROPURTIONAL FCV PUS,
PRUPURTIONAL FCV PUS,
INLET OIL FIELD 3
PRUPURTIONAL FCV POS,
PROPORTIONAL FCV PUS,
FDFAD INLET@FIELD 2 -
FDFWD INLET=FIELOY
UTLEYT OIL = FIELNS
IMLET OIL=PUMP/TANKS
UNTLETY OIL=-FJELDS
IMLFET DI =PUMP/TANKS
COLLECTHIR ANGLE
COLLECTNR ANGLE
COLLECTOR ANGLE
CPLLEC TN ANGLE
CHLLECTNR ANGI &
COLLECTNR AanGLE
COLLECTNR ANGLE

LIST

3vYs§

SC3
SCs
scs
SCS |
8Cs
acs
SCs
3¢S
scs
SCs
SCS
8C3
8Cs
SCS
8cs
3Cs
3C3
SCs

8CY

SCS
3Cs
8CS
S¢S
SCs
Scs
Scs
Cs
8cs
8¢
8CS
s
SCs
SCs
Ky
Scs

8¢S
8¢S
8CS
SCS |
8CS
SCS
8CSs
8cs
SCS .
SCS
8¢S
8cs

M AN AN ANARTATATNAARNTAARITATRRIRRTITARARRNRRTTN

MMM YTART

Loc

14
18
1c
10
1¢
1F
2h




INSTRUMENT
NUMBER

211038
211039
211040
11001}
I11042
211044
271045
211046
11047
11048
11049
211081
IT1082
IT10%3
11084
211085
111056 -
211058
2110%9
211060
1106}
11062
271063
111065
ITy060
Zr1087
I11068
Z11069
211070
11072
11073
11074
2ryors
11076
11077
13079
271080
“2T1081
213082
2180838
271084
211080
1110487
Z11088
Z110R9
211090
21109}
11093

TABLE 3.6-5 (Qontinued)

INSTRUMENT DESCRIPTION SERVICE DESCRIPTION
VARIABLE

DEVICE

ENCNDER
ENCODER
ENCUDER
ENCUDER
ENCUDER
ENCUDER
ENCONER
ENCODER
ENCUDER
ENCODER
ENCODER

{ENCODER’

ENCUDER
ENCUDER
ENCUDER
ENCUOER
ENCUDER
ENCUDER
ENCODER
ENCUDER
ENCODER
ENCOODER
ENCUDER
ENCUDER
ENCODER
ENCUDER

ENCUDER

ENCODER
ENCUDER
ENCUDER
ENCODER
ENCUNER
ENCUDER
ENCUDER
ENCUDER
ENCUDER
ENCUDER
ENCUIDER
ENCUDER
EHCODER
ENCUDER
ENCUDER
ENCHDER
ENCUDER

- ENCIHDER

ENCUNER
ENCIDER
ENCUIDER

PUSITION

POSITION

PUSITION
PHSITION
PLUSITION
PUS]ITINN
PUSITION
PUSITION
PUSTTION

PUSITION

PUSITION
POSITION

PUSITIUN

POSITION
PUSLTION
PUSITION
PUSITION
PUSITION

PUSITION

PUSITION
PUSITION
PUSITION
PUSITION

PUSITION

PHSITION
PUSITION
PUSITIUN
PLUSITION
POSITION

POSITION

PUSITION
PUSITION
PUSITION
PUSITION
PUSEITION
PUSITIUN
PUSITINN
PUSITION
PUSITINN
PUSITIUN
PUSITION
PUSITION
PLUSITION
PUSITION
PUSTITIUN
PUSITION
PLSTT N
PLSIT LN

COLLECTOR ANGLE
COLLECTUR ANGLE
COLLECTOR ANGLE
CMLLECTOR ANGLE
CULLECTNR ANGLE
CUOLLECTOR ANGLE
COLLECTOR ANGLE
COLLECTOR ANGLE
COLLECTUR ANGLE
COLLECTOR ANGLE
COLLECTOR ANGLE
COLLECTOR ANGLE
COLLECTOR ANGLE
© COLLECTOR ANGLE
COLLECTOR ANGLE
.COLLECTOR ANGLE
.COLLECTOR ANGLE
COLLECTOR ANGLE
COLLECTOR ANGLE
COLLECTUR ANGLE
COLLECTOR ANGLE
COLLECTOR ANGLE
COLLECTOR ANGLE
COLLECTDR ANGLE
CULLECTUR ANGLE
COLLECTOR ANGLE
COLLECTOR ANGL.
COLLECTOR ANGLE
COLLECTOR ANGLE
COLLECTOR ANGLE
CULLECTOR ANGLE
COLLECTUR ANGLE

COLLECTYOR ANGLE . ... ... ..

COLLECTOR ANGLE
COLLECTNR ANGLE
COLLECTUR ANGLE
COLLECTOR ANGLE
COLLECTOR ANGLE
COLLECTNR ‘ANGLE
COLLECTUR ANGLE
COLLECTOR ANGLE
COLLECTUOR ANGLE
COLLECTUR ANGLE
COLLECTOR BNGLE
COLLECTUR ANGLE
CHLLECTUR ANGLE
COLLECTOR aNGLE
COLLECTOR ANGLE.
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8vs

8cs
sScs

.8C8

scs
s
Scs
Scs
scs
acs
Scs

- 8C8

SCs
sCs
SCS

SCS -
8CS .

SCS
3CS
Scs
SCS
acs
3CS

SCS |

acs
3cs
8cs

Scs
SCs
- 8CS .

8cs

1]
8CS .
scs .. ..

Scs
SCS

sCcs

S¢S

SCS
scs -
scy |
scs .

3cS .

SCs
8C8
Scs

3¢S

8C$
scs '’

m'vﬂﬂﬂﬂ'ﬂ"ﬂﬂ-'l“‘:“l“ﬂ"qﬂﬁl"“‘ﬂ“ﬂ'ﬂﬂ"ﬁ‘n"ﬂ‘““ﬂﬂ‘l‘_“ﬂ‘ﬂ
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»
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INSTRUMENT
NUMBER

11094
211098
2711096
211097
11098
Zt1100
218101
Zr1102
IT1108
11104
11108
11107
171108
211109
zri1t0
r3RREN)
211112
11114
11118
2T1118
1117
71118
IT1819
14121
Iri122
tARRY 3 )
11124
PARRY L
111126
111128
11129
271130
AR RR 1!
Ir1132
211138
IT1135
271136
IT1137
TARRE L
711139
113140
1ARRE TS
211143
ittiau
271145
Iri14s
111147
275149

TABLE. 3.65

INSTRUMENT DESCRIPTION SERVICE

POSITION

- DEVICE VARTAHLE
. A\
ENCUNER « PUSITION CNLLECTOR
ENCIDER » PUSITION COLLECTOR
ENCUOER « PUSITION COLLECTOR
'ENCODER = PHSITION CULLECTOR
ENCUDER = POSITION CULLECTOR
ENCUNER = POSITION COLLECTOR .
ENCUDER = PUSITION COLLECTOR
‘ENCUDER « PUSITION COLLECTOR
ENCUOER « PUSITION COLLECTUR
ENCUDER = PUSITION COLLECTOR
ENCUDER « PUSITION " COLLECTOR
" ENCUDER = PUSITION COLLECTOR
ENCODER = POSITION COLLECTOR
ENCUDER = PUSITION COLLECTOR
ENCUDER =« PUSITION cuLLeCTOR
ENCODER » PUSITION COLLECTOR
ENCUDER « PUSITION COLLECTIOR
ENCODER « PUSITIOUN COLLECTOR
ENCUDER « PUSITION " CNLLECTOR
ENCUDER = PUSITION COLLECTOR
ENCUDER = PUSITION COLLECTOR
ENCODER =« PUSITION COLLECYOR
ENCUDER = PNBITION COLLECTOR
ENCODER = PUSITION COLLECTOR
ENCUDER « PUSITION COLLECTOR
-ENCUODER = PUSITION COLLECTOR
ENCOOER « POSITION - COLLECTOR
- ENCODER o PUSITION CULLECTOR
ENCUDER « PUSITION COLLECTOR
ENCODER = POSITION COLLECTOR
ENCUDER = PUSITION COLLECTOR
ENCUNER = PUSITION: CULLECTNR
ENCUDER = PUSITION COLLECTOR
ENCUDER = PUSITION CULLECTUR
ENCODER = PUSITION COLLECTOR
~ENCUDER = PUSITINN COLLECTOR
ENCUDER « PUSITION COLLECTOR
ENCUODER o« PNSITION COLLECTOR
ENCUDER = PUSITIUN COLLECTOR
ENCUNER = PLSITION COLLECTOR
ENCUDER = PUSITION CULLECTOR
CENCODER = POSITION COLLECTUR
ENCUNER = PDSITION COLLELTIOR
ENCUDER = PUSITION COLLECTNR
ENCIDER = PUSITI(ON COLLECTINR
ENCIMER » PSITION COLLECTOR
ENCONER = PUSITINN CULLECTNR
ENCODER = COLLECTIOR
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VESCRIPTINON

ANGLE
ANGLE
ANGLE
ANGLE
ANGLE
ANGLE
ANGLE
ANGLE
ANGLE
ANGLE
ANGLE
ANGLE
ANGLE
ANGLE
ANGLE
ANGLE
ANGLE
ANGLE _ ..
ANGLE
ANGLE
ANGLE
ANGLE
ANGLE
ANGLE
ANGLE
ANGLE
ANGLE
ANGLE
ANGLE
ANGLE
ANGLE
ANGLE
ANGLE
ANGLE
ANGLE
ANGLE
ANGLE
ANGLE
ANGLE
ANGLE
ANGLE
ANGLE
ANGLE
ANGLE
ANGLE
ANGLE
ANGLE
ANGLE

8Sys

scs
8c9
8Scs
CS
8cs
8cs
SC$
Scs
8cH
ScY

. 3¢S

8cs
scs
Scs
sScs
Scs
s

.- 8¢S
. 8cS

L1 )
8cs
scs
3¢
scs
8¢S
SCS
SCS
cs
3cs
SCS
8cY
Scs
S¢S
scs
scs
8cSs
8cs
8cs
SCS8
8Cs
8C39
Scs
8¢9
Scs
Scs
8cs
scs
8cs

Loc

F108
Floc
Flo0
F10E
F1oF
P11
F118.
F11C
F110
FlIE
FI3F
F12A
ri2e
F1ac
F120
126
Fi2F

F138
F13¢
F130
Fi3€
F13F
F1oa
F1u8
Flac
F1u0
Flag
F1oF
F154
F15R
F15C
P150
F15E
FISF
Floa
FleB
F16C

F1eD
F16E
F1eF
F17a
F178
F17¢
F170
FLTE
F17F
Fl1aa




TABLE 3.6-5 (Continued)

INSTRUMENT INSTRUMENT DESCRIPTION SERVICE OLESCRIPTION 8ys Loc
NUMBER . DEVICE VARJABLE - ’
Ir11%0 ENCODER = PUSIT]ION COLLECTOR ANGLE Scs - Fye8
Tt ENCOOER = PUS]TION . COLLECTUR ANGLE SCcS Fi8C
PASBLT ENCUDER = POSITION COLLECTOR ANGLE £14.] F180
211193 ~ ENCUDER e PQOSITION COLLECTOR ANGLE SCS F1ae
IT11%4 ENCODER = POSITION CUOLLECTUR ANGLE ) 8¢S Fi8F
IT1156 ENCUOER = POSITION -COLLECTOR ANGLE scs F19A
iT1197 ENCUDER o POSITION COLLECTOR ANGLE : acs Fi98 -
171198 ENCUDER » PUSITION " CULLECTOR ANGLE scs FioC
IT11%9 - ENCODER = PUSITION COLLECTOR ANGLE s Fi190
Z11160 - ENCODER = PUSITION COLLECTOR ANGLE ’ sCS Fl9¢
IT1164 ENCODER = POSITION COLLECTOR ANGLE SCS FLOF
15163 ENCODER = PUSITION COLLECTOR ANGLE SCS F20A
71164 ENCUDER = POSITION COLLECTOR ANGLE . .8CS8 F208
ZT1168 ENCUDER « POS]ITION COLLECTOR ANGLE . £ 14 ] F20C .
Irt166 ENCOOER = POSIT]ION COLLECTOR ANGLE SCS F200
ITi367 ENCODER = PUSITION .COLLECTUR ANGLE acs F20L
IT1168 ENCUDER =« POSITION COLLECTOR ANGLE 8CS Fa2oF
IT1170 ENCOER = POSITION - CULLECTOR ANGLE scs F21A
IT1174 ENCUDER = POSITION COLLECTUR ANGLE 8CS F238
Ir11712 ENCUDER = PUSITION COLLECTOR ANGLE 8c8 FC
IT117s ENCODER « PUSITION COLLECTOR ANGLE . scs F210
IT1t74 ENCUDER « PUSITION COLLECTOR ANGLE SCcH F21E .
71178 ENCUDER = POSITION COLLECTOR ANGLE 8CS F21F
Irimn ENCUDER = PUSITION COLLECTOR ANGLE ’ 8CS  F224
iriirs ENCUDER = POSITION COLLECTUR ANGLE . 8C8 F2a28
IT1179 ENCUDER = PUSITION COLLECTOR ANGLE L 14 ] rFeac
171180 ENCUDER =« POSITION COLLECTOR ‘ANGLE SCS  fFeen
Iti181 ENCUDER = PULSITION COLLECTOR ANGLE acs F22¢t
I ARRY.T ENCODER = POSITION COLLECTOR ANGLE sCs F22F
IT1184 ENCUDER « POSITION COLLECTOR ANGLE 8CS$ F23a
211188 ENCUDER = PUSITION COLLECTOR ANGLE : 8Cs Fala
211186 ENCUDER = PUSITION COLLECTDR ANGLE 8¢S F23C
211187 ENCODER = PUSITION COLLECTOUR ANGLE . 3Cs F230
71168 ENCODER = PUSITION COLLECTOR ANGLE 8CS F23E
211189 ENCUDER = PUSITION COLLECTOR ANGLE s F23f
ZT119¢ . ENCUDER « PUSITION COLLECTOR ANGLE scs Foua
Iry192 ENCUDER = PUSITION COLLECTUR ANGLE 8cs F2up
11193 ENCUNER = PUSITION . . COLLECTOR ANGLE L1g ) F24C .
211194 ENCUDER = PHSITION CULLECTIR ANGLE 8cs Faun
171199 ENCUIOER = POSITION CNLLECTOR ANGLE . scs FRUE
111196 ENCODER « PUSITION: © CULLECTUR ANGLE SCS FoufF.
2711198 ENCUDER = PUSITION COLLECTOR ANGLE SCS 254
IT1199 ’ ENCUDER = PUSITION COLLECTHR ANGLE 8CS8 F 238
Ir1200 ENCONDER » PUSITION CNLLECTUR ANGLE cs F2%¢C
211201 ENCUDER = PUSITION COLLECTOR ANGLE scs F2S0
PARY-L L] ENCUDER = PUSITION CULILECTOR AMGLE 8cs8 FoSt
Z1120% ENCUDER « PNIITION COLLECTLIR ANGLE SCS F25F
L11208 ENCIINER =

PUSITIUN CHLLECTINR ANGLE . sLs F264
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TABLE, 3.6-5 (Continued)

INSTRUMENT INSTRUMENT DESCRIPTION SERVICE DESCRIPTIDN 34 ] Luc
NUMBER DEVICE VARIABLE
111208 ENCUDER « POSITIUN COLLECTOR ANGLE ) 9cs FoeB
111207 ENCUDER » PUOSITION COLLECTOR ANGLE scs F-26C
11208 ENCUNER = PUSITION CULLECTOR ANGLE SCS F260
Z11209 ENCUDER = PUSITION - COLLECTOR ANGLE. SCS . F2eE
Ir1210 ENCIDER = PUSITION - COLLECTOR ANGLE : h14:] FR6F
IT1212 . ENCUDER=PQSIT]ION ) COLLECTOR ANGLE ‘ . 8CS. F2TA
11243 ENCUDERPUSITION COLLECTOR ANGLE scs F278
Iri2ta ENCUDER=PQOSITION . COLLECTUR ANGLE . Scs F21¢C
Iri218 ENCUDER=PNIITION COLLECTOR ANGLE - SCs F270
211216 . ENCUDER=PNSITION - COLLECTOR ANGLE 8Cs F27E
11217 ENCONER=PDSITION COLLECTOR ANGLE. (o ] F2lF
I11219 ENCUODER=PNIITION COLLECTOR ANGLE + 8CS F26A
Zr1220 ENCUDER~POSITION COLLECTOR ANGLE SCS F68
1122} . ENCUDER=PQSITION . COLLECTOR ANGLE - SCS F26C
Zr1e22 ENCOOER=POSITION - COLLECTOR ANGLE SCS 280
Ir1223 ENCODER=POSITION COLLECTOR ANGLE . acs (X114
It122a ENCODER=POSITION COLLECTOR ANGLE . SCS - F28F
TE122S " SENSUOR = TEMPERATURE STRING OUTLETY TEMP .14 ] F IC
TEL226 " SENSOR = TEMPERATURE STRING OUTLET! TENMP sCS F 2C
TE1227 SBENSOR = TEMPERATURE STRING OQUTLET TEMP 8CS F 3C
TE1228 SENSQOR = TEMPERATURE STRING OQUTLET TEMP SCS F aC
TE1229 "SENSOR = TEMPERATURE STRING OUTLET TEmMP 3Co P SC
TE€1230 SENSOR « TEMPERATURE STRING QUTLET TEMP SCs F oC
TE1231 SENSOR = TEMPERATURE STRING OQUTLET TEMP Scs F 7C
Te1232 SENSOR = TEMPERATURE STRING OQUTLET TEMP (14} 14
TE1233 SENSOR = TEMPERATURE - STRING OUTLET TEMP SCS F 9C
TE1234 SENSOR = TEMPERATURE STRING QUTLET TEMP SCcS Fio0C
TE1238 SENSOR = TEMPERATURE STRING QUTLET TEMP 8cs FiicC
TE1236 SENSOR » TEMPERATURE STRING OUTLEY TEMP SCS Fi2cC
TE1237 SENSUR = TEMPERATURE STRING OUTLET TEMP scs Fi3cC
TE£1238 SENSDR = TEMPERATURE STRING DUTLET TEMmMP L1 F 14
TEL1239 SENSNR = TEMPERATURE - TRING OUTLET TEMP L 14} F15€C
TE1240 - SENSOR = TEMPERATURE STRING OUTLET TEMP 3c3 F16C
TEf241 © SENSOR = TEMPERATURE STRING OUTLET TEMP sce Fi7C
TEL2u2 SENSOR- = TEMPERATURE - STRING QUTLEY TEMP L1 ] Fiac
TE1243 ‘SENSIJR « TEMPERATURE STRING QUTLET TEMP SCS Fi19C
TE1244 SENSOR « TEMPERATURE - . STRING NUTLET TEMP 9Cs F2uC
TE124S SENSNIR « TEMPERATURE | STRING OUTLET TEMP . 8Scs Fai1c
TEL2G6  ° SENSOR « TEMPERATULRE STRING OQUTLEY TEMP 3cs F22C
TE1247 SENSOR = TEMPERATURE . STRING NUTLFT TEMP sSCs Fe3C
TE1248 SENSOR = TEMPERATURE . STRING DUTLEY .TEMP 8C3 F24C
TE1249 SENSOR = TEMPERATURE SYRING QUTLET TEMP . ScS B 2SC
TE 1290 SENSNR =« TEMPERATURE . STRING OUTLET .TEMP 3CY F2sC
TE12951 © SENSOR ‘= TEMPERATURE STRING OQUTLET TEMP SCS F27C
TE1252 SENSNOR = TEMPERATURE STRING LIUTLEY TEMP 8CSs Rxild
TE12S3 SENSOR = TEMPERATIRE SIRING GUTLET TEMP - SCS . F 1€
TE1254 SENSQOR = TEMPERATUSE . STRING QUTLET TEMP - 8C8 - ¥ 2E

TE12SS SENSNR TEMPERATUKE STRING NUTLET TEMP Scs L 12
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INSTRUMENT = INSTRUMENT DESCRIPTION

NUMBER

TE12%6
TE12%7

TE12%8
TE12S9 .

TE1260
TE1261
TE1262
TE1263
TE12640
TE1208
TE12066
TEL267
TE1268
TEL269
TEt1270
TE127%
TEt1272
T€1273
T€1274
TE127%
TE1276
TEL1277
TE1278
TE1279
TE1280
TE1281
TE1282
TEL1283
TE1284
TE1288
TE128s
Tes2s?
TE1288
TE1269
TE1294
TE1292
TE1293
TE1294
TE1295
TE129¢6
TE1297
TE1298
“TE1299
TE1300
TEL130%
TE1302
TEL303
TEY 304

TABLE 3.6-5 (Continued)

SERVICE DESCRIPTION

TEMPERATURE

-3-335

DEVICE VAR]ABLE
SENSOR « TEMPERATURE STRING QUTLEY
SENSOR = TEMPERATURE STRING DUTLEY
SENSNR « TEMPERATURE STRING QUTLET
SENSOR = TEMPERATURE STRING QUTLET
SENSOR = TEMPFRATURE STRING OUTLETY
SENSOR = TEMPERATURE . STRING QUTLET
SENSOR « TEMPERATURE STRING OUTLEY
SENSOR o TEMPERATURE STRING OUTLET
SENSOR = TEMPERATURE STRING QUTLET.
SEN3OR « TEMPERATURE STRING QuUTLET
SENSOR = TEMPERATURE. STRING OQUTLETY
"SENSOR = TEMPERATURE STRING QUTLET
SENSOR = TEMPERATURE STRING OVUTLET
SENSOR = TEMPERATURE STRING OUTLET
SENSOR = TEMPERATURE STRING OUTLET
SENSOR = TEMPERATURE STRING OUTLETY
SENSOR = TEMPERATURE - STRING OUTLET
"SENSOR = TEMPERATURE STRING OUTLEY
SENSOR = TEMPERATURE STRING OUTLET
SENSOR = TEMPERATURE STRING OUTLEY
SENSOR = TEMPERATURE STRING OUTLEY
SENSOR = TEMPERATURE STRING OUTLEY
SENSOR = TEMPERATURE STRING OUTLET
SENSOR = TEMPERATURE STRING CQUTLEY
SENSOR = TEMPERATURE STRING OQUTLET
SENSOR = TEMPERATURE STRING OQUTLETY
SENSOR = TEMPERATURE STRING QUTLETY
SENSOR = TEMPERATURE BTRING OUTLEY
SENSOR = TEMPERATURE STRING OUTLET
SENSOR = TEMPERATURE STRING QUTLEY
SENSOR » TEMPERATURE " STRING DUTLET
SENSOR = TEMPERATURE STRING QUTLETY
SENSOR = TEMPERATURE ~  STRING OUTLE!
" SENSOR @ TEMPERATURE ~~ " STRING OUTLEY
SENSDR TEMPERATURE STRING OUTLET
SENSNR TEMPERATURE STRING OUTLETY
SENSOR TEMPERATURE STRING OUTLET
SENSNR TEMPERATURE STRING QUTLET
SENSOR TEMPERATURE © STRING OUTLE!Y
S8ENSOR TEMPERATURE " STRING OUTLET
SENSOR TEMPERATURE - STRING CQUTLEY
" SENSUR TEMPERATURE STRING QUTLET
- SENSUR TEMPERATURE STRING OQUTLET
SENSOR TEMPERATURE STRING NUTLET
SENSIIR TEMPERATURE STRING OUTLET
SENSHR YEMPERATURE - STRING MYTLET
SENS(IR TEMPERATURE STRING DUTLETY
SENSOR STRING DUTLET

TEMP
T1EMP
T1EMP

TEMP .

TENP
TEMP

TEMP

TEMP
TEMP
TEMP
TEmp
TEMP
TEnpP
TEnP

TEwe

TEMP
TEupP
TENP
tenp
1EnP
TEMP
TEMP
TEMP
TENMP
1EMP
TEMP
rEmp

4.1

TEMP
TENP

TEMP

TEMP
TEMP

TEMP- - -

TEMP
TEnP
TEMP
TEMP
TEMP
YEMP

TEMP -

TEmP
TEMP
TEMP

T

TEmP
TEMP
TEMP

3vs

S3Cs
sCs
8cs
sCs
8¢9
SCS

- 8CS

SCS
SCs
S
SCS
3¢9
Scs
sCs

- 8C9

SCS
8cs
8CS
8cs
sCe
111 ]
8cs
8¢S
3¢9
8cs
3C
8CS
SCS

scs

$CS
8cs
8C

- 8cs
8¢9 -

scs
scs
$cI
Scs
sScs

Scs.

scs
3¢S
Scs
scs

SCs

3cs
8cs
scs




TABLE 3.6-5 (Continued)

INSTRUMENTY INSTRUMENT OESCRIPTION SEAVICE DESCRIPTION svs Loc

NUMAER DEVICE VARIABLE
TE1305 SENSOR TEMPERATURE STRING OUTLET TEMP scs F2aF
TE1 306 SENSOR TEMPERATURE STRING CUTLET TEMP SCS - F2SF
1€1307 SENSNR TEMPERATURE STRING OUTLET TEWP . SCS . FaeoF
TE1308 SENSNR TEMPERATURE STRING NUTLET TEMP scs F21°P
TE1309 SENSOR TEMPERATURE STRING QUTLEY 1EmP 3Cs F28F
FS13510 SWITCH = FLOW STRING FLOW ) L1 ] ]
F31311 SWITCH = FLOW ' STRING FLOW . L[4 ] F
Fe1312 SHITCH = FLOW : STRING FLOw ' acs F

- F81313 SWITCH = FLOW STRING FLOW scs 4
FS1314 - SWITCH = PLOW STRING FLOW . (14} [
F3131% ° SWITCH = FLOW STRING FLOW 1 ) F
F3131s6 SWITCH = FLOW : STRING FLOW 3CS [ 4
F31317 SWITCH = FLUW STRING FLOW SCS r
FS1318 SHITCH = FLOW STRING FLOW SCS 4
FS1319 SWITCH = FLUNW ’ STRING FLOW scs P
Fs1320 SWITCH = FLOW . 8TRING FLOW scs F
F81321 SWITCH = FLOW" STRING PLOW 1] F
F8i322 SKITCH « FLOW STRING FLOW . . SCS r
$381323 SWITCH = FLOW STRING PLOW 3cs (4
F31324 SWITCH = FLOW STRING FLOW . scs
F8132S SNITCH = FLOW . STRING FLON . 1o ] 4
FSt32s SWITCH = FLUW STRING FLOW . scs
Fsi32?r | SWITCH = FPLOW STRING FLOw .14 ] [
Fsi328 SWITCH = FLUW STRING FLOW ScS 4
F31329 SWITCH = PLOUW . STRING FLON scs r
F31330 SWITCH = FLUW STRING FLOW {4 ] F
FS133) SWITCH = FLUW STRING PFLOw 8C3 r
F91332 SWITCH = FLUW STRING FLOW . . 9cSs F
FS1333 SWITCH = FLUW o STRING FLOW L] ] ¢
FsSt33a SWITCH = FLUW - STRING FLOW 8cs F
F8133S SWITCH = FLOW © STRING FLOw Scs F
FS133e SWITCH = FLOW STRING FLOW ) , -8CS F
FI13VW? SWITCH = FLOW . STRING FLOW ) SCS _F
F31338 SWITCH = FLOW ., STRING FLOW : $CS . F
FS1339 SWITCH = FLOW - STRING FLOW - 8Cs F
F313a0 SWITCH = FLOW STRING FLOW 8c9 F
F31341 SwllCH = FLOW . STRING FLOW acs 4
F31302 SWIICH = FLUW STRING FtOw scs ]
FS31343 SWITCH = FLUW : STHING FLhw scs - f
F913a4 SWITCH = FLUW ) STRING FLOw . 3¢S F
F9134S SWITCH = FLOw - - STRING FLOw $Cy” F
£31340 SWITCH = FLOW : STRING FLOW : Scs £
FS1847 SuITCH = FLUW STRING FLOW scs F
‘F31348 SwITCH = FLUW . STRING FLOW ' Scs F
F31349 SWITCH = FLUW SIRING FLOW : scs F
F313%0 SWITCH = FLOw STRING FLOW o 3cs9 f
FS1351 SWITCH = FLiwm - SIRIAG FLNW .- 8tSs F
F91352 S#ITCH = FlLuw © STRING FLOW oo scs9 F
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INSTRUMENT
NUMBER

7 £81353

F313%4
F31358
F3139s
F31357
£31358
F31359
F31360
FS13a¢
F31882
FS1363"
F91364
Fs136S
FS1386
F31367
F31368
FS1369
F3$1370
FI1i71
rs1372
F91373
£31374
FS1373
F3157s
£31377
£s1378
FS1379
FS1380
Fsi1381
rFst1362
31383
F31364 .
FS1383
F9138¢
F31387
FS13A8
F31389
FS1390
F31391
F91392
.F31393
TE1400
TEL1401
TE1402°
TE1403
TEL1404
TEVu0y
TE140s

‘SwitCH
SwlTCH

TABLE 3.6-5 (Continued)

INSTRUMENT DESCRIPTION

DEVICE

SHITCH
SWITCH
SWITCH
SWITCH

SWITCH
SWITCH
SWITCH
SWITCH
SWITCH
SHITCH
SwiTCH
SwlTCH
SWITCH

VARJABLE

FLOW
FLOwW
FLOW'
FLOw
FLOW
FLuw
FLOw
FLOW
FLOW
FLUW
FLON
FLOW
FLOW'
FLOW
PLOW

SWITICH = FLOW

SwlTCH=FLOW
SWITCH=FLUW
SWITCH=FLON
SHITCH=FLOW
SWITCH=FLOW
SwlTCH=FLOW
SWITCH=FLOW
SWITCH=FLOW
SulTCH=FLOW
Wl TCHeFLOW
SWITCH=FLOW
SniTCH=FLOW
SWUITCHeFLOW
SHITCH=FLUN
SWITCH=FLOW
SwliCH=FLUW
SWITCH=FLOW
SHITCH=FLOW
SWITCH=FLOW
SwliCH=FLOW
SwITCH=FLOW
SWITCH=FLOUN
SulTCH=FLOw
SH1TCH=FLQOW
SWITCHeFLOW

SENSOR=TEMPERATURE
SENJOR=TEMPERATURE
SENSOR=TEMPERATURE
SENSNHeTEMPERATURE
SENSR=TEMPERATURE
SENSNR=TEMPERATURE
SENSOR=TFMPERATURE

34337

© SERVICE DESCRIPTION

-'Z";Z'i-"

STRING
STRING
STRING
STRING
STRING
STRING
STRING
STRING
STRING
STRING
STRING
STRING
STRING
STRING
STRING
STRING
STRING
STRING
STRING
STRING
STRING
STRING
STRING
STRING
STRING
STRING
STRING
STRING
STRING
STRING
STRING
STRING
STRING
STRING
STRING
STRING
STRING
STRING
TRING
STRING
STRING
STRING
STRING
STRING
STRING
STRING
STRING
STRING

FLOw
FLOW
FLONW
FLOw
FLOwW
FLOw
FLOW
FLOw
FLOwW
FLOw
FLOw
FLOW
FLOW
FLOW
FLOW
FLOW
FLOw
FLOw
FLO®
FLOW
FLOw
FLOW
FLOw
FLOW
FLOw
FLOw
FLOW
FLOw
FLOW
FLOwW
FLOw
FLOW
FLOW
FLOwW
FLO®
FLOW
FLOW
FLOx
FLOw
FLOw®
FLOW
PROF ILE
PROFILE
PROF ILE
PROFILE
PRUFILE
PROF ILE
PROF ILE

Svs

s
SCS
SCS
scs
scs
SCS

8¢9

SCY
9CY
SCS
Cs
8cs
sCS

s8cs:

8cs
SCS
¢S
SCS

8y

8¢9

sCs.

SCY
aCS
9CH
ScS
scs
SCs
Scs
sCcs
SCS
3¢S

- 8C3

s
CSs
scs
scs

SCS -

cs
Scs
8cs
Cs
8cs
3Cs

8¢S -
scs
cs -

Scs
Scs

Loc




INSTRUMENT
NUMBER

T€1407
TEL1408
Friuto
Friant
Friage
NViSO}
NV{50S
NViSne
NViSO7
NV1S08
Plt700
PI1T0Y-
PIL70
PT1703
F11704
711708
731706
TC1707
TcviTota
TCVLT07A
T31708
FC1709
FCYi709
FSL1709
TII74
FCi1712
FCviT12
PI1713
P8t714
PI171S
PILT16
PII717
pPCviTie
PSL1IT19
PL11720
PIHLT2)
PCv1722
P11723
BAtr24
AC1724
BEYT24
T8H172%
LG1T26
LAHL1 727
LS1778
CUUNT

TABLE 3.6-5 (Continued)

INSTRUMENT DESCRIPTION
DEVICE VARIABLE

SENSUR=TEMPERATURE
SENSURSTEMPERATURE

I TRANSMITTER=F_LOwn

TRANSMITTER=FLOn
TRANSMITTER=F (W
ONeQFF VALVE -
UNsUFE VALVE
ONe(JFF VALVE

‘ONeQFF VALVE

ONeQFF VALVE

INDICATUOR = PRESSURE
INDICATUR = PRESSURE
INOICATOR = PRESBURE

TRANSMITTER = PRESSURE

INDICATOR « FLOW
INDICATOR = TEMP
SWITCH = TEMP
CUNTRQLLER = TEMP
CUNTRQL VALVE « TEMP
CONTRUL VALVE = TEMP
SWITCH = TEMP
CONTROLLER = FLOW
CONTROL VALVE = F(Ow
SHITCH = LOw = FLOW
INDICATOR = TEMP
CONTRULLER = FLOW
CONTRUL VALVE = FLOw
INDICATUR « PRESSURE

" '8wiTCH = PRESSURE

INDICATOR = PRESSURE
INDICATOR = PRESSURE
INOICATUOR = PRFSSURE
COMTRON
SWITCHeLOWePRESSURE
INDICATDOR = PRESSURE
IWNITCHeHIGH=PREISURE
CONTROL VALVE=PRESSURE
INODICATOR = PRESSURE
ALARM « BURN
CUNTRULLER = RURN
ELEMENT = BURN
SWITCH = HIGH = TEMP
GAUGE = LEVEL °
ALARM = HIGH = LEVEL
S4ITCH « LEVEL

a29

VALVE=PRESSURE. .

E

. NATURAL

"AUX

SERVICE DOESCRIPTION

3

STRING PROPILE

STRING PRUFILE

STRING FLOW=FIELDI
STRING FLOWSFIELD |
STRING FLUWSPIELDE
INLET UIL=PIELDY

EXIT OILFIELDY

EXIT OIL=AUX HIR

EX1T OILeAUX HIR
INLEY OIL=~AUX NWTR
INLET OlL=AUX HTR PUMP
EXIT OIL=AUX HTR PUMNP

- CW FOR AUX HTR PUMP

C¥ FOQR AUX HTR Pump
AUX HTR PUMP BYPASS
AUX MTR PUMP BYPASS
AUX HTR

EXIT OIL=AUX HIR

NATURAL GAS~FPUEL L INE

INLET FUEL OIL

EXIT OJL=AUX MIR

EXIT OIL=AUX HTR
RECIRC LINE=AUX HTR
EXIT OlLeAUX WIR

EXIT OILeAUX HIR
AIReF ORCED DRAFT FAN
AIRsFORCED DRAFTY FAN
COMP AIR INLET=AUX HTR
COMP AIR INLETeAUX HIR
INLET FUEL OJL

INLEY FUEL OIL

INLETY FUEBL OIL
NATURAL GASeFUEL LINE
NATURAL GAS=FUEL LINE
NATURAL GAS=FUEL L IMNE.
NATURAL GAS=FUEL LINE
NATURAL GAS INLET

GAS INLET .
UN1T

HYR UNIT

AUX MTR UNIT
EXHAYSTeAUX HTR
EXPANSION TANK

AUX HTR

CEXPANSION TANK

EXPANSION TANX
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sYs

scy
Sca
SC3
SCS
8cs
8cs
s
Scs
3¢S
SCS
SCS
C9
8Cs

- 9CS8

sCs
Scs
8Ccs
8CS
8CS

- 8C8
3¢C9

scs

. 8¢S

8Ccs
SCS
8cs
8Ccs
8Cs
SCs

- 8C8

sCs
SCS
8Cs
scs
Scs
Scs
8cs
Scs
cs
sScs
SC8
acs
8c3
scs

8Cs
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VENDUR
VENDOR
VENDUR
VENDUR
VENDOR
VENOUR
VENOOR
VENDOOR
VENOOR
VENDUR
VENDOR
VENDOR
YENDUR

VENDOR -
VENDOR
YENDOUR
VENDOR
VENDQR
VENDOR
VENDUR
VENDOR
VENDQOR
VENDUR
VENDOR
VENDOR
YENDOOR
VENDOR
VENDNR
VENDOR
VENDNR
VENDUR
VENDUR
VENDUR
VENDLR
VENDOR




INSTRUMENT
NUMBER

TE2100
Te2104
TE2102
TE2108
TE2104
T€2108
TE2106
TE2107
L2118
- LT211S
LAML211S
I3KH2170
I9L24170.
942172
8L2172
I8K2174 .
I3L2174
I3H217e
23L217¢
T PAML2190
TE2200
Te2201
TE2202
1E220)
TE2204
TE2209
TE2206
rTez2zao07
L1221%
Lraa11s
LAHL 2215
I3K2270

T 28L2270

I3H2272
T l8L2272

I8H2274 .
238L2274
1an2276
I3L227¢6

- 18H2278 "
© 19,2278
219H2280
l38L22R0
. PARL2290
TE2300
TE2301
TE2302
TE2303

TABLE 3.6-6
THERMAL STORAGE SUBSYSTEM MEASUREMENT REQUIREMENT LIST

SERVICE DESCRIPTION Loe

TEMPERATURE SENSUR

TEmp nfivgun T3
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INSTRUMENT DESCRIPTION svs
DEVICE VARIABLE
SENSOR=TEMPERATURE INLET OILeNTT .

- TEMPERATURE SENSOR TEMP OF TANK T 1 -188 f
TEMPERATURE SENSOR TEMP OF TANK T § 189 4
TEMPERATURE SENSOR TEMP OF TANK T | 188 '’
TEMPERATURE SENSOR TEMP QF TANK T § 1£ 1) F
TEMPERATURE SENSODR "TEMP OF TANK T 788 F
TEMPERATURE SENSOR TEMP OF TANK T 138 r
TEMPERATURE SENSOR TEMP OF TANK T 188 r
INDICATOReLEVEL LIGUID LEVEL WTY Co
TRANSMITTERSLEVEL LIGULID LEVEL TANK | 188 F

"ALARMSLEVEL HIGH/LOW .- L1GUI0 LEVEL TV
SHITCH=0QPEN VALVE POS - INLET OIL 8C8=nTTY 188 14
SWITCHM=CLOSE VALVE POS  INLET OIL ‘3CS=nTT 188 r
SWITCH=UPEN VALVE PQS EXIT OIL WTTepCS 199 F
+SuITCH=CLOSE VALVE POS  EXIT OIL MTTeSCS 78S 14
SWITCHeUPEN VALVE POS NITROGEN COVER GAS 38 r
SWITCHM=CLOSE VALVE POS - NITRUGEN COVER GAS 188 (4

- $WITCHaOPEN VALVE PQS A0VeNTT 189 r.
SWITCH=CLOSE VALVE POS  BDVaNTT . 188 r
ALARM=PRESeMIGH/LON HTT
SENSNR=TEMPERATURE INLET OIL=1TT
TEMPERATURE SENSOR TENP OF TANK 2 188 F
TEMPERATURE SENSOR - TEMP OF TANK 2 788 12
TEMPERATURE SENSOR - TEMP OF TANK 2 188 r
TEMPERATURE SENSOR TEMP OF TANK 2 188 F
TEMPERATURE SENSOR TEMP OF TANK 2 188 4

" TEMPERATURE 9SENSOR TEMP OF TANX 2 789 F
TEMPERATURE SENSUR ©» . TEMP OF TANK 2 188 4
INOICATURSLEVEL LIQUID LEVEL 17T
“TRANSMITTERe EVEL LIQUID LEVEL TanKk 2 TS F
ALARMal EVEL MHIGH/LON LIQUID LEVEL ITT -

. SWITCH=(QPEN VALVE POS. EXIT NIL 11T=PCS 188 F

< --SWITCHsCLOSE VALVE P08  EXIT OIL I1T~PCS £ 1) F
SWITCH=OPEN VALVE PQS INLET OIL SCS~]TT
SWITCH=CLOSE VALVE POS INLET UIL 9C8=1TT7 788 (4
SWITCHeUPEN VALVE PQS INLEY OIL PC3=1TT 188 F -
SWITCH=CLOSE VALVE POS INLET. OIL PCS=ITY 788 F
SWITCH=UPEN VALVE POY. NITROGEN CUVER GAS 788 (4
SwlTCHeCLUSE VALVE PUS  MIJROGEN CUVER" GAS 789 F
SWITCH=UPEN VALVE PUS BOVelTY . 188 F
SwITCHeCLOSE VALVE POS  BOVelTT? 798 F

‘SwlICH=[IPEN VALVE POS  EXIY OIL 1TTe3CS 188 4
SWITCH=CLOSE VALVE PUS. EXIY DIL [TVe3CS 188 13
ALARMePRES=HIGH/LIW 1Ty
SENSHR=TEMPERATURE INLET UlLeLT .

" TEMPENATURE SENSUR TEMP OF TANK 1 3 188 ¢
TEMPERATURE SENSUK TEmMP OF TANR T § 193 [ 4

188 =




INSTRUMENT

L

NUMBER

TE2304
TE2305
TE2308
TE2307
Pr231o0
pT2311
L2315
L12318

AHL231S

. I9nasro

8L237¢0
1312372
312372
1312374
Z8L2374

812376

TZsL2aste

13H2378
8L2378

PAML2390

COUNY

TE2401
T€2402
TE2403
pPr2aos
PT2406
TE2407
FE2410
FT24%0
23842474
I3L2474
I9H2uTe
Z3L2476
TE2501
TE2S02
TE2503
p12s0s
pP12sSos
TE2S07
FE2510
F12810
P12SSS
P125S8
ZIM2sS74
I9L2S74
48H257¢6
13L2%70
P1265SS
P12656

TABLE 3.6-6 (Continued)

INSTRUMENT DESCRIPTION

DEviICE VARIABLE
TEMPERATURE SENSOR
TEMPERATHRE SENSOR
TEMPERATURE 9ENSOR
TEMPERATURE SENSOR
TRANSMITTERPRESSURE
TRANSHM]TTER=PRESSURE
INOICATURSLEVEL
TRANSMITTER=LEVEL
ALARMeLEVEL MIGM/LOW
SWITCHeQPEN VALVE POS
SWITCH=CLOSE VALVE POS
SWITCHUPEN VALVE PDS
SW]TCHeCLUSE VALVE POS
SWITCH=UPEN VALVE PUS
SWITCMeCLOSE VALVE POB
SWITCH=UPEN.- VALVE POY
SWITCHeCLOSE VALVE PODS
SwITCHaQPEN VALVE PQS
SWITCH=CLOSE VALVE PODS
ALARMePRES=H]IGH/LOW
TEMPERATURE SENSOR
TEMPERATURE SENSOR
TEMPERATURE SENSOR
TRANSMITTER=PRESSURE
TRANSHITTERePRESSURE
SENSOR=TEMPERATURE
SENSOReFLON
TRANSMITTER=F(LOW
SWITCH=0PEN VALVE PUS
SWITCHeCLOSE VALVE POS
SWITCH=(UPEN VALVE PUS
InITCH=CLOSE VALVE PQOS
TEMPERATURE SENIJOR
TEMPERATURE SENSUR
TEMPERATURE SENSOR
TRANSMITTER=PRESSURE
TRANSHMITTER-PRESSURE
SENSOIR=TEMPERATURE
SENSOReF{ W
THANSMITTER=F( UWw
TRANSMITTER=PRESSURE
TRANSMITTER=PRESSURE
SWITCH=(PEN VALYVE PUS
SwifCH=CLOSE VALVE PUSY
Sw]ICH=PEN VALVE PUS
SWITCH=CLOSE vaLVE P03
TRANSMITTER=PRESSURE
TRANSMITYERePHRESSUNE
96

"SEAL

8ERVICE DESCRIPTIUN

TANK 1 3

TANK T 3

TEMP OF TANK T 3

TEMP OF YANK T 3

LINE PRESSURE FRUM NIT
NITROGEN SYSTEM PRESSU
LIGQUID LEVEL LT
LIGUID LEVEL Tank 3
LIGUID LEVEL LTT
8DveL TY

BDV=LTY

NITRUGEN COVER GAS
NITROUGEN COVER GAS,
INLET OIL SCS8=LTT
INLET OIL SC3=LTT

TEMP OF
TEMP OF

“INLET OIL PCS=LTYT

INLET OTL PC8=LTT
EXIT OIL LTTeSCS .
EXIT OIL LTY=SCS

LrY ,
BY=PASS OIL TEMP TANK.
COLD PUMP TEMP A.

COLD PUMP TEMP B

PUMP INLET PRESSURE LD
PUMP QUTLET PRESSURE |

"EX1Y QIL PUMPe3(CS

LOwW TEMP OIL FLOW

LOw TEMP OIL FLOW

LOW TEMP PUMP BY=PASS
LOw TEMP PUMP BY=PASS
INLET FLOW SCS=PUMPY
INLET FLONW SCSaPUMPS
AYePASS QIL TEMP TANK
HOT PUMP TEMP A

HOT PUMP TEMP 8

PUMP INLET PRESSURE NI
PUMP DISCHARGE PRESSUR
EXIT OIL 7188-PCS

EXIY OIL 138=PCS

EXIT OIL T788-PCS

WATER PHESSURE
SEAL WATER PRESSURE
HIGH TEMP PUMP BYePASS
MIGH TEMP PUMP AYepPASS
EXIT NIL PUMPSeMIT
EXIT OIL PUMPSeHTT
SEAL WATER PRFSSURE
SEAL WATER PRFSAURE
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sys

188
788
T8
138
788
788

188

1898
138
788
788
788

_188.

788
188
788
188

189
788
789
188
188

138
188

1ss

1398
789
789
188

78S
7188
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INSTRUMENT
NUMBER

113100
T13101
PI3102
T13103
113104
113108
113106
113107
T18108
113109
113310
Tistt
T13112
713113
TI3114
PI311%
TT3116

TcVSi1e

1313116

- 18,3116

TIS147
LG3118
LC3119
LT3119
LCvitte
713120
TCcV3t20
913120
I9L3120
Ti3121
P133122
PCcvs122
I8m3322
I8L3122
PL3123
F13124
P13200
PD13201
~ P13202
F132038
T13204
cc3aos
CE3205
€13208
ccvizos
F13300
TI3801
P13302

TABLE 3.6-7 |
POWER CONVERSION SUBSYSTEM MEASUREMENT REQUIREMENT LIST

INSTRUMENT DESCRIPTION
NEVICE VARIABLE

TRANSMITTERSTEMP
INDICATURSTEMP
INDICATUR®PRESIURE
TRANSMITTER=TEMP
INDICATURSTEMP
TRANSMITTERSTEMP
INOICATURSTEMP
TRANSMITTER=TEMP
INOICATURCTEMP
TRANSMITTER=TEMP
INOICATORSTEMP
TRANSMITTEReTEMNP
INOICATORTEMP
TRANSMITTERTENP
INDICATORTEMP
INDICATOR=PREISURE
TRANSMITTEReTEMP

. CONTROL VALVE=TEMP

SWITCHNIGN POSITION
SWITCHeLO® POSITION
INDICATURSTEMP
GAUGESLEVEL
CONTROLLER=LEVEL-
TRANSMITTEReLEVEL
CONTROL VALVE={EVEL
TRANSMITTER=TEMP
CONTROL VALVESTEMP
SwiTCHeHIGH PUSITION
SWITCHeLDOW PNJITION
INDICATORSTEMP
TRANSHITTER=PRESS
CUNTRUL VALVE<PRESS
SWITCH=0OPEN VALVE PDS
SWITCH=CLOSE VALVE PNS
INDICATORSPRESS .
TRANSMITTER=FLOn
INDICATUR=PRESSURE
INDICATOR=DIF PRES3S
INOICATORPRESSURE
TRANSMITTER=FLOW
INDICATURSTEMP
CONTROLLER=CIONDUCT
ELEMENT=CONDUCTIVETY
TRANSMITTER=CUNDUCT
CHONTRUL VALVEsCUNDUCT
INDICATURFLIIw
INDICATDR=TEMP
TRANSHITTER=PNE SSUKRE

SERVICE OESCRIPTION

© OIL INLEY TO PCS
" O1L INLET TO PCS

OIL INLET T PCS
EXIT OIL=3PHTR

EXIT OIL=8PHIR

INLET OlL=BOILER
INLET UIL=BUILER
EXITOILSBOILER
EXIT OIL=BUILER
INLET OIL=PRHIR
INLET OIL=PRMTR
EXIT OIL=PRHIR

*EX]T OILePRMIR

EXIT OIL=LAST VALVE
EXIT OIL=LAST VALVE
EXIT UlLePCS

" EX1T FOWTRePRHIR
EXIT OIL PRHIRe3waAY

EX]T OIL PRNTRe3WAY
EXIT OIL PRMIRe3NAY
EXIT FOuTRePRHTIR
BOILER FONTIR LEVEL
BOILER FPOWTR LEVEL
BOJLER FOWTR LEVEL
INLET TO PRHTR
EXIT STEAM :
EXIY OIL SPHTRa3IwAY
EXIT OIL SPHTR=3waY

EXIT OIL SPHTReIwAY _

EXIT STEAM
EXIT STEAM
EXIT OIL PCS

- PCVelX1T NOIL PCS

PCVeEX]IT QIL PCS
EXIT STEAM :
EX]IT STEAM

INLET UlL=PCS

ACRMISS STMGENERATOR
BEFNRE ExIT PCv
BEFORE EX1T PCV
INLET FDOWTR TV PRMTR
BOILER BLO®OUWN
BOILER BLOWDOWN
BOILER BLOWDOwM
BOILER BLOPDUWN
INLFT STmMaT/G

INLET 3TmMel/G

BYPASS W,P, 1/6G
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svs

" PCY

PCS
PCS
PCS

PCS
PCS

PCS
PCS
PCS

Pcs -
PCS

PCS
PCY

PCcs -

PCy
{3 ]
41 )
PCS
PCS

PCS-

PCS
PCS

PCS

PCS
PCS
PCS

PCY

PCY
fCs
PCY
PCS

PCs

PCI
PCS
PCS

PCcS
PCS

PCS

PCS.

PCS

PCS

PLS
PCS

pPcs -

PCS
PCS

PCS’
PCS-
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INSTRUMENT
NUMBER

P13304
718308
773400
T1340}
PT340R
Ty3an}
© LG340Y
1Y34086
L83406
2v3406
"LC3do7
LT3407
Lcv3aoy
1v3408
Zv3aos
TT3409
T13500
pP13Sol
PCVv3SO01L
I9M3S501
28135018
PI3302
713503
713504
LG3S0S
LC3%0e
LT3500
LCV3S0e
I813506
I3L1506
F113600
T13601¢
PT3602
P13603
TC3604
113604
Tcv3eod
13M3604
I8L3604
1v3s808
ZY360S
Iv3608
Iv3606
PT3610
1y3700
1v37014
1v3702
t£13703

TABLE 3.6-7 (Continued)

INSTRUMENT DESCRIPTION
DEVICE VARJABLE

INDICATNR=PRESSURE
INDICATURSTEMP :
TRANSMITTEReTEMP
INDICATOR=TEMP
TRANSMITTER=PRESSURE
RELAY=CONTACT POSITION
INDICATOReLEVEL
CONTROL RELAY
SWITCH=LEVEL
RELAYSCONTACT POSITION
CONTROLLER=LEVEL
TRANSMITTER=LEVEL
CUNTROL VALVEeLEVEL
CUNTROL RELAY

RELAYCONTACT PUSITION

TRANSHMITTEReTEMP
INDICATOReTEMP
TRANSMITTER=PRESSURE
CONTROL VALVESPRESY
SWITCH=OPEN VALVE POS
INITCHeCLOSE VALVE POS
INDICATUR=PRESSURE
TRANSMITTEReTEMP
INDICATORTEMP
INDICATUReLEVEL
CONTROLLERLEVEL
TRANSMITTER=LEVEL
CUNTRUL VALVE=LEVEL
SW]TCH=UPEN VALVE PUS
SWITCHaCLOSE VALVE P08
THANS/IND=FLOw .
INDICATUORSTEMP *
TRANSMITTER=PRESSURE
INDICATUR=PRESSURE
CONTROLLER=TEMP
TRANSMITTER=TEMP
CONTRUL VALVEeTEMP
S~11CH=UPEN VALVF PUS

"SWITCH=CLOSE VALVE POS

CUNTROL RELAY
RELAY=CUMTACT PUSEITION
CONTROL RELAY

RELAY=CONTACT POSITINN.

TRANSMITTER=PRFSSURE
LOCKR QUT RELAY

TeDo OVERCURRENT RELAY
GROUND FAUL Y RELAY
VUL T METER

SERVICE DESCRIPTION

8YPASS T/6
BYPASS T/G
“INLET STM=CONDECSER
INLET STM=CUNDECSER
VACUUM IN CONDENSER
CAIR EJECT VACUUM PUMP
" WATER=HOTWELL
RUN CUNDENSATE PuUMPt
WATER=HOTWELL
RUN CONDENSATE PUNMPY
" WATER=HOTWELL
WATER=NOTWELL
"INLET COND=OEAERATOR
RUN CONDERSATE PUMP2
RUN CONDENSATE PUMP2
EXIT WATER=HOTWELL
STEAM®DEARATOR
STM e DEAERATOR
INLET STM=DEAERATOR
8TM VALVE=DEAERATOR
8TM YALVE=DEAERATOR
STEAM=DEAERAIOR
WATER=DEAERATOR
WATER=DEAERATUR
NATER=DEAERATOR
WATER=DEAERATOR
RATER=DEAERATNR
INLET MKeUP WYR=CRU
" MKeUP WIR VALVEeCRU
MKaUP TR VALVEeCRU .
INLET POWTRaFDNTR MTR
INLET FOWTR=FDWTR HTR
INLEY FDWTR=FDWTR HTR
INLET FOnTR=FDWTR HTR
NUET STEAM=FDWTIR MHTR
" EXIT PDWTR=FDWIR HTR
“STLAM VALVE=FDWTR HTR
STHM VALVE=FOWTR NTR
STM VALVE=FOWTR HTR
FOWTR PUNMP|
FDWTR PUMPY
FORTR PUMPR
FOWTR PUMP2
STEAM IN FDwIR HIR
TRIPS ACB A=ACH H
- GEN GROUND FaUl Y
GEM GROUMD FAULT
GEN VULTAGE
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8Ys

PCS
PCY

" PCY

PCS
PCS
PCS
PCS
PC3
PCe

PCS

PCS
PCS
PCS
PCS
PCS
PCS
PCS
PCS
PCY

PCS

PCS
PCY
PCS
PCS
PCY
PCS
PCs
PC8
PCS
PCS
PCI
PCS
PCS
PCS
PCS
PCS
PCY
PCS
PCS
PCS
PCS
PCS
PCS
pC3
PC3
PLCS
PCS
PCS
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INSTRUMENT

COUNT

NUMBER

Jai3706
€1C3707
1v3r08
1v3709
1v$710
1v3741
13712
1823228 ]
Joi3rT1a
1v3717
1v3748
1Y3719
1v3720
1v3rey
tvir2e
1v3723
1v3724
Joisray
Jo13r2s
1v3730
1v3184
1v3732
LG3810
1v3s1y
LSH381Y
LoLIs)
Lc3812
L13812
LCvssi12
29M3812
2813812
1v3813

TABLE 3.6-7 (Continued)

INSTRUMENT DESCRIPTION
DEVICE VARIABLE

WATTMOUR METER
VOLT/aMP REGULATOR

" OVERCURRENT RELAY

REVERSE POWER RELAY
REVERSE PHASE RELAY
OVERVOLTAGE RELAY
UNIY DIFF PMASE RELAY

T,D,. OVERCURRENT. RELAY

WATTHOQUR METER
OVER/UNDER YOLT RELAY
UVER/UNDER FREQG RELAY
GROUND FAULT RELAY
TRIP COIL RELAY
REVERSE PUWNER RELAY
LOCK=0UT RELAY
OVERVOLTAGE RELAY
T,0,0VERCURRENT RELAY
WATTHOUR METER
WATTHOUR METER

TRIP CNIL RELAY
GROUND FAULT RELAY
CUNTRNL RELAY
INDICATOReLEVEL
CUUNTRUL RELAY

LIMIT SwlTCHeMIGH
LIMIT SWITCHeLON
CUNTROLLER=LEVEL
TRANSMITTEReLEVEL
CONTROL VALVE=LEVEL
SHITCH=UPEN VALVE POLY

SWITCHeCLOSE VALVE POS -

CUNTROL RELAY
128 :

SERVICE DESCRIPTION

GEN POWER -
REACTANCE ADJUSTMENT
TRIPS 'ACH
TRIPS ACB
TRIPS ACE
TRIPS ACB
TRIPS ACB
GEN GRUUND FAULTeBUS
POWER OUT GEN BUS TIE
TRIPS ACBASACE B -
TRIPS ACOA=ACS 8
TRIPS ACB 8

TRIP8 381

8ASE BOURCE TRIPS 381G

TRIPS 231 AND ACB &
TRIPS ACS A

GROUND FAULT

POUNER N

PUNEZR OUTY

TRIPS ACB A

- TRIPS ACS A
. TRIPS 33% AND ACB B8

COND IN CRU

COND 'RETURN PUMPYQ
COND IN CRU

COND IN CRU

COND TOU DEAERATUR
COND IN CRU

COND TO DEAERATOR
LCVeCOND 10U DEAERATOR
LCV=COND TO DEAERATOR
COND RETURN PUNP2
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svs

PCS

PCS

PCS

PCo
143
{12
141}
PCS
PCS
44
43
41
PCY
PCS

.PCS

142
PCS
PC8
PCS
PCS
PCS
41)
PCS

. PC8

PCS
PCS
PCS

- PCS

PCS
PCS
PCS

PCS
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INSTRUMENT
NUMBER

TEG0O0O
TIa000
TTa000
PEUOOY
PT4001%
TEWO002
Tia002
Trage2
TEao003
T14003
T14003
TEQ004
118004
114004
TE4VOS
114005
TT40008
. PEA0OS
‘PTAOOS
LYgo007
FEaooO8
FYa008
FE4O009
F14009
TE4Q10
114010
Teaott
Tra4018
Te4012
Traol2
PE4OL}
Pldo1s
TE4O014
Traota
PEWO1S
PT4o1s
TE4016
114096
TE403?
Tr14017
FEauvi8
FTuo16
TE4019
T14019
114019
PE4O020
P14020
TELO21

TABLE 3.6-8

INSTRUMENT DESCRIPTION
DEVICE VARTIABLE

ELEMENT « TEMP
INDICATOR = TEMP
TRANSMITTER « TEMP
SENIJDR = PRESSURE
TRANSMITTER = PRESSURE
ELEMENT = TEMP
INDICATUR = TEMP
TRANSMITTER = TEMP
ELEMENT = TEMP
INDICATOR = TEMP
TRANSMITTER = TEMP
ELEMENT o TEMP
INDICATUR = TEMP
TRANSMITTER = TEMp
ELEMENT o TEMP
INDICATUR = TEMP
TRANSMITTER o TEMP

. SENSQOR = PRESSURE

TRANSMITTER = PRESSURE
TRANSMITTER o LEVEL
SENSOR = FLUW
TRANSHITTER = FLOW
SENSOR = FLOW
TRANSMITTER = FLOW
ELEMENT = TEMP
TRANSMITTER = TEMP
ELEMENT o TEMP
TRANSMITTER = TEMP
ELEMENT = TEMP
TRANSMITYER = TEMP
SENSNR e PRESSURE
TRANSMITTER » PRESSURE
ELEMENT = TEMP
TRANSHMITTER = TEMP
SENSOR. = PRESSURE
TRANSMITTER = PRESSURE
ELEMENT = TEMP
TRANSMITTER = TEMP
ELEMENT » TEMP
TRANSMITTER « TEMP
SENSOR = FLUW
THANSMITTER « FLOw
FLEMENT = TEMP
JHDICATUR = TEMP
TRANSHMITTER = TENMP
SENSOR » PHESSUNF
TRANSMITTIER = PRESSURE
FLEMENT = TEMP
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"HOT WTR TANK

-HOT WTR -TANK.--

HOT WATER SUBSYSTEM MEASUREMENT REQUIREMENT LIST

SERVICE OESCRIPTIUN CAR]

HOT WTR TANK
HOT WIR TANK
HOT wTR TANK
HOT wTR TANK
HOT WTR TANK
HOT WTR TANK
HOT WTR TANK
HOT wTR TANK

HL HNS
HL
HL . Hwg
M
18

HOT WTR TANK
HOT wTR TAMK '
HOT wTR TANK
HOT wTR TANK
HOT wTR TANK
HOT WTR TANK
HOT WYR TANK
HOT ®TR TANK

..-.'.'.....’...‘.....
; -
pad

HOT WNTR TANK
HOT WTR TANK Lt
INLET HOT WTR TANK
INLET MOT WIR TANK
HOT WTR FROM COND

HOT WTR FROM COND
INLET COND WTReNWT EXC
INLEY COND WTReWT EXC
INLET LINE T PUMP
INLET LINE TO PHWP
EXIT COND WTReKWT EXC
EXIT COND wTReNT EXC
EXIT Cw = W1 ExC

EXIT Cw = HT EXC

EXIT Cw » HT EXC

EXIT Cw = MY EXC
INLET CW = HWI EXC
INLET Cw = HI EXC
INLET Cw = HT EXC
INLET CW = HT EXC

MU WTR AMEAD DHwL
HOT wIR AHEAD DHwL
HOT WTR TANK JHLEY
HT WTR TANR INLET
EXIT HMOT nTR = CUMD
EXIT HOT wIR = CUND
EXIT HOT Wik = COND
EXIT FUT wIR = CUND
EXIT HOT WIR e COND
LINE AFTER PHup

Lot




" INSTRUMENT

CUUNTY

NUMBER

114023
114021
1va022
Tvaod2
T€EQ023
114023
114023
Ivao2s
2v4024
PEGO2S
PT40R2Y
1va02s
TE4a026

. 114026

2va02s
PEQO27
PTao27?

FEWOR28

Frao2s

. Koy

TABLE 3.6-8 (Continued)

INSTRUMENT DESCRIPTION
DEVICE VARLABLE

INDICATOR o TEMP
TRANSMITTER = TEMP
CONTRUL RELAY

RELAY=CONTACT PQSITION

ELEMENT = TENP

- INDICATUR o TEMP

TRANSMITTER o TEMP
CUNTRGL RELAY
RELAY=CONTACT POSITION
SENSOR = PRESSURE
TRANSMITTER = PRESSURE
CONTROL RELAY
ELEMENT = TEMP
TRANSHMITTER o TEMP
RELAYSCUNTACT PUSITION
SENSOR « PREISURE
TRANSMITTER =« PRESSURE
SENSUR & FLUW
TRANSMITTER = FLOW

67 .

3-345

N

SERVICE DESCRIPTION

LINE APTER PHUWP
LINE AFTER PHUWP
PHNP = STARTER

PHWP o STARTER

HOT wTR SUPPLY LINE
HOT WTR SUPPLY LINE
HOT WTR BJUPPLY LINE
SHNP STARTER

AHNP STARTER

HOT wTR RETURN LINE
HOT WTR RETURN LINE

COND WTIR PUMP STARTER

HOT WTR RETURN ( INE
HOT WTR RETURN LINE
COND WTR PUMP STARTER
HOT wWTR BUPPLY LINE
HUT WTR SUPPLY LINE
HOT “MTR SUPPLY LINE

‘HOT wTR SUPPLY LINE

9vys

Hw3

Loc




INSTRUMENT

NUMHER

T1S100
7181014
775103
FYSi04
PTS10S
LTS106
F15107
TES108
T1S808
PES11O
PISI1D
PTIS110

PCVYSItO

1vS111
2vsi11
TES112
118112
PES1I13
PI%S113
rFsSi114
PES11S
PIStIIS
TEStt1o
115416
1vS117
Ivsit?
PES118
PTS118
TES119
TIS119
PESL20
pPr1si20
TES121
T1S512%
PESI22
P1S122
F3S123
ZvS128
TES124
718124
TES12S
115125
tvsi1278
1YS5127A
Ivysiamn
2Y51274A
I1vS5128
Zv8128

TABLE 3.6-9

INSIRUMENT DESCRIPTION
DEVICE VARIABLE

TRANSMITTER = TEMP
TRANSMITTER & TEMP
TRANSMITTERTEMP
TRANSMITTER = FLUW
TRANSMITTER = PRESSURE
TRANSMITTER o LEVEL
TRANSHITTER o FLON
ELEMENT = TEMP
TRANSMITTER = TEMP
SENSOR = PRESSURE
INDICATOR « PRESSURE
TRANSMITTER o PRESIURE
CONTRUL VALVE=PRESSURE
CONTRUL RELAY '

RELAY=COUNTACT POSITION -

ELEMENT o TEMP
TRANSMITTER = TEMP
SENSOR = PRESSURE
TRANSMITTER « PRESSURE
SHITCH = FLUNW

SENSOR = PRESSURE
TRANSMITTER = PRESSURE
ELEMENT o TEMP
TRANSHMITTER o TEMP
CONTROL RELAY

RELAY=CONTACT POSITION.

SEN3OR = PREJSSURE
TRANSMITTER = PRESSURE
ELEMENT = TEMP
TRANSMITTER = TEMP
SENSNR = PRESSURE
TRANSMITTER o PRESSURE
ELEMENTY = TEMP
TRANSHMITTER = TEMP
SENSUR = PRESSURE
TRANSMITTER « PRESSURE
SWITCH = FLOW
RELAY=CONTACT PUY
ELEMENT = TEMP .
TRANSMITTIER = TEMP
ELEMENT = TEMP
TRANSMITTIER = TEMP
CUNTROL RELAY

CUNTROL RELAY
RELAY=CUNTACT POSITION
RELAYeCUNTACT PUSITION
CONTROL RELAY
RELAYCONTALT POSTITION

SERVIC

CH IR
CH WIR

" CHANGE

CH wiR
CH WIR
CH wiR
CH wiR
cH mIR
CH wWIR

CHILLED WATER SUBSYSTEM MEASUREMENT REQUIREMENT LIST

E DESCRIPTION 8vs

SUPPLY LINE
RETURN L INE
OVER CUNTROLS
SUPPLY LINF
SUPPLY LINE
TANK = (L
TANK 8/R

LINE = PCiP
LINE = PCwP

Cwns

Loc

EXIT CH WTR LINE
EXIT CH wTR LINE
EXIT CH WTR LINE

CH %TR LOOP
PCWP STARTER
PCwP STARTER
INLET CH NWIR
INLET CH WIR
INLET CH wIR
INLET CH wTR
EX]T CH WTIR e
EXIT CH WIR e
EXIT CH WIR o
EXIT CH NIR o
EXIT CH WTR =
SCwP STARTER
SCwp STARTER
CH WTR SUPPLY
CH WTR SUPPLY

AB CH
AB CH
AB CH
A8 CH
AB CH
AB CH
A8 CH
AB CH
AB CH

LINE
LINE

INLET COND WTR=AB CH
INLET COND WTReAB CH
INLET COND WTR=AB CHM
INLET COND WTReAB (W
EXJT COND wWTReaB CH

EXIY CONDO WTReAB CHM

EXIT COND WTRe=AB CH

EXIT CUNO wTReAB CH

EXIT COND WIRwAB CH

AB CH LNW TEMP ALARM
EXIT CH wWIR o AB CH

EXIT CH wTR = AB CM

MIXED COND wTR LINE

MIXED CUND wIR L INE

CT FAN HIGH SPEEL

CT EAN LOUW SPEED

CT FAN HIGH 3PEED

CT Fan LOw SPEED

CWP 11 CH UNI]
CwP 1N CH UMIE
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2

INSTRUMENT
NUMBER

1£5129
115129
1715129
PESI3O
PTS130
TES1SY
TiS1314
718131
TES132
T1S132
118132
TESTSS
715133
T1S133
PES134
PTS134
TES139
TIS13S
7715138
TES136
TISt138
FES137
F15137
FES138
F15138
FES1Y9
FI1S1139
FYSiao
IvS140
1vSiat
ZvSiat
1v8142
2vS142
Ivsi1484
PCYS0¢
PIssot
PCVSSol

CUUNT . =

TABLE 3.6-9 (antinued)

INSTRUMENT DESCRIPTION
DEVICE VARIABLE

ELEMENT o TEMP
INDICATOR=TEMP
TRANSMITTER = TEMP
SENSNR = PRESSURE
TRANSMITTER = PRESSURE
ELEMENT = TEMP
INDICATOR o TEMP
TRANSMITTER = TEMP
ELEMENT = TEMP
INDICATUR o TEMP
TRANSMITTER o TEMP
ELEMENTY = TEMP
INDICATUR o TEMP
TRANSNITTER = TEMP
SENSOR = PRELSSURE
TRANSMITTER = PRESSURE
ELEMENT = TEMP ’
INDICATOR = TEMP
TRANSMITTER = TEMP
ELEMENT o TEMP
TRANSMITTER = TEMP
SENSOR = FLOUW
TRANSMITTER = FLOW
TRANSHMITTER = FLOW
TRANSMITTER = FLOw
SENSOR = FLUNW
TRANSMITTER = FLOW
CUNTROL RELAY
RELAYSCONTACT PUS
CONTRQOL RELAY
RELAYSCUNTACT POS
CONTRUL. RELAY
RELAY=CUNTACT PLS
RELAY=CONTACT PUS
CONTRULLER=PRE JSURE.
TRANSMITTER=PREISURE
CONTROL VALVESPHESS
: 8s .

SERVICE. DESCRIPTION

CH WIR TANK WL

CH WIR TANK WL
CH WTR TANK ML
CH WTR TANK MWL
CH WTR. TANK WL

]
x
-
-

CH WTR. TANK.

-CH WTR TANK = NIL
CH. TR TANK o HIL
CH NTIR TaNnK IL

CH WTR TANK
CH WTR TANK

CH WIR TANK » LIL
CH WTR TANK LIL

. CM, WTR TANK.
CH WTR TANK = LL
CH WIR TANK o LL-
CH WTR TANK = LL

CH WTIR TANK
CH WTR TANK
CH WTIR TANK
CH wTR TANK
EX1T CH WIR

s 008 0000808030 CD DD
-
-
-

_EXIT CH wTR = AB CM

AB CH LOOP LINE
AB CM LOGP. LINE
INLET COND WIR=AB CH

. INLET COND wiR=aB CH
"AB CH UNITY

AR _CH UNTT
PUKGE PUNP

. PURGE PUNP

AB CH UNIT PuMP

AR CH UNLIT PUMP

AB CH LOw REF ALARM.
INLET STEAM®DEAERATOR
STEAM=DEAERATOR

INLET STEAM=QEAERATOR
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TABLE 3.6-10
DOMESTIC HOT WATER SUBSYSTEM MEASUREMENT REQUIREMENT LIST

INSTRUMENT INSTRUMENT OQESCRIPT]ION SERVICE DESCRIPTION sys Loc
NUMRER DEVICE VARJABLE .
TENVOO ELEMENT o TEMP EX]T HOT wTReHT EXC DHS
116000 TRANSMITTER = TEMP EXIT WOYT wTReNY EXC
TE6001 TRANSMITTER o TEMP INLEY MOT nTReMT EXC
T16001 TRANSMITTER o TEMP INLET HOT wikeMT EXC
PESOO2 SENSNR = PREBSURE COLD wWTR TO DHS
P18002 TAANSMEITTER « PRESSURE CULD WTR TO DM8 )
TY6003 CONTROL RELAY DHS HOT wTR PUMP - : -
Iva003 RELAYCONTACT POS DHE HNT WIR PUMP
166004 ELEMENT « TEMP EXIT DHw MY EXC
716004 INOICATOR » TEMP EXIT DWW WY EXC
T16004 TRANSMITTER o TEMP - EXIT DMW NT EXC

1CV6004 CONTRUL VALVE = TEMP EXIT OMw WT BXC
T£6009 ELEMENT = TEMP ) COLO wTR YU DHS
716008 TRANSMITTER o TEMP COLD WIR TO DMS
PE6OOS SENSOR = PRESSURE DHW SUPPLY LINE
P18006 TRANSMITTER « PRESSURE OHN SUPPLY L(NE
TE&007? ELEMENT = TEMP DHS RETURN LINE
T16007 YRANSMITTER o TEMP - DM8 RETURN LINE
1Y6008 . CUNTROL RELAY - DH3 RETURN PUMP
2v6008 RELAY=CUMTACT POS DOH8 RETURN PUMP

COuUNTY - 20 .

COUNTY - 829

~3-348




TABLE 3.6-11 -
MRL ABBREVIATIO& DEFINITIONS

AB CH 0 60 002 000 00 000N

ALT e e 00000 besstec0bsseesss e

AUX 00 0000008000000 0000000css

BOV vevereeeanenn
CH WTR vvvunnnnnns
COND vevvnveonnncereonneennns
CRU .... ‘
o R
FDFWD +evennnnnnocereennennes
FOWTR veenenenn

GEN R RN NN NN I I W S I

G900 06000000008t 0s0

HIL vevvnnnennseonnononeennas
13 S
HL vevevnvnsooensnenenasenens
HT EXC vivevevnnnnnnennnnnens
HTR veveeveeceneennsnennonnes
1
IL terernnenrenensnncnecennns
ITT vevninnn,
S

LIT 0000000000 0sRORPOSIOIOROLTODS

LL Q.o.Aonlonoocooouoocotolcoo

MK-UP NTR .o.o-oocc.o.-oooon-'*

PCHP wevnreinenereecennncnnns
PHUP v evveveenseseceneseseans
POS taveeereeivnrncenesenenes
PRHTR +evvenennnnnenenenenees
SCHP vevuevvnensns ‘
SPHRT evvevnenernrneencnnsns
S/R erennnennnennennnnnsenns
STM vrvnennnnns
STM GEN ...
T/6G..

Absorption Chiller
Alternate .
Auxiliary

‘Blowdown Valve

Chilled Water
Condensate '

Condensate Return Unit
Cooling Water

Feed Forward

Feedwater

Generator

High Intermediate Level
High Temperature Tank
High Level
Heat~EXchanger~

Heater

Hot Water

Intermediate Level
Intérmediate-Témperature Tank
Low Intermediate Level
Low Temperature Tank

}ow Level

Make-Up Water _
Primary Chilled Water Pump-
Primary Hot Water Pump
Position-

Preheater .
Secondary Chilled Water
Superheater '
Supply/Return

Pump

. Steam

Steam Genekator
Turbine Generator

349



The control system interfaces electrically with the above subsystems instrumen-
tation via electrical signals that terminate at the I/0 terminal boards of the
distributed process unit (DPU) or the I/0 racks behind the operator control
panel/console The I/0 terminal board connectors and transmission cables are
the mechanical interfaces between subsystem instrumentation cabling and the
computer based control system.

3.6.6.2 ELECTRICAL POWER

Power for the computer control system critical load is derived from a reverse
transfer static UPS. Under normal operation, the critical load receives AC power -
from the UPS ferroresonant inverter in order that AC filtering is provided to
protect against short term voltage transients and frequency deviations. Should
the UPS fail or a large amount of current be necessary for clearing faults, a
static transfer switch is provided to automatically switchover to commercial

AC power, unput power to drive the UPS is provided by the facility utility

230 VAC, 3 phase, 60 Hz source that is connected to a common distribution system.
The UPS system shall be located in an area outside the main control room.

3.6.7 SYSTEM SOFTWARE

The ICS control is-implemented as operating system arnd control system software
in the CPU, and as control system software or hardware in the DPUs. The operat-
ing system software will be supplied and maintained by the computer hardware
supplier as a standard item. This operating system provides the software base
and tools required to implement the unique Fort Hood STES control system
software that will be developed during Phase IV.

3.6.7.1 "OPERATING SYSTEM SOFTWARE REQUIREMENTS

System software will be modular]y constructed and controlled by a priority
or1ented real time multiprogramming executive.

A1l units of software furnished as part of this.system will have been success- -
fully used in at least two documented prior applications. |
o The software will support high-level language program development

and maintenance for the host computer and the DPU's including a
text editing and a debugging capability
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The softuare will be capable of generat1ng an operating system .
based on combinations of routines from a library of basic
facilities

The software will provide program assenb]y capabi]1ty for the
host computer and. the DPU's

The software will prov1de capability to download data and
commands to the DPU'S from the host computer

The software will provide input/output task scheduling, file
management, task swapping memory allocation, overlay capability,
and memory protection

The software will provide interrupt handling capab1]1ty and
support at least four levels of priority for task execution.
.The priority level of any task may be altered by operator or
programmer intervention , _

The software will provide- for the control of d1sc to tape and
tape to disc transfers, and other such utility routines, includ-
ing I/0 with perlpherals such as CRT terminals, card reader, etc.

The executive will control allvapp11cat1on programs. and execute
them-at frequencies and priorities to be specified by the
purchaser ,

The software will support interactive communication w1th the
operator through his CRTs and keyboard

A compiler for ANSI Standard FORTRAN IV (ANSI X3.9) will be
provided, including the real time extensions of ISA S61.1. The
FORTRAN language will be capable of on-line assembly language

- coding -and bit and byte man1pu1at1on A run time diagnostic
package will be included. : . :

Mathematical and ut111ty program-libraries will be prov1ded for
" both the CPU and DPU's.

Device independent input/output capab111ty will be provided and
specific software drivers will be provided for all hardware
furnished with the computer system including all

peripherals and CPU options such as the real time clock, fa11/
restart function, direct digital control.

Full diagnostic routines will be provided for the host computer
and all options and peripherals furnished. The d1agnost1cs will
provide an exercise of all functions of each specific p1ece of
hardw?re as well as serve to locate hardware malfunct1ons in .
detai
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® Real time, run time and d1égnost1c routines will be provided for

' the host computer and the DPU's that will detect errors and
failures in all peripherals to the host computer especially the:
data 1ink and DPUs. ) .

¢ Software modules to program and ‘check DPU software will be
prov1ded

3.6.7.2 CONTROL SYSTEM SOFTWARE

The control software in the CPU will be modular1y built and 1mp1emented to

-fulfill the functions below.

ENERGY MANAGEMENT

The energy supply and load demand will be predicted periodically during daily
plant operat1on to prov1de da11y and Tonger range input to the mode selection

to eff1c1ent1y meet immediate and proaected energy needs. The weather station

and the instrumentation of each subsystem provide the current data. Also the
operator may provide current data as well as inpdting special information to
the predictions. '

OPERATOR COMMUNICATIONS

Through the CPU the operator has complete control. The CPU will prbvide com-

‘mand data to facilitate operator commands and reduce operator input error. The

operator may override automatic mode se19ction with his own choice or even
control individual component operation. The CPU will provide the operator with -
waming alarms as well as limit alarms and notice of automatic actions. The -
operator may display on his CRT data about the overall system or about a detailed
selected area. In addition, the operator can requesf data trending of key system
parameters, ' ’ ‘

The alarm héndler will keep the alarm CRT”up'to date; flashing new alarms and

showing cleared alarms as space allows. A hard copy of the sequence of the
alarms will also be output. ‘ : .
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0 STES MODE SELECTION, ALARM AND PROTECTION LOGIC

This software module will govern automatic mode selection and provide 1nter10ck
“and protection logic for operator action and individual DPU action. The energy
supply and demand modules outputs will be used here to automatically select the
system mode of operation. The_se1ection logic will account for current status
including operator imposed conditions and any hardware that is out of service,

and demand and load predictions to select the mode for best overall system

efficiency. The operators commands for mode selection will override the auto-

matic selection but individual component commands must pass through the inter-

lock logic which, for safety reasons, may trigger additional commands and/or

alarms. Individual DPU actions and alarms will also pass through the interlock
" logic to provide system wide response.

STES MODE CONTROL INCLUDING MODE TRANSITION CONTROL

Each of the DPU's down-loaded commands and software will be formatted and will
reside in a software module. Triggered by automatic actions and operator com-
mands that come through the interlock logic, the overall control program will
assemble and transmit the appropriate DPU cbmmunications."ondered mode changes
may require a special timing of commands including intermediate steps, that

.~ will be timed, assembled and transmitted by this module.

3.6.8 MAINTENANCE

Typica]Ty the instrumentation and control system is designed with so]id state
electronic equipment. This equipment includes the Central Processor Unit,
Distributed Process Units (which includes the microprocessors and.input/output
channels), components within the contro] conso]e and power supplies. It is .
‘ expected that specific "plug in" units may fail over the life of the equipment,
the design mean- -time-to-repair will be two hours. All parts that may require
serv1c1ng, repair or replacement during the life of the equipment are access1b]e
‘ for replacement or repa1r.. Access to these parts, w1th a drawer withdrawn or
<access‘doorsjopen.,is from the front or pack of cabinets or consoles. Suff1c1ent :
c]earence is‘pnOVided for maintenarice access to any panel:
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Spare parts for failed components will be made available per the recommended
spare parts 1ist from the various equ1pment suppliers. A1l items removable from
the equ1pment, such as assemblies or subassemblies, electrical parts, and hard-
ware,will be physically and electrically interchangeable with correspondjng
items. The replacement of any part wii] not cause the equipment to depart from
1ts spec1f1ed performance. It is expected that periodic diagnostics will be
performed at appropriately convenient times on specific components and systems
to insure that system operation is within required specifications. A1l main-
tenance functions'may,be fulfilled by the computer maintenance contract. “Two
types of hardware maintenance contracts are normally available, daily mainte-
nance service and on-call service. Service coverage will be provided to allow
the best service plan for each application.

For the maintenance program for the instruments located in the various subsystems
refer to each subsystems dedicated section. ‘

Maintenance of the auxiliary systems will be performed at the intervals pre-
scribed by the various equipment suppliers. Rechargeable batteries will be
available for equipment as needed. Filters on equ1pment racks and consoles will
be replaced or cleaned at frequent intervals to insure_adequate flow of - cooling
air to operating equipment. Maintenance on rotating machinery will be performed
as prescribed by the equipment manufacturer. Maintenance records will be kept
on all I&C equipment to insure that maintenance has been performed at the
prescribed intervals as required. - '
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3.6. 9 “TRANSIENT MODEL. DEVELOPMENT
3.6.9.1 SOLAR COLLECTOR FIELD DYNAMIC MODEL DESCRIPTION
INTRODUCT ION

A digital computer model of the Fort Hood collector field has been developed to
study transient reponse and field controllability. This model includes simula-
tion of the hydraulic piping network that connects the fields and various field
bypasses, including pressure drop, flow, and energy transport ca1cu1at1ons A
nodalized model of the solar collectors is included to represent’ the collector
field. anally, a field flow and temperature controller that adjusts valve
positions to control flowrates is included. ‘ o

The model is used in this report to describe field transient response to various
basic transients. It will be used to future studies to develop a more def1ned
field control algorithm. ' ‘

MODEL DESCRIPTION

The collector field model shown in Figure 3.6-84 is composed of several basic.
_parts. The first part is the flow network. The flow network consists of flew
paths, junction nodes and control valves. A flow path is represented by a;mass ~
. flowrate, W, a path temperature, PT, and a pressure drop. A peth'junction is
represented by a temperature, TJ, and a pressure, P. Flow control valves are
represented at various places in the flow network. There are two types of
valves — control valves that 1ntroduce a var1ab1e flow resistance in a flow
path, and two-position valves that switch flow on or off in a particluar flow
patht : ' ’

The second part of the field s1mu1at1on is the solar receiver simulation. ThlS
consists of nodes that represent the actlve solar collectors and absorb heat
from the sun, 1ose heat to ambient,. and transport energy to the next node in
the string. Other components in the model are the thermal storage tanks, which
supply cold fluid and absorb heated fluid, and the pump that c1rcu1ates the
f1u1d :
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Figure 3.6-84. Collector Field Geometry -
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" The-collector field nodel equations are solved hy a Westinghouse Electric
Corporation program called TAF (Time and Frequency). TAF is a general purpose
program for solving ordinary differential equattons. The differential equattons
are written toprovide a value for the first derivative of each varfable in terms
of the values of the other variables, time and other program values. TAF pro-
vides steady state solutions, time transients, and frequency responses,

FLOW NETWORK FLOW SOLUTION

The flow network has 26 flow paths that are joined at 19 junctions., It includes
five control valves and five on/off valves; three of the latter are three-way
valves. There is a flow, W, associated with each flow path and a pressure
associated with each node. A flow continuity equation is written at each node,

21.:x1.wi =0

A11 flow paths that meet at the junction

Py
n

=
]

i Flow in flow path i

+1 if postive flow (as defined on Figure 3.6-84) is toward the node
for flow path 1; -1.otherwise

>
n

JUNCTION NODE

Wy
>

FLOW PATH~

One equatfon of this type is written for each of the 19 nodes, except.fdr,the
hodes»at the three storage tanks that may accumulate or lose mass. For thesef
three nodes, an equation relating the node pressure to an assigned constant
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value is given:

P, = ‘PIREF
Py PTIREF
P.. = PISREF

18

An equation is wfitten‘for each flow path relating the difference in pressure
at the junctions at the ends of the paths to the flow and hydraulic resistance:

. L A . . ‘N ‘ .
Py - Pj = [f-(REk?EDk> (—D:)k + PIPEK, + VALVEK (VPk)]

|WoLD, | x W,
p (PT,) X AREAZ x 26

P. = Upstream node pressure

P. = Downstream node pressure

)

'PIPEKk K-loss faétor for path k-

= Friction factor as a function of the Reynold's nhmber, RE, and
roughness to diameter ratio,.ED, for flow path k

Ratio of length to equivalent diameter

VALVEK = K-loss factor for path k as a function of valve position VP
if app]icab]e _
INOLDkl-=,Absolute value of flow from prev1ous flow 1teration wk, for

path k . 7
p ¥_F1uid'densfty as a function of pafh temperature, PT, for péth k
AREAk = Flow path area '

G = Gravitational constant
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Other Path Properties: Areé; Roughness; Temperature; Density

The flow paths with on/off valyes haye no flou when the valve s shut, so the
equation is modified to

To solve the 19 continuity equations and the 26 flow/pressure drop equatiohs,
a matrix solution method is used. The 45 unknowns (19 pressures and 26 flows)
are assigned positions in the column vector X. Each equation becomes one row
in the coefficient matrix B of the form o
B-"jx-l + Bz,sz es oo +Bn’an = D

J
where: o
n = ﬂumber of unknowns, 45
Dj'= Any Constant.in the equation

For instance, Equﬁfion (2) (3 ; 2) for continuity at node.Z is:
Wy - Wy tlpg =0
w] écéupfe; bostion 20 in the X vecfpr, similarly:
My = By and g =ty

'_‘The equation then’ becomes

S 0X x] FOX Xy 4 ... ¥ (+1) x X20 + ( 1) X Xz] +'--- +(#1) X Xgq + 0 x Xgg = 0
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The elements of row j = 2 are all zero except 820‘2 = +1, 821 9 = -1 and

844 5 = +1. Also, 02 = 0. The form of the matrix equations 1s BX = D. To
so]ve this matrix using standard techniques requires that the coefficients be
known. The pressure drop equation that normally contains a term N2 is revised
to |WOLD|xW, where [WOLD| is the value of W from the previous solution. After

a solution, the value of |WOLD| is updated using an under-relaxation method:

WOLD o, = WOLD 14 + (w - WOLD°1d) x RELAX
where RELAX is the relaxation parameter that can range from 0 < RELAX < 2.
Good results have been obtained using RELAX = 0.6, even when the sign of the

ini;ia] guess of WOLD was incorrect.

The matrix is solved by a standard matrix solution availab]e‘in the Westinghouse
computer library. o

The friction factor, f, is calculated from an equation that is a curve fit to
the Moody diagram published in Chemical Engineering, November 7, 1977, by

Stuart W. Churchill,
3/7211/12
f= 8[( ) F\AFE + B '

A=1{2. 457 In i 0 9
RE + 0. 27

This equation was modified to avoid unreasonably 1arge numbers for the computer(
by add1ng 180 to the RE and setting "B" to. "0" for RE ‘less than 106 These
modifications result in a negligible change in the resulting fr1ct1on factor.

The valve character1st1cs have not yet been determ1ned At thiS'fime the velVe :
k- 1oss is calcu]ated as:

e kOPEN e
\{ALV‘EK_ ~(—\7P7—> S
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with a maximum value of 100 KOPEN at 10 percent valve opening.(VP).

PUMP HEAD FLOW CHARACTERISTICS

The prtemihary'design.head and flow have been developed by GIT but the slope
of the head flow curve is not established. For the current study, it was
assumed that the curve 1s'parabolic in shape with a slobe of zero at the shut-
off head point (zero flow), and that the shut-off head is 1.25 times the deéign
"head. The resulting curve, including the pump affinity laws for speed varia-
tion (f)

Hp'= 2 x 1.25 Hpesig - L:23 HOESIGN (%)
o ~ (QDESIGN)

HDESIGN
a-j—""' QDESIGN

?

For rapid convergence on hydraulic iterations it is assumed that the entire
‘collector field resistance curve is parabolic. B

HF = C QF?
wheretheconstant C, is fbund from- the f1rst flow result QF1, that results o
from the guess, HF1 The next guess for pump head, - HFZ’ is’ obtained by equat- f'?
ing pump flow and field flow, and solving for head. - This results 10 a new -
head guess:
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1.25 f2 HDESIGN x C

H
C + 0.25 —2

0,°

HF =

FIRST GUESS
H

<«———FIELD RESISTANCE CURVE -

—

1Qy RESULT

=)
—r

H, SECOND GUESS

t

~- PUMP HEAD CURVE

FLOW PATH TEMPERATURE CALCULATION

There is a temperature associated with each flow path in the collector field.
Since there is a large volume of fluid in many of the pipes, the pipe tempera-
ture is modeled as a node that contains the heat capacity of both the fluid
amh1the pipe. The energy conservation equation is written for the path tem-
perature node.. ' ' x ’ S o

' ' dPT : -
k _ . . .
[EPC, + VOLPTH, x RHO (PTk) x SCP (PTk)] —~g = W (T35 - PT,) x SCP (PT)

where:

EPCk Total p1pe heat capacity for k'

RHO Fluid density as a funct1on of path temperature in path Kk, PTk

‘.SCR_= F1u1d heat capac1ty as a funct1on of path temperature in path k,
. 'A; iTk ' T L. . L
VOLPTH, = Fluid vo1ume 1n path k
wk'= Flow in path k »
TJiA= Temperature of junction upstream of path k'(downstream for negative wk)
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'.,“k
—

EPCk, RHOk

PTk’

Scp VOLPTHk

d PT
" The equation is so1ved for —TT_E' and TAF so]ves for PT.

The junction temperature is solved by taking an 1nstantaneous energy balance
of the flows entering the junction.
W,
z: JPTJ

T, =L

LD S
j !

where j-is all flow pafhc f10w1ng‘info the jﬁnctioh‘ The equation cah be
written in this simplified form because fluid enthalpy is approximate1y linear
with températuré over the température range of 1nterest '

Wo» PTy -

1a. < PTy  WoPT
R

o

For f]ow paths that 1nc1ude a co]]ector subf1e1d these equat1ons are mod1f1ed.
- The temperature of the f]uid in the rece1vers is calculated by the receiver
equations. The path- temperature then represents only the piping from ;he exit
of the collector to the junction. The field outlet temperature is used in
place of upstream junctidn temperature to calculate the path temperature.

“
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SOLAR.RECEIVER CALCULATIONS

The collector subfield model is based upon a design using Accurex co11ectors. ‘
This assumption was made to obtain representative results for the current
studies. When the collector vendor is selected, the model can easi1y be
revised to incorporate the actual geometry.

The subfield are arranged with 28 parallel strings of collectors in each sub-
field. -Subfield .1 has 36 modules per string; Subfield 2 has 26 modules per
string; and Subfield 3 has 12 modules per string. Each subfield {s modeled
as a single string of nodes. There are eight,'four and two nodes in Sub-
fields 1, 2 and 3, respectively. The model is flextble in that the number of
nodes in a stringaand the number of strings in a subfield can be changed rela-
tively easily. The total number of nodes may be increased as required, '

Each node in the subfield represents the receiver for-one module-width-and-{s----
an incremental length (i.e., the properties are in terms of X per meter).
When miltiplied by the number of strings and a length, the node represents a
finite part of the subfield. |

The model of a -receiver node is shown in the fo]]owing diagram.

QRL . TQL

PIPE
WALL

- Q0
B

TF, HEAT
© CAPACITY -

TF

) N ‘vv .o ..
w
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The' model consists baéica11y of a pipe wall temperature‘soTution point that~'"'
receives net solar insolation, QR, loses heat to ambient, QL, and transfers
heat to.the heat,transfer 0il, Q0, and a fluid node that has a volume f111ed
with oi1 that receivesAheat from the pipe wall and gains or loses energy by
mass transport down the pipe.

The receiver model incorporates several assumptions. It is assumed that axial -
conductien of heat along the length of the pipe_is.hegligible.' It is assumed..

L that the glass envelope around the receiver can be neglected as 1ong as its

net affect on the heat transfer to the receiver tube is correctly accounted
for. The main reason for this assumption is that the glass .temperature varia-
tion is relatively small during normal collector. operation. It is also _
assumed that the emissivity and absorbtivity of the pipe surface are 1ndepen-:,
dent of pipe wall temperature. It is assumed that the conduction and convec-
tion heat losses from the receiver are a linear function of the pipe wall .to. ,
ambient temperature difference. Node temperature is ca]culeted using a mixing
tank model and thus represents the outlet temperature of the pipe section.
Heat losses are based on the average between the node temberature (which
represents thevqutlet) and the node inlet temperature.:

The net heat received from insolation for node i, QR,, is calculated from:

' QR1= QNIP x TOD x ANGLE x Qi x WDMOD x OC

where:
QNIP = Max1mum value of normal 1nc1dent rad1at1on
TOD =.Mu1t1p11er that varies through the day to ref]ect the changing
. incidence . A
ANGLE = Multiplier that depends on the’ angle between the collector: normal

and the sun -

Q; = Mu1t1p1 er that.can be var1ed for different nodes to simu1ate
. partial or varying cloud cover. or defocus1ng a portion of a field

WDMOD Aperture width of a co]]ector module

Optical constant for reflector type; ratio between insolation
incident on the co]lector to that incident on the receiver tube

oc
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The heat losses are divided between convective, QLl and radietive lesses; QL4.

QL QL + QL4

The convective losses are calculated to match the manufacturers performance
data. The constant, Cl, iz fit to that data after the other parameters have
been calculated. The convective heat loss term is proportional to the waT]Ito
ambient temperature difference for node i. The loss is calculated on a per unit
length basis and for a single module width.

The radiative loss term, QL4, is calculated using a typical emissivity for
black chrome of 0.12. A view factor of 1.0 is assumed and the surrounding tem-
perature is assumed to be ambient (these assumptions are not quite correct,

but they lead to small and acceptab1e errors at this stage of analysis)

QLé, = 0.12 x STBOLT x APG [(Twi + 273.15) - (TA + 273.15) ]

where:
STBOLT = Stefan-Boltzmann constant
APG = Outer circumferential surface area of the pipe
TW = Effective wall temperature of the pipe that is. the average
- ~wall temperature
_'fA = Ambient temperature ":;A

Heat transfer from the pipe to the ofl 1s ca1cu1ated using the fluid film
temperature drop. The temperature drop ‘through the pipe wall is on the order’
of 2.0°C and 1s therefore neg]ected as it only affects the heat lToss terms.
The heat transfer coefficient is based upon a vendor supplied value of

1.629 kw/m2-9C at a flow of 0.2016 kg/s. This value is assumed to vary as
the 0.8 power of the flow rate per the Dittus-Boelter equation with an
arbitrary minimum of 10 percent of the reference values. This relation will
be improved for future analysis.

S S , i

m2-°C

- UARF = 1 629
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= __9..
WRF = 0,2016 Sec

N 0.8

Fiﬁal]y:' '
Q0~1. = UA;x A_REAix(Tw]. - TFi)

Preliminary studies were performed with the pipe node temperature being the
result of a differential equation solution involving the pipe heat capacity.
It became quickly apparent that the time constant of conduction of heat. from
‘the pipe wall to the fluid was an order of magn1tude less than that of fluid
transport through a f1u1d axial node. Therefore, after some confirmatory
studies reported in DRM: DA-0568 dated September 11, 1978, the pipe wall node
was eliminated and its heat capacity combinéd with that of the fluid.

The wall temperature was obtained by setting the sum of the heat flows into .
and out of the pipe wa]l to zero

QR - QL4 - QL1 -Q =0

'The solution of the preceed1ng heat ba1ance equation for Tw is cémpliééﬁed
- by the fourth order term due to radiation heat 1osses S1nce TW does not change
rap1d1y and since QL4 is a relatively small term, the radiation_heat loss term
is abproximétedAusihg the derivative of the loss term with respect to TW
‘ eva1qaﬁed at the previous time step. ' ' - |

QL4(W) é-_ QL4 (TWOLD) + %—QTLW{ITNOLD (m -~ TWOLD)

The resulting linear equation.is then solved for TW. Then QO is-pbtaineq from
knowledge of TW and solution for TF can .proceed.

The conservation of energy'equation is written for the fluid node 1ncorporatfng
the pipe heat capacity, CPP. - -
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d TF w.wmpb[-mr)
(CPP + RHOO x CPO x VOLO) —grt = Q0 + \in ~ i

ALONG
where:
" CPP = Heat capacity of the pipe
RHOO = pensity of oil
CPO = Specific heat capacity of oil
VOLO = Volume of oil in pipe node |
ALONG = Length of pipe node

(Note: CPP ahd VOLO.are'on a 6per unit length" basis)

. This'equation neglects the change in mass inyentory in the fluid due to changes

in density so the mass flow in equals the mass flow out. This is judged to be
a reasonable assumption. '

HYDRAULIC SYSTEMS DESIGN

It is important to design proper hydraulic resistances in the bypass flow paths - -
" to allow the control valves to operate in a reasonable range of valve positions.
Additional fixed resistance is required in the flow paths that are parallel with
the collector subfields to approx1mately match the re]at1ve]y large pressure
“drop through the subf1e]ds ' '

The arch1tect-eng1neer, Heery & Heery, provided pre]1m1nary estimates of

- hydraulic parameters for the main flow path through the field; paths two through
nine. Characteristics of the collector subfields were obtained from vendor data.
The pressure drop term for the collectors was considered to be entirely friction-
~al pressure drop; shock loss pressure drop was aéSumed to be negligible. Addi-
tional affects due to flexible hoses, connectors or isolation valves were
neglected. The equivalent k- factor for the first subf1eld is 725 based upon

the actual receiver flow area.
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The flow rate is determined by the flows in the.bypéss_paths,

=Wy + W

5= W3+ Wy - W

W Eqn B

1

The temperature at the inlet to field 2, TJG, is approx1mated by an energy .
balance as T
W PT

TJ6 = (w3 - w]1) PT4 +W Eqn C

5 12 " '12

ey -

Equat1ons A and C are solved for TJ6 and set equal to each other, also w5 is
eliminated using equation B. ‘ ‘

Hydreulic studies were conducted by extracting‘the hydraulic solution subroutine
from the main program and running this as a separate program. Various flow
conditions were evaluated and valve and pipe k-factors were modified to ‘obtain
these flowrates. Then the range of k-factors required to satisfy the various
flow conditions in a particular path was found and these factors were entered -
into the main program.

SOLAR COLLECTOR FIELD CONTROLLER
Subfield #1

The steady state temperature rise through subfield #1 can be approx1mated to a
first order in the normal operat1ng range as

AT = 792°C/5g/sec xQ
3 .

where:

7Q is fraction of maximum 1nso]at1on (0.806 kN/mz)
W is total subfield flow rate in kg/sec
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Assuming that Q is specified and the desired outlet temperature is 302° (575°F),
the requ1red flow can be ca]culated (use Q = 1.0 for now)

792

302-TJ

w =
3 4

The controller for valve V1 will control to this f]ow-raté.

Subf1e1d #2

S1m11ar1y, the steady state temperature rise in subfield #2 is approximated as

T = 5720
We

Thus, for Q = 1.0 and for a desired outlet temperature of 302°C, the desired fiow
rate is

. 572 S

Ws = 302 -T3; Ean A
sy . 572 o (g - W) PTy + Wy PTy, fan D
302 - W, - W W * W, - W d
- 3t W2 - 3 ¥ Wy - Wy

This is an equation in the two unknows w]]Vand wlz. The further‘relation is
added that the inlet temperature should be the maximum attainable without
violating equation D with both'w]] and le being positive or zero.

By examination of equations C and D it is determined that this relation is
- satisfied when only one of w]] and w12 is positive and the other is zero.

If wlejs.zero, equation D reduces to

L 572 o . _ :
M =¥ -z, Ean E

B
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If wn is zero, equation D reduces to

572 - Wy-(302 - PT,)

Wy, = 5 Eqn F
12 302 - PT]2 .
It turns out that both Nn and N]Z a;g zero'at
H3 (302“- PT4) f1572 = 9.4. L Egp-g

If equation G is greater than zero, w11 is_greater than zero per equation E and'
N12 is less than zero per equation F.so N]Z is set to zero. The inverse of this

- also applies.

Thus the equations E and F provide desired values for N]] and le which are -
limited to positive values or. zero. L

Subfield #3

The desired-flows for subfield #3 are defermined in the~§ame manner as for
subfield #2. The temperature rise is -

aT = 2640

N g

The resulting re]atibps:for Wy and W), are .

) 264
W3 = W5 - 357 PT,

_ 264 = Wg (302 - PTEY

W .
14 302 Py,

Recirculation Valves V6, V7, and V§ » o

These are two position valves. In bosiiionjo the fluid- is sent to the hot tank.
In position 1 the fluid is sent to the recirculation line or to the intermediate
or cold tank. ' '
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It is assumed (arbitrarily at this time) that above 265°C (509°F) the. fluid is
sent to the hot tank and below 255°C (491°F). the fluid is sent to the recircula-
tion path. Between these temperatures the valve position does not change.

Intermediate and Cold Temperature Tanks, V9 and V10

These valves are 1nact1ve in the shut position at present but will be programmed
with hysteresis as Valves 6, 7, and 8.

Valve Positioning Model .

The modulating control valves in the collector field, valves V1 through V5 on
Figure 3.6-84 are to control flow in the paths in which the valves reside. The
flow is determined from the valve position and the resultjng valve K-factor and
the system hydraulics. The input to the valve position control]er is the desired
flow and the output is valve position. For the current ana]ys1s no attempt
‘was made to develop_a. realistic-model of the valve controller; the objective was
to model a stable field controller. Future analysis will be conducted to deter-
mine the characteristics of an actual valve position controller. This analysis
should consider other effects such as fluid inertia which are neglected in the
current model. The objective of the current model is to demonstrate the
acceptability of collector field temperature control. The effects of valve
positioning dynamics are so much faster than temperature change dynaMics as not
to affect the temperature transients. Therefore, the valve positioning dynamics
are not discussed further. " B '

'3.6.9.2 THERMAL STORAGE SUBSYSTEM

The thermal stonage subsystem provides two basic functions. First, the sub-
system transfers the thermal energy collected in the solar coTTector field to
the deer conversion capability of Sun 21 oil.

The following equations define the mass storage and energy 1nventbry ‘of mass.
storage tanks as well as tank outlet conditions.
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HIGH TEMPERATURE TANK

‘® -Assumes all fluid from solar fie1d and auxiliary heater charge
-.storage tank

o No heat loss in piping

e Tank heat loss - fraction of total avai1ab1e heat
; No recircu]ation flow

e Incompressible flow

e Pipe hydraulic losses (form and friction) proportional to flow
square _

o Constant cover gas pressure -
o Tanks cylindrical (vertical)
_ . «Discharge valve at bottom of tank

.o - Assume perfectly mixed fluid

Wogs Hy» Ty INLET

STORAGE TANK

OUTLET TRANSPORT. PUMP

W .
'Y hO' TOQ P

Mass Balance

7t e = i o)

* where: . _ ’
iMht = Mass of oil in high storage tank (1b)
: Hi = Mass flow into tank (1b/sec)
" Mo = Mass flow out of tank (1b/sec}




‘U'ht : | =< i - “m'o)'
dt | Phi___ 'no

A, = Cross section area of:ta?k =,f‘“ht)

where:

opi = Density of oil (1b/ft}) in
= Density of oil (1b/ft’) - out -

.
>
1]

0
Hpy = Tank Liquid Level (ft)
Enerqy Balance
dE, |
_ qt = My - My - 9y
where: ' :
E, = Stored energy in Tank (Btu/séc)
H; = Enthalpy of fluid into tank (Btu/sec)
Hy = Enthalpy of fluid out of tank (Btu/1b)

Tank Qutlet Pressure

p+hg
Phe = T8 * Pe
where:
‘P, = Nitrogen cover gas pressure (psia)
hs = Hht + Lht elevation
o = 041 density (1b/ft’)

Intermediate tank and Tow temperature storage tanks are defined with stmilar
equations. B

Nomenclature:

ht

High temperature tank

- mt = Intermediate temperature tank

1t = Low temperature tank
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Total 011 Flpw

gA ~ “sfo _ - 2
T —dt - Psfo - Psey = K Wspo * Zoy 8B

where:

Lumped fluid inheritance coefficient

A
gz L (where 1 is the discrete noda1 pipe areas and lengths '
i dependent upon flow path) -

2

~
(1}

Lumped pressure drop coefficient

Sum of friction, form and value loss factors
Ip;ah, = Static head due to eIevatibn changes

K.I + K2 + K3 + K4'=‘Sum of equivalent pipe loop losses and value.
loss coefficients

=~
1]

Pump Exit Pressure

AP Pump = Pump Head = Hd a AN2 - ngfo

A and B Pump Performance Coefficient

where:

Shut-off head/design head = %%% '

b
"

_a_ 7 .HDC - HD
B=A-1 o

=
n

Pump Speed = Constant

' Pump Suction Pressure

2

Psri = Psgi - Psp - Ki s o

Ki Valve and Line Loss Coefficient
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FROM FIELD

,VSUPERHEATER:BYPASS

215 VALVE
—2D "7

K STEAM
I\ g 1| sup. wmr | :
TEMP 1 :,
TANK Lo o

K S STEAM

2 BOILER | " GENERATOR

. K3 | PREHEATER |
THROTTLE - PREHEATER L reeouater
VALVE - BYPASS VALVE

K

TO FIELD

3.6.9.3 POWER CONVERSION SUBSYSTEM

"“As shown in the model schematic below, the power Convérsion subsystem ~
converts the thermal energy collected and stored in the thermal storage sub-
system into useful electrical energy, into process steam or hot water that can
be utilized for space heating and cooling, and domestic hot water for the
Fort Hood complex. The poWer conversion model subsystem is composed of the

-following components: preheater, boiler, superheater, high pressure turbine,

.Tow pressure turbine, condenser, condensate pump, deaerator, boiler feed pump
and feedwater heater. ' '

STEAM GENERATOR
o Includes preheater, boiler and superheater
o Assumes single-phase flow except in boiler and deéerator
e Neglect fluid dynamics in superheater steam region
@ e As a first estimate tw0'stéém/water nodes and two oil nodes per
' superheater and preheater is assumed adequate for heat transfer

calculations '

e Negléét fube wall temperature, assume’ Tinear.at a;%oss wall -
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v SV

»¥
e

FROM FEED VALVE
"

M\_*—w

m ,
W W \'/P . :
o oiw _ | TO OIL
. s Hop STORAGE TANK
SUPERHEATER BOILER PREHEATER .
Preheater

Flow - 0il Side: ' :
' wp = 20.79 (VPRE) °

Where: ' , . 4
VPRE = Position of Preheater Bypass Valve

Temperature - 0il Side:

0il side inlet (from drum exit) - = TB3
0il to storage = (pro3 + Nop TO])/WO

To]
- TRET

dTo ’ To, + To Twy + T
2. ] 2 17

2 R
MCoo f;%; = WpCps (To, - Togz) - UA,s ,Toz ; e <%w2 ; Tw%)
Temperature — Water Side:
Twy = Feedwater Tgmperature'a- .{ B . )
MC ,f;;l =W, Cpy (Ty) (Twz‘: Twy) + UA1é‘T°1 ; ng -;Twl ;:Twz
‘vmcpw f;;f = wwcpw (Tw3) (Tw3l5 Tyé) + uAé3’.f°2 *;Td3.-lTW2 *'TW3

2 4 a'2
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Node Definition:

n
(o]
a
c.3
mjo
-t =
N 4 :
‘5§11$:
-
o
— .
-t iz
€
o —
o0
—
™
m -
=

0i1 1 = 0, (i =1, 2, 3 inlet to exit)
Water i = W, (i =1, 2, 3 exit to inlet) I
UA]2 = Overall heat transfer coefficient |
UA23 = Overall heat transfer coefficient wop | 5 .‘=| . )
- ua - 0.8 '
UAP = Heat transfer coefficient of oil 1, Tog" Tw,
3
Mcpo = Effective heat conductance $
(oi1 side) " TRET
| MC__ = Effective heat conductance “ 70 yp _FROM
j S (water side) STO?AG§ VPRE ?ﬁE?NATER
. w h,
Cow Specific heat of water P
PREHEATER NODAL DIAGRAM
Cpo = Specific heat of ofl RAT

sz,Cp3 = Specific heat of oil

Cp, = Cpo (Toz)
Cp3 = Cpo (To3)

Ww = Feedwater flow (1b/sec)
Pw3 = Feedwater ﬁ;essure

- . 2
Po3 = Po] - KoWo

Heat transport oil flow rate

Wo =

Ko = Effective pressure loss coefficient (oil side)

Kw = Effective pressure loss coefficient (water side)
Bbilef

Steam drum energy valance assume constant volume.
Yolume:

~ . Vorum = muav - + Mvap Vs = Constant
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‘Mass 1n Dkum:*;

where: -
ws:s‘MvéEteqm flow)
W, = MH'éF'eed flow)
V|_= Water specific volume

VS.§FSteam;specific volume

Energy Balance:(Water Side):"

g

e Bapm Wy - Hfg + Q0K
‘. jd i :
at Mor = Wy - ¥
n .
in 25 UA AT
i=17
Tbl + Tb2
q =uae (T - Tsat)
Q2 = UABZ(TbZ + Tb3 - Tsat + Twl )
2 2 R
d v fTb] + Tb
QOW = Q1 + Q2 MCp 4t T82 = wocp (Tb] - sz) - UAB]_, —
d o - O Tb, + Tb,  Tsat + Twl
where
n =;2
Qe; = Heat flux (Btu/sec-ft ) N ) ;; “i
AT = Average temperature difference between saturated water and 011

in tubes
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Tb1 Exit from superheater = Wge (Tsol) + WOs (Tso3)/vWo
UA{%L VA5 B2, - Overall heat transfer coefficient (Btu/°F-sec) = UAB.. (wo)0 8

MC p = Overall heat conductance coefficient (Btu/°F-sec)

Energy Balance (0il Side):

Hey = 0.94 + Tw,
Vor = VORUM/ype
U. = E

DR DR/Myg

Where:

UDR'z Interna1 Energy (BTU/1b)

Drum Pressure: (from ASME Steam Tables):
PDR = PSAT = f (UDR)
for UDR > 392.79

PR = 300 - + (UDR - 392.8) / K PDR

for 298. 08 < UDR < 392.79

PDR = 2.111 (UDR) - 529.2
for UDR < 298.08

PDR = 1.0384 (UDR) - 209.52

Where:
kPDR =
Drum Temperature (from ASME Steam Tab]es)

TDR = T sat = f (P sat)
Steam Enthalpy: (from ASME Steam Tables)

Hg = f (P sat)
for POR > 100

Hg = 1168.36 + 1.8833 (PDR) *°
for PDR < 100 »

He = 1164.09 +0.2314 (PDR)

Liquid Enthalpy: |
Horm = Yor * Pom (VDR) 0.185
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Superheater

. 041 Side:-
deozh ' ‘ (Tso2 + Tso, . (Tsw2 +»Tsw1)>
McpSO 3t fwoscp ‘(TSO-I - TSOZ) - UAS] . 5 ' - ' 3
: dTso, (Tso3 + Tso, (Tswy + Tsw, ))
: MCpso -3 =woscp.(Tso2 - Tso3) - UAs.2 5 - >
‘where:
Mcpso = Overall heat‘conductance coefficient (Btu/°F-sec)

UAS, = UAS, = Overall heat transfer coefficient (Btu/°F-sec)= UAS (Wos)?:8

Cp = Specific heat of oil (Btu/1b-°F)

Steam Side:

A dTsw, v I (Tso1 + Tso, (Tswy + Tsw1))‘
dTsw : o Tso, + Tso (Tsw, + Tsw,)
2 . : 2 3 "3 7"
MCpS T wscps: (Tsw3 - Tswz) + QAS 2 - 5
where:
MCps = Overall heat conductance (Btu/°F-sec)
c = Specific heat of steam (Btu/lb-°?)

ps

0i1 Side Pressure Drop:

Po = ksowo2
where:
Ks, = Pressure loss coefficien; (oi])
K, = Pressure loss coefficient (steam) |
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Water Side:

a o

. ;_. »
APsw - szws 2
Psw2 = Psw3 - 0.5 szg wsgz
Psw] = Psw2 - 0.5 (Ksw) (Ws
Nomenclature: . -
' “(OIL FLOM) W s ws (STEAM FLOW)
Tso; = 01 Temperature Pso; ° Psw .
Tso.l Tsw.I
Tsw] = Steam Temperature r :
|
|-
0IL _:_._I___.___ STEAM
Tso2 i Tsw2
' PSWZ
5T593 : Tsw,

T

SUPERHEATER NODAL DIAGRAM




STEAM TURBINE -

Equétions apply for high and 1ow'pressure turbines.

Turbine Flow:

Wey = KvSv _f$i—
ti
wheré:f |
Sv = % Ratfp of valves open/total number of valves
Kv = Flow coefficient
Typ = Tsw + 460°F

Exit Pressure: .

to ~ “to'ti

Inlet Pressure:

ti = Kev Pso v

where:

Ktv = Turbine valve flow coefficient

Power Extracted from Steam:

Purt = wtiNt (Hti - Hfs)
where:
Hts = Enthalpy of isentropic expansion of .inlet to turbine outlet
pressure - ‘

ti = F(Tsw1, Pti) Turbjne inlet enthalpy

Efficiency:




"Nr = 0.85 (nominal value)
Nb = Generator and mechanfcal losses
= th-ms or constant
ws = Shaft velocity
STEAM TURBINE MODEL FLOW SCHEMATIC
CONDENSER
Condenser Inlet Steam Pressure:
Tc2 = TTE
Where:
'TTE = Exit Steam Temperature from Low Pressure Turbine
" Condenser Exitvthfhéibyﬁ. S |
Hco = Hci - UAC (THEACM)/NSc
Where
ci Inlet Steam Enthalpy
UAé = Overall Heat Transfer Coefficient
W, = Steam Flow Rate to condenser

Log mean’;emperature difference

Tci'+.Tq3,f,Tc2,"Tc4';/ z;oif,'. N

THEACM
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Water Side Exit Temperature:

MCpc dTc, _  WcCpc (Tc, - Tc,) -+ UAC (THEACM)
dat L
Where .
MCpc = Effective conductance coefficient
Wec = Coolant Water Flow Rate
Tc2 = Condenser Inlet Coolant Temperature

Condensate Exit Temperature:
Tc3 = 32.1 + Hco

FROM TURBINE EXHAUST
OR LOW PRESSURE HEADER

| :  TO STORAGE
Teq, Wsc, He, l A N
¢ i ’Tc4, Wc, Hewo
‘ D)
C
_ ) N
C _
. | -T-TCZ, He, ch]
o ' FROM STORAGE
Tc3,wsc,Hco - ) _

TO DEAERATOR.

~ CONDENSER MODEL FLOW SCHEMATIC

DEAERATOR

. Energy Balance:-

DEd . Y V .
d:a‘= Hco (WTLP) + Wfs (HCFHM) + Vsd (Hso)
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Steam Flow Rate:
WDEA = WTLP + Wfs + Wsd:

Where:
Wfs = 0.1092 (Vfs)
Wsd = 0.1028 (Vsd)
Enthalpy:
HDEA = W TLP (Hco) + Wfs (Hcfhm) + Wsd (Hsd)
(WTLP + Wfs + Wsd)
Where:
Wsd (Hsd) = Energy entering deaerator from condenser
Wfs (Hcfhm) = Energy entering deaerator from condensate return unit
W TLP (Hco) = Energy entering deaerator from turbine
Ww = Feedwater flow '
Temperature:
TDEA = 33.826 + 0.9896 (HDEA)
Where: '
TDEA = Saturated Temperature of f (HDEA)
4 [Steam Tables]
Pressure:
PDEA = 0.41275 (TDEA) - 74.091
Where . |

POEA = f (TDEA) [Steam Tables]

WTLP, . (TURBINE EXTRACTION) '
- Heo wf THCFHM |
w HDEA.

: -4-— FROM CONDENSER

FEEDNATER HEATER‘_'; - PDEA :
S €——— FROM CONDENSATE
RETURN UNIT

DEAERATOR MODEL FLOW SCHEMATIC
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FEEDWATER HEATERS

Water Side
deo
Mcpf =t w pf(T - Tfo) + UAFH (eM)

where:

Cpf= Specific heat (Bth/lb-°F) = 1.0

cfm - 'fi - fo

2.0

Tsf + T

oM = Log mean temperature dffference (°F) =

MC ¢ = Effective heat conductance (Btu/°F-sec)

Overall Heat Transfer Coefficient:
UAFH = fq " f eM)
‘Avérége'F11m Tempefétufe:

where:

Tsaf Saturated steam temperature

'_ Steam Side
:.Condenéate Exit Conditions: . B _}'_’<‘«
- A Mot M C ‘(UAF:«) 6
e e e L ST RO S
where: o e

Ht (TS g+ Pgg) Steam inlet [ASME Steam Tables] .

f(Hcfh ) Condensate Ex1t [ ASME Steam Tab1es]

C
chh = 37.75 + 0 9729 (H fh)
Pcfh = 0.768?4 (chm) - 164.4 .
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- _
T ¢———— CONDENSTATE LEVEL
R LI Ter My

‘ <4 om, W

cfm? H
FEEDWATER HEATER MODEL FLOW SCHEMATIC

cfm

3. 6 9 4 DOMESTIC HOT WATER SUBSYSTEM
The domestic hot water subsystem mode1 is comprised . of

the condenser, domestic (hot) water storage tank, domestic water circulating
pump, domestic water pump, associated piping, and control and isolation valves.

_ This subsystem is connected to a city water makeup tine that-provides a sipply

of water to the tank and condenser to fulfill the domestic hot water
requirements.

'STORAGE WATER SIDE EXIT TEMPERATURE

d

Tdo =‘wdhec (Tdif T.do) - UAoM |
DOMESTIC NATER SIDE EXIT TEMPERATURE

d
pdh TE Tdni ~ Manlp (T

[T + T T BT
eM = ( di y dn) ( dhr_2 dn1)

MC Tyni) . * UAeM

dhr

where: _
= Average temperature d1fference (°F)
'UA = Effective heat transfer coeff1c1ent (Btu/°F-sec) .
: MCpdh = Effect1ve heat conductance domest1c water side (Btu/°F-sec)
."Mcpd = Effective heat conductance storage water side (Btu/ Fsec)
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Total Q to Domestic Hot Water:

Q =,"dffn.f Cp_( dhp ~ Tahi
| Tat = Tewo * Qpump-
where: -
qump = wdhe'(Hpi - Hpo) Pump flow work

T Condenser coolant water exit temperature (°F)

cwo
Wype = Storage system water flow (1b/sec)

wdh = Domestic water. flow (1b/sec)

DOMESTIC HOT WATER STORAGE TANK

Hot Water Storage Tank Energy: -

d - _
. dt Ehw - whwithi K whwo + Hch

Flow Into Tank:

hwi cd " Yede sp dhe
Wiwo = Wed - wsp
* Tank_Inlet Enthalpy: K
R = F(Tayo)

-,Tank Exit Enthalpy:
_thd f'gsh(thAA
dM ; N

Tgvi " Wi = Yho
~ . where: .i _ _ L
”wdhé g F1ow~to dqwestjé hot.water hgat éXchanger
| wgp = Net flow to spaée heating

W.q = Condenser coolant water flow.

WCde

Condenser flow to cooling tower heat exchanger
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3.6.9.5 HOT/CHILLED WATER SUBSYSTEM .-

The chilled water cooling subsystem provides cooling (air conditioning) to the
Fort Hood complex. ' The subsystem model is comprised of the following components:
two-stage absorption chiller; hot (or chilled) water storage tank; heating (or |
chilled) water circulating pump; hot/chilled water storage tank; cooliné"water
pump; cooling tower and chiller condenser pUmp; = '

COOLING TOWER
QHZO (Tcti’ th)
where:

QH,0 = Heat rejected to air

Air Flow Required 1nACooling Tower:

QH,0

W =
a  Hgs = Hiat bulb

Air Enthalpy Inlet to.Tower:

Hoe = 49,455 Btu/1b

85
where:

Hss = Air exit enthalpy

Coo]ing'Tower Exit Water Tempereture:

Tet = Tets ~ SO0 W,
Air Wet Bulb Temperature:. .
MHyet bulb = (Ta1r - 78]
where: &
Tair = Ambient air temperature . jﬂg%_ o .
K5 = 1.125 (from properties table fit) ’
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Cooling Tower Water Inlet Temperature:

- Weta Teta * WcteTeo
cti Wee

T

where:

wct Total cooling tower flow:

W W

+ W

ct cta cte
wcta = Flow frpm chi]Ier | _
NCte = Flow from condenser/tower heat exchanger

COOLING TOWER HEAT EXCHANGER

Cooling Side Fluid Exit Temperature:

) ] . .
Mcpe 3t Teo ° wcte P (T - Teo) - UA oM

Condenser Side Fluid Exit Temperature:

Mcpcd Ji Tcdo = Wede C (Tcdi cdo) + UA geM
where:
6M = Log mean témpefaturé differeﬁce'
_wcte é'Cooling tower‘water flow rate
Cp = Specific heat of H,0
MCpe = gffeﬁtive conductance cooling §ide'
Mcpéd = Effectfve_conddctqnce hot side
UAct = Overall heat transfer céefficient
W_, = Condenser side flow rate

cde
CHILLED/HOT WATER<STORAGE TANKS‘
_ o dAl. .

3 Een = MaeiMier - Yo

Msto''sto "~ %o
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where:

| Qso = Thermal losses

Inlet Flow:

:Nsti = wsp1 - ﬁspr Heating Season
wsti = wchr - wchi Cool1ng Season
Exit Flow:
'ws£o = K_a ‘[—_—____—— Heat1ng Season
wsto = Kc Cooling Season

0 Cool1ng Season

Ky, = F( nh) Heating Season

=
)

= f( )] {Cooling Season

nc

=0 Heating Season

STORAGE TANK EXIT WATER CONDITIONS

HSto = Ech/_Mch [ASME Steam Tables]

TStO

F(H_, ) [ASME Steam Tables]

sto

Storage Tank Mass:

af'Mch = wsti = Wsto |
ABSORPTION CHILLER
Required Cooling (tons):
: Qanil'=‘Qr X Cop~
. where: '
: Cép = Coefficient performance
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Steam Rate:

W, = F (0,) [from Table 3.6-12]

Cbr;densl'ate Temperature:
Tca = F2 (Qr) [from Table 3.6-13]
where:

Hsa

Hca = F(Pcaf’ Tca) [ASME‘Steam Tables]

F(Psa, Tsa) [ASME Steam Tables)

Qi
Teto = Teti * Wyp °p
. ‘ T T0 COOLING
wsa‘Tsa’Psa’ sa —1 » —‘—’ .‘cto TOWER
FROM STEAM — T .
SUPPLY VALVE v
. || _.
I .
A g [ L v
A . | Tctd, . FROM COOLING
WearlcarTea &—— | - Wy, TONER
R ¢——————— W __ " SPACE HEATING
T0 DERERATOR . I Tty ©@ QR CONDENSING -
‘ - 'co -

ABSORPTION CHILLER MODEL SCHEMATIC -
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TABLE 3.6-12
ABSORPTION CHILLER. - STEAM RATE

Steam Rate (1b/hr-ton)

N
1
1
12.
12.
12
13.
15
17

ABSORPTION CHILLER - CONDENSATE TEMPERATURE

.45
.50
.83

15
47

.78

57

.15
.07

s

TABLE 3.6-13

Condensate Temperature

"(Btu/°F

- 182.
178.
174.
M.

- 167.
164.
160.
158.

156.

O 0O O BN O O
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‘Load (Q.) (ton)

174
157
139
122
104

87
70
52
38

Load (Q,)
ton
174
157
139
122
104
87 .
70
- 82.
38




3.6.9.6 POWER CONVERSION SUBSYSTEM CONTROLLERS

Boiler Pressure Control

The 01l throttle valve in the power conversion subsystem is provided for
the contro? of steam boiler pressure. '

The control algorithm (Figure 3.6-85) developed from the preliminary'step
response data contained in Section 3.6.4.2.1 is a proportional-integral (P & I)
type controller for the high temperature operating mode.

y _
A0 _ 1
W‘Kc(—f—ir”)
Kc = 2.158 AP = Pressure Error
T4 =13.787 ap = Pdemand "Pboiler
. Wo = oil flow rate.
Pdemand = 365 psia .
S operator variab]e_

Superheater 0i1 Flow Control

‘Superheater oil modulating valve (Figure 3.6-86) 1s'provided for the: control
of superheater exit temperature. Step response data contained in Section °
3.6.4.2.1 was used to develop preliminary control algorithm. -

- The P & I control algorithm is as follows:

W ‘ :
A% _ , 1
N Kc('frif' +1 )

b

KC = 0.047] O—F-

T 8.15 sec.

AT = Temperature Error = Tdemand - Tswi
S - operator varieble
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Throttle - BRI
Valve. : 011 Botler

T+tS

96£-€

Positio '
KC n . Kv -—F]—o-w—_).J Process -ELﬁS.SHLE__’_'_

. Figufe‘5.6-85 - Power ConQérsion'Supsystem Boiler Pressure Controller Block Diagram
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Superheater
Steam. .
Temperatureb
Demand = 500°F

_ Superheater.
011 Bypass
- Valve

+

Ke

:'l+rSA‘

Posttion -
o

Steam -
- |Temperature:
| sy

L6E-€

Kos

Superheater
) B
Flow

Process

Temperature
) L

L

Figure 3

.6-86 Superheater ;Steam Temperature Control Block Diagram



Preheater Exit w;ter Temperature Controjk

Preheater exit water temperature control (Figure 3,6-87) -is provided to
maintain boiler inlet water temperature to. ~5°F subcooled of- the boiler
saturation temperature by control of the oil flow valve.

The P & I control algorithm derived from step response data'fbr-steady
state control is: ‘ .

AW, . )
'A_T'; = Kc( o ¢ ])
K, = 0.84 1b/°F -
Ty = 3.5 sec.
8Te = Tdemand "Twi
T - _ g0

demand TSat S.F

S = operator‘variable

High and Low Pressure Turbine Steam Hand Valve Control

The high and low pressure turbine power generation is controlled via
steam flow control with use of hand valves either manua]]y contro]]ed or w1th
turbine governor control.

The P & 1 control'algdrithm (Figure 3.6-88 and 3.6-89) for the turbine

valve is: . .
o= k(s +1)
A e Ti
k., = 0.0985 %/1b/sec
L 6.396 sec
o, is vajve position
Mg = MWyamang - wt]p

S - operator variable

3-398




~ Preheater ~_ ! Preheater )
‘ . Water : ' . 011 Bypass _ Preheater -
Boiler Temperature - ; Valve 01

I...

-
(Ve

. + N .
Temperature _ Thoiler-5°F Demand . : f Position o g, ——LIQ-“—-)— Process
. B A R - - 1415 '
.':,: " -'. . - . . A 3 ) T - t

meas
(Twr)

66€-€

L o © Preheater. Exit

: - .. Water RTemperature

i . -
t
t

Figure 3.6- 87 _Prehgatér Water Température Control Block Diagram



00Y-€

High Pressure

Turbine
Flow

Demand +

Hand )

PVa}:: . Turbine. Turbine
osition ) 4 ' .

Ke = ki Impedanc Process |—EloH ®

TS'+‘i

‘Figure 3.6-88.. High Pressure TurbineyPosition Control Block Diagram




Low Pressure

~ Turbine’
- Flow
Demand

Loy-¢

y

1

Hand-'

Valye
Ke - Position
S + 1

:

Kte

Turbine
Impedance

Process

Turbine
Flow

®

@ =

Figure 3.6-89. Low Pressure Tdrbine Control Block Diagram



Turbine Steam Bypass Valve

. Turbine bypass‘valve is proVided to control the pressure in the Tow
pressure steam header. The P & I control algorithm (Figure 3.6-90) is
pressure feedback and is: o

v 1
<ﬂz - KC(TS +])

D

e
1]

0.573 %/psia
Ty ® 37;16 sec.

ev - valve position
A APe = Ptodemand - Pto
Pt%emand = -65 psia
S - operator variable

Condenser. Pressure Control

Condenser pressure control is provided by throttle of thecoﬁdenseﬁ coolant
flow. : ‘

~_The control algorithm- (Figure 3.6-91) is an integral type controller
until further analysis can be completed. . ‘

Yo | K

APe . Tis ’

Kc = 1 psi/lb/sec.

Ty = 10 sec.

8P = PCyemand - eé'

Apcdemand  =_ 4.9 psia .
- Py - condensor pressure .
S - operator variable




. §0p-€

'Low Pressure’

- Header N :
02;2;3u2865 - Bypass - : Steam ‘Low Pressure!
o : "+ Valve Bypass 'Header -
Ke - Position Flow
1918 - .| Kbp ) Process —Ems-“m—Q———P-

'Figure 3.6-90. High Pressure Turbine :Back Pressure Controller Block Diagram,,"

~




~ .

'Condenser

Pressure o
P“Demapd : ~ Condenser
Pdemand = 4. Valve ' Coolant Condenser
; + 1 Position Flow Pressure
S - C am Ke

condenser

- 90b-¢

Figure 3.6-91. Condenser Pressure Controller Block Diagram




Deaerator Pressure Control

Flow control of steam flow to the deaerator:fs provided to maintain
control of deaerator pressure and .condensate temperature.’ The integral
control algorithm (Figure 3.6-92) js~p¥e1jminary until fbﬁther analysis can be

completed.

] A\
sd . _1 : 1b/sec) -

'Ap-e 'riS o ( psia )

8P¢ = Pyemand ~ Pdea

Pdemand = 22.0 psia

Ty 50 sec. ‘
8¢d valve position (% of design) L

Mg 2 Ksq -8sd- -(Deaerator Steam Flow)
Kgq = 0.1092  Tb/sec-% |

.S - operator variable

Feedwater Heater Temperature Control

Control of feedwater steam flow to maintain feedwater temperature is
provided via control of the modulating steam valve in the low pressure header.

The integral control algorithm (

Figure 3.6-93) is preliminary until further
analysis is completed. ; S

Osf =

AT, T .

8Te = Teod ™ Tro.

. < 290 19

Ttod Temperature.demgpd, 22997? F
Teo = Feedheater exit temperature " :

0 ¢ = ‘Steam valve positioh (% of des{gh)?
Weg = Kgp 8¢ (Feedwater Heater Steam Flow)
K, = .1098 b

sf :  sec - %
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%ope

Deaerator
Pressure =
Demand = 22

PDCA

Deaerator
Valve
Position

-—d

Pressure
Measure

— e

Deaerator
Steam
Flow

Process

Deaerator
Pressure

Figure 3.6-92.. Deaerator Pressure Controller Block Diagram




10p-¢

Feedwater - Steam ‘ : ’ , " Feedwater
_ Temperature . : valve -Steam LExit

Demand = + . Flow JﬂES_LLLM.ET.___»
;—SK—C—_;—] Position - Kfs 1 Process .
Feedwate . 4

Tf.frnfr:oe)r'atlnre

"Figure 3.6-93. Feedwater Heater Temperature Control Block Diagram




Condenser Coolant Water Exit Temperature

The condenser coolant water temperature is controlled by a valve which mixes
chilled water with the condenser flow,. (Figure 3.6-94). .

The preliminary model uses integral contro]lof valve position.

sew = 1
A tc = yis
0 Cw = chilled water valve position
A tc = exit temperature error:
ti = time constant of integrator
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60p-f

Coolant

Temperature .

-Demand

+

Condenser
Mixed Mean
Mixing Chilled Coolant
Valve Water _ Inlét o
] Position - : Flow Temperature, ~ -
-5 ‘ Kmc —————=1 Process —JJ——-%——>- :
Figure 3.6-94. Condenser Coclant Water Exit Témperature Controller Block Diagram '



Boiler Level Control

The feedwater flow rate is controlled via a feedwater
throttle valve to maintain boi)er:water-]eve]. '

For the present analysis the controller is assumed to lag steam flow or:

qu ) .]
Ns -'l+'t].§
ri" =‘ 50 sec.

Table 3.6-14 summarizes the controller parameters.




- TABLE#3.6-14 -

CONTROLLERS “GAINS; TIME CONSTANTS
AND VALVE COEFFICIENTS

lbégec

K < T, K

c i v
" Proportional Time Valve
Constant . Constant . Constant
1.) Superheater steam tempeféidre 2"4;5‘3;04}; | 'In? ’é1;3!‘:'W féﬁ}é :
2.) Boiler pressure _ 2.158 13.8 20.8
3.) Preheater water temperature 0.84 34.9 20.8
4.) Turbine bypass valve -15.4 3N a721
5.) H.P. turbine hand valves 063 6.4 sec  .1721
6.) L.P. turbine hand valves | .063 6.4 sec .616 -
7.) .Condenser presSure' . --- 10 sec 30.
8.) Condenser exit temperature -—- 10 sec 1.
9.) Deaerator pressure .- 50 sec .1023
10.) Feedwater temperature ' -——— 50 sec .1092
11.) Boiler Level Control --- ' 50 sec ---
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3.7 OPERATION AND MAINTENANCE
3.7.1 SUMMARY DESCRIPTION

The facility is a highly automated energy process system relying on'gxteniive

parameter sensing, closed 1oop analog and digital coﬁtro1s,programmed microproces-

sors and a méster computer to operate the system efficient1y in many different

operating modes, each appropriate to a set of energy supply and demand conditions.

The facility is, therefore, largely automatic and dependent on a few skilled
operators.

During the initial two-year period, engineers will be present to assist in oper="
ating, trouble shooting, and correcting the inevitable electrical, control, hydrau-
lic, mechanical and logic problems. This will produce a body of know1edge'and a
smooth operating system for the trained operators. '

The facility will operate on a 24-hours/day basis. Most of the effort required
by operators, particularly in the control room, consists of monitoring the system
and seeing that the appropriate mode of operating is selected and enacted.

While the amount of mechaniéa1'equipment is not extensive, it will require mainte-
nance by skilled personnel. Equipment such as the turbine-generator and components
such as mechanical pump seals, will require care and skill to run properly. Having
the proper maintenance, these components will show a good productive life.

3.7.2 OPERATIONAL REQUIREMENTS

The basic aim of the STES is to collect and use as much solar energy as bossib]e
to produce thermal and electrical energy fpr the 87,000 barkaqks complex. '
Operation is to achieve the greatest(thefﬁal efficiency possible relatiVe to
other energy sources. Tb this end, co- géneration, the production of electrical:
energy and the use of its rejected heat for thermal energy, 1s to be max1m1zed
for a fixed field size of 125,000 square feet aperture. '
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Operations are conducted according to the following prioritieé:'

o ' Satisfy thermal loads
’40 Maximize the use of solar energy to satisfy thermal loads and
minimize fossil fuel consumption
- @ Provide electrical power peak shaving capability

- @ Maximize electrical energy production

System operation is intended to by highly automated. The energy management
program is required to use the collected energy effectively. A side benefit of
this automation is reduced manpower requirements. The control room operator
will perform a management function for the system. The opefators' activities are
described in Section 3.7.7.1. S I

The staffing requirements for operation (not including curatiﬁé maintenance) may
be derived from the following shift breakdown. ‘

Shift Control Room Qutside. Supervisor
- : : ' Operator Operator
-_-Day (8:00 a.m. - 4:00 p.h.) 1 - 2 1
~ _Evening (4;00 p.m. - 12:00 p.m.) 1 L ]
Night (12:00 p.m. - 8:00 a.m.) 1 ' 1

The facility will run 24 hours/day, 365 day/year. Day shift activities for out-
side operators will include equipment attention as well as assisting the control
room operator.(see Section 3.7.7.2). The outside operator for the evening and
night shift'wil1 also have outside duties, but will tend to remain closer to the
control room than during the day. During day operation, two outside operators
are not nécessa?y for operation alone. HoWever; to respond quickly to problems
and to provide safety for the sing]e/necessary'operator, a second operator is
recommended. | | ' '

.3.7.3 NORMAL OPERATION

There are two gener@] situations covered by Section 3.7 concerning operation.
. The hour-to-hour steady-state operation is described in this section and the .
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transitional operation such as starthp, shutdown, and changing from one defined
operating mode to another is described in Section 3.7.4.

During steady-state normal operation, the STES in any of the defined modes requires
the operator to act as a monitor only, since system control is almost entireiy
automatic. Once the mode is specified the computer system will maintain control -
by monitorihg process conditions and making adjustments according to the require-
ments specified under the given mode. When operation is no longer within the limits
defiried for a given operating mode the system's configuration will automatically
Achange to a mode that optimizes energy utilization.

3.7.3.1 OPERATING MODES

The STES has ‘a number of defined 6pefating»modés which are listed below:

e  High Temperature Part-Power

() High Temperature Peaking

‘o Intermediate Température Part-Powér
] :Intérmediate Temperature Peaking
. IE]ectrical Generation

e Hot Standby

These modes are defined for each subsystem in their corresponding section. The
greatest difference among the defined operating modes is the variation in flow
paths between the various subsystem components.

Since the STES opérates on a 24hr/day basis the selection of the desired operating

mode is based upon the predicted insolation for the day, the predicted thermal

load for the day and the predicted solar insolation forAthe f01loWing day. Typical

examp]es of daily operat1on based on pred1cted insolation are given in the sections
~that follow.' S

- It is understood that only by operating the facility under various sbnditions, will
the knowledge that is required to make a select1on among the various’ operat1ng modes,
for optimum energy ut111zat1on be ga1ned ’ |




3.7.3.2 . SUNNY DAY OPERATION

Sunny day insolation is defined- to deliver more than 100 million Btu to the hot -
oil storage for use in supplying the required loads. The rate of delivery, except
in early morning and late afternoon, is sufficient to operate the PCS in the -

high temperature peaking mode and store arny excess amount of high temperature
(550°F) oil. a '

The Power Conversion Subsystem is switched to the high temperature peakiﬁé mode =

as soon as a minimum level in the high temperature storage tank is achieved." B

Water storage tanks are filled as rapidly as possible, keeping a minimum level

in the high témperature 0il tank. When oil flow from the collector field exceeds

the design 611 flow rate to the steam generator, the excess is stored in the high
temperature tank. If the high temperature.tank.becomes filled while operating ‘in
the peaking mode, a portibn of the solar collector field must be stowed or desteeredto
reduce collector flow to equal the design flow to the steam generator.

When the water tanks reach thermal capacity the cooling tower is placed in operation
to continue turbine generating operation. As water is drawn from the tanks to sat-
isfy thermal loads, they are periodically refi11ed‘thn9ughout the day. Near the

end of the solar day, if any of the collectors have been stowed or desteered, they
are again brought into focus to maintain deéign'flow'to the steam generator and

keep the high temperature tank filled. '

The weather forecast for the following day is used to decide ‘the mode of operation
for the night. If a good insolation day is forecast, high tehpérature peakfng is
continued until the high tempefature tank is empty and theh the intermediate tem-
perature peaking mode is continued throughout the night. If poor or no solar inso-
lation is forecast, the water storage tanksiare’fp11y charged and the PCS is
switched to hot standby. The PCS operation is then intérmittent.whi1e continuing -
to supply thermal loads. | '

3.7.3.3 PARTLY CLOUDY OR HAZY DAY OPERATION

For plant operating purposes, a'partly cloudy or haiy day is defined as having

insolation of between 5 million and 100 million Btu's of collected energy.;,Below'
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5 million Btu's the day is considered c]oudy, that is, too cloudy to warrant
operation of the solar collectors. :

During a partly cloudy day, the Solar Collector Subsystem is in its most variable
state. The percent coverage may vary from one field segment to another in a
relatively unpredictable manner. Collectors which are in cloud shade will pro-
duce no energy, while those in the sun can produce at a rate equivalent to a clear
day. The control system configures the flow path through the subfields and
adjusts the flow rates to produce acceptable field exit temperature.

If, at the start of the solar day, collection is predicted to be less than 100
million Btu and collection on the following day is predicted to be good, high
temperature part-power operation isvstarted. If the collected:energy exceeds
that required to meet PCS thermal demand, the excess hot oil is stored in the
high temperature tank. During periods of peak electrical demand, flow rates with-
in the PCS are increased to their design value (the peaking mode) so additional
electricity can be produced. 0il flow from the high temperature tank must be
available to supplement that from the collector field during this period. When
the electrical demand drops'to normal, power conversion is again reduced to the
level required to meet thermal loads only and the hot oil storage tank is re-
plenished for the next peak in electrical demand. This procedure is repeated
until all of the 550°F oil has been expended, at which time intermediate tempera-
ture part-power operation is started.

At the end of the solar day, the overnight thermal load prediction and the weather
forecast for the following day are used to determine the operating mode to be used
during the night. If the load is expected to be high, a load fo11owinngperatibn
would be selected. If the load is 11§ht”ahd'a good day is forecast for the next

day,‘intermediate temperature peakihg operation would be used to the extent neces-
ary to empty the intermediate temperature tank before the‘start of the next solar

‘day. If the load is 1ight but no solar collection is forecast fqrf%he next day,
a load following operation would: be used:to,conserve the stored'éﬁergy for use in
meeting the next day's thermal loads. If, at any time, the higﬁ‘and intermediate
:tanks are emptieq and_the water stdrage tanks are fqrécast to reach a low limit,
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the auxiliary heater is placed in operation to generate intermediate temperature
0il for meeting the thermal loads.

3.7.3.4 CLOUDY DAY OPERATION

Cloudy days are those with less than 5 million Btu/day of collected heat ava11ab1e.
In essence, the heat losses and the power required to operate the field would"
exceed the collected energy. Therefore, the solar collector field is not operat-
ed on cloudy days.

On these cloudy days, the energy contained in the storage system will be utilized
until the water storage tanks are depleted. The auxiliary oil fired heater is
then placed in operation to generate intermediate temperature (438°F) 0il1. This
0il is used by the PCS in the intermediate temperature operation mode as re-
quired to satisfy .thermal loads.

3.7.4 TRANSITIONAL OPERATION

Transitional operation includes startup, shutdown and changing modes of opera-
_‘tion. Changing of rates within a defined limit during a g1ven mode of operat1on
is not cons1dered a transition.

3. 7 4.1 STARTUP

Startup is def1ned as the rout1ne startup wh1ch wou1d occur on a da11y bas1s _
In1t1a1 fac111ty startup (or startup after a prolonged shutdown) is d1scussed in
Section 3.7.4.5. S '

SOLAR COLLECTOR SUBSYSTEM

The Thermal Storage Subsystem acts as a buffer between the co]]ect1on and use of' )
energy in the STES. Thus, operatlon of the Solar Collector Subsystem is depen-~ -
dent on the TSS cond1t1ons and solar 1nsolat1on and operated in a way s0 as to -
maximize the collection of useful energy. Operation of the Solar Collector Field, "
however, is independent of the PCS since its startup and shutdown are determ1ned
on the basis of available solar insolation, not upon thermal .loads.
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Startup of the SCS is contingent upon two conditions:

° There is suff1c1ent so]ar 1nso1at1on for useful collection.

° The inventory of 011 in the TSS is such that the SCS can be
operated for one hour.

With the control system in operat1on,startup of the co]]ector fie]d is accomp11sh-
ed by closing the rec1rcu1at1on valve to the pump suction and start1ng ‘the col- |
ector field c1rcu1at1ng pump. The valve a11gnment at this time will direct the
0il flow through the three subfields in series and return it to the low tem-
perature storage tank. Once flow has been established, the collectors can be
unstowed and .0i1 heating begun. As the inlet temperature setpoints are reached

in the second and third subfields, the control system responds in its normal
fashion to blend flows and maintain the proper subfield inlet temperatures.

When any subfield outlet temperature reaches 525°F, the control system directs
_the oil to the high temperature storage tank. At this. time the flow path to
the.intermediate tank is closed and the recircylation valve logic is activated}
The system is now in its normal operation configuration.

THERMAL STORAGE SUBSYSTEM

" The TSS, by its natiure, is not started and stopped on a daily basis but is in

~continuous operat1on after initialization basis. Its'pumps are started and
stopped in response to the demands of the SCS and the PCS and the subsystem has
been designed to accept these starts..and stops as normal operation.

- POWER CONVERSION SUBSYSTEM '

L1ke the. TSS the PCS does not go through a daily startup and shutdown Rather,
'dur1ng those per1ods of when thermal loads are: sat1sf1ed the subsystem is p1aced '
'A1n a "Hot Standby" cond1t1on In this mode, pumps are run ‘only as required to
keep floid levels within Timits, steam f1ow'is reduced'to only that required to
'ma1nta1n condenser and deaerator pressure, and no e1ectric1ty is generated In d
‘“th1s manner paras1t1c power comsumpt1on is minimized.
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‘Transition of the PCS from hot standby to the intermediate temperature part-power
operating mode is defined as a startup of the PCS and is accomplished as follows:

o Start condensate, condensate return and small boiler feed pumps to
establish proper water levels in the PCS.

e Start primary hot water pump in the hot water subsystem.

" @ With steam pressure controller set at 65 psia, start intermediate
temperature oil flow through the steam generator Establish 65 psia
in the steam header. The turbine bypass is in pressure contro] to
maintain 4.9 psia condenser pressure.

; Issue‘“start" command to low-pressure turbine. Second stage aUtomatically
comes up to operating speed in speed control. = , . :

o. Issue "synchron1ze“ command to second stage control system. System will
automatically synchronize and connect to grid. Low pressure turbine throttle
valve will adjust to a preset position. : :

The PCS is now in intermediate temperature part-powervoperating configuration.
Steam is available for the operation of the absorption chiller and/or the L.P.
turbine as the thermal loads dictate.

HOT WATER SUBSYSTEM

The hot water subsystem, 1n the heating season, operates cont1nuous1y to sat1sfy
the heating load of the five selected buildings and the STES building. Thus

there is no da11y startup and shutdown of the hot water subsystem, however, the
periodic production of hot water by the condenser requires a starting and stopp1ng
of the primary c1rcu1at1ng pump upon demand. :

In the coo1ing season the hot water subsystem supplies energy for domestic hot
water. Again, operation of the primary hot water  pump is start-and-stop in
response to condenser operation. ' : '

CHILLED WATER SUBSYSTEM -

Operation of the chilled water subsystem, 1ike the hot water subsystem, is on‘and.
off in response to the thermal demands of the buildings. In this case the "on"
and "off" commands are sent to the primary chilled water pump,
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chiller condenser water‘pumb and the absorption ch111er; Startup of these units occurs
automatically upon receipt of the "on" command from the control system. S

Unlike the hot water subsystem, the chilled water subsystem requires a seasonal
startup and shutdown. '

The seasonal start-up involves converting the secondary thermal distribution
system (the underground distribution system to the five project buildings) and
one of the thermal storage tanks to chilled water usage.

The distribution system is converted by changing three-way isolation valves in
each bui]ding as explained in Section 3.5. These valves have automatic
positioners so that the system can be changed from the control room.

The storage tank is also converted from Heating Water Subsystem use to the Chilled
Water Subsystem by realigning automatic isalation valves from the control room.

Since the same water and same piping will be used in the Chilled Water"Sdbsystem‘
as in the Heating Water Subsystem, no special system cleanouts or precautions
are required. However, the seasonal starfup of the absorption chiller should -
include a maintenance check to assure that it is in proper operating condition.

3.7.4.2 SHUTDOWN -

Daily éhutdown is, in general, the reverse of normal daily startup. Note that
startup of the Thermal Storage and Hot/Chi]led Water Subsystems is discussed
in Section 3.7.4.1. : - :

SOLAR COLLECTOR SUBSYSTEM

Shhtdown of the SCS will normally occur when solar insolation has fallen to the
point where collection is no longer practical or the thermal storage subsystem
~ has become fully charged and can no longer supply low temperature oil to the

SCS.
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.. If the reason for shutdown is low insolation, the control system is recirculating
a large percentage of the field flow to maintain the desired outlet temperature.
When insolation drops to a point where the required outlet temperature reaches a
shutdown 1imit, the recirculation valve is commanded to close. This drops the
field inlet temperature to 316°F. The control system will then direct the flow
to the appropriate storage tank as field outlet temperatures decrease. Once the
outlet temperature drops below 300°F the collectors are stowed and flow is
stopped.

If the reason for shutdown is a fully charged storage system, the shutdown is
accomplished by stowing the collectors and stopping the collector field
circu]ating<pump."In~this case, recovery of the energy in the field at shut-
down is not justified. ' '

-POWER CONVERSION .SUBSYSTEM.

Transition of the PCS to hot standby is defined as the shutdown for the subsystem.

It is accomplished by stopping the turbine generator and/or absorption chiller

| As the steam demand drops, the control system reduces oil flow to the steam

, generator.and the level controller reduces feedwater flow. The various com-
:ponent controllers continue in their normal functionAunti1 the system stabilizes

in a no load condition. At this time the oil pump in the TSS, the feedwater

a -: pump,'the condensate pump, and the condensate return pump are stopped. The

- subsystem- is-now .in. hot standby. Only if steam pressure or water level in one.
of the components reaches a prescribed limft will a pump be restarted to
maintain the hot standby status. In this manner, parasitic loads are kept to
“-a.minimum while maintaining the subsystem in a ready condition.

- 3.7.4.3 MODE CHANGING
Mode'changing recohfigurés the Thermal Storage, Power Ccnvéréion, and Hot/Chi]]ed'
Water Subsystems. There are t&o basic operating modes that configure thévSTES:
the high temperature operating mode and the intermediate temperature operating
mode. Additional operating modes have been defined to identify special sub-
system configurations that can occur in either the high or intermediate tempera-
ture mode. "Peaking" and "Part-Power" jdentify separate power levels of the
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Power Conversion Subsystem- that are-a”resuTt of whether the subsystem is operat-
ing at or below rated capacity respectlvely Electrical generatlon 1dent1f1es

a particular configuration of the Hot/Ch111ed Water Subsystems. The trans1t1on
from one operat1ng mode to another resu]ts in a system reconfiguration. System
- reconf1gurat1ons are 1dent1f1ed below for each poss1b1e operat1ng mode trans1-
tion.

INTERMEDIATE .70- HIGH TEMPERATURE MODE b

Th1s mode change is 1n1t1ated by five command signals from the control system

e 01l supply to the steam generator is switched from the inter- -
mediate temperature tank to the high temperature tank.

o 0i1 return from the steam generator is switched from the low
temperature tank to the intermediate tank..

) Steam pressure demand 1s sw1tched from 65 psia to 315 psia.

) The steam out]et temperature control is activated w1th a
setpoint of 500°F.

o The low pressure boiler feed pump is turned off and the high
pressure pump is turned on.

- Once these commands are issued; steam pressure starts to rise with steam flow
being controlled by the high pressure turbine bypass. When it reaches 100 psia,

a start command is jssued to the. high pressure turbine. This command starts the
turbine, brings it up” to speed, and engages the clutch to the reducing gear, which

connects 1t “to the load. The turb1ne is then switched into back pressure control
and the turb1ne bypass 1s closed. The subsystem is then in the high temperature
mode. Note this mode change does not require any change in the Hot/Chilled
Water Subsystem.

HIGH-TO-INTERMEDIATE TEMPERATURE MODE
This modé change is initiated by four command signals from the control system:

@ 0l supply to the steam generator is switched from the high
temperature tank to the intermediate tank.

e 0il discharge fromthe steam generator is switched from the
intermediate temperature tank to the low temperature tank.
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‘e Steam pressure demand is switched from 315 psia‘toA65'psia.

’!o« Steam outlet temperature control is“deactivated.

When the steam pressure has decayed to 100 psia,'the high pressure turbine bypass
is opened and the high pressure turbine isolation valve is closed.

When 65 psia is reached, the low pressure boiler feed pump is started and the
high pressure boiler feed pump is stopped The system is now in the intermediate
temperature mode. IR '

CHANGING TO ELECTRICAL GENERATION MODE

This mode ohange requires only a change in the Hot/Chilled Water Subsystem as
follows: o | ‘ o ' : ‘

e Start the cooling tower with-a sump temperature setting of 60°F.

e Start circulation of cooling tower water through the coollng
tower heat exchanger.

° Sw1tch condenser cooling water flow from the hot water storage -
Toop to the cooling tower heat exchanger loop. This removes the
condenser discharge temperature controller from the system and
allows condenser temperature (and pressure).to drop to a value -
which can be maintained by the heat removal capacity of the
cooling tower. - The actual condenser pressure atta1ned is

- dependent upon amb1ent wet bu1b temperature

The system is now in the e]ectr1ca1 generatlon mode fhe'amount of electricity -
‘generated is contro]led by the pos1t1on sett1ng of the governor valve of -the

Tow pressure turblne When th1s valve is w1de open, e]ectr1ca1 generat1on 1s
max1mum . ‘ o o

ACHANGING FROM ELECTRICAL GENERATION

'Th1s mode change is the reverse of the peak1ng to e1ectr1ca1 generat1on mode |
change descr1bed prev1ously
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3.7.5 INITIAL FACILITY START-UP

A thorough plan will be deve1oped for the system's initial start-up in order to A
reduce hazards or possible equipment damange. This plan will include a component
by component check out in Which many of the particulars will be. prescribed by -
equipment manufacturers.. A general list of check items is given below for selected
system components.

PUMPS
e Ensure pump and driver are mechanically secure.
e Lubricate.
® Check alignment end drive coupling.
.'A Check mechanical seals.
° Rotaie by hand to assure free turning.
e Check motor wiring and supply vo1ta§e.
o Check rotation. Bump, do not run dry.
e Check coo1ing wéter on high temperature oil pumps .

) when 011 is ava11ab1e, start pump in the fie1d and check discharge
pressure and for leaks

@ Check remote starting.

o ~Check bearing'temperetdre'periodica11y during first few hours of operation.

i

CONTROL VALVES

' ”A. Stroke valves’ 1n field
B.. Check valve pack1ng : o
C. Stroke va]ves from contro] room with f1e1d observat1on

- PIPING

‘xifi i 011 Piping.
‘ Pr1or to 1nsta111ng 1nsu1at1on

- - Secure all flange bolts to propefftorque.
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. Remove any debris or dirt from tanks and vessels.
- Block in pipe segments and pressure test with air.

Locate Teaks with halide, ammonia, ultrasonic detectors.
Repair.

- Be sure line strainers are instailed; clean as necessary.

- Charge cold o0il and pump through systeﬁ.

- Check for leaks. Fix.

- Install insulation.

- When hot oil is available (produced by the auxiliary heater)
pump oil through the system at elevated pressures. It would
be helpful to raise the o0il temperature in steps so that the
thermal expansion of piping can be observed.

- Check for leaks. Fix.

-~ Install flange insulation.

e MWater Piping

The checkout can be similar to the oil piping. Air pressure tests
can be omitted except where water leaks would be a problem. Under-
ground lines are to be tested prior to covaring.

" @ Air and Nitrogen Piping
- Blow lines out with compressed air.
- Block in segments and pressure test with air.

- Locate leaks. Fix.

@ Steam and Condensate Piping

The checkout can be simi]ar“to that used for cil piping.

TANKS
This includes the 0il storage, water storage, fuel oil, auxiliary heater expansion
. tank,. condensate pumps, and cooling tower pump.
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o Enter all tanks, visually inspect, and remove all debris and dirt, sand,
string, paper, cigarette butts, etc.

e Charge the tanks with the appropriate cold fluid (oil or water).
See HEAT TRANSFER FLUID INITIAL FILL for charging the oil tanks.
This should be done priof to insulating if possible so that any
leaks are immediately obvious. This is particularly important for
the 0il tanks where a tiny oil leak will develop into a serious
fire hazard after several months of seepage.

e On tanks with venting valves and emergency relief valves, block in
~ the tank and pressure with compressed air to test the valves. Adjust
or repair as necessary.

"'SOLAR COLLECTGRS S T e

¢ Visually inspect each collector module and strinQ after installation
for mechanical soundness.

e With motor mechanically disconnected, check motor operation and tracking
controls.

® With motor connected, operate each collector string through full tracking
movement and other collector mbvements. Field obsérvation (and operation,
if possible) is necessary to assure proper performance and to interrupt
operation-if'a problem occurs.

The collectors should be tesfed hydraulically along with the 0i1 pﬁping.

AUXILIARY HEATER

-¢ Check out combustion‘controls.

e Check out fuel oil and circulating oil pumps as outlined in PUMPS,

Page

® Check out forced draft fan.
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- Check that fan and driver are mechanically secure.
- Cheék fan and driver alignment and belt tension.

- Lubricate.

Rotate fan by hand to assure free turhing.

Check motor wiring and voltage.

Check fan rotation by turning fan on.

o Check out the hydraulic side by methods used to check out o0il piping.

® Assure that the CO2 extinguishing system is operational.

® Once the rest of the oil system (piping, pumps, tanks, controls)
is hydraulically ready, start-up the heater and checkout the oil
firing model.

COOLING TOWER
@ Pumps. See Page 3-424.

¢ Fan
- Check that fan and driver are mechanically secure.
- Check fan and driver for alignment and proper adjustment.
- Lubricate.
- Rotate fan by hand to assure free turning.
- Check motor wiring and vo]tage..
- Check fan rotation by turning on.

- Check that two-speed operation is available.
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HEAT TRANSFER FLUID INITIAL FILL

The introduction of the heat transfer 6i1 into the Thermal Storége Subsystem
must be done with care to avoid contamination or prometing of oxidation.
In addition, two additional objectives must be accomplished during charging.

These are:

@ The fluid must be "degassed" while the transfer is taking place.
@ - The entry of the fluid must be controlled such that the maximum

amount of residual oxygen in the vessels is bled to the outside
of the vessels.

To accomplish the required objectives, and to install the subsystem storage fluid,
the actual procedures would follow the general approach as outlined below.

o Initial Conditions:
- Vessels empty and clean.
-~ AV1 remote valves verified for remote and field function.
- A1l valves leading from vessels are open.

- Nitrogén supply system full and prepared to deliver nitrogen
" at 4-inch water column.

- Storage fluid available from "at site" truck tankers or from
"at site" rail tankers using truck tanker transfer unit.

-  Vacuum degassing unit set-up and operational.

$ Procedure:

The fluid is placed into the intermediate temperature vessel first
by pumping the fluid from the connected truck tanker through the
vacuum degassing unit and into the vessel using the tanker pumping
system. |

- Close all line valves adjacent to the intermedfate temperature
vessel except for the atmospheric blowdown valve.

-  Connect delivery tanker to spec%a] API fftting.
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~ vessel,

vessel using system pumps and bypassing the Solar Collector Subsystem

* Simultaneously close the atmospheric blow-down valve and open the

Pump fluid from truck tanker through vacuum degassing unit, and
into vessel until vessel is filled to top of cylindrical body
section, ~or all of fluid charge is added.

Close atmospheric b]ow-down valve and simultaneously, open vessel
to nitrogen flow, bringing ullage pressure to 4 inch water column.

Flush ullage space until oxygen content is below one percent.
Pump fluid from intermediafe temperature vessel into low temperature

and the axiliary Mater, while simultaneously allowing the air in
the low temperature vessel to blow to atmosphere, until the low tem-
perature vessel is filled to the top of the cylindrical body section
or all fluid that can be transferred is in the low temperature vessel.

vessel to the nitrogen system. Allow ullage pressure to reach 4
inches of water column.

F]ush u]]age Space until oxygen content is below one percent. . ._. ...
Pump f1u1d from the low temperature vessel to the hlgh temperature

vessel while simultaneously venting the air from the high temperature
vessel. .

When fluid level reaches the top of the cylindrical vessel section
(if vessel is an API 650 vessel), or the top-most level in the vessel
head (if vessel is an ASME Section VIII vessel), stop oil flow into
the vessel.

Simu]taneously close the vessel to the atmospheric vent and open the.
ullage to the nitrogen system. Allow the ullage pressure to reach 4
inches of water column.

Flush ullage space with nitrogen until oxygen content is below one
percent.

Pump the o0il in the high temperature vessel into the low temperature
Serially open flow paths from the full low temperature vessel to the
Steam Generation Subsystem, the Collector Subsystem, and the auxiliary
heater to fill all fluid channels and spaces by venting "high points"

to atmosphere.

System is now prepared for initial oil heat up.
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- ® Initial System Startup

The appropriate procedures for fnitia] system startup are best
accomplished using the auxiliary heater rather than the Solar
Collector Subsystem since the auxiliary heater can be modulated

to a low output level which allows for careful and cautious initial
syetem heating.

The initial heating approach would follow a relatively slow schedule where not
more than 50°F temperature increments are imposed on the system for each "oil
pass." This would be accomplished along the following procedural lines:

- 0i1 would be pumped from the low temperature vessel at a specified
rate through the auxiliary heater where it would be heated by 50°F,
and would flow into the high temperature vessel.

- Simultaneously, but at a lower rate, the oil would be pumped from
the high temperature vessel through the Steam Generation Subsystem
(no steam generation but filled with water), and into the intermediate
temperature vessel.

- When the high tenperature vessel is filled to maximum level, the
fluid discharge rate would be increased to the inlet level.

- The balanced flow would continue until all of the fluid was extracted
from the low temperature vessel, heated by 50°F, passed through the
high temperature vessel and into the intermediate temperature vessel
until all of the fluid is transferred -to the intermediate temperature
vessel. :

- At this point, the temperatures of the high temperature and interme-
diate temperature vessels are approximately 50°F above the low tem-
perature vessel. The fluid is then pumped from the intermediate tem-
perature vessel through the Solar Collector Subsystem and into the
low temperature vessel.

- The cycle is repeated (approximately six times) until all three
vessels are approximately 316°F.

- At this point the low temperature vessel is eliminated from further
heating and the fluid is circulated in a similar manner through the
high and intermediate temperature vessels until both vessels, the
Solar Collector Subsystem and the steam generator, are approximately
438°F.
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- Next, the fluid is pumped at a specified rate from the intermediate
temperature vessel and through the auxiliary heater, heated to ap-
proximately 500°F, and placed in the high temperature vessel until
it is filled to maximum level. .

-  When the high temperature vesse] is filled to maximum level, flow
from the high temperature vessel is initiated through the steam
generator where superheated steam is generated at a controlled rate

"~ such that the returned fluid to the intermediate temperature vessel
is approximately 438°F. This is continued until all of the fluid
. charge has passed through the aux1l1ary heater.

- - Next, the fluid is heated to 550°F using the auxiliary heater -

' (438°F and 550°F) and again, when the high temperature vessel is
filled, superheated steam is generated and the fluid is returned
to the intermediate temperature vessel at 438°F.

- When all of the fluid has been heated to 550°F and has been used to
generate superheated steam, and returned to the intermedaite temper-
_ ature vessel, the fluid is then pumped from the intermediate temper-
ature vessel through the steam generator where saturated steam is
generated and the fluid is returned to the 10w temperature vessel
ay 316°F. :

- At this point the TSS is completely preheated to normal operating
conditions, the collector field has been heated inftially to about
438°F, the auxiliary heater performance has been verified, the -
steam generator has operated through two complete cycles (h1gh and
low. pressure generation) and the TSS ic ready to perform the normal
operat10ns

Additional check itemS‘for components not mentioned'w111'be specitied by the
selected manufacturers and a thorough checkout of all’ components will be performed

-prior to and fo1low1ng insta11ation A checkout will also be performed on a

_lsystem Tevel for the Computer Control System, the Nltrogen Cover Gas System, the :'
Water. Makeup System and the Compressed Air Supply System : '

3.7.6 ABNORMAL OPERATION

Abnormal Operation of the plant is defined to be operat1on under two conditions; S
loss of electrical power and 1oss of the computer system If the. computer system.” '~
fails or is not operational, operation of the plant switches - to the intermediate
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" temperature part-power - mode with the aux111ary heater supplying the thermal : :
input (the So1ar Collector Subsystem is already in the stowed position or wil

be put there) This is abnormal operat1on since the necessary components wh1ch
are normal]y controiled by remote digital contro1 are now operated by 1oca1 ana]og
control1ers (additionatl operator interface in the field being required).

Nhen electrical power from the uti]ity is lost, the plant 1s operated in the same
way prov1ded the low pressure turbine is on 11ne to supply the necessary power
required for system operation. If the low pressure turbine is unable to supply
the required parasitic: loads, the system will coast down to a fail safe shutdown
configuration, (more detailed information is given in ‘Section 3.6.4).

3.7.7 OPERATOR INTERFACES

The entire system will be largely automated to operate in a variety of modes

(or mixtures of subsystem modes). Ideally, the operator is a monitor checking
the system. looking for mechanica1 . electrical, process and control problems

' before they Jeopardize system operation. With any system, particu]ary a new]y
designed, development facility, the role of the operator will be much more demand-
ing due to system "bugs" and lack of operating knowledge and experience. .Although
many aids will be available, one of the most critical operating demands will be

to decide upon the mix of operating modes which is the most appropriate for any
given day or portion of a day. Much of the time the decision will ‘be c1ear cut.
For example, sunny days 1n midsummer require cooling and have energy ava11ab1e

for producing electrical power. However, partly cloudy days introduce the problems
of how to best use the available energy and whether to augment the. solar energy

with the auxiliary heater. These dec1sions are f1rst made by the automatic contro1
system with the operator as ‘backup.

3.7.7.1 -CONTROL ROOM ACTIVITIES

Control room activities will involve:

Monitoring system displays.

Observing the mechanical areas. . .
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Adjusting process conditions if required. .

Changing operating modes .

Diagnosing process or system prob1ems}‘ ‘
Occasionally, operating portions of the system manua]]y;
Starting up and shutting down subsystems and equipment.

Recording se]ected data

Developing operating strategies for perlods later in the day or for the
next day.

Communicating with fie1d operators.

--3.7-7.2- FIELD ACTIVITIES . B e e e o s LR S .<_.L o

Like the control robm'operator; operators assigned to the‘fieldﬂ(andmoutside area)
are primarily ‘interested in mon1tor1ng the system to ensure that it is operat!ng
properly. Act1v1ties will include: ' ‘

e Listening to and observing rotating equipment (compressors, pumps and
fans) for unusual sounds, vibrat1ons, leaks and other signs of failure.

® Observing smoothness of collector trackxng and operat1on

o Noting leaks (particu]arly in the oil system) especially at f]anges,
flexible bellows, connections, pumps, valve stems, etc.

e Checking fluid levels (e.g.,. condensate sumps, n1trogen tank 1ubr1cation
eyes and bottles, etc.).

¢ Checking proper sequenc1ng and operation of the compressor and air dryer
equipment; check relative humidity of compressed air.

e Observing temperature and pressure gauges; record_Selected:rariab1es.
¢ Observing cooling water t1ow to pumps.

. Checking compressor safety valve.

e Draining compressed air drip legs; blowing down‘ftTters.

) Cnanging air filters, desiccants,recording charts,«etc{
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e Checking belt drivers for.wear and tension.

0 Check1ng f1e1d set points.’

° In conJunct1on with control room operator check1ng operat1on of
equipment, limit switches, controls, etc. :

o In conjunction with control room operating, diagnosing system problems.

o Adding chemicals (e.g., water treatment).

e Lubricating equipment, coup]ihgs, etc.

° lGeneraT cleanup. ' » |

. 0bta1n1ng fluid samp]es (e g s 011 to check contam1nat1on).
‘# Observing auxiliary heater tubes for soot formatlon |

" 'Observing condition of’insulatioﬁ (e.g.,'for breaks, etc.).
particularly at flanges and slide points for thermal expansion.

s Inspecting pump/motor couplings, vibration insolators, equipment mounts
and -supports. . .

.Tiofu'Vehtihojnoh-cohdehsables'thoh thefch;j1er once/week.

3.7.8 - MAINTENANCE

The objective of this section is to provide an overview of the malntenance
approach and leave .the partlcular maintenance details for -each subsystem to be-
covered. in those sections (3 2 through 3.6).

- During the initial shakedown of the system considerable maihtenance type activf-
ties will.be required by the contractors and the operat1ng crew as part of the1r
training. After the shakedown maintenance activities are expected to be minimum
and comparable to a normal power plant. The one except1on is the solar collec-
tors and the need for reflective surface c1ean1ng ‘

The on-site maintenance crew will requlre skills ‘in mechanlcal components, p1p1ng,f }
electr1ca1, 1nstrumentat1on control, and fluid chem1stry areas ' :
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The maintenance activities can be considred in three parts namely, inspeCtion;
preventive and curative. .The inspection and preventiVe maintenance activities
will be done by the site crew with the possible exception of the computers. Much
- of the'curatfve maintenance'w11l be done by the component suppliers under war-
ranty or contract. '

3.7.8.1 INSPECTION MAINTENANCE

Inspection is very important and the most cost effective maintenance activity. It
involves observation (visual and audio) of the physical features of the plant and N
‘components for trends towards abnormality. This is done by the operating crew as
‘they walk thrqugh the piant‘including pianned routes and points for observation.

Evaluation of performance data for degradatlon trends is .another Important source
of 1nspect1on The data acquisition system can be used to correlate and display
selected parameters for trend observation such as heat exchanger effecitveness

for fouling, solar collector efficiency for reflective surface soiling, energy
storage vessel performance for insu1a;ion deterioriation, etc. These observations
can be made. in situ.

3.7.8.2 - PREVENTIVE MAINTENANCE

Preventive-maintenance are those planned periodic activities‘resu1ting from. . ..
_recommendations from component sdpb]iers and similar plant operating experiences.

~ Such items as lubrication, changing 0il and filters, cleaning solar collectors,
’ce1ibrating instruments, adjusting e1ectrdnic circuits, checking and adjustingr
fluid chem1stry and responding to special situations uncovered by the 1nspect1on

' ma1ntenance (3 7.8. l) are typical 'of preventive malntenance '

The breventive maintenance plan (items and. frequency) will initial]y‘be‘conA- -

-servative and with experience be improved to reflect the true prevent1ve ma1n-
:_,vtenance requ1red, i.e. . ‘an expected reduct1on in effort ‘
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3.7.8. 3 CURATIVE MAINTENANCE

Curative maintenance are those act1v1t1es 1nvo]v1ng significant repair and/or
replacement of components pr1nc1pa11y due to wear, failure or accident These act1v1ties
will be the most costly per incident. To the extent that 1nspect1on and pre-

ventive maintenance foretell of curat1ve ma1ntenance they can be scheduled to
.m1n1m1ze the cost. Such items as rep]ac1ng pump seals and va]ve packing, de-

'cok1ng auxiliary heater tubes in case of ser1ous overheat, repair to insulation

and refractory liners, replacement of rotat1ng equipment bear1ngs rep]acement

of solar collector drive components, replacement of.valves, etc,, are typ1ca1 of

‘th1s 1eve1 of ma1ntenance

‘ATyp1ca1 of malntenance to be done by the component supp11ers 1nvo]ve computers,

and,possibly, major repairs to the tubine generator, solar col]ectors, and
chiller.
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3.8 FACILITY AND BUILDING DESIGN
3. 8.1 SUMMARY DESCRIPTION -

There are a number of points that must be examined in the development of the
STES  facility design. Because this facility is an experimental project in-
solar energy. it is important that it . functions correct]y from an engineering '
standp01nt It is also of great importance that this ‘type of facility ga1n
acceptance from the general public and from the surrounding community. If
solar energy is to be accepted as a potentia] primary energy source, then one -
acceptance criterion is that a facility of this type be exhibited as a pleasant
asset to the surrounding community — a facility that a residential community '
would not object to as a close neighbor A differentiation must be made between
this type of facility and the widely accepted image of energy generation facili- :
ties or fuel storage facilities. - : R

Because of the'pdtential for pubiic exhibition of this facility, it is important
to integrate the visitor into the system as much as possible, to demonstrate not
on]y functional aspects, but also the pleasant, safe qualities of the system.
The major effort to integrate the visitor into the.system has been to allow the
visitor to walk near the eguipment. view equipment from various observation
p01nts walk under piping. runs, and observe presentztion material that expiains
the more detaiied aspects of the engineering design. ..

3.8.2 FUNCTIONAL OBJECTIVES

The overall site arrangement ‘shown in Drawing 1-1 in Voiume III is largely
dictated by the position of the soiar collector field. The heated oil storage
~ system tanks are logically Tocated between the collector field and the 87000
Building Complex, near the midpoint of the collector field in order to minimize
length of pipe and pipe sizes, thereby minimizing energy losses.

The STES Buiiding is located ciose to the Thermal Storage Subsystem tanks,

:g since steam is piped to the equipment within the building. A parking lot for
A.v151tors and employees is located to the north of the STES Building and is

acce551b1e from Fifteenth Street.
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The water storage tanks and the coollng tower are located to the north of the
STES Building close to the equ1pnent 1ns1de the bu1]d1ng assoc1ated w1th each

The dike surrounding the oil storage tanks‘has sufficient‘uolume_to,contain the
0il in case of a tank rupture. The berm to the east and south of the col]ector
field w111 contain any oil sp111 in case of a rupture 1n the so]ar col]ector
field. ' ‘

The STES bui1ding has beenxlocated in e position between the Thermal Storage Sub-
system and the water storage tanks and adjacent to the solar collector field.
The building is approached by a walkway between the water storage tanks and

heat exchangers The mechan1ca1 equ1pment inside 1s vis1b1e through the glass
- north wal] The ground level conta1ns the Control Room off1ce Training/

Conference Roon. Public Toilets and a Vend1ng Area, all of which require d1rect
~ access for both vis1tors and employees from the ground level entrance.

" When proceeding up the ramp eastward, the expanse of solar-collectors and _
associated piping can be viewed; and by continuing up the ramp westward, entrance
to the upper level of the building is gained. The upper level contains the
Visitor's Area (display/observation) and the Control Room. The'upper level
location a]]ows a better view of the surrounding site for the v1s1tors and
Control Room operators. The exterior wall of the observation 1eve1 is c]ear
glass to provide an unobstructed view. Visual observation of the collector
field and the Thermal Storage Subsystem equ1pment by the Contro] ‘Room operators
‘is ‘necessary (is-provided). at all times.

3.8.3 STES BUILDING DESIGN .

The Energy Conver$ion Equipment Control Room andeffice, Training Classroom/
Conference Room, Visitors Center/Observation Area must be housed. The building
is divided into two distinct sections. One section will house energy conversion
equipment and will serve as a mechanical equipment room. The other section of
the building contains the public portion, which will be accessible to both
visitors and employees.
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The exterior materials have been selected to respond to the general appearance
and v151b111ty requirements. A’ combihation of brick and glass will be used.
The south and north wails of the mechanical area will be a combination of soiid
giass operable w1ndows ‘and louvers at the base of the walls. The west wall”
will be constructed of brick. The glass was selected primariiy for the maximum
‘ visibility both into and out of the mechanical room. Because the mechanical
- room is not cooled or heated (except by equipment), 1/8 inch and
3/16-inch thick glass is used. which 1s much less expen51ve per square foot
than is a masonry wall.

The habitable section of the building”has an"exterior wall constructed of a
combination of 5/8-inch insulating glass and masonry. The upper level is
surrounded by this insulating glass while the lower level is mostly nasonry
construction w1th some operable windows.

" The floor plan layout of the STES Building has been carried out in a response -
Yo the intended functions of the bui]ding Spaces provided are summarized
“below: ‘ '

LOWER LEVEL S
® Mechanical ROOM « « v v ¢ « v e v v « & v v o « o « » 3030 sq-ft

o Training/Conference ROOM o v v v e v v o v v u o . 362sg-ft
0 jcontrol Room Office'. « e .‘...r. .. .“ e « e « .« 120 sq-ft
@ Men's ToiletRoom . . . . .. ¢.0"¢ o . .'. e o+ «.o 104 sg-ft
o Women's Toilet ROOM o « « v v v v v v . . e e o s« o 104 sq-ft
e Vending/Break Room A AR .:._. . ;.. vé4 sq;ft

SUB-TOTAL (NET) + « « v+ v v cou v v v v v oo . o . 3788 sqsft
SUB-TOTAL (GROSS) '+ + v o o0 4w % w v v v oo v . . 8089 sq-ft -
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UPPER LEVEL
T @ CONtrol ROOM o o v v v o o o m o v s o e e ... 780 sq-ft.
o Observation/Display Room . . . .. .. .. c. ... 828 sq-ft
| SUB-TOTAL (NET) . & . . .. e e e e ... . 1608 sq-ft
SUB-TOTAL (GROSS) + + + v v v-e v v v v v v oo . . . 1668 Sq-Ft

"o TOTAL Building Gross SQ=ft. « «. v v v « « « o « « « o 6113 sq-ft
. TO'IAL BU'”d'ing Net Sq-ft . o ® & o ® o .o e o .o . ) 5392 Sq"ft

Circulation Space, Interior Partitions, '
Exterior Walls . . « ¢ . ¢ v o v v o v o v v oo« 721 sq-ft

The square footage allocated to the various spaces in the building have been
based on a combination of code requirements and sound architectural judgments..

There are a number of code requirements that have had an effect on the design
of the STES Budeing. The Uniform Building Code 1976, the Uniform Plumbing
Code 1976, and the ANSI A117.1 - 1961 Code have been the main influences on
the design requirements. The Uniform’ Plumbing Code ‘and the ANSI A117.1 - 1961
Code have establ1shed cr1t1era for the to11et room design.

The Uniform Bui]ding Code requires that an assembiy room (ObserVation/Display
Room) on a second floor with an occupant load of 10 6r more people must have
two Separate and remote means of egress. The Uniform Building Code also
requires that an upper level assembly room in a public use building be accessi-
ble to handicapped persons by means of a ramp or an elevator. Given the

- requirements by the building code for two means of egress and accessibility by
physically handicapped people, an exterior ramp has been devised to respond

to those requirements. The ANSI A117.1 - 1961 Code states certain criteria
governing slopes and landings of ramps making them usable by the physically
handicapped. This has determined the length and width of the ramp.
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3.8.3.1 CONTROL ROOM/OFFICE

The Control Room is designed to accommodate monitoring and computer equipment.
The space designated is required to accommodate the comouter equipment and
allow circulation around the various pieces'of equipment A stair is provided
to maintain access from this room to the mechanical room. the control room
office, and the exterior mechanical areas.

The Control Room Office is to accommodate.the supervisory and access to the
mechanical .room, the exterior functions and the control room upstairs. The
Control Room Office is located in a position that allows easy access to each
of these areas. An office of this nature requires a space of between 120 ft

and 150 ft2,

2 -

3.8.3.2 TRAINING ROOM/CONFERENCE ROOM

The Training Room/Conference ROOm is des1gned to accommodate 10 to 12

personnel 1n training for the operat1on of the STES facility, and to also
function as a conference room for v1s1t1ng profess1onals The room may also

be used as a space to show s]1de presentat1ons or films as a part of the infor
mation. dissemination furiction of the Visitors' Center. Rooms of this type
generale require a minimum square footage allotment of about 15 square ~-feet
per person, which means the room as de51gned cou]d accommodate up to 20 people
in a classroom seating arrangenent

3.8.3.3 MECHANICAL SPACE LAYOUT

The mechanical equ1pment room layout is des1gned to prov1de the most efficient
arrangement of equipment with adequate access for ma1ntenance and,service.-

Access aisles are located to provide capability. to move all components of
the mechanical system within and out of the bu11d1ng without disturbing any
- other components 1n the equlpment room. . -

Access space required for equlpment serv1ce heat exchanger. tube pull, contro]

‘panel observatlon, and safety clearances is provided in accordance with ‘equip-

. ment manufacturers reconnmndat1ons. code author1t1es and good eng1neer1ng
pract1ce.v' ' '
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Access is provided to all operating control valves, panels, electrical switches
and safety devices to ensure operator quick and safe access to-all operating
~ controls. o ' T

The mechanical equipment room will be cooled by a ventilating exhaust fan for
warm weather and will be provided with minimum heating equipment to.prevent
freezing of components if the system is down during severe weather,

3.8.3.4 VISITOR CENTER

The visitor Cenfer provides space for display of solar eng}gy descriptive

" materials. Graphic presentations of the overall STES operation’ahd design
considerations will be an important aspect of the Visitor Center. The use of
flow diagrams, charts, verbaf presentations, recorded presentations, slides,
models of various functions, etc., are anticipated.

_The Observation/Display Room is designed to_accommodate visitors in groups.of
from 20 to 30 people. The size of the group of people expected (20 to 30) is
based on having a bus-load of people come to the site from a distant location.
Local schools and area colleges and universities may also bring bus loads of
students on field trips to this type of facility. '

A Vending/Break Room area has been provided to accommodate a soft-drink vend-
ing machine and coffee-making appliances. This area is intended to serve
employees, both field personnel -and control room operators, as well as visiting
public using either the display area or the conference room.-

The Mens ‘and Womens Restrooms have been designed in accordance with abp]i-
cable codes to make these facilities accessible to handicapped employees. or .
visitors. The square footége of both rooms has been determined by the space
“required forAthe<p1umbing.f1xtures, as outlined in the Uniform Building Code,
and the space required to make those fixtures accessible to the physically
handicapped. ’
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3.8.3.5 HEATING, VENTILATION AND AIR CONDITIONING

ATl occup1ed spaces of the STES Building w11] be provided w1th nechan1ca] space
heating and coollng systems. Design conditions are:

4 Summer . . . Winter .
o Outside : , S 99°F D.B. ~  25°F'D.B.
N - - 77°FWB. -
o Inside
- A1l occupied areas except . T18°F D.B.  68°F D.B.
| Contro] RQOm ‘ | | : 50% RQH- f‘ - |
- Control Room .. - - . 75°F D.B. - 75°F D.B.-

vsesn . 554 R 55% RoH.. o v .

Two separate H.V.A.C. systems wi]] be prov1ded one for each of the two
occupied floors. . :

The H.V.A.C. system serving the first floor will be a single-zone fan coil unit
with chilled water and heating hot water supplied from the STES system.
Supplementary electric heat, with power from the Fort Hood grid, will be pro-:
vided to prevent freezing and subsequent damage during the heating season
should the STES be shut down for an extended period. of time.

The H,V,A}C. system serving the second floor; which.includes the Control -Room,
will also be a single-zone unit with a direct expansion refrigerant. coil and
hot water heating coil, and a remote-mounted chilled water coil. Chilled

water and heating water will be supplied from the STES system. The direct . °
expansion refrigerant cooling coil will be used as back-up when chilled water .
is not available.. The condensing unit will be connected to the existing Fort
Hood power grid and will be u§ed»ohly~when power . from the STES is not available.
An e1ectfic heater, also connected to:the existing. Fort Hood grid, will be in-
stalled to prevent freezing. . '

Both‘H V‘A C. systems’will ﬁave'IOO pefcent outside air capabilities to provide
-; an ‘air-side economizer for free cooling when anb1ent cond1t1ons are be]ow
55°F, -
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An exhaust system'will be provided to exhaust toilets, lockers and the janitor's
closet. '

Although the STES Building does not fall under the jurisdiction of ASHRAE 90-75,
the building will be designed to meet this standard whenever possible.

The H.V.A.C. controls will consist of the following:
e Space thermostat to modulate the heating/chilled water valve
e Outdoor air sensor‘to actiVafe economizer provisions

o Interlock to activate emergency power connection from ex1st1ng
power grid to operate emergency heat and backup electrical air
" conditioner

3.8.3.6 LIGHTING AND ELECTRICAL

Lighting within the STES Building will utilize high-intensity discharge lamp
sources wherever possible for maximum energy efficiency and lowest maintenance
costs. High-bay lighting within the mechanical room will be open bottom,
prismatic glass reflector-type fixthrés. Indirect lighting sources will be
used within the control room. Exterior lighting will be by means of high-
intensity discharge fixtures utilizing a type five distribution pattern for
greatest spacing ratios with a sharp cut-off angle to avoid glare. An emer-
gency battery powered back-up lighting system will be integrated into the
normal lighting system for times of ower outages.

Power. d15tr1but1on w1th1n the STES Bu11d1ng w111 utilize 277/480 volts for
lighting and heavy mechanical loads, and 120/208 volts for miscellaneous power
requirements.

3.8.3. 7 STRUCTURAL

Applicable Building Codes for the STES Bu11d1ng are: Uniform Building Code,
. 1976 Ed1t1on and Bu11d1ng Code Requ1rements for M1n1mum Des1gn Loads in Build-
“’f~1ngs and Other Structures (ANSI A58.1 - 1972) S
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- Design Loads

o Liveloadon Roof . &« « ¢« ¢ ¢ o v ¢ ¢ o ¢ ¢ o v o & « . 20 psf
e Pipingloadon Roof . . . . . . . v v v v o v v v v '20 psf
@ Live Load on Mezzanine . . . . . . . ¢+« . . e o o « 100 psf.

¢ Wind Load on Horizontal Projection . .. .. .. .. . 20 psf

The building foundation will be spread footings bearing on the;fractﬁred 1ime-
stone underlying parent material, which occurs approximately three feet below
existing grade. Design pressure for the foundation is 5 ksf.

The site is located in Seismic Risk Zone 1, as defined by ANSI A58.1 - 1972.

Framing systems for the STES Building are asmfbllows:

® Roof.- Metal deck on bar joists that span between Jo1st g1rders.
Joist girders are supported: by pipe col]ums :

e Mezzanines - Cast-in-place concrete slab (2-1/2 inches thick) on
corrugated metal centering spanning between bar Jo1sts that span
in turn to steel beams. Beams are supported by p1pe co]umns T

(] Latera] Loads - D1agonal brac1ng and moment ;es1st1ve frames .

3.8.4 FACILITIES DESIGN
3.8.4.1 SOLAR COLLECTOR FIELD

The design features concerning the layout of the collectors, and the field
segments are covered in Section 3. 2, Solar Collector Subsystem. Other features
(e.q., piping layout, grading, access, erosion contro] etc.) are covefed‘in

. the follow1ng paragraphs. ' '

- Supply and return piping in the field area will be supported approximately
one foot above the ground level except at road crossings where'a'lz foot
clearance will be maintained. The co]lector headers will be placed subgrade
in a shallow concrete ditch or trough Vehicles will cross the trough on
fabricated decks. '

3-445




The field will be graded to slope evenly to the east and south, as shown on
Drawing 1.4<(Volume III). In accordance with recommendations from the American
Technological University, erosion protection and oil spill protection will be.
provided by a field surface treatment consisting of compacted subgrade, 4- to
5-inch base course material (e.g., crushed limestone), topped by a single
penetration course (oil and aggregate).

Runoff protection will consist of an earth berm on the north, east and south..
sides to contain runoff and a weir structure that restricts the outflow

to conform to preconstruction flow rates. The outfall structure will be con-
structed so as to prevent 0il spills or floating oil films from escaping.
0il1 skimming apparatus will also be installed.

Access to the collector field for maintenance is provided by perimeter roads
on the south, west and north s1des and an east-west road through the f1e1d
middle. Collectors are spaced so that when ‘thé colléctors are stowed, a
vehicle can drive between the collector raws.

Security will be provided by a chain link fence around the entire field. The
fence will run along the top of the earth berm of the north andfsouth sides
of the collector field. Landscaping in the form of a low ground cover will be
necessary to’stabilize the soil of the sloped bern. A possible ground cover
is honeysuckle, which would stabilize the berm with its vine-like quality and
form a pleasing landscaped perimeter edge to the entire collector field.

3.8.4.2 THERMAL STORAGE.AREA

This area contains the Thermal Storage Subsystem equipment, the auxiliary I

heater (Solar Collector Subsystem), and the steam‘generator (Power Conversion

Subsystem). ' Many design constraints combined to produce the layout and des1gn
indicated or .Drawing 1-1 and 3-1 in Volume III.

Since tank ruptures are a possibility, the storage tanks are placed inside a

diked area. The area is divided into two parts: a circular area around the
storage tanks (depth about 2-feet) and a rectangular basin (depth about 4-feet)

3-446




to the 'south. The basin:will hold the contents of the largest tank while leav-

“ing the ciréu]ar area unflooded. Should all ‘the oil in the system be released,
the safety margin on the dikes is about 1-1/2 feet of free board above the
floor level. ‘ ' e

The storm drain for the entire area is placed in the southwest corner of the
rectangular basin. It is equipped with automatic devices to allow water, but
not oil to pass. The floor of the diked area is sloped to drain to the storm
drain. ' ' ' '

The fuel o0il tank outside the diked area will be buried.

Fire safety as enforced by codes influenced the design. Although the heat
transfer oil is a Class III-B liquid when cold, it is handled and stored above
its flash point when termed hot (550°F) or intermediate (438°F). (The flash
point is between 415° and 445°F according to manufacturers' data.) As a con-
sequence, the fluid is classed as more flammable. According to NFPA 30-76,
Section 5-7 (Electrical Equipment) applies to Class III liquids when stored
or handled above ‘the flash point. (At ambient temperatures, this Section applies
“to Class I liquids.) Consequently, electrical design will follow Section 5-7.

The Uniform Building Code indicates that a Class III 1iquid handled and stored
above the flash point will be treated as a Class II liquid. For storage design
purposes'it will -be considered Class II and meet code requirements in . * '
NFPA 30-76, Section 2-2. Tank spacing, distances from public areas and build-
ings, and drainage (in case of rupture) all meet code requirements. In addi-
tion, the tanks will be placed on two-foot high crushed stone/earth pads to
protect the base from possible fires. - These raised areas also permit possible
access to valves during a spill incident. The pumps are also.raised slightly
above the floor. '

The auxiliary oil-fired heater is placed outside the diked area and set back far

_enough to satisfy. Code requirements; Its site is graded to drain to the diked
area in case of a spill. '
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The storage tanks are placed as far west from the collector field as possible
to reduce late afternoon shadowing. However, the tanks are not lined up’
north-south along 15th Street (Redbud Avenue) since thlS would greatly extend
piping runs and reduce visibility great]y

Visual acces§‘or visibiiity of all components in -the storage area is important
for‘operation.:maintenance and public viewing. A1l pumps and the "working end"
of equipment are located and oriented to achieve maximum visibility. Conse-
quently, the control room operator has full visibi]ity of the area, a]ioWing
observation of equipment and personnel, an important safety consideratibn.

Equipment is laid out to asSure accessibility by personnel and equipment
(e.g., vehicles and lifting equipment). Piping is about chest-high where
possible to reduce support costs and increase acceséibility. Location of
equipment and tanks attempts to reduce tota] piping length and hot piping
length particularly.

The earth berm enclosed oil retention area is landscaped with a ground cover
to stabilize the soil of the sloped surface. "The ground cover material used
will add a texture to the perimeter surface of the slope which will define
the circular form of the retention areé. The circular form was generated as
a simple geometric shape that would visua]ly‘contain the complexity of the.
0oil storage tanks, piping runs and pump equipment. The light color of the.
crushed stone base of the retention area will also contrast with the textured
landscaped edge further emphasizing the enclosure area.

3.8.5 FACILITY INTERFACES AND SITE PREPARATION

The site preparation that will be necessary to construct the STES will occur
in two phases. The first phase will consist of the relocation of the existing
parking facilities, pérk and power lines to the south side of Battalian Avenue,
and site preparation in the area of the oil storége'tanks.'-This work will -
consist of some minor grading that will be netessarj to construct the paiking
in the new location, and finish grading in the oil storage tanks. The
recommended soil cement subbase and aspha1t1c concrete pav1ng and curb1nq can
then be installed. S '

3-448




The power lines are to Be completely rerouted by Fort Hood and should not be a
constraint to the construction program. . -

Once the parking has been relocated, construction can proceed by the installa-
tion of erosion control measures and the stripping of.the grass and vegetation
from the site.

3.8.5.1 DEMOLITION, STAKING AND GRADING

After construction of relocated parking lots, the demolition of the existing
parking lots will be done in phases to allow the contractor access to the site
and provide him with a paved surface from which to work. The initial paving -
to be removed will be in the area of the bu11d1ng and underground ut111ty -
lines. et '

The soils existing on the site are mostly of the Denton_Association.of the Soil
Conservation Service system of classification. Soils in this classification
have a surface layer, usually about 18 inches thick, of dark grey/brown silty
‘clay and a secondary layer of dark brown silty clay, extending normally to about
36-inch depth. The parent material underlying the soil is fractured limestone.
In five borings performed by American Soils, Limited of Houston, Texas, and
recorded in their report dated October 26, 1977, the layer of soil covering the
weathered limestone was found to be from two to three feet thick. The underly-
ing limestone layer was found to be from three to five feet th1ck These two
layers are underlain by alternating layers of clay and 11mestone and exist in
all the borings within the 25-foot depth examined.

Grading for the solar collector field-can proceed immediately as soon as the
vegetation is stripped. Due to the shallow nature of the surface soils, grading
has been held to a minimum and consists of shaping the field to a true plane
which slopes toward the southeast corner of the site and construction of storm
wafgr ditches for the handling of storm water on and off: the site,.

The drainage for the proposed STES will follow the.samé general pattern.
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Three 24-inch equivalent concrete pipe arches have recently been installed
under Park Avenue to the north of the site and conduct off-site water onto the’
site. This water flows across the site and finds its way through the 30-inth
culvert to the South Fork of Nolan Creek. Drainage for the 87000 GOmp1ex |
has been handled by means of a storm water piping system that.conducts the
water along Battalion Avenue to under Martin Drive to the South Fork of

Nolan Creek. The drainage from two existing paved parking lots is handled

by this system.

The drainage for the proposed STES will follow the same pattern. The off-site
water is to be conducted via a swale to the 30-inch culvert separately from
tne runoff of the solar field. The runoff from the proposed visitor parking
area, building and storage area will be handled by the storm drainage system
handling the existing paved parking area. The runoff from the solar collector
field will be diverted along.the south and east boundaries to the existing
culvert location. At this point, a flow requlating weir will be constructed
so that the maximum rate of runoff from the proposed field approximates the
maximum rate of runoff from the existing open field.

As soon as tné plane is shapediand.foundations installed, the permanent erosion
control consisting of four to five inches of crushed limestone base course
material and a single oil penetration course, as recommended by American Techno-
logical University, should be installed to minimize erosion from the site.

3.8.5.2 CONSTRUCTION ACCESS AND FACILITIES

Construction access can easily be accommodated by means of the existing parking
areas and driveways. Removal of these should only occur as necessary to install
new facilities. The existing paving will provide a convenient location for
construction trailers, as well as the staging of equipment and supplies.

3.8.5.3 STES INTERFACES

WATER

A new connectipn wjll be made to the existing underground Watervmain'West of .
Fifteenth St.,north of the STES facility. From this point, ‘the new underground :
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water line passes under Redbud Drive, turns south and enters the northwest
comer of ‘the STES building. (See Drawings 1-6 and 1-7.in-Volume III:) -

SANITARY SEWER

A new connection will be made to the existing manhole near the southeast corner
of the existing Feed Service Facility. The existing manhole will receive a

new sanitary line from the new STES facility, which will be routed under *
Redbud Drive.

NATURAL GAS

A new connection will be‘made to the existing underground natural gas line west
of 15th Street (Redbud Drive) approximately in line with the south end of the
existing Central Energy Facility. From this point, the new underground natural-

gas line passes under i3th Street turns north, then south to the STES for
use at the flare. (See Drawings 1-6 and 1-7 in Volume ITL.)

ELECTRIC POWER

The new STES facility will receive 'power‘ from the new transformer (T-11) located
adjacent to the new STES building. T-11 will be fed from the power grid at

the existing transformer, T-4, by new underground lines. (See Drawing 8-13

in Volume IIT.)

COMMUNICATIONS

Interface will occur with the existing Fort Hood telephone and fire alarm
system. ' ‘

The prime components of the existing energy systems in the five selected build-
ings being served by the STE-LSE at Fort Hood are effectively utilized. These
combonents include the heating and chilled water piping, air handling ﬁnits
with heating and/or cooling costs, the domestic hot water system, .and the
electrical system, Where the existing chilled water and steam system is not
directly utilized, it is hsed as an emergency back-up system. '
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The exiﬁting underground steam and chilled water piping will be used in the
operation of the STES. The existing chilled water, steam and condensate piping
will become a back-up system. This would be accomplished by installing a two-
way/two-position shutoff valve in the existing steam and a check valve in the
" condensate line, as indicated in Figure 3.8-1.. The closing of this valve will
isolate the existing steam piping to the five buildings served by STES from

the balance of the existing steam piping systems. The existing chilled water
supply lines will have a new by-pass connection to the existing chilled water
return lines, with new two-position automatic by-pass valves. In addition,

the existing chilled water supply and return lines will have new two-position
automatic three-way valves installed on the building side of the new by-pass
connection at each building. These valves allow isolation of the existing
chilled water piping system w1thout disturbing the operating character1st1cs
of the 87018 central energy facility chilled water pumping system. The new
chilled/heating water piping from the STES will connect to the existing chilled
water piping at each of the five selected buildings, as indicated in Fig-

ures 3.8-2 and 3.8-3. The valves will be remotely controlled by the STES
control/monitoring.

Hew hot water unit heaters will be provided in the Three Company Administration
and Supply Building and the Five Company Administration and Supply Building.
The new unit heater piping will be connected to the existing chilled/heating
water pibing with a new two-position/three-way valve that will allow flow to
the unit heaters during heating months, and will stop flow to the unit heaters
during cooling months. This arrangement is illustrated in Figure 3.8-3.

Domestic hot water for the three buildings to be served will be transported

to the buildings in a new underground pipe system. The new pibing system, as
shown in Figure 3.8-4, will follow the route of the new chilled hot water under-
groﬁnd distribution system. The existing domestic hot water generatorsAwilj be
used as hot water storage spaces. Figure 3.8-5 shows the proposed new-piping
arrangement for the existing domestic- hot water generators. This f1gure also

" indicates that the steam p1p1ng w111 be 1eft 1ntact to prov1de standby
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Figure 3.8-1. Piping Modifications
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Figure 3.8-5, Barracks Domestic Water Systen
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BUILDING 87013
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NOTES ‘ FACILITY

1. ALL TOPOGRAPHIC INFORMATION TAKEN FROM DRAWING "FT. HOOD SOLAR TOTAL
ENERGY TOPOGRAPHIC & SITE SURVEY" AND PREPARED-BY DUNLAP & ASSOCIATES
CONSULTING ENGINEERS, KILLEEN, TEXAS FILE NO. K-78101, SHT. NO'S. 1.

THRU 4, DATED JUNE 1978 AND CERTIFIED BY JAMES D. LEE, TEXAS R.L.S.
#1467 ON JUNE 30, 1978.

- 2. SEE FIGURE 3.8-6A FOR LEGEND.

Figure 3.8-6. Utility Interface Points.
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Figure 3.8-6a. Legeid for Figure 3.8-6
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3.8.6 FACILITY SUPPORT INSTRUMENTATION

Smoke and fire detection and alarm systems will be consistent with Base requ{re-
ments and applicable codes, and tied into Base Systems at appropriate points.

3.8.7 MAINTENANCE
3.8.7..1 FIELD ACCESS AND BERMS

Maintenance of the access roads would be minimal. The only maintenance that
would be required would be the addition of a topping layer of asphaltic concrete
paving material approximately 10 to 15 years after construction. This addi-
tional paving would be more than sufficient to replace material that has

failed due to fatigue. o
Maintenance of the berms wi]] be qbite,simp]e. The ground cover on the berms
will require a fertilization program*cdup1ed»with a -disease and insect control
program which could vary from year to year. Irrigation wi]] also be necessary.

3.8.7.2 STES BUILDING

Maintenance of the STES Building would be minimal. Other than the normal
janitorial services, the only maintenance that would be required for the build-
ing will be repainting of the interior partitions after four or five years
(depending on use):“' U ’ | ‘ '

The HVAC system must be periodically inspected and Tubricated in accordance
with manufacturers' recommendations. These recommendations will be included
-in the STES operator's manual.

3.88  SPECIAL FEATURES AND PRECAUTIONS

_The design of the STES building has taken into account the desire to have the
building totally accessible to handicapped persons - both employees and public
visitors. This has been accomplished through the use of a ramp for access to
the upper level observatioh/display room. and through the design of the toilet

3-460 .




K ‘ . _ _
facilities making them usable by the physically handicapped. The design ,
requirements for access by physically handicapped persons have been based on -
requirements of the Uniform Bu11d1ng Code 1976, and the ANSI A117 1 - 1961
Code.

3.8.8.1° HEALTH AND SAFETY

Health and safety is assured by neeting the design codes specified fbr the

STES Building. . Of special concern is access to the equipment in- the mechan1ca1
room. However. for the safety of visitors, the mechan1ca1 room is separated ‘
from the habitable portion of the building. '

3.8.8.2 ENVIRONMENT . T e e

There are a number of features in the design of the STES complex that: have
addressed environmental concerns. Earth berms hzve been-incorporated to retain
0il in the event of a rupture of either an oil storage tank or piping‘carrying
oil. - The earth berms contain the oil on the site until it can be cleaned up.
The surface treatment of the ground around any equipment using 0il or contain- -
ing.0il has been se]ected to prevent any -long- term damage to surrounding 5011
areas. .. o

Landstaping has also .been 1ncorporated to aid in the stabi]izationroffhermed
areas and. to visually enhance the surroundlng community. The use of landscape
materials will soften the harsh flat character of the surround1ng site.

4 U.S. COVERNMENT PRINTING OFFICE:1979 -640 -25& 1460 .
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