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ABSTRACT

This Phase II DOE program has resulted in the installation of .a solar énergy
collection system for providing process heat to a textile drying process. The
solar collection subsystem uses 700 square mefers (75Q0 square feet) of para-
bolic trough, single-axis tracking, concentrating coiiectors to heat water

in a high temperature water (HTW) loop. The solar collectors nominally _
generate 193°%¢ (3800F) water with the HTW loop at 1.9 x 106 Pa (275 psi).

A steam generator is fueled with the HIW and produces 450 kg/hour (1000 pounds
per hour) of process steam at the nominal design point conditions. The solar—
generated process steam is at 0.5 x 106 Pa (75 psi) and'l60°C (321°F),” It

is predicted that the solar energy system will provide 1.2 x 106 MJ/year

(1.1 x lO9 Btu/year) to the process. This is 46 percent of the direct iso-
lation available to the collector field during the operational hours (300.days/

year) of the Fairfax mill.

The process heing solarized is textile drying using can dryers. The can

dryers are part of a "

slashing' operation in a WestPoint Pepperell mill in
Fairfax, Alabama. Over 50 percent of all woven goods are processed through

slashers and dried on can dryers.

The collectors were fabricated by Honeywell at,a'pilot production facility

in Minneapolis, Minnesota, under a 3000-square-meter (32,000-square-foot)
production run. The collectors and other system components were installed

at the site by the Bahnson Service Company and their subcontractors, acting

as the project general contractor. System checkout and start-up was conducted.
Preliminary system performance was determined from data collected during

start-up.
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SECTION 1.0
SYSTEM DESIGN

1.1 INTRODUCTION

1.1.1 Program Objective

The overall objective of the Application of Solar Energy to Industrial Drying
or Dehydration Processes program, under which this Textile Drying project

is funded, is to stimulate and give impetus to the growth of industry in areas
capable of supplying significant amounts of industrial process heat through

the use of solar energy.
The specific objectives of the Textile Drying project are to design, build,
install, and evaluate the application of solar energy to textile drying and

to provide an analysis of the economic benefits to be gained by such application.

1.1.2 Phases of the Program

This document is the Final Report for Phase II of the Textile Drying project.

Phase I included the process definition, detailed design of the solar energy-
system, development of specifications and installation blueprints for the

system, and an economic analysis of the solar application.

Phase II included the procurement and assembly of the system components and
subsystems, the installation of the system at the MARTEX* towel mill of
WestPoint Pepperell at Fairfax, Alabama, the system start-up and checkout,

and the development of a plan for tests to be conducted in Phase III.
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Phase IIJ will include operation of the system for a 12-month ﬁeriod of supplying
process heat to the drying application, collection of system operating data
during that period, and evaluation of system performance and system economics

based on the data collected.

1.1.3 Design Status

The Phase I Final Report, "Textile Drying Using Solarized Cylindrical Can
Dryers," documented the detailed design of the solar process steam system

at the conclusion of Phase I. Since that time, improvements of that design
have been realized, both prior to and during construction. The tollowing
subsection describes in general the detailed design "as built." Section 5.0
contains the specification and drawing package that defines the detailed

design of the system.

1.2 DETAILED DESIGN

The solar system designed to provide process steam for textile drying con-

sists of five major subsystems:

o The collector field,
® The high temperature water (HIW) pipe loop,
& The steam geunerator,
e The steam pipe loop,

@ The process.

Figure 1-1 is an illustration of this system combining a simplified system

schematic and photographs of the subsystems.



Figure 1-1. Process Steam System
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The collector field consists of 24 concentrating trough collectors arranged
on the weave room roof to provide 7500 square feet of collector aperture.
The collector field is aligned along the building coordinates, and spacing
between collector axes is 10 feet 8 inches, which eliminates shadowing from

adjacent collectors unless the sun is below 22° elevation.

The collector, illustrated in Figure 1-2, uses a half-parabola mirror concen-
trator to focus solar energy on an.insulated tube receiver. The mirror is
constructed of aluminum honeycomb with a reflective surface applied. Four
20-foot by 4.3-foot mirrors per collector result in 313 square feet of active
mirror aperture per collector unit. The collector rotates through 270° to
allow stowing. A motor/gearbox drives the mirror assembly via a torque tube
under control of a sun tracker. The pivot axis is at the middle of the mirror
chord to minimize wind loads on the drive system. The receiver/absorber is
attached to the mirror drive and rotates with Lhe unit. The receiver uscs
calcium silicate insulation and an etched soda glass window to reduce thermal

losses.

The collector field is under control of the system controller and individual
collector controllers. System start-up is initiated by a preset minimum in-
s01a 20N level and maximum wind level. At start-up each collector acquires
the sun (points at the sun) and initiates tracking. The collectors track
individually throughout the day. High wind or low light level will cause
the system controller to command the collectors to stow. In the stowed
position the mirrors look downward to protect the surface from the weather

and reduce wind loads on the collector support structure.

The high temperature waLer (HTW) loop transports the thermal energy to a steam
generator and includes the solar receivers. The loop is a closed system pres-—
surized to 275 psi to allow for HIW transport without the formation of vapor
(boiling). A supply header feeds the collectors from one edge of the field

and a return header runs down the other edge of the field to form a "C" loop
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Figure 1-2. Collector



1-6

flow pattern. Valves at the collectors are used to balance the flows in

the collectors and isolation. Design flow is 2 gpm in each collector (48 gpm
system flow). The HIW loop is sloped to enhance elimination of air bubbles and
contains manual air vents, an air trap, and an air eliminator. A 5-hp pump
provides the 48-gpm field flow against a 22-psi head. An expansion tank allows
for daily expansion and contraction of the HTW fluid. A water-to-steam package

boiler (steam generator) is fueled by the HTW and provides the process steam.

The steam generator is the interface between the HTW loop and the process
steam loop. It is a commercially available package boiler that generates
76 psi steam when fueled with 380°F water. Feedwater for the steam generator
is taken from a steam condensate tank. The steam generator is located on

the weave room roof near the collector field.

The steam loop transports the solar steam from the steam generator into the
building and to the process. Steam flow is controlled by a check valve that
allows displacement of fossil-fuel-generated steam when solar-generated steam
is available. When solar steam is not generated, the existing steam system
supplies the process steam. Completing the steam loop is the feedwater line

pumped from a condensate receiver.

The slasher steam manifold is maintained at 70 psi by a pressure regulator
off the main high pressure steam line. The drying cans are set at some
pressure (less than 60 psi) to maintain a proper drying rate. The slashers -

operate 24 hours a day, 6 days a week, except for stoppage to unload and load.

1.3 DESIGN CHANGE RECOMMENDATIONS

Although formally a Phase III task, several design change recommendations

are documented herein because they were developed during the installation.



1.3.1 €ollector Support Adjustments

Construction andtinstaliation‘ttadesmen»are'not experienced'at'wofking to

the fractlons of an inch spec1f1cat10ns requlred for. 1nsta11at10n of con—
centratlng collectors. Therefore; two-problems arise: . 1) they bid the JOb
hlgh because ach1ev1ng the spec1f1cat10ns w1ll ‘be- d1ff1cult' 2) they do not
achieve the accuracy requlred to meet.the~spec1f1catlons. Therefore, the
collector support mechanlsm must have freedom for adJustment in all directions,

and thls ad3ustment should be at least + 1 1nch.

1.3.2 Penthouse Piping :

" Due to constraints in the penthouse and convenience in piping, the HTW pipe
in the penthouse was not route&'on a continuous sloping pitch as designed
Therefore, special ‘measures were taken to allow vapor to be e11m1nated at
hlgh p01nts in the system On 81m11ar systems 1n ‘the future, alternatlve
HTW equlpment locatlons and pipe routlngs should be con81dered for 31mp11c1ty

of design.

1.3.3 'Photographic Instrumentation -

A desirable addition to the instrumentation'package would be time-lapse
photography, either tfacking‘the"sunsof an "all.sky" type of camera. ~Sub-
Jectlve 1nterpretat10n of the "type of day cannot be‘obteined fromAthe: |
insolation sensors alone, and unknown events which appear in the data leave .
the analyst with the desire to have a weather observer at the site at all

times. A timeélapse photogrephic record could provide this,yisual information.
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SECTION 2.0
PHASE II ACTIVITIES

2.1 INTRODUCTION

Phase II was initiated on 18 July 1977. Based on the bids received during
Phase I, the Bahnson Service Company, a Division of Envirotech, Winston-
Salem, North Carolina, was selected as the general contractor for installation

of the system at the site.

At a preconstruction meeting with DOE on 27 July, Honeywell suggested the
collector field be comprised of 24 80-foot-long collectors rather than the
48 40-foot-long collectors originally specified. This modification was

approved and the specification package was modified accordingly.

Collector parts procurement was conducted by Honeywell. System parts procure-
ment was conducted by Bahnson. System installation was écheduled in two parts:
1) collector support installation; 2) completion of system installation, to
allow WestPoint Pepperell to reroof the weave room roof (at their cost) after

the supports were installed and before winter weather.

2.2 COLLECTOR FABRICATION

Honeywell initiated parts procurement for the 24 concentrating collectors in
August 1977. This procurement was done in concert with procurement of parts
for collectors for other projects. In all, parﬁs for 3000 square meters

(32,000 square feet) of coLlector were procured (77 collector rows of various

lengths).
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In October'l977 the pllot productlon line for the concentratlng collectors
‘was set up'in Mlnneapolls.- This line produced collectors through the months
of November and December- 1977 and January and February 1978 Once established,
the fac111ty produced collectors at the rate of 900 square meters per month

(10,000 square feet per month). ‘The collectors were shlpped to the site ;n

several_truckloads during February and early March 1978.

Figure 2-1 is a photograph-taken'at'the pilot production,site showing (from

the left) a 20-foot mirror assembly being fabricated on a fixture, a stack

of "painted torque tubes,. a éecond 20-foot mirror'assembly being fabricated on’

a fixture (partly hidden by torqne‘tobes),‘a receiyerAassembly.table, completed
" mirror assemblies awaiting shipment, and crates of mirror banels; This facility
produced 128 of the 20-foot mirror assemblies (and an associated 128 20-foot

‘receivers)loer month, representing 32'collectors (80—foot—lbng) per month.

The mirror eséemblies aré'fabricated by placing‘two>prefabricated 10-foot
mirror panels (aluminum honeycomb) on - an'alignment fixture and attaching a
20-foot torque tube w1th alumlnum honeycomb ribs, as shown in Flgure 2-2. All
interfaces on the alumlnum honeycomb are bonded with adhesive. Sheet metal
screws hold the components_ln place unt11 ‘the adhesive has set. The torque
tubes are premanufactured with flenges and shafts for attachment to the gear-

box, other mirrors, and bearings.

The receiver assembly being fabricated in Figure 2-3 consists of an eluminum'
extrusion (shown) in which is placed calcium silicate insulation andlthe
selectively coated absorber-tube. An etched'glaes window completes‘the
:assembly. .Like the mlrror assemblies, the receivers are fabrlcated

in 20-foot lengths and Jo1ned at the site 1nto an 80~ foot long collector.



Figure 2-1. Pilot Production Facility



Figure 2-2. Mirror Assembly



Figure 2-3. Receiver Assembly



2.3 INSTALLATION DETAILS

2.3.1 Collector Supports

The building atop which the collector field is installed was built in 1916
and is of wood construction. Although the collectors are relatively light
and pose no static load problem, the dynamic loads from winds were a major
consideration in designing the support structure and the structure/roof
interface. Because towels are woven in the room below the collectors, leaks

in the roof could not be tolerated.

''ne collectors themselves are designed to withstand 30 mph winds when
operating and 100 mph winds in the stowed position. The structure supporting
the collectors was designed for worst-case loads resulting from these winds.
To reduce the rotational forces at the steel structure/wood roof heam interface,
the collectors were paired and supported by an H-shaped structure (sketched in
Figure 2-4). The long (10 foot 8 inch) lever arm converts the drag forces to
1lift forces (both upward and downward) rather than rotational forces, thereby
minimizing the loads on the collector support structure/roof interface. Each
post is constructed in a pitch pan, as shown in Figure 2-5. The complete roof
was covered with a new urethane roof to assure that no leaks would occur at
the posts. The H-shaped support structures were shop fabricated to the

drawings to reduce field construction costs.

Figure 2-6 shows the collector supports as delivered to the site in October
1977. The center post is fabricated from 5-inch schedule 40 pipe to support
the motor/gearbox unit and withstand the torque moments imposed by wind loads.
The outer posts (four per collector) are fabricated from 3 1/2-inch schedule
40 pipe to support the collector bearings. The posts were fabricated over-
sized (in length) so that they could be sized and leveled in the field to

adjust for uneveness in the wood beam roof.
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Figure 2-4. H-Shaped Collector Support

16-GAUGE COPPER PAN

SET IN BITUMEN AND
FILLED WITH BITUMEN
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\ .

ﬁ X o

" " INSULATION, EXISTING
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WITH 7x3/8x7-INCH BASE PLATE

EXISTING WOOD DECK
~—(2) %-INCH 8 x
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P EXISTING WOOD BEAM

Figure 2-5. Pilch Pan Drawing



Figure 2-6. Collectcr Supports at Site, October 1977
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The early status of the support installation is shown in Figure 2-7, a photo-
graph taken in November 1977. Supports for eight collector rows are installed
(six shown). Pitch pans for the remaining 16 collector rows are evident on

the roof.

Installation of the collector supports was completed in November, allowing
WestPoint Pepperell to reroof the weave room roof (at their cost) during
December. The completed supports and the reroofing activity are shown in
Figure 2-8. The dark areas are the old roof and the light areas are the
polyurethane foam roof being applied. Note that the foam is sprayed up and
over the support post pitch pans to assure a watertight roof. The polyurethane
foam was then covered with a silicone foam for protection. Figure 2-9 shows
the roof in December with all supports installed and the reroofing nearly

complete.

2.3.2 Collector Installation

Installation of the collectors on the support posts was initiated in April 1978,
and the mechanical installation was completed in May. Bahnson elected to
assemble the collectors on the posts first, then build the high temperature
water loop around them to allow easy access to the collector field during this
critical installation. Figure 2-10 shows the collector bearing plates installed
and leveled prior to mirror installation. The penthouse steel structure can

be seen in the background. Figure 2-11 shows the gearboxes installed on the

center posts and leveled.

Mirror assemblies were lifted from the shipping crates to the roof with a
crane, as shown in Figures 2-12 and 2-13, and hand-carried to the supports

for assembly, as shown in Figures 2-14 and 2-15. Support arms and receivers
were installed using a template for proper spacing (Figure 2-16). A completed
unit was rolated (under manual control) to focus the sunlight as a demonstra-

tion for site personnel (Figure 2-17).



Figure 2-7.

Col_ector Support

Installatien., November

OT=%



Figure 2-8.

Collec-or Support Installation Complete--Reroofing in Progress, November 1977

|85



Figure 2-9.

Collector Supports Installed--Reroofing
Nearly Complete, December 1977



Figure 2-10.

Collector Bearing Plates Installed Atop Support Posts, April 1378

Eil=e



Figure 2-11. Gearboxes Installed Atop Support Posts,
April 1978



Figure 2-12.

i
Gt

Collector Mirror Assembly Being Lifted from Shipping Crate, April 1978

Sili=c
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Figure 2-13. Collector Mirror Assembly Being Lifted
onto Roof. April 1978



Figure 2-14.

Collector Mirror Assembly Being Hand-Carried to
April 1978

Supports,



Mounting of Mirror Assembly onto Supports, April 1978

BI=¢



Figure 2-16.

Installation of Receiver Using Template for Locatioa, April 1978

bI=¢
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Flgure 2-17. 38ular Concentration Demonctration
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Collector léveling, mirror alignment, receiver alignment and tracker alignment
were conducted in June, July and August as weather and other site activities

permitted.
Installation of the electrical components of the collector began in May 1978
and continued until September 1978. This activity. is discussed below in

Subsection 2.3.7.

2.3.3 High Temperature Water (HTIW) Piping

.The HTW piping was built around the collector field at the conclusion of
collector installation. It consists of two 2-1/2-inch headers, a collector
supply and a collector return. Figure 2-18 illustrates the HTW loop outside
the penthouse. Detail at each collector interface consists of a valve (bal-

ance and/or isolation), a flex hose, and a swivel joint.

Pipe brackets were fabricated and hangers were installed as part of the HTW
piﬁing installation. The pipe is anchored at two locations--the penthouse

" and  the center of the field. Pipe expansion under heating'is accomodated by
"Z" ball joints at the penthouse end of the field and by the freedom to ex-

pand outward at the far end of the field.

The HIW piping in the penthouse is shown as a schematic in Figure 2-19. The
HTW piping forms a pressurized closed loop with a nitrogen blanket to elimi-
nate oxygen from the system. Upon completion of the HIW loop, a pressure test

at 300 psi was conducted to demonstrate the integrity of the welds and joints.
2.3.4 Penthouse
The penthouse is a three-sided, prefabricated metal building that is set

against a brick wall of the textile mill to form the fourth wall. It contains

the vast majority of the process steam equipment, including HTW loop accessories,
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steam loop accessories, electrical equipment, and data collection equipment.

Figure 2-20 is a layout of the equipment in the building.

Figure 2-21 is a photograph of the outside of the completed penthouse. It has
a service door, an overhead door facing the collector field, and ventilation.
The building's steel structure and wood floor are supported above the weave

room roof to allow normal drainage of the roof as well as access to the roof,

2.3.5 Equipment in Penthouse

The equipment in the penthouse falls into five categories:

e HTW equipnent,

e Steam eduipment,

® Elecliical equipment,

e Data collection equipment,

e Other accessories.

HTW Equipment--Figure 2-22 is a set of photographs taken in the penthouse

showing most of the HIW equipment. Starting at the termination of the col-
lector return header, A, high temperature water at 193°C (380°F) enters the
penthouse, passes through an air trap, B, and drops to the inlet side of the
steam generator, C. The air trap is connected to the expansion tank, D, to

bleed vapotrs oiit of the fluld and iuto the expansion'tank, E.

The steam generator is a Patterson-Kelley Series 380, Model 307 Package Boiler.
The heat transfer surface is a six-pass stalnless steel tubing bundie. Fluld
exits the steam generator, F, at 167°C (333°F) and passes to an air eliminator,
G. Vapors extracted from the fluid stream are carried to the expansion tank,
F, while the fluid progresses to the suction side of the recirculation pump,

H. Between the air eliminator and the pump are a gate valve, capped tee,

and strainer.
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Figure 2-22. Photos of HTW Equipment in Penthouse
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On the pump outlet is another capped tee, the HIW loop balance valve, J, a
pressure relief valve, K, and a fluid flow meter, M. Drains are included at
low points in the HTIW loop piping. Manual relief valves are included at high

points in the system to bleed out entrapped vapors.

The recirculation pump is a Buffalo Can-0-Matic Model HCR-H66058 pump with a
5-hp, 600-volt, three-phase motor. This pump will deliver 60 gpm against the
system pressure drop (balance valve open). In operation the balance valve

is adjusted to maintain the fluid flow at 48 gpm.
The expansion tank is a 400-psig, 100-gallon unit with sight glass, liquid
level control, and pressure sensor. A nitrogen charge system provides a

nitrogen blanket for the closed HIW loop expansion:tank.

Steam Equipment--Figure 2-23 is an illustration of the steam loop, including a

photograph that highlights the steam equipment in the penthouse. The Patterson-
Kelley Package Boiler is the source of the steam. This steam exits the boiler
at N. Equipment in this steam line includes pressure sensor, stop and check
valve, temperature sensor, steam flow meter and associated gate valves,
strainers, steam traps, and condensate lines. Feedwater enters the boiler

under control of a liquid level sensor in the boiler.

Electrical Equipment--The electrical panels are mounted on the brick wall of

the penthouse, as shown in Figure 2-24. These panels are:

e HC - Heating Contactor Panel

e IP - Instrumentation Panel

e SC - System Controller

e DC - DC Power Supply Panel

e ELL - 208-volt Panel

e FHL - 480-volt Panel

e LL - Lighting, Receptacle Panel

e RP - Recirculation Pump Panel
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Data Collection Equipment--Instrumentation in terms of sensors, transducers,

and transmitters is described below in Subsection 2.3.8. Other data collec-
tion equipment in the penthouse consists of the data logger and its peripheral
equipment. The data logger is an Esterline-Angus model 2064. It outputs

paper tape containing all sensor values (15 channels) at preset intervals.

Other Equipment--Other equipment in the penthouse includes collector field

lighting switches, ventilating fan, and a space heating unit. Figure 2-22
shows the fan and louvers in the wall. Figure 2-20 shows the location on
the fan, exhaust, and fresh air vents on the floor plan. Figure 2-24 shows

the heater hung from the ceiling.

2.3.6 Equipment in Mill

The equipment in the mill consists of four types:

e Electrical service,
e Feedwater pump,
® Annunciator panel,

@ Steam tie-in.

Electrical Service--The electrical service panels are located on the first

floor of the mill in the compressor room. Figure 2-25 shows the service panels
and the standby generator, and illustrates the location with respect to the

solar collector field. The panels are:

e MDP - Main Distribution Panel,
® ONAN - Standby Generator Panel with automatic transfer switch,

@ Tl - Transformer.
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The standby generator is an Onan 30-kw, 480-volt, three-phasc diesel fuel
powered unit with a 60-amp automatic transfer switch. This unit powers the
system controls and automatically stows the collectors when service power is

interrupted.

Feedwater Pump--The feedwater pump is an Aurora E5T pump with a 3-hp, 600-volt,

three-phase motor. Figure 2-26 is a photograph of the pump motor and includes
an illustration of the location of the unit with respect to the solar collector
field. The pump takes water from a condensate receiver and pumps it to the

steam generator as feedwater on command from the boiler liquid level sensor.

Annunciator Panel--Figure 2-27 shows the annunciator panel, which is located

in the Machine Room. This panel displays system operational data and alarms

to a portion of the building that is continuously occupied. 'T'he meter on

the face of the panel shows HTW loop temperature (hot side); the recorder
under the panel records solar steam flow. The switches and lights on the panel

perform the following functions:
e ERROR LIGHT - indicates one of the following three problems
- Low loop pressure,
- High inlet temperature,
- High outlet temperature;

e FEEDWATER PUMP FATLURE - indicates fluid in steam generator is low;

® WIND AND NO STOW - one or more collectors has not stowed and wind

is above preset level;

@ SYSTEM ON - system power is on;
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Figure 2-27. Annunciator Panel
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o FREEZING FIELD CONTROL - recirculétion'pump and immersion heaters.

are on;
e COLLECTOR PARITY ERROR - one or more collectors are stowed while
 others are tracking, OR one Qr moré collectors .are unstowed while

others are stowed;

e FIELD FREEZE ALARM - Freezing Field Cohtrol is on and temperature in

loop continues to fallj
e SYSTEM OFF - key reset for ON/OFF.

Steam Tie—In——Figure 2-23 shows sChematicéily<how the steam line is tied into

the existing steam header in the'mill, This header is directly below the
slashing process equipment. A gate valve allows isolation of the solér
process steam system from the conventional system. A check valve controls
the flow of the solar steam into the'heédef. Steam traps and condensate re=-

turn complete the tie-in.
2.3.7 Electrical

Electrical installation at the site. was conducted in June, July, August and
September 1978. Late_delivé?y of électriéai panels and other components

delayed this construction.

Figure 2-28 shows thé electrical gompbnents échematicélly. The electrical
service panels tie into a plant 600{Qolt;'thrée—phase'line and- include a

watthour meter for monitoring solar.steam system electrical power requirements.

Pump motors are supplied with 600 volt power  for comnsistency with plant
standards. The solar collector motors use 440 volt power. Electrical ser-

vice outlets at 110 volts are provided alongside the éollcctor ficld.



2-36

E"m rl‘rd%’? %qu.omg 5FJ_FLAN W
SPARE OR FURNISH OVERC :c;IDou
TAP BUS AS REQ'D, MAKE NECTION
[7'e] .« -
“’DB\n___ £re-swtiten. PNL MOP
S RIS T | R

e e P2 |
SHE LN o

c,lﬁc.i\ﬁmro

o 3¢

CT:%:;:E ﬁﬁh'

”°AES¢%%MO%§ﬂ
> cHlN

s (,oo\, ¢ 3w I aTER CONTKO\_ ANNUNCIATOR
' Yoz )mB% )m '
o | 5_?

30.0 KW DIESEL !
111/«506_ 20 AW

Ml
i

1C. 2V e "B,

b:!lAQ PRIMALRY 271 /400V Y, TECONDARY

woAfar
woa

Y*'.Q"b &1*00

-;;glsf.,bP
'

LT A |

%Vo PRI. 120208V v SEC.

5/4( 1*18 4 1% 10 G,

WIREWRY

VARG

Figure 2-28.

. Electrical Schematic

v O PRNVARY
I'ZO‘(JZOOV Y SECON
ISKVA

SEE PANEL
SHEDULE



2-37

2.3.8 Instrumentation

Instrumentation in the form of sensors is used on this project for data col-
lection and system control. Some sensors serve both purposes. This subsection

describes both the data collection instrumentation and the control sensors.

Data Collection Instrumentation--Instrumentation is provided for collection of

data during the Phase II checkout and the Phase III operation and test.
Figure 2-29 is a schematic of this instrumentation. Table 2-1 lists data
collection instrumentation and summarizes the purpose of each sensor. This
daté is being collected on a multichannel data logger for analysis and deter-
mination of system performance. All sensor inputs are compatible with the
Solar Data Acquisition System (SDAS). The data analysis methodology is

described iﬁ Section 3.0.

Control Instrumentation--The solar energy system is controlled by a system

controller that performs logic functions based on control sensor inputs.

Unit controllers at each collector control the individual collectors when the
system controller permits. Figure 2-29 shows the system controller, the control
sensors, and the control outputs schematically. Table 2-2 lists the control
sensors and the control functions each sensor commands. The primary. sensors

in normal operation are I-1, the illumination sensor, and W-1, the wind sensor.
The illumination sensor turns the system on and off each day as a function of
the light level, and the wind sensor serves to protect the tracking collectors
by stowing the system if winds are above 30 mph. The other sensors protect the
system from damage due to component failures or temperature extremes. The

flow switch and pressure sensor are standard control sensors that serve to
inhibit system operation if either the HTW loop flow or pressure is too low.
The temperature sensors monitor various locations for overtemperature pro-

tection and freeze protection.
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Table 2-1. Data Collection Instrumentation
ABBREVIATION SENSOR MANUFACTURER FUNCTION

T=-1% STEAM GENERATOR INLET TEMPERATURE HONEYWELL MONITOR SYSTEM CHARACTERISTICS

T-2 STEAM GENERATOR FLUID TEMPERATURE HONEYWELL AS A FUNCTION OF TIME

T~3% STEAM GENERATOR OUTLET TEMPERATURE HONEYWELL

T-4* HTIW FLUID TEMPERATURE IN FIELD HONEYWELL CALCULATE SYSTEM

T-5% HTW FLUID TEMPERATURE IN FIELD HONEYWELL PERFORMANCE

T-6 PROCESS STEAM TEMERATURE HONEYWELL

T-7 FEEDWATER TEMPERATURE HONEYWELL

T-8% AMBIENT TEMPERATURE MINCO

P-1* HTW LOOP PRESSURE HONEYWELL MONITOR SYSTEM CHARACTERISTICS
MODEL 41222-
0001-03-08- CALCULATE SYSTEM PERFORMANCE
vlc2

P-2 PROCESS STEAM PRESSURE HONEYWELL
MODEL 41221-
0001-03-08-
U1c2

F-1 PROCESS STEAM FLOW HONEYWELL CALCULATE SYSTEM PERFORMANCE
MODEL 411

F=-2% FIELD RECIRCULATION PUMP FLOW WALLACE &
TIERNAN

I-1 PYRANOMETER EPPLEY MODEL MONITOR TOTAL RADIATION LEVEL

. NO. 2 MONITOR DIRECT RADIATION LEVEL

1-2 PYRHELIOMETER (TRACKING) EPPLEY MODEL CALCULATE SYSTEM PERFORMANCE
PIN

E-1 WATTHOUR METER WESTINGHOUSE MONITOR ELECTRICAL PQWER USAGE

* ALSO USED FOR CONTROL (SEE FIGURE 2-29 AND TABLE 2-2)




Table 2-2.

Control Sensors

ABBREVIATION SINSOR MANUFACTURER FUNCTION
I-2 PYRHELIOMETER/TRACKING EPPLY SENSE ILLUMINATION LEVEL TO TURN
SYSTEM ON AND OFF.*
T-1 STEAM GENERATOR INLET HONEYWELL SENSES OVERTEMPERATURE* AND
. TEMPERATURE FREEZE THREAT.
T-3 STEAM GENERATOR OUTLET HONEYWELZ SENSES OVERTEMPERATURE,*
TEMPERATURE FEEDWATER FAILURE, AND FREEZE THREAT.
T-4, T-5 TEMPERATURE OF FLUID IN FIELD HONEYWELL SENSES FREEZE THREAT.*
P-1 PRESSURE SENSOF. HONEYWELL SENSES PRESSURE IN HTW LOOP.* HIGH
PRESSURE SHUTS SYSTEM OFF; LOW
PRESSURE INDICATES FLUID LOSS AND
INHIBITS SYSTEM OPERATION.
F-2 FLOWMETER . WALLACE & SENSES FLOW/NO FLOW IN FIELD HIW LOOP
TIERNAN (NO FLOW STOWS COLLECTORS).*
w-1 ANEMOMETER WEATHER MEASURE SENSE WIND TO PROTECT COLLECTORS

(STOW IN HIGH WINDS).

*SENSOR ALSO USED FOR DATA COLLECTION.

0%-¢
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2.4 START-UP AND CHECKOUT

Solar energy system checkout was initiated in September 1978. This activity
consisted of checking all mechanical and electrical components and operating

modes prior to start-up, as listed below:

Mechanical
e Collector torque tube alignment,
e Mirror alignment,
® Receiver alignment,
e Swivel joint alignment,
e Check flex hoses,
e Check all valves,
] \Piping pressure test,
® Check location of all sensors,
e Check HTW pipe routing,
® Check steam piping, couundensate piping,
e Check penthouse,

® Review general contractor "Punch List."

Electrical
e Check service connections,
e Check pump motor power (2),
e Check collector motor power (24),
e Check unit controllers,
e Check sensors,
® Check wiring,
® Check system controller,
e Check annunciator panel,
® Check standby generator,
e Operate collectors in manual model,

e Operate collectors in automatic mode,
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e Exercise all protection/control modes,

e Operate system automatic.

Upon completion of checkout, with the assurance that all self-protection con-
trol modes were operational, the field was operated manually. On 22 September
1978, during the initial week of operation, 18 of the 24 collectors tracked
the sun satisfactorily. The other six collectors would not operate due to
various unit controller and/or tracker problems. Under partially cloudy
skies, the system temperature reached 115°C (239°F), and low pressure steam

was generated and dumped to the atmosphere.

Over the next 3 weeks, WestPoint Pepperell personnel opcrated the solar
process steam system manually as weather permitted. System temperature
reached 113°C (235°F), and low pressure steait was generaled and dumped to
the atmosphere. Problems with the data logger restricted the amount of data

collected.

Weather and problems with the feedwater pump inhibited system operation
during the third week of October. In the last week of October, after 6 days
of regular sunshine weather operation, the feedwater pump failed, shutting

down the system until a replacement could be obtained and installed.

Start-up and checkout was re=initiated in late November after recelpt and
installation of a new feedwater pump. WestPoint Pepperell personnel operated
the system initially to check out the new pump operation. Honeywell engineers
continued the start-up and checkout in late November and early December, cul-
minating in a Construction Review Meeting at the site on 5 December. This
meeting represented the formal conclusion of Phase II and the initiation of

Phase III.
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2.5 DATA COLLECTION

Data collection during Phase II was by data logger recording on printed paper
tape. During system start-up, when project engineers were at the site, data
was taken at l-minute intervals for detailed analysis. At other times the

data logger printed at 15-minute intervals.

Fifteen channels were recorded. Table 2-3 lists the variables recorded on
each channel. Data collection was sometimes interrupted by problems with the
data logger, which included loss of program, reluctance to print out auto-

matically, and printing of bad data.

Data collected during start-up was affected by several factors--the field was
only partically insulated, at times not all collectors were tracking, and
operation usually was restricted to temperatures below design temperature,
Table 2-4 summarizes the data collected during start-up and checkout. Analysis

of that data is described in Section 3.0.

2.6 PROBLEM IDENTIFICATION

Although this is formally a Phase III task, several problems are identified

herein because they occured during start-up and checkout.

2.6.1 Existing Steam Flow Data

The system design included addition of a transducer on the existing steam
flowmeter to allow recording of the existing steam flow on the solar energy
data collection system. This data will be used to define slasher steam demand.
Ho&ever, the existing steam flowmeter and its sensor are very old pneumatic—‘
mechanical units that do not lend themselves to modification to an electronic
signal. Therefore, data on existing steam flow will be taken from WestPoint

Pepperell records.
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Table 2-3. Data Collector Sensors

CHANNEL ABBREVIATION SENSOR
1 1-1 PYRANOMETER--TOTAL INSOLATION
2 1-2 PYRHELIOMETER--DIRECT NORMAL
3 - -
4 T-1 STEAM GENERATOR INLET TEMPERATURE
5 T-2 STEAM CENERATOR FLUID TEMPERATURE
6 T-3 STEAM GENERATOR OUTLET TEMPERATURE
7 T-4 HOT WATER FLUID TEMPERATURE IN FIELD
8 T-5 HOT WATER FLUID TEMPERATURE IN FIELD
9 I-6 PROCEES STEAM TEMPERATIIRE
10 T-7 FEEDWATER TEMPERATURE
11 T-8 AMBIENT TEMPERATURE
12 F-1 HOT WATER LONP PRESSIRE
13 P-2 PROCESS STEAM PRESSURE
14 F-1 PROCESS STEAM FLOW
15 F-2 HOT WATER LOOP FLOW

2.6.2 Collector Ball Valves

Ball valves to allow flow balance and isolation of individual collectors were
specified and installed. These valves leaked under system operating pressure,
and substitute valves were specified, purchased, and installed. These valves
are gate valves (tor 1solation) aud glube valwves (for flow balance and 150-

lation).

2.6.3 Mirror Wrinkles

Under the high humidity conditions experienced at Fairfax, Alabama, the
reflective surface of the mirrors formed "wrinkles" or "tunnels' at many of
the panel corners. These wrinkles were caused by the acrylic reflective film

expanding over the expanse of the apertiure and beluy cunstrainced at the edges.
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Westp01nt Pepperell Data Collectlon,
Phase II Start-Up

DATA COLLECTION

PERSONNEL'
DATE DAY. AT‘ SITE PERIOD COMMENTS
SEPT. 12] T GLB/WH 15:25 — 15757 TOTAL RADIOMETER
T ow GLB/WH 07:30 — 12:06 BOTH RADIOMETERS
]| ™ GLB/WH 13:36 — 15:30 BOTH RADIOMETERS.
15| F GLB/WH 08:38 — 12:19 FIRST DAY ALL CHANNELS
“ 16 s ) E
17| .
18| u .
‘13| T GLB/WH 12:02 — 16:21 TOTAL RADIOMETER
20 W GLB/WH - 08:43 — 17:02 TOTAL RADIOMETER
2| GLB /W ".08:31 — MIDNTGHT | OPERATION, LITTLE.STEAM
2| F GLB/WH 08:37 — 17:30 FIRST DAY OF GOOD STEAM
PP DATA THROUGH FRI. NIGHT | COOL DOWN'
23 s wPP KIDNIGHT —- 04:38 ’
10:48 — 13 00 | Frow, No suM
2 | su ] )
25| u - WPP 13:00 — 17:13 SOME DATA
26 wPP 08:30 —= 15:02 SOME DATA
27 v WPP 09:35 — 15:30 SOME DATA
2| ™ wep 08:51 — 17:00 SOME DATA
29 [ F " BAD DATA
0| s’ wep 08:15 — 14:26 ° SOME" DATA
“ocT. . 1| su wep 13:42 — 13:58° SOME DATA.
2| W - T BAD DATA :
s ot | e 12:21 — 14:11 SOME DATA (NS NOTES)
ol . .
5 TH WPP 06:00 — 16:03 SOME DATA -
6| F. ‘WP 10:59 —- 16:09 SOME STEAM (NOTES)
7] s ) :
8| su.
9| u
0| 1 weP 14:04 — MIDNIGHT | RADIOMETER ONLY
uniw wep MIDNIGRT — 21:17 RADIOMETER ONLY
12| m wep 13:51 ONE DATA POINT
oct. 13-22| F-su” BAD WEATHER AND FEEDWATER
PUMP PROBLEMS
23 M - WP 08:35 — 1407 - DATA .
2% | T " GLB/RK 08:42 — MIDNIGHT | DATA
5] w GLB/RK 26 HOURS ‘| pata
%] ™ "Gia/RK 24 TIOURS' .| bata
27 | F GLB/RK IDNIGHT — 19:32 DATA
8 | s GLB/RR 08:24 — 15:11 DATA
29 SU )
3 | u GLB/RK FEEDVATER PUMP FAILED
o3 T GLB/RK \ .
NOV. 1-27 | w-m SYSTEM DOWN DUE TO FEEDWATER
) PUMP FATLURE
28 | 1 GLB/JW 14:47 — 15:40 SOME DATA
29| w GLB/IW 08:37 — 13:15 SOME DATA
30 | ™ GLB/IW 08:57 —— MIDNIGHT | SOME DATA
"DEC. 1 | F GLB/IW MIDNIGHT —— 13:36 SOME DATA; OPERATED SYSTEM,
2 |s LB | 08:09 —— MIDNIGHT | SOME DATA
3 | su 24 HOURS DATA LOGGER BAD
R LB 24 HOURS DATA LOGGER BAD UNTIL 14:37
N GLB MIDNIGHT — NOON DEMONSTRATED SYSTEM:
) GENERATED STEAM;
'PIPE LEAK
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' The wrinkles were removed by a patching technique developed by the material
manufacturer. In future applications, 1/8-inch gaps should be left at the
edges and between pieces of film to accommodate this humidity-induced expan-

sion.
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SECTION 3.0
DATA ANALYSIS

3.1 1INTRODUCTION

This section describes the analy51s technlques developed to determine the
solar process steam heat ‘balance and the system performance and documents

the results .from system operatlon durlng start up and-checkout. The Phase III
Test - Plan is included under Subsectlon 3.2, Analys1s Technlques Details of
the system 1nstrumentat10n, sensors, and data collectlon equlpment are

descrlbed in- Subsectlon 2 3. 8 Instrumentatlon

3.2 ANALYSIS TECHNIQUES

3.2.1 Phase II, Start-Up and. Checkout

During the Phase II start;up and eheckout task, data was'gathered to monitor
system-performance'in the:fleld. .éystem temperatures, pressures and flowf
_rates were observed and recorded as the'System.Was adjusted and brought into
full operation. The'primary-use for this data was real-time checkout and

adjustment- of the system‘components.

Subsection 3 2 2, Test Plan, includes descrlptlons of the relatlonshlps and
equations to be used in the data analys1s Subsection 3.3, Results descrlbes_
the Phase II results in terms of graphs of temperature, pressures, flows and
radiation. ' ’ -

3.2.2 Test Plan

The Phase IIT operation and evaluation.will be directed toward two objectives:
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© Provide solar-produced steam to the process,

® Monitor performance of the system.

Performance of the system will be monitored through 15 sensors as listed in
Table 2-3. The sensor data will be used to calculate system performance and
will supply a record of system parameters in case of malfunction. Data will
be recorded continuously at 15-minute intervals all day, every day. Data will
be collected at the site and mailed to Honeywell weekly to be reduced, and the
outputs will be used for reporting purposes and detailed analysis of the

system.

The function of each sensor in the test plan and data analysis is described in

the following paragraphs.

Temperature Sensors—-The temperature sensor data will be plotted versus time

(eight sensors, eight curves) for representative days of operation to allow
visual inspection of the system warm-up, operation, and cooldown, and for

comparison with similar plots of illumination versus time.

The solar collector field input and output temperatures (Tl and T3) and the
collector field .flow (F2) will be used in calculating the performance of the
solar collector field subsystem. The rate of energy collection by the field,

Qc’ will be determined as a function of time using the following relationship:

Q. = ﬁ(cp)ATc

where
QC = rate of energy collection by the collector field (MJ/hr)
ﬁ = HIW flow rate (kg/hr)

F2 x (units conversion constant)
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Cp = the specific heat of the fluid

AT

i

temperature differential (°C)

T - T3

The solar steam line temperature (T6), the feedwater temperature (T7), and
the steam flow (Fl) will be used in calculating the overall performance of

the system in terms of the rate of energy delivered to the process:

O
1l

n(C AT + h
m( AT, fg)

where

rate of energy delivery Lo the process (MJ/hr)

L0
]

m = steam flow to process (kg/hr)

= F1 x (units conversion .constant)

ATP = the temperature differential (°C)
= T7 - Té6
hf = heat of vaporization (MJ/kg)
g

[

function of T7

The value ATp will be relatively constant, and the flow rate, m, will be in-

tegrated to determine the total amount of energy, Ep’ delivered per day:

E =m(C_ AT +h
p m( P P fg)



where

m = the amount of steam delivered to the process per day (kg) as determined

by the flowmeter integrator.

These performance values will be plotted versus time, Qc'and Qp on an hourly

basis and Ep on a daily scale.

Pressure Sensors--The pressure sensor data will be plotted versus ‘time (two

sensors, two curves) for representative days of operation te allow visual
inspection of the system changes in pressure with tcmperature change and time.
The solar steam pressure, P2, will also be ﬁsed in determining Lhe performance
nf the system through validation of thé value of the heat of vaporization,

hf .
g

Flow Sensors--Data from the HIW loop flow sensor -(F2) will be used primarily
to determine the rate of energy collection by the fieid, QC. Flow rate data
for representative days will also be graphed to illustrate the relationship

between flow rate, timc, and fluid témperature;

Data from the process steam flow (F1) will-be used:pfimarily to determine the
rate of energy delivered to the proceés,4Qp. FioW'raté data for'representative
days of operation will allow visual inspection of the system performance in
terms of steam flow provided to the process. The fiow in the existing steam
line, taken from the existing sensor, F2, will be recorded on its existing
recorder at the mill. These data will be used to define fhe steam demand

and the percentage of that demand supplied by solar steam.

Radiation Sensors--The radiation sensor data will be plotted versus time (two
sensors, two curves) for representétive daysAof operation té allow visual
inspection of the illuﬁination levels and comparison with other data. These
data will provide a data base of total and direct nermal incideﬁt radiation not

currently available for the Alubama-Georgia locality.
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The solar collector field efficiency at given points in time will be calc¢ulated

from
n_ = %
c ACId
where
nc = the efficiency
QC = the rate of energy collected as calculated above (MJ/hr)

A = the area of the collector field (m2)

c
= 700 m?

Id = the direct normal solar insolation (MJ/hr - mz)
= 12

These values of efficiency will be plotted versus time for representative

days of operation.

The total solar process steam system efficiency at given points in time,

n , will be calculated from
syst
Q
n = P
syst AcId
where
nsyst = the energy-available-to-energy-provided-to-the-process ratio

Qp = the rate of energy delivered to the process as calculated (MJ/hr)
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These values of.efficiencyzwill be plotted versus time forlrepresentative

days of operation.

Using data ‘from the pyrhellometer 1ntegrator and the process steam 1ntegrator,

average values of eff1c1ency over a day s tlme will also be calculated.

Solar .system eff1c1ency as a functlon of the total 1nc1dent radiation may

also be calculated uslng the data from sensor 11,

Graphs of solar vstem peak eff1c1ency versus the operating parameter 013 w1ll

be generated where

(Tl - T3

~13) g

-~

OP

Id,
and T8 is the ambient temperature : The system peak eftlclency w1ll ‘be cal-
culated from the measured eff1c1enc1es and the cosine o factors associated

with the sun angle This plot is expected to be a famlly of curves formlng

a band of expected pelformance

3.3 RESULTS

Data taken durlng start-up and checkout (see Table 2 -4) were used primarily’
for on—the spot dlagn051s and to monltor the. operat10na1 readlness of the

system Factors that make this data- prellmlnary and.unrepresentatlve include:

° ‘System only parLLally 1nsulated

‘. . Control setpoints set low for 1n1t1a1 teSts,
. .Aj Sensor’ callbratlon 1ncomplete, '

e  Data logger operation»problems,

- Noise.in sensor ‘signals,-
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° Collector alignments in progress,
. System operated at low temperatures,
] System exercised in all weather conditions.

Data taken~on 2 days is analyzed and documented in the following subsections.

3.3.1 Friday, 22 September 1978

On Friday, 22 September 1978, the WestPoint Pepperell system was operated

for severgl hours and produced steam. Figure 3-1 is a graph of total radiation,
direct normal inéolation, and ambient temperature. The day dawned clear with

a great deal of promise, but sky conditions became extremely variable in the
afternoon. The data show direct normal readings up to 212 Btu/hr/ftz, and

total radiation went to 280 Btu/hr/ftz.

After start-up at 8:30 AM, the system had to be shut down at 9:00 AM to conduct
feedwater pump and relief valve repairs. These repairs extended over the best
3 hours of thé day. At 11:30 AM the feedwater pump was turned on to refill the
HTW loop. The system was turned on at 12:20 PM. Seventeen (of 24) collectors

were tracing automatically, six were tracking manually, and one was stowed.

Figure 3-2 shows several system temperatures and the associated direct normal
insolation data. Note the warm-up of sensor T3 when feedwater (near 200°F)

is added to the HIW loop (refilling after relief valve fix). Condensate pump
turn-on is shown as an event. Under the existing conditions (high system flow,
low éystem temperature, hot day), the system has a great deal of inertia and
responds very slowly to insolation changes. The data show poor calibration

of the temperatﬁre sensors since the value shown for Tl (temperature out of

ficld) is lower than the value shown for T3 (temperature into field).

Figure 3-3 shows syslem pressure and steam flow and the associated insolation

and temperatures. The first segment of the pressure curve shows nitrogen



3-8

= DIRECT NORMAL RADIATION
TOTAL RADIATION
——————— AMBIENT . TEMPERATURE

280

AMBIENT
TEMPERATURE

°C O

40
35

wo 425} A
2

70

~

—

o
1

INSOLATION, BTU/HR/FT2
b=

8 § 10 11 12 13
1
TIME OF DAY

Figure 3-1. Insolation (Direct and Total) and Ambient Temperature

T-3, FIELD SUPPLY

TEMPERATURE
100°C - 212°F

75%C + 167°F

o | 1990
509C + 122F -
' ] B
Amommesfrem o v FEED WATR
2s0c L 779% x “$ 0 Xe—  puwp toNr  —X x
20
S
£ 10
S
[--)
=~ 70
D L3 T T ¥ L] L) T T Ll
9 10 1 2t 14 15 16 7
: 1 2 3 4 5

TIME OF DAY

Figure 3-2. System Temperatures



HTW LOOP PRESSURE (PSIG)

DNI, BTU/HR/FTZ

3-9

200

—
Ut
o
i

100

50

TEMPERATURE (9C)

210+
140+

70

13 14 15 16 17
1. 2 3 i 5
TIME OF DAY

Figure 3-~3. Steam Flow and System Pressure



3-10

charging to 100 psig. Similarly at 4:20 PM, another 50 psig was added with
the nitrogen bottle to assure adequate system pressure to inhibit boiling.
Other pressure variations are associated with the system temperature changes,

i.e., expansion of the water into the expansion tank.

Steam flow into the atmosphere occured from 3:30 until 5:00 PM. Steam pressures

ranged from 3 to 5 psig. The flow calibration is not yet available so the

data is shown in millivolts.

3.3.2 Tuesday, 5 December 1978

On Tuesday, 5 December 1978, the WPP system was operated in connection with
the DOE Construction Review Meeting (informal 'dedication"). Insolation

over the time of interest was high. Direct normal readings were consistently
near 1000 W/m2 (317 Btu/hr/ftz). Total radiation on a horizontal plane was
typically less than 540 W/m2 (172 Btu/hr/ftz).

Data collection began at 00:00:00 (midnight) on 5 December and continued until
11:58:06 when the system was abruptly shut down due to a pipe leak. Shutdown
was initiated at the "panic switch,' which turned off the data logger (and

turned on the standby generator to stow the field).

During the 12 hours recorded, 132 timepoints were logged on 13 channels of
data. The logged data were reviewed to exclude obviously "bad" data points.
Thus, the data analyzed herein should be considered selected data and there-

fore possibly somewhat biased.

Prior to sunrise (00:00 to 06:30), the data logger cycled every 30 minutes,
providing 14 data points while the system was dormant (stowed). The sun

came up between the 6:30 AM reading and the 7:00 reading. At 7:30, the system
was turned ON (the HTW loop pump showed flow) and data was logged every 2
minutes. The system pressure (HTIW loop) increased 26.5 psi when the pump

turned on.
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The system showed continual cooling through the night until it switched ON.
Accompanying this cooling was a reduction in the HTIW loop pressure. Figure 3-4
is a graph of the temperature data from 00:00 (midnight) until 08:46. Ambient
temperature (T-8) decreases slowly until 6:30, whereupon it begins to rise

near dawn. The temperature in the steam generator (T-2) is maintained at

21°C (70°F) by the penthouse heater. The trend of the other temperature
sensors seems reasonable, but the values do not. This suggests that the

sensors are not zeroed properly.

Upon turning the system ON (07:30) the steam generator temperature (T-2)
dropped quickly (see Figure 3-4) as its energy was transferred to the cold
fluid in the HTW loop. System temperature rose, both from the energy stored

in the steam generator and the solar energy from the collectors, which began
operation. System temperatures did not '"come together" as one would expect
from this "mixing" of the HTW loop fluid, but this could be due to the two heat
sources (steam generator plus collectors). The steep rise of the temperature
at T-5 (steeper Lhan the system as a whole) implies that collector number 24

was collecting solar energy.

System dynamics were evaluated analytically to determine the expected '"time
constant" of the HIW loop. Based on a fluid hold volume of 300 gallons
pumping at 48 gpm, the average time to complete one pass around the HIW loop
is 6 minutes. Fluid going through collector number 1 (shortest time) makes
one pass in 4 minutes. Fluid going through collector number 24 (longest time)

makes one pass in 9 minutes.

Figure 3-5 is a plot of the direct normal insolation and temperature data from
8:30 AM to 12:00 noon. a definite warming trend is indicated. However, many
anomalies occur in the data; T-3 greater than T-1, 1-2 greater than T-1, etc.
Once the field temperaturc rises above 70°F, T-1 should be higher than T-2

or T-3. These anomalies apparently are due to errors in the zero reading of
the sensors. The slope of the data points in Figure 3-5 shows the warm-up to

occur at the rate of 100°F per hour.
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The system reached 300°F before being shut down due to a pipe leak. The

slope of the data (warm-up rate) is still constant at that temperature.

Figure 3-6 plots steam generator pressure (P-2) versus time from 10:00 AM

until 12:00 noon. Only one good data point was acquired between 10:20 and

11:52, so an estimated curve is graphed consistent with steam valving during

warm-up. Steam flow during this valving and after shutdown was into the

atmosphere.
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Figure 3-6. Steam Generator Pressure Versus Time of Day
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, SECTION 4.0
OPERATION AND MAINTENANCE PROCEDURES

4.1 INTRODUCTION . -

Operation and malntenance procedures have been developed as a basis for i) the
Phase IIT system operation and 2) the publlshlng of an Operation and Maintenance
(0&M) Manual. ' These procedures are based on .operation and malntenance of
prototype collectors in Minneapolis, Minnesota, and experiences with lnstalling
and operating concentrat1ng collector systems in- Columbus, Oh1o, Mlnneapolls,

Mlnnesota, and Falrfax Alabama

4.2 OPERATION

4.2.1 System Operaliou

The”solar process steam system designed for and ‘installed at tnevWestPoint
Pepperell tektile mill lnAFairfax, Alabama,pis an‘automatlc unit that operates
on a daily basis-with no .manual control. Under normal operating conditions
the system.will "uakeup" in the morning, Warm-up to operating_teﬁperature,
provide solar steam to the process, and shut down at nlght Data on this
operatlon is taken automatically on a data logger 24 hOurs per day. Table 4-1

summarizes the operatlonal sequence_of the system.’

Consistent with the experimental.nature of‘the‘first‘year of'operation, and
in support of the data collectlon act1v1t1es, the follow1ng operatlng procedures
will be conducted, most on’ an ever—decreaslng frequency as operational’ exper— ’

ience is gained:

e Adjust tracking pyrheliometer in~declination;
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Table 4-1. SystemAOperational Sequence

MODE

FUNCTIONS

A. NIGHTTIME STATUS

B. SUNUP

C. UNSTOW (ACQUIRE)

D. TRACKING

_E. STOW (SUNDOWN) -

CONTROL - IN AUTOMATIC.

COLLECTORS STOWED.

- PUMPS OFF.

110-VOLT SUPPLY ON.‘-

28-VOLT CONTROL- SUPPLY ON.

SENSORS ACTIVE FOR CONTROL AND DATA éOLLECTION.
WHEN ILLUMINATION 1S ABOVE PRESET LEVEL, WIND IS
BELOW PRESET LEVEL, SYSTEM TEMPERATURE AND
PRESSURE ARE WITHIN LIMITS, AND STEAM GENERATOR
HAS TFLUID; TURN ON FIELD PUMP.

WHEN FIELD FLOW I8 VERIFIED; TURN ON COLLECTOR FIELD

‘COLLECTOR CONTROL TRANSFERRED TO UNIT CUNTROLLERS.

COLLECTORS ROTATE TO UNSTOW.
TRACKING SENSOR MONITORS SUN POSITION.
UNSTOW CEASES WHEN-TRACKING SENSOR NULLS.

COLLECTOR -TRACKS. FORWARD AND/OR IN REVERSE WITH
CONTROL FROM TRACKER.

~ FLUID IN HIW LObP IS HEATED TN RECEIVER TUBE.

.FIELD FtOW PUMP, TRANSFERS WATER AROUND COLLECTOR

LOOP AND TO STEAM GENERATOR.
HEAT IS TRANSFERRED TU WATER IN' STEAM GENERATOK.

STEAM IS GENERATED AT PROCESS CONDITIONS AND PIPED

'TO SLASHER MANIFOLD.

FEEDWATER' PUMP MAINTAINS LIQUID LEVEL WITH FEEDWATER.
OPERATION,CONTINUESnTHROUGHOUT DAY, WITH HIW LOOP

COLLECTING SOLAR.ENERGY AND TRANSPORTING IT TO STEAM
GENERATOR FOR PRODUCTION OF PROCESS STEAM.

ILLUMINATION DROPS BELOW PRESET LEVEL.

STOW COMMAND SENT FROM SYSTEM CONTROLLER.

. COLLECTORS STOW.

FIELD FLOW PUMP TURNS OFF.

SYSTEM IS IN NIGHTTIME STATUS (A).
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e Monitor daily operation--temperatures;

e Monitor daily operation--pressures;

e Monitor daily operation--flows;

e Monitor collector parity error;

e Monitor data logger operation, mail data;
e Monitor daily operation--collector field;

e Monitor fluid level--HTW loop.

The following paragraphs describe nonautomatic operation functions (i.e., start-
up and recovery from automatic shutdown). Nonautomatic operation should be

documented in tﬁe system log book.

Start-up--Figure 4-1 is a schematic of the system control panel located in
the Penthouse on the weave room roof. Figure 4-2 is a schematic of the
annunciator panel located in the mill machine room. Starting the system
consists of switching the keyed SYSTEM OFF switch on the annunciator panel
to the ON position. In this state, the system controller awaits appropriate
signal levels from the protection sensors before automatically initiating

the "wakeup' sequence.

During the collector "wakeup" unstow and during stow, the RED Collector Parity
Error light will come on momentarily as some collectors leave or reach stow

before the others. This is normal during the "wakeup' and stow transition.

System High Temperature Stow--If the fluid in the HTW loop exceeds 392°F, the
éystem controller will automatically straw the collector field and shut down
the system. Simultdneously, the RED System High Temperature Stow light will
come on and an alarm will sound at the annunciator. 1In this state the system
will not "wakeup' automatically upon cooling down. Recovery from this con-

dition requires reset at the System Controller.
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THE OPERATOR IS CAUTIONED TO DETERMINE WHY THE SYSTEM REACHED THE HIGH
TEMPERATURE SETPOINT. Causes could include electrical faults, low system

flow, abnormal steam generator operation, or no steam demand.

High System Pressure—-If the HIW loop pressure rises above 275 psi, the

system controller will automatically stow the collector field and shut down
the system. Simultaneously, the RED High System Pressure light will come on
and an alarm will sound at‘the annunciator. In this state the system will

not "wakeup'" automatically upon cooling down. Recoverylfrom this condition

requires reset at the System Controller.

THE OPERATOR IS CAUTIONED TO DETERMINE WHY THE SYSTEM REACHED THE HIGH PRESSURE
SETPOINT. Causes could include electrical faults, excessive fluid in HTW loop,

or excessive N2 pressure in expansion tank.

Low System Pres§ure——If the HTW loop pressure drops below a predetermined
level, the system controller will prohibit system "wakeup" or, if already
operating, will automatically stow the collector field and shut down the
system. -Simultaneously, the RED Low System Pressure light will come on and

an alarm will sound at the annunciator.

The predetermined level is a pressure/temperature relationship which assures
that the system will have adequate pressure to prohibit the formation of
vapor at the system operating temperature. Figure 4-3 is a graph of this

relationship.

Recovery from this c¢ondition requires re-establishment in the HTW loop of
the proper pressure/temperature relationship, plus reset at the System

Controller.

THE OPERATOR IS CAUTIONED TO DETERMINE WHY THE SYSTEM REACHED THE LOW PRESSURE
SETPOINT. Causes could include, electrical faults, loss of HIW loop fluid, or

loss of NZ'
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Freeze Protection‘Failure——If the freeze protection system.is unable to snpply

sufflclent heat to the collector fleld the RED Freeze Proteétion Failure
llght will come on and.an alarm will sound at the annunc1ator A This alarm
implies that 1)‘flu1d tempereture 1n'the HTW loop has fallen below 2°C and
2) the fteeze'protection system (pumplnotor On,limmerSion heaters on) has
failed to. raise the temperatnte‘ Under these condltlons, manual intervention
may be required to avoid free21ng of the HTW loop flu1d and damage to the

pipes and solar collectors

Unless the operator is convineed that (due to weather conditions, time of

day) freezing will not oceur,.thezmanual procedure is as follows:

® Open the steam generator ‘drain valves (blowdown valve and gate valve)
and drain off water. This w1ll turn on the feedwater pump and supply
‘hot condensate to the steam generator. The hot condensate will
exchange heat with the tuhe-bundle and heat the HIW fluid as it

circulates.

‘e Initially, adjust valves for flow consistent with feedwater pump flow

(3 gpm) for maximum heating.

e As system temperature rises above 5°C, reduce:drainage flow to keep

Collectof_field4afound 4 to b°C without dumping excessive hot. water.

‘e When weather warms, shut off valves; system will return to ready

status.

e If condensate feedwater is not avallable, all system flulds must be

dumped (dralned) to protect plpes and collectors

- Open HTW loop drain valves,

- Shut down system,
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- Open N, valve to purge systen,

2
— Open steam generator drain valves,

- Manually rotate collectors (24) to drain.-

High Wind Conditions--1f the wind speed exceeds 25 mph during operation, the

system controller will stow the collector field. When the winds drop below
25 mph, the system will again "wakeup" and operate automatically if the
illumination, temperature, pressure, and flow signals are affirmative. This
condition is completely automatic and requires no operator intervention. The
COLLECTOR PARITY ERROR light will come on momentarily as some collectors
reach stow before others. This is normal during the "wakeup' and stow
transition.

Cloudy Conditions—-If clouds obscure the illumination sensor for 15 minutes,

the system controller will stow the collector field. Once stowed, if the
illumination increases again to the set point, the system will "wakeup' and
opcrate automatically if the wind, temperature, pressure, and flow signals
are affirmative. This condition is completely automatic and requires no

operator intervention.

High Wind and Parity Error--If a parity error exists (one or more collectors

not stowed) after the system stows the field due to high winds (greater than

25 mph), the RED High Wind and Parity Error light will come on and an alarm
will sound at the annunciator. To protect the collector field from potential
damage, the operator must go to the collector field and manually stow collectors

that have not gone into stow. Once stowed, the parity error will be eliminated.

Standby Generator—-If electrical power to the solar energy system service panel

is interrupted, standby power will be supplied automatically by a diesel
generator. The system controller will command the field to stow. The standby

gencrator will provide the puwer to stow the collectors and power the controller.
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Pump Failure--Failure of the HIW recirculation pump will cause the RED Pump

Failure light to come on, shutting down the system. Recovery from this

situation requires repair of the pump.

4.2.2 Collector Operation

The concentrating collectors installed at the WestPoint Pepperell textile

mill in Fairfax, Alabama, operate automatically on a daily basis under control
of a system controller. When given a "wakeup" signal from the system controller,
each collector individually unstows, acquires the sun, and tracks the sun until

a stow signal is received from the system controller.

The following paragraphs describe nonautomatic functions. These operations

should be documented in the system log book.

Manual Mode--Each collector has a unit controller that may be switched to AUTO
or MANUAL. In the automatic mode the collector is under control of the system
controller ("wakeup' or stow). In the manual mode an operator may rotate the .
collector forward or in reverse. The collector will track the sun only in the

automatic mode.

Collector Overtemperature Stow--Individual collectors may stow due to an over-

temperature condition while the rest of the collector field c¢ontinues tu

track. This condition occurs at 400°F fluid temperature. 'I'he individual

unit controller resets this stow switch after the collector has cooled to
350°F. 1In the absence of the "wakeup" signal, this collector probably will
remain stowed and the COLLECTOR PARITY ERROR lights will come on on the control

and annuncilator panels.

Observation of a collector parity error necessitates maintrenance on the col-
lector to determine the cause of the overtemperature. This signal can be

caused by electrical faults (fail safe design), low flow, or system temperature
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anomalies. 1If maintenance is not performed, the subject collector (when cool)
will unstow the next operating day and operate normally until overtemperature
occurs again. To prohibit this operation, the collector unit controller can

be switched into MANUAL.

Overtravel Switches--Whisker switches protect the collector from overtravel,

which would damage the unit. Normally, cam switches perform the function of
switching from forward to reverse (at extreme forward position) and from
reverse to off (at the stowed position). If the collector travels beyond
either of these cam switches, the receiver unit will contact a whisker switch

that will perform these functions (redundancy).

4.3 MAINTENANCE

Operation of the solar process steam system, as described above, will be
accompanied by maintanence functions to assure proper performance and life-
time of the components. The following maintenance schedules are subject to
change based on the first year of operation. All maintenaﬂce should be docu-

mented in the collector log book.

4.3.1 Collector Maintenance

Motor--The collector motor is a DEMAG brake motor utiliéing an integral
electrically actuated brake mechanism. This brake mechanism should be

inspected quarterly to detect excessive wear or improper adjustment.

Gearbox--The collector gearbox is a Winsmith 5000:1 triple reduction unit.

It should be inspected quarterly to detect fluid leaks or low fluid level.

Bearings-QThe collector bearings are hard maple impregnated with lubricant.

They should be inspected quarterly to detect any excessive wear.



4-12
Electronics--The unit controllers should be inspected quarterly to determine
if degradation of the box or components is occurring. The operating modes

should be checked out, and relay contacts should be inspected. -

Optical Surfaces--The collector mirrors and receiver glass windows should be

inspected monthly to determine the need for maintenance. Such maintenance

may include cleaning, replacing glass, or patching mirrors.

4.3.2 HTW Loop Maintenance

On a quarterly basis, the HIW loop should be inspected for leaks and insulation
damage. This check should be conducted both with the system operating (at
nominal temperatures and extremes of expansion) and with the system cooled to
ambient. A small quantity of fluid should be drained to check for corrosion

in the HTW pipes.
As needed, based on experience (daily at first, then once a week, etc.), vapors
should be bled from the manual vents to avoid vapor traps forming in the HTW

loop.

4.3.3 Steam Generator Maintenance

The steam generator should be drained quarterly to eliminaté builldup of
contaminants in the boiler shell. Operation of the liquid level sensor should

be checked at that time..
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SECTION 5.0
SPECIFICATIONS AND DRAWINGS

5.1 INTRODUCTION

This section documents the Specifications and Drawings (S&Ds) developed during
Phase I and used to install the system in Phase II. The S&Ds were used ini-
tially to solicit bids for installation of the process steam system. Eight
firms showed interest in responding to the solicitation, and four firms
responded with bids to conduct the work. Bahnson Service Corporation, a
Division of Environtech, Winston-Salem, North Carolina, was the low bidder

and was selected to perform the installation.

The S&Ds in the following subsections are not identical to those originally
bid. Addendums, corrections, and changes to the S&Ds have been incorporated
into the text for clarity. The drawings are reproduced undersized as illu-
strations rather than including scale drawings. Furthermore, the Terms and
Conditions of the S&Ds, 50 pages of contractual requirements that flow down

to the subcontractor, have been eliminated from this report for brevity.

5.2 SPECIFICATIONS

The conformed specifications, minus the Terms and Conditions (General Con-

ditions), can be found on the following pages:
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Specification Page
Section 1A, Instructions to Bidders 5-3
Section 1B, Proposal Form 5-7
Section 1C, Agreement Between Owner and Contractor 5-13
Section 1D, General Conditions (Index only) A - 5-17
Section 1lE, Special Conditions 5-21
Division 1, General Requirements 5-23
Division 4, Masonry : 5-33
Division 5, Metals 5=35
Division 6, Carpentry 5=-37
Division 8, Doors J 5-39
Division 13, Prefabricated Metal Building 5-41
Division 1500, Mechanical Work 5-45
Division 1600, Electrical Work 5-89

5.3 DRAWINGS

The following construction drawings, which have been recuced to illustrations,

are included in a pocket inside the back cover of this document:

e Partial Plan, Buildings No. 2 and No. 3;

e Collector Field Layout, Partial Roof Plan--Building No. 3;
e Piping Schematic--Support, Hanger and Connection Details;
e Structural Roof Plan, Building No. 3;

e Penthouse Details and Elevation;

® ELlectrical;

e Solar Collector.
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SECTION 1A

INSTRUCTIONS TO BIDDERS

.1 GENERAL. Proposals are requested by Honeywell, Inc., hereinafter referred

to as the "Owner", for the construction work set forth in the attached specifications.
All proposals shall be prepared and submitted in accordance with these instructions.
and the invitation to bid letter transmitting these specifications and documents.

«2 INTERPRETATION OF SPECIFICATIONS. If bidder is in doubt, as to the true
meaning of any part of the proposed contract documents, he may submit a written
request to the Engineer for an interpretation. The person submitting the request
will be responsible for its prompt delivery.

Any interpretation of the proposed documents will be made only by addendum mailed
or delivered to each person receiving a set of such documents. The Owner will
not be responsible for any oral or other explanations or interpretations of the
proposed documents.

It shall be the bidder's responsibility to advise the Engineer, before the

bid opening date, of conflicting requirements or missing information which
required clarification. Those questions not resolved by addenda shall be listed
ir. the space provided in the proposal form, together with statements of the basis
on which the proposal is made as affected by each question.

.3 LOCAL CONDITIONS. The bidder shall visit the site of the work and throughly
inform himself of all conditions and factors which would affect the work and the
cost thereof, including the arrangement and conditions of existing or proposed
structures affecting or affected by the proposed work, the procedure necessary

for maintenance of uninterrupted operation, the availability and cost of labor,

and facilities for transportation, handling, and storage of materials and equipment.

Visits to the site shall be scheduled and arranged through the Owner.

It must be understood and agreed that all such factors have been investigated and
considered in the preparation of every proposal submitted. No claims for fiancial
adjustment to any contract awarded for the work under these specifications and
documents will be permitted by the Owner which are based on lack of such prior
information or its effect on the cost of the work.

.4 TIME OF COMPLETION. The time of completion of the work is a basic consideration
of the contract. The proposal shall be based upon completion of the work in
accordance with the specified schedule in DIVISION 1 . It will be necessary
that the bidder satisfy the Owner of his ability to complete the work within the .
sriptilated time.

In this connection, attention is called to the provisions of the GENERAL CONDITIONS
relative to delays and extentions of time.

.5 PROPOSALS. Proposals which are not perpared and submitted in accordance with
these instructions will imply that the bidder does not intend to comply with all
of the contract conditions and such propesals will be considered frregular.

If the bidder declines to bid, he shall return all bidding documents and
give written notice to the Owner not later than the date bids are due.

.5.1 PREPARATION. Each proposal shall be carefully prepared using the proposal and
data forms bound herewith., Entries on the proposal and data forms shall be typed,
using dark black ribbon, or legibly written in black ink. All prices shall be stated
in words and figures except where the forms provide for figures only.
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The proposal shall be based on new equipment and materials which comply with
specifications in every respect unless the bidder takes specific exception as provided
herein. If alternate equipment or materials are indicated in the proposal, it shall

be understood that the Owner will have the option of selecting any one of the
alternates so indicated and such selection shall not be a cause for extra
compensation or extension of time.

The bidder shall not ‘alter any part of these specifications in any way, except by
stating his exceptions in the space provided on the proposal form.

The bidder shall list in the space provided on the proposal from all exceptions or
conflicis between his proposal and these specifications. If more space is required
for this listing, additional pages may be added. If the bidder takes no exceptions,
he shall write "Nome" in the space provided. Proposals which do not comply with this
requirement will be considered irregular. 1In case of conflicts not stated as
directed, these specifications shall govern.

The bidder shall staple or otherwise bind, with each copy of Bidders Proposal sub-
mitted, copy of each addendur issued for these contract documents during the bidding

period.

.5.2 SIGNATURES. Each bidder shall sign the proposal with his usual signature and
shall give his full business address.

Bids by partnership shall be signed with the partnership name followed by the
signature and designation of one of the partners or other authorized representative.
A complete list of partners shall be included with the proposal.

Bids by a corporation shall be signed in the official corporate name of the
corporation, followed by the signature and designation of the president,
secretary, or other person authorized to bind the corporation. The names of all
persons signing should also be typed or printed below the signature.

A bid by a person who affixes to his signature the word "president”, "secretary”,
"agent'", or other designation, without disclosing his principal, will be rejected.
Satisfactory evidence of the authority of the officer signing in behalf of the
corporation shall be furnished. Bidding corporations shall designate the state
in which they are incorporated and the address of their primcipal office.

The bidder's name stated on the proposal shall be the exact legal name of the firm.

.5.3 SUBMITTAL, Proposals shall be submitted not later than the date and time
stipulated in the letter transmitting these documents to the bidder.

.5.4 WITHDRAWAL/ALTERATION. Proposals may be withdrawn, altered, and resubmitted
at any time before the time set for opening the bids. Proposals may not be
withdrawn, altered, or resubmitted within 60 days thereafter.

.6 INFORMATION TO BE SUBMITTED WITH PROPOSAL.

.6.1 CONTRACTOR"S FIELD ORGANIZATION. Each bidder shall submit with his proposal

an organizationichart showing the names of field management, supervisory, and
technical personnel, and the details of the management, supervisory, and the technical
organization which he proposes to use for this project. The successful bidder's

. organization will be subject to the review and acceptance of the Owner. The
experience record of the Contractor's field superintendent shall be submitted with
the bid.

A-2
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.7 SURETY BOND. The contractor to whom the work is awarded may, at the option of
the Owner, be required to furnish a Performance and Payment Bond to the Owner in
~an amount equal to 100 per cent of the contract amount. The bond if required,
shall be signed by a surety company authorized to do business in the State of -
Alabama and acceptable as surety to the Owner. Copies of "Power of Attorney",
certified to include the date of the bond, shall be filed with the bond.

.8 BID SECURITY The bid shall be accompanied with a bid security of 5%.
The required security must be in the form of a certified or bank cashiér's

check made payable to Owner or a .bid bond issued by a surety licensed to conduct
business in the state where the Project is located and named in the current list of
"Surety Companies Acceptable on Federal Bonds" as published in the Federal Register
-by tue Audit Staff Bureau of Accounts, U.S. Treasury Department. The ‘Bid Security
of the successful Bidder will be retained until he has executed the Agreement and
furnished the required Contract Security, whereupon it will be returned. If he
fails to execute and deliver the Agreement and furnish the required Contract Security
within 15 days of the Notice of Award, Owner may annul the Notice of Award and the
Bid Security of that Bidder will be forfeited

.9 ACCEPTANCE AND REJECTION OF BIDS. The Owner reserves the right to reject any
and all bids and to waive 1rregu1arit1es and informalities in any bid that is

submitted.

All proposals shall become the property of the Owmer.

.10 CERTIFICATES. The successful bidder will be required to submit, prior to
contract award, the follow1ng certifications ' -

1. Equal Employment Opportunity Certification - Form HE- 200 .REV. 8/76
(copy attached).

2. Clean Air and Water'Certificate - Form PNC-25 (02/76). (copy attached)
3. Certificate of Current Cost or‘PricingiDato (04/69)‘Form PNC-27 (12/76)

Failure to provide the certificates will result in bid rejection. ’

A-3
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SECTION 1B
PROPOSAL

TO: Honeywell, Inc.
2600 Ridgway Parkway
Minneapolis, Minnesota 55413

Attention: R. E. Eagle
Procurement Department
Mail Station MN19-T101

PROPOSAL. FOR GENERAL CONSTRUCTION
SOLAR ENELGY COLLECTION SYSTEM
WESTPOINT PEPPERELL MILL

FAIRFAX, ALABAMA

Gentlemen,

The undersigned bidder having read and examined the specification-and associated
contract documents for General Construction which will be incorporated at the
Fairfax, Alabama plant of Westpoint Pepperell Inc. does hereby propose to perform
the construction and provide the services set forth in this proposal at the prices
stated herein. -

B.1 LUMP SUM PRICE. The undersigned bidder hereby proposes to furnish equipment
and materials; labor; labor supervision; construction tools and equipment; con-
struction services and utilities; as required to perform the general construction
work complete in accordance with the contract documents as defined in Article 1 of
the General Conditions, for the firm lump sum price of:

(%

(Price in Words)
In support of this firm lump sum price an OPTIONAL FORM 60 is attached hereto.

B.1.1 LUMP SUM PRICE BREAKDOWN. The above lump sum price represents the aggregate
of the following work element prices:

1. Install high temperature hot water loop

Materials $
Labor $
2, Structural supports for collectors and piping on roof
Material ~ $
Labor $
3. Steam Generator
' Material $
Labor $
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Expansion tank, process water piping, steam piping and
accessories, floor drains and piping, HTHW accessories

Material

Labor
HTHW field pump

Material

Labor
Penthouse

Material

Labor
Emergency generator

Material

Labor
Sensor Cost

T1 thru T8 Material

P-1 and P-2

F-1

FS-1 Material
1-1 Material
I-2 Material
1-3 Material
E-1 Méterial
W-1 Material

Labor to install above
Electrical
Material

Labor

-~ a4 o L2 R4 R <~ o> 9 >

B-2



5-9

10. Fence and other General Construction Work

Material $

Labor $

11. Collectors Erection and Installation Costs
Material $
Labor B
B.2 UNIT LABOR COSTS. The undersigned bidder hereby proposes-to furnish for

any additional work deemed necessary by the Owner in accordance with the following
unit Tabor costs which shall include Contractors overhead and profit:

Dollars per Hour

CATEGORY . * Straight
Time ' Overtime

Supervision

Pipe Fitters

Electricians

Roofers

Labors

Carpenters

Sheet Metal Worker

.Welder

* LIST ALL REQUIRED IF NOT SHOWN

B.3 UNIT MATERIAL COSTS. The undersigned bidder hereby propdses to furnish any

additional materials deemed necessary by the Owner at the actual cost plus a mark-
up of per cent for overhead and profit.

The unders1gned proposes that he will perform the majority of the work with his
own forces and that specific portions of the construction work not performed by
the undersigned will be subcontracted by the following subcontractors:

WORK SUBCONTRACTED - NAME OF SUBCONTRACTOR

B-3
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The undersigned hereby certifies that the following 1ist states any. and all
variations from, and exceptions, to the .requirements of the contract documents
and that, otherwise, it is the intent of this Proposal that the work will be
performed in strict accordance with the contract.documents.

" The undersigned agrees to complete the work in __ calendar days from the date
. of notification to proceed, but no later than April 30, 1978.

The undersigned hereby certifies that he has visited the site of the proposed
work and has familizaried himself with the conditions affecting the work.

The undersigned hereby declares that only the persons or firms interested in the
.Proposal as principal or principals are named herein, and that no other persons
or firms than herein mentioned have any interest in this Proposal or in the con-
tract to be entered into; that this Proposal is made without connection with any
other person, company, or parties likewise submitting a bid or proposal; and that
it is in all respects for and in good faith, without collusion or fraud.

The following Addendums, copy Attached, are hereby receipted and are considered a
part of this proposal:

ADDENDUM NO. DATED
ADDENDUM NO. DATED
ADDENDUM NO. DATED
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DAY OF

DATED AT THIS. , 19
R BIDDER
BY
- (Typed)
TITLE
ATTEST: |

~ BUSINESS ADDRESS OF BIDDER.

STATE OF INCORPORATION

ADDRESS OF PRINCIPAL OFFICE__

B-5 .
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SECTION 1C

AGREEMENT BETWEEN OWNER AND CONTRACTOR

This agreement, made this day of : by and between
Honeywell Inc., a Delaware Corporation, acting through its ENERGY RESOURCES CENTER,

hereinafter called Owner and
a Corporation, hereinafter called Contractor.

ARTICLE 1

This agreement covers the construction by Contractor of various modifications to
the plant facilities of West Point Pepperell Inc. located Fairfax, Alabama, to
install a solar energy collection system for textile drying as a subcontract under
the Owner's prime contract with the U.S. Government (ERDA) E (40-1)-5124.

ARTICLE 2

The Contract Documents, which constitute the entire Agreement between Owner and
Contractor, are listed as follows:

Purchase Order.

This Agreement

Special Conditions

Plans and Specifications

General Conditions

Letter of Scope Inclusions and Exclusions

Construction Schedule

List of Subcontractors and Materialmen, the selection of which shall

be subject to the Owner's approval.

O~V PN LY
o

In case of inconsistency between the above documents, precedence shall follow the
order of listing unless specifically covered by a lower priority document.

ARTICLE 3

The Contractor accepts the relationship of trust and confidence established between
him and the Owner by this Agreement. He covenants with the Owner to furnish his

best skill and judgement and to cooperate with the Owner and Engineer in furthering
the interests of the Owner. He agrees to furnish efficient business administration
and superintendence and to use his best efforts to furnish at all times an adequate
supply of workmen-and materials, to perform the work in the best and soundest way in
the most expenditious and economical manner consistent with the interest of the Owmer.

ARTICLE &

The Engineer for this project is the firm of Orr-Schelen-Mayeron & Associates, Inc.
2021 East Hennepin Avenue, Minneapolis, Minnesota 55413.

c-1
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ARTICLE 5 - TIME OF COMMENCEMENT AND COMPLETION

The Work to be performed under this Contract shall be commenced on a date which
is the earliest possible date after the issuance of the building permit, and shall
be completed within after the issuance of the building
permit.

ARTICLE 6 - CONTRACT PRICE

The Owner agrees to pay the Contractor for the full, faithful and prompt performance
of this Contract, subject to all of the Terms and Conditions hereof, the sum of
dollars ($ ).

ARTICLE 7 - CHANGES IN THE WORK

The Owner may make changes in the work in accordance with Article 15 of the General
Conditions.

Unless specifically directed otherwise by the Owner, the Contractor shall promptly
submit his jtemized prices for additions, alterations or deductions within ten days
after receipt of the change, and in any event prior to proceeding with such work.

If agreed to by the Owner in writing, such prices shall be added to or deducted from
the Contract Price.

When so directed, the Contractor shall submit separate unit prices on work for both
additions to and deductions from the Contract price.

Adjustment, if any, in the amounts to be paid to the Contractor, at the discretion of
the Owner, determined by one or more of the following methods:

A. By unit prices as contained in the Contractor's Proposal, which
unit prices shall be deened Lu include all charges. [or changes
in quantity only, the appropriate unit price shall be applied to
the change in quantity. For substitution of materials when quan-
tities are equal, the difference between unit prices shall be.
applied to determine additions and deductions. For substitution
of materials when quantities are unequal, the unit prices for
deductions shall be used for both materials in case of a net
reduction in quantity, and the unit prices for additions shall
be used for both materials in case of a net increase in quantity.

B. By reasonable estimate of net cost of: Contractor's or Sub-
contractor's labor and material, plus an agreed upon markup
of the foregoing for overhead and profit.

C. By an acceptable lump sum proposal from the Contractor..

w

D. By accumulation of actual labor and material costs, plus an
agreed upon markup of the foregoing for overhead and profit.

C-2
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ARTICLE 8 - ACCOUNTING RECORDS

The Contractor shall check all materials, equipment and labor entering into the
work and shall keep such full and detailed accounts as many be necessary for

proper financial management under this Agreement, and the system shall be
satisfactory to the Owner. The Owner shall be afforded access to all the
Contractor's records books, correspondence, instructions, drawings, receipts
vouchers, memoranda, and similar data relating to this Contract and the Contractor
shall preserve all such records for a period of three years after the final payment.

ARTICLE 9 - PAYMENTS

Af] payments shall be made as set forth in Article 37 of the General Conditions.

ARTICLE 10 - ASSIGNMENT
This Agreement shall not be assignable by either party without the written consent

of the other except that Owner may assign its interest to and who]ly owned sub-
sidiary of Honeywell Inc. without such consent.

ARTICLE 11 - TITLE TO THE WORK

Title of all work completed and in course of construction and of all materials on
account of which payment has been made, shall be in the Owner, and in the U.S.
Government.

IN WITNESS WHEREOF, the parties hereto have executed this Agreement as of the
day and year first above written.

HONEYWELL INC.

ATTEST: - BY
TITLE

ATTEST: By
TITLE

This agreement shall not become effective until incorporated into and issuance
of Honeywell Purchase Order No. C-3
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SECTION 1D
GENERAL CONDITIONS
(INDEX ONLY)

The Work under the Contract shall be subjecé to all provisions set forth
in the following Articles of these General Conditions except as specifi-
cally mentioned otherwise in the Purchase Order. :

ARTICLE

TITLE

DEFINITIONS ALD GENERAL PRINCIPLES

INTENT OF CONTRACT DOCUMENTS
ASSIMPTION OF RISX '
SIGNING OF CONTRACT
ASSIGNMEXNT OF CONTRACT
SUBCONTRACTS

OTHER CONTRACTS

SOCIAL SECURITY PAYMENIS
TAXES

OWNER'S RIGHT TO TERMINATE
CONTRACTOR'S RIGHT TO TERMINATE
ENGINEER'S STATUS AND DECISIONS
RESERVED

EXTRA COPIES

CONTRACT CHANGES

MATERIALS AND WORZMANSHIP
SAMPLES

ROTALTIES AND PATEIXNTS
PERMITS AND INSPICTIONS
BUILDING REGULATION

SHOP DRAWINGS

TIME FOR COMPLETION
CONTRACTOR'S PROJECT MANAGER
WATCIMEN

COOPERATION

CONTRACTOR'S MEETINGS

USE OF JOBSITE

MOVING MATERTALS
MATERIALS FURNISEZID BY OTHERS
INSPECTION AND TZSTS
RELATED WORK
MEASUREMENTS

CUTTING AND FITTING
STANDARD SPECIFICATICNS
DAMAGE AND PATCEING
CLEANING

PAYMENTS

PAGE NO.

GC-1
GC-2
GC-2
GC-3
GC-3

-GC-3

GC-6
GC-6
GC-6
GC-6
GC-8
GC-8
GC-9
6C-9
GC-9
GC-10
GC-10
GC-11

. GC-11

GC-11
GC-12
GC-14
GC-14
GC-15
GC~15
GC-15
GC-15
GC-10
GC-16
GC-16
GC-17
GC-186
GC-18
GC-18
GC-19
GC-19
GC-19

D-1



ARTICLE

38
39
40
41
42
43
44
&5
46
47
48
49
50
51
52
53
54
55
56
57
58
59
60
61
62
63
64
65
66
67
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SECTION 1D

INDEX - PAGE TWO

TITLE

PAYMENTS WITHHELD

LIENS

UNCORRECTEL WORK

TIME EXTENSIONS
CONTRACTOR'S INSURANCE
BUILDER'S RISK INSURANCE
PROTECTION OF PERSONS AND PROPERTY
BOND

GUARANTEE

AS-BULLY DRAWINGS

ACCESS TO WORK
APPORTIONMENT OF WORK
PHOTOGRAFTHI

FIELD OFFICES

TELEPHONE

TOILET FACILITIES

FIRE PROTECTION

TEMPORARY ENCLCSURES

FIRE EXTINGUISHERS

CUTTING EQUIPYZXLT

COMPRESSED AIR

POWER

BAPRICADES AXD PRCTEICTICN
OWNERSHIP OF DRAWINGS
MANUALS AND WARRANTIES
EQUAL EMPLOYMENT OPPORTUNITY
LAROR

COUPEKATIUN WITH. COMPANY
OSHA

SPECIAL U.S. GOVERNMENT ARTICLES

PAGE NO.

GC-21
GC-21
GC-22
GC-22
GC-23
GC-25
GC-25
GC-26
GC-26
GC-26
GC-26
GC-27

- GC=27

GC=-27
GC-27
GC~27

GC-27

GC-28
GC-28
GC-28
GC-28
GC-28
GC-28
GC-29
GC-29
GC-29
GC-30
GC-30
GC-31
GC=-31
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NOTE:

Fifty-one (51) pages of General Conditions,
GC-1 to GC-51, have been deleted for brevity.

These Terms and Conditions are government
- requirements which flow down to project sub-

contractors.
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SECTION 1E

SPECIAL CONDITIONS

The following provisions shall be supplementary to and amendatory of the

General Conditions of - the Construction Contract and shall be included within the
definitions of Contract Documents. In any case, where these provisions are in
conflict with the provisions of the General Conditions of the Construction
Contracts, these provisions shall govern.

CONDITION 1

WORKING HOURS: It is intended that as much work as possible be conducted
during normal working hours. All work can be performed during the Contractor's
normal daily work hours. Work within the Building shall be scheduled in
coordination with the Company.

CONDITION 2

CONTRACTOR PARKING: Provision for Contractor Parking will be provided in areas
as designated by the Company.

CONDITION 3

TEMPORARY WATER AND ELECTRIC FOR CONSTRUCTION: The Contractor shall arrange
with the-Company for the source, payment and method of extending temporary water
and electric service to construction areas. Contractor to run all temporary
water and electric lines.

CONDITION 4

CONSTRUCTION SCHEDULE: The Contractor, before commencing his work, shall prepare
a construction schedule which he shall review with and be approved by the Owner
so that the interior construction work will provide the least interference with
the facility. ’

CONDITION 5

LIABILITY: The Contractor agrees to limit the Engineer's liability to the Client,
the Owner, and to all construction contractors and subcontractor's, their agents
and employees, on the project, due to the Engineer's negligent acts, errors, or
omissions such that the total aggregate liability of the Engineer to all those named
shall not exceed $50,000, or the Engineer's fee, whichever is greater.

CONDITION 6

COST DISCLOSURES: The Contractor is to furnish the Owner with take-off forms,
wage rates, equipment estimates, etc., prior to award of contract. The Owner
intends to use this information for projections of cost on fututre projects.
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CONDITION 7

SPECIAL WORKING CONDITIONS: . During the second instaliation period (after the nes.
roof has been installed)  the Contractor will observe the following conditions to
prevent damage to the roof:

a) All workmen when on the roof will wear rubber soled shoes
such as tennis shoes.

b) There will be no dragging or sliding of materials across the roof.

Storage of materials on the roof will be kept to a minimum in
all cases; where materials or tools are held on the roof prior
to installation, they shall be placed on plywood (1/2" minimum)
rather than directly on the roof.

C

Plywood sheets shall also be used to protect areas of the rouf
requiring a high degree of activity or traffic.

d) The designated walkways shall be utilized to the maximum extent
possible. '

e) In the event of any damage to the roof during installation of
the solar equipment, the Owner shall have said damage repaired
by a qualified roofer and shall bill the contractor for the cost
of said repairs.

E-2
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DIVISION 1

GENERAL REQUIREMENTS
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.01 - GENERAL DESCRIPTION AND SCOPE OF THE WORK
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General
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DIVISION 1
GENERAL REQUIREMENTS

.01 GENERAL DESCRIPTION AND SCOPE OF THE WORK

A, General

This section covers the general project description of the
Solar Energy System and the general requirements for the work
under these specifications designated General Construction.

Thie design of this solar energy collection system for textile
drying was done in Phase I of a program funded by ERDA under
the title, "Application of Solar Energy to Industrial Drying
or DNehydration Processes". Honeywell Inc. and WestPoint
Pepperell are teamed in this study. The work to be performed
includes modification of the WestPoint Pepperell, Fairfax,
Alabama, Mill in support of demonstration of a solar energy
collection system for textile drying and includes high tempe-
rature water (HTW), steam, feedwater, and electrical power.
Installation of all piping, instrumentation, and electrical
power. Installation of all piping, instrumentation, and elec=
trical hardware necessary for inter-connection of the system
to the plat process shall be performed by the Contractor.

B. Work Included Under These Specifications.

The work under these specifications shall include all materials

and services to perform the General Construction work for the
processs heat demonstration complete in accordance with the
specifications, drawings, and other contract documents, except

as specifically excluded herein under "Owner-furnished Equip-

ment and Materials" and Work Not Included Under These Epecifications.

Work shall include submittal of drawings and data for all Con-
tractor furnished equipment and materials.

Major components of the work under these General Construction
specifications are: :

GENERAL REQUIREMENTS

DIVISION 1

DIVISION 4 ‘ MASONRY

DIVISION 5 : METALS

DIVISION 6 CARPENTRY

DIVISION 8 . DOORS

DIVISION 13 ' PREFABRICATED METAL BUILDING
DIVISION 15 MECHANICAL

DIVISION 16 ELECTRICAL

The above explanations and listings are intended to give a
general definition of the scope of the work under these speci-
fications, and shall not be construed to be an itemized list-
ing of each element of work reported. The Contractor shall

be responsible for construction of complete facilities, con-
forming in all respects to the details and requirements of

the specifications, drawings and other contract documents.

Div. 1-2
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(1) Contractor Furnished Materials, Manpower and Services.

The contractor shall provide all materials and equipment which
will be permanently incorporated in the work and which are not
specifically designated to be furnished by the Owner; all labor,
supervision, technical direction, administration and management;
and all construction plant and services.

(2) Owner Furnished Equipment Materials. The Owner will:
furnish the following equipment and materials which shall be
insta..led under these specifications:
~ Solar Collectors (24) with Motor/drive and unit
Controller
- System Controller

The owner furnished equipment and materials will be delivered
to Fairfax, Alabama, where the Contractor shall receive them
into his custody until final acceptance of the work

C. Work Not Included Under These Specifications.

In addition to the terms under these General Construction speci-
fications, the Company has awarded or will award separate con-
tracts for the following work which will be directly associated
with the work under these specifications:

Reroofing of the Company wcave room roof.

Part of the work listed above will be in progress concurrently
with the work under these specifications. The Contractor shall
coordinate his activities and cooperate with the other contractors
and the Company in the best interest of the project.

.02 DRAWING SCHEDULE

A, General ‘

This section lists the drawings and schedules which have been
prepared for the work covered by these specifications and which
shall be a part of the contract documents.

B. Drawings ‘ '
.The contract drawings are dated August 12, 1977.

Drawing No. ' Title
1 : Partial plan, buildings No. 2 & No. 3
2 _ Collector field layout, partial ronf

plan building No. 3

3 Piping Schematic; support, hanger &
connection details

4 Structural roof plan, building No. 3

5 Penthouse details and elevation

6 Electrical

7

Sclar Collector

Div. 1-3
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.03 JOINT OWNER/CONTRACTOR RESPONSIBILITIES

A, ~ General
Owner shall supply the solar collectors as defined in the draw-
ings. The collector includes the mirrors, the receiver, the

motor drive, the unit controller risers, swivel joints, and
associated assembly hardware. The contractor shall be respon-
sible for:

(1) Scheduling delivery of the collectors.

(2) Unloading and storing the collector subassemblies at the
site.

(3) Hoisting the collector subassemblies into the roof
according to manufacturers recommcndations.

(4) Assembling the collector.

(5) Installing the collectors into the system.

Owner shall supply the system controller at field. The contrac-
tor shall be responsible for installing the system controller
and connecting it to the system as defined by Owner and shown

in the drawings.

All other equipment required for the proper operation of the
svstem shall be the responsibility of the General Contractor.

B. Schedule

The program schedule is shown on page Div. 1-6. It includes

two time periods for installation. The first period consists

of the month of September. During October and November the
company weave room roof will be reroofed by another contractor.
Completion of the installation is scheduled for 20 Februrary

1978 to 14 April 1978. System start-up and check-out will follow
immediately after completion of installation.

C. Sequence of Erection
Other construction activity at the site constrains the sequence
of erection to the following two time periods.

(1) All penetrations of the roof and the associated installation
of pitch pans and support structures shall be conducted
during the 1 September 1977 to 30 September 1977 time period.
This work shall be completed by 1 October 1978 to allow the
Company to rernof over the modifications associated with
this project.

(2) The fabrication schediile for the 24 collectors for this
job includes January and February 1978. Twelve of the
collectors are scheduled to be shipped on 6 February and
can be expected on~site on 13 February 1978. The remain-
ing twelve collectors will be shipped 6 March for arrival
of site on 13 March 1978.

Div.1-4
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(3) The remainder of the Installation shall be conducted between
20 February and 14 April 1978. Order of assembly of the
collectors, HTW loop, Penthouse, etc. shall be mutually
agreed upon by Contractor and Owner prior to February 1978.

D. Tolerances On Support Posts

Critical tolerances 1n installing the collector support posts

are associated with the straightness of the collector. The five
posts supporting a collector must be straight and level with

+1/4 inch, as measured from the center of the bottom plate in

the leveling mechanism atop the post. The distance between col-
lectors (nominally 10'8") is not critical, however, the straight-
ness of the row is important to proper collector operation.

E. Collector Installation Procedure

The chart aon page Div. 1-7 shows the components, subassemblies,
and assemblies that make up the owner furnished colled¢tor.

Four (4) major assemblies, (numbered 1 through 4), three (3)
components, (numbered 5 through 7), and hardware, (numbered 8),
-will be delivered. These items will be assembled into solar
collectors on the support posts by the contractor as defined
in the following statements and the drawings.

(1) Procedure:
(a) Remove parts from transportation.
(b} . Store parts until needed.
(¢} 1Install Gear Reducing Drive Units on Roof.

(i) Lift gear reducing assembly units up onto
roof and set on support plates.
(ii) Place unit on mounting bolts and tighten

nuts down finger tight.
(d) Install Mirror Panels on Roof.

(i) Slip a bearing onto shaft that protrudes from
torque tube on panel assembly. Place a key
into the keyway in shaft and slip a flange
onto shaft. This flange mates with the flange
on the next panel assembly.

(ii) Lift mirror panel assembly up onto roof.

(iii) Lower mirror panel assembly and position bearing
mounting bolt holes and tighten bolts finger
tight.

(iv) Align flange on drive unit with flange on end of

torque tube, install four bolts with bellville
washers in between flanges. Tight up bolts
until flanges clamp onto "flange spacer" pro-
vided, then back-off nut until spacer can just
be removed.

(v) Continue with 4a)b)c), & d; except that next
panel flange will bolt to flange on end of
shaft mmmmted on the panel; until all four
panels are in position on the roof.

Div. 1-G
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(vi) Align mirror panel assembly for straightness
with alignment gauge. Then tighten down mount-
ing bolts on drive unit, and proceed to tighten
down bearing mounting bolts, beginning with
bearings nearest center of each row, continuing
outward to end of each row.

(vii) Recheck alignment for level and straightness.
(e) Install Receiver Tube Assembly. )
(i) Install receiver tube support arms to ribs on
panels and bolt into place.
(ii) Lift 20 foot section of receiver tube assembly

up onto roof, position on support arms position
with alignment gauge and bolt into place.

(iii) After bolting next 20 foot receiver tube section
into place, position absorber tubes together
and weld tubing. Continue bolting and welding
until all four sections are in place.

(iv) Position central spacer and weld into place.

(v) Install rotary joint assembly, by slippiny
clamp ontu end of 2 1/2" ghaft and holting
into place. Install tubinyg from rotary joint
to recelver tube, Ly measuring from end nf tuhe,
on rotary joint assembly to receiver tube,
cutting pre-bent tube to fit and welding into
place. Clamp tubing into pipe clamp on bearing
support post, measure from end of tubing to flex.
Joint, cut tube and weld into place. Test
tubing for leaks, after test is approved insu-
late all open tubing and rap joints along re-
ceiver tube assembly with aluminum tape.

(f) Install Electrical Power Controls.

(1) Mount "dead man" limit switch mounting brackets
on support post and clamp into position. Mount
limit switch on bracket and screw into position.

(ii) Mount control box on support colwwui, and clamp
to column,
{(iii) Place "sun sensor" mounting bracket on end of

first panel and screw into place. Mount "sun
sensor"” on mounting bracket and screw into position.

(iv) Run wire from "sun sensor" along panel, attach
- with wire clips to control box.
{v) Run wire in waterproof conduit, from four limit
switches to control box.
(vi) Run wire in waterproof conduit from contruvl box

to drive motor.
(2) Other

Owner will be responsible for performing the following tasks
during installation:

Div. 1-8
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(a) Fine adjustments to the collector focus.
(b) Balancing the field water flow.

F. List of Materials : _

All material schedules, material lists, locations, etc. listed
herein are for the convenience of the contractor and are not
necessarily complete or all-inclusive. It is the responsibility
of the various contractors to make their own material take-offs.

Div. 1-9
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DIVISION 4

MASONRY

.01 CONDITIONS OF THE CONTRACT

A, The Conditions of the Contract (General Sections, Supple-
mentary Sections and all other Conditions) and the General
Requirements (All Sections of Division 1) are hereby made a
part of this Section.

.02 SCOPE
A. Provide opening in existing masonry wall for new 3'-6"
x 7'-0" door at location noted on drawings.

.03 MATERIAL

A. New concrete block shall conform to ASTM C90 Type 1.
B. Mortar shall conform to ASTM C270 type M or S.
C. Lintel shall be concrete block to match wall thickness

reinforced with 2 #4 bars for each 8 inches of width. Brick
to be supported with 3 1/2" x 3 1/2" x 1/4" to each brick
width. Lintel to have 8 inch minimum bearing each end.

.04 CONSTRUCTION
A. Opening shall be 3'-10" wide x 7'-2" high plus an additional
8 inch to allow for placement of frame anchors.

Div. 4 - 1
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DIVISION 5

METALS

.01 CONDITIONS OF THE CONTRACT

A, The Conditions of the Contract (General Sections, Supple-
mentary Sections and all other Conditions) and the General Re-
quirements (All Sections of Division 1) are hereby made a part
of this Section.

.02 SCOPE
A. Provide all labor, materials, accessories, and related
items for metals and complete installation in accordance with

applicable references noted herein.

B. This section includes all structural, miscellaneous and
ornamental metal work.

C. Refer to drawings for sizes and locations of all metal items.

D. Submit shop drawings to engineer and owner prior to
fabrication.

.03 MATERIAL
A. Structural Steel - ASTM A36-70

Steel Pipe - ASTM AS53-69 Grade B

Welding - American Welding Society (AWS) Publication

B.
C. Bolts - ASTM A307
D.
Dl.1-72.

.04 FABRICATION
A. American Institute of Steel Construction (AISC) latest

publication.

.05 FINISH

A. All metals, including the inside of the Butler and
Company buildings shall receive 2 coats of paint after
fabrication, Color to be selected later.
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DIVISION 6

0610 CARPENTRY

.01 CONDITIONS OF THE CONTRACT

A. The Conditions of the Contract (General Sections, Supple-
mentary Sections and all other Conditions) and the General Re-
quireirents (All Sections of Division 1) are hereby made a part
of this Section.

.02 SCOPE
A. Furnish and install all carpentry indicated on the drawings
and herein specified.

B. Work required under this section shall include, but not be
limited to the following items:
Scaffolding

Temporary Enclosures

Temporary Protection of Construction
Roof Cants and Curbs

Furring and Blocking

Installation of Finish Hardware
Rough Hardware

Rough Carpentry

C. All lumber shall be so delivered, piled and handled as to
protect it from damage. Lumber shall not be delivered unduly

long before it is required in the normal progress of the work

and shall be stored off the ground and under water-proof cover
until it is used

.03 LUMBER GRADES

A, Lumber herein referred to shall conform to American Lumber
Standard, Simplified Practice Recommendation R 16. Grades shall
conform to the grading rules ot the manufacturer's association
under whose rules the lumber is produced and lumber shall bear
the grade and trade mark of this association. 1If certain speci-
"fied lumber is not grade marked as a trade practice, it shall

be accompanied by a Certificate of Inspection listing material
quantities and grades. Defects or blemishes prohibited by this
specification, even though permissible in the specified grades,
will not be accepted in any material used.

B. Lumber shall be sound, thoroughly seasoned and well manu-
factured. Material shall be free of warp that cannot be corrected
in the normal process of bridging or nailing. Lumber shall be

air driled or kiln dried and average moisture content shall not
exceed 19 per cent, surficed four sides (S4S).
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.04 MATERIALS

A. All lumber for cants, curbs, plates, blocking, nallers,
fascias, and similar items concerned with roofing, roof insu-
lation or roof flashings, shall be pressure preservative treated.
Preservative shall be salt treated.

B. All nominal 2 inch lumber for bucks, blocking, nailers,
grcunds Or furring shall be Standard Grade Douglas Fir or West
Coast Hemlock. All nominal 1 inch lumber for such uses shall
be Nc. 3 Ponderosa Pine, Douglas Fir or West Coast Hemlock per
WPA grading .rules.

C. All plywood shall be'Douglas'Fir conforming to Product
Standard for outside use. A

D. All plywood shall carry the DFPA. hallmark and grade stamp.
See drawings for thickness. ,

E. Furnish all rough hardware for entire project. Shall in-
clude such items as nails, screws, bolts, anchors, devices, shot
anchors and similar dev1ces. Common nails shall be all hot-
dipped galvanized.

F. Rough hardware shall be of the proper type and size for
use intended and shall be of adequate design to achieve sub-
stantial and positive anchorage.

.05 INSTALLATION PROCEDURES

A. Protect all masonry, carpentry, metal work and other
materlals from damage of any character durlng the progress
of "the work.

B. Furnish and install all‘wobd'platee, neiling blocks, fur-
‘ring strips, and all other grounds and framing detailed or re-
quired for the securing of all finished work.

C. Install all rough hardware which is furnished under this
"Section as well as anchorage items which are furnished under
other sections. All nailing shall be in conformance with require-
ments established by the publlcatlon "Technique of House Nailing"
by the United States Forest Products Laboratory".
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DIVISION 8

DOOR

.01 CONDITIONS OF THE CONTRACT

A. The Conditions of the Contract (General Sections, Supple-
mentary Sections and all other Conditions) and the General
Requirements (All Sections of Division 1) are hereby made a
part of this Section.

.02 SCOPE

A. Furnish and install one 3'-6" x 7'-0" metal 2 hour fire
rated door and frame at location shown on the drawings. Material
to be Trussbilt, Ceco or approved equal.

.03 MATERIAL '
A, Doors shall be 1 3/4 inches thick with hardware and paint,
color as selected later,

B. Frames shall be 14 gauge steel 2 inches by 5 3/4 inches
with three anchors per jamb. Paint to match door and caulk
both sides. Fire assembly to be fire rated.

.04 INSTALLATION
A, Installation shall be complete with the threshold and
weather stripping.

Div. 8 = 1



| THIS PAGE
WAS INTENTIONALLY
* LEFT BLANK



5-41

DIVISION 13

1365 PREFABRICATED METAL BUILDING

.01 CONDITIONS OF THE CONTRACT
A. The Conditions of the Contract (General Sectlons, Supple-
mentary Sections and all other Conditions) and the General Re-
guirenents (All Sections of Division-1l) are hereby made a part
of this Section.

.02 GENERAL

A, DESCRIPTION OF BUILDING

(L) The contractor shall furnish and 1nstall on existing roof

one prefabricated metal building, located as shown on the drawings.

(2) The overall building dimensions shall be as shown on the
drawings. A

(3) The roof shall have a single slope from back to front of .
one inch in 12 inches or 1/4" per foot. All sides of the build-
ing shall have eave trim and fascia.

(4) The building shall be clear span with no interior columns.
All wall panels and framing shall be rigidly attached to existing
steel. The base channel shall be contlnuous rolled formed gal-
vanized steel Z ~ base flashing.

B. QUALITY CRITERIA '
(1) The following standards shall be used where applicable in
the structural de51gn of this bulldlng.

{(a) Metal Bulldlng Manufacturers Association "Recommended
Design Practice Manual".

(b) AISC "Steel Construction Manual”.
(c) AISC "Cold-Formed Steel Design Manual”.

(d) The American Welding 3001ety "Code Welding in Building
Construction”,.

. DESIGN LOADS
(L) Vertical Iive loads shall be 20 psf applied to the hori-
zontal projection of the roof, in addition to the applicable
dead loads. :

(2) The wind load on the structure shall be 25 psf velocity
pressure proportioned and applied as horizontal and uplift
forces according to the U. S. Navy Technical Publication "NAVFAC
'DM-2" and as recommended by the MBMA "Design Practices Manual".
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D. DEFLECTIONS
(1) The maximum deflection of any structural member or panel
shall be 1/240 of its span under full design load.

E.  SHOP DRAWINGS :
(1) Shop drawings shall be submitted to the owner and engineer
prior to fabrication.

.03 PRODUCTS

A. BASIC MATERIALS

(1) All materials shall be new, unused, and free from defects
and imperfections.

B. ROOF AND WALL PANELS

(1) All roof and wall panels shall be roll formed from zinc
coated sheet steel conforming to ASTM A-446, Grade B, with a
1.25 oz. zinc coating. All panels shall have at least 2 inch
deep interlocking ribs.

(2) Panels shall be at least 26 gage thickness.

(3)1 Panels shall have factory applied acrylic enamel finish.
Color shall be chosen in consultation with the owner with the
exact . color being selected from one of suppliers standard colors.

C. STRUCTURAL FRAMING MEMBERS
(1) All structural framing members shall be ASTM A36 steel,
and shall be given a shop prime coat of red oxide paint.

(2) The base channel shall receive a 1.25 oz. 2inc ceating.

D. MISCELLANEOUS METALS .

(1) All eave trim, fascia, and base.flashing shall be fabricated
from cold formed sheet steel conforming to ASTM A-446, Grade B,
with 1.25 oz. of zinc coating. Eave trim and fascia to have
factory applied acrylic enamel finish to match building color.

{2) All sheet metal screws shall be Class #4100 stainless steel,
and shall have neoprene washers conforming to ASTM D735.

E. ATTACHMENT BOLTS, NUTS, AND FITTINGS

(1) Attachment bolts, nuts, and fittings shall be in accordance
with ASTM A307 and shall be electro-galvanized conforming to
ASTM Al64. Fittings shall be electro-galvanized conforming to
ASTM Al23. - '
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F. CAULKING
(1) Caqulng shall be "Tremco Monolastomerlc"

G. DOORS ‘ Cor

(1) The door shall be sized and p051t10ned as shown on the
drawings. .The door shall be 1 3/4" thick flush type with face
sheets of 18 gage steel sheets, stiffened with honeycomb type
stiffeners. Re1nforc1ng channels shall be 14 gage zinc coated
steel. :

(2) Door frames shall be of 16 gauge zinc coated steel. Thresh-
hold shall be extruded aluminum with vinyl seal, continuous
across width of opening. Door shall have weatherstripping at
head and jambs and shall be Pemko #303A or approved equal.

(3) Door shall be fitted with standard passage latch hardware
of approved design and manufacturer.

(4) Service door to be minimum of 8'-0" x 7'-0", push-up ope-
ration, Kinnear Type FM-10 or equal. Furnish and install com-
plete with curtain, guides, counter balance, brackets, hoods
and painted with rust re51stant primer. Jambs and head girt
to be 14 gauge steel. o

H. INSULATION

(1) All exterior walls, floor and roof shall receive insula-
tion. Insulation shall be of the rolled, fiber glass, blanket
type foil faced vinyl reinforced vapor barrier. The insulation
shall be of the required thickness and density to provide "U"
factor not exceeding .22 BTU/HR/SQ. FT/°F

.04 INSTALLATION

A. FOUNDATION

(1) The foundation will be the steel columns mounted on the
existing wood deck and beams.

B. BUILDING SHELL
(1) A continuous bead of caulklng shall be applled to the in-
side edge of the base channel o

(2) Wall panels shall be fastened to supports with self tapping
sheet metal screws, 2all wall panels shall be continuous from
base to eave.

(3) Roof panels shall be attached to framing with stainless
steel weather sealed screws. The roof panels shall overhang
the exterior wall line by approximately 6 inches on .all sides.

(4) Fascia shall be applied to all sides of the roof and eave
trim shall be applied to the 1ntersect10n of the wall and roof
panels, .
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(5) Base channel at top of curb shall be anchored with 3/8"
diameter anchor bolts at 16" 0/C. ‘

() Weatherproof seals shall be provided around all panel
penetrations of frame work or piping.
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‘DIVISION 1500

MECHANICAL WORK
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1501 General Provisions

1510 Basic Materials and Methods

1516 Insglation |

1520 Water Supply

1525 Soil and Wasﬁe

1560 Steam Heating System

1565 High Temperature Hot Water System
1580 ' Air Distribution and Tempering System
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SECTION 1501

GENERAL PROVISIONS

.01 CONDITIONS OF THE CONTRACT

A. The Conditions of the Contract (General Sections, Supple-
mentary Sections and all other Conditions) and the General
Requirements (All Sections of Division I) are hereby made a

part of this Section.

.62 REGULATIONS AND CODES

A. The work, materials and equipment covered by these speci-
fications shall comply in all respects with the requirements of
3tate, Ccunty, and City applicable ordinances, regulations and .
codes. In addition, the following published standards shall be
achered to:

American Institute of Steel Construction
Institute of Electrical and Electronic Engineers
American Society of Mechanical Engineers
American Society for Testing Materials
American Standards Association
American Welding Society
National Bureau of Standards
National Electric Code
American Standard Mechanical Engineers Rules for
Pressure Tanks
State Codes which apply to Plumbing and Heating Work
All local codes which apply to Heating Work
State Industrial Commission
American Society of Heating, Refrigeration and
Air Conditioning Engineexs-
Institute of Boiler and Radiator Manufacturers (I.B.R.)
National Insulating Manufacturer's Association (N.I.M.A.)

B. Tois shall not permit a lower grade of construction when
plans or specifications call for workmanship or materials in
excess of code requirements.

.03 =~ SUMMARY OF SYSTEMS

A. The following systems will be incorporated into the build-
ing with specific equipment and labor related thereto as
described in this Division 15.
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(1) Sanitary sewers and drains with connections
to building sewer as shown on plans.

(2) Steam and condensate piping system and equipment

(3) Hot water heating system, including piping,
connections to boiler, pump, etc.

(4) Process Water System

(5) Associated electric#l temperature control

szstems .

(6) Solar collectors.

.04 GENERAL

A. These plans and specifications form a guide for a complete
instaliation and where an item is not specifically mentioned

an¢ 1s reasonably necessary for a complete installation, the
Contractor shall furnish such items undexr hlS contract with-

cut additional cost to the Owner.

B. The Contractor shall familiarize himself with the existing
cunéitions of the proposed project. In no case will extra charges
be allowed because of failure of the Contractor to acquaint
hims>1f with all existing conditions.

C. These drawings shall not be scaled to obtain exact
dimension.
D. Where connections are made to equipment furnished by

cthers, the Contractor shall obtain exact location of connections
from persons furnishing said equipment.

. The major piping, and equipment are shown on the
drawings and called for in these specifications. Any detail
not clear to the Contractor shall be referred to the Engineer
for clarification before bids are submitted. If no question is
raised prior to the opening of bids or award of contract, the
Contractor will be obliged to install the work in question with-
o*% additional cost, as directed by the Owner whose decision
snall pe final.

F. All work shall be performed in a neat and workmanlike
manner by men skilled in the trade.

G. This Section (1501) applies to all the work under the

Machanical Contract and includes furnishing all materials,
equioment, and labor to make a complete mechanical installation
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z: specified under Division #15 including Plumbing, Heating,
Temperature Controls, Insulation, etc.

.05 SUBSTITUTION OF MATERIALS

M. Manufacturer's names and catalog numbers mentioned in
these specifications have been used to designate the type and
juaiity of materials or equipment desired. Products by other
nanufacturers equal to those specified may be used subject to
t. . provisions of the General Conditions, and Supplementary

General Conditions.

.06 MATERIALS AND EQUIPMENT

A. All equipment and materials used for the work in this
costract shall be new and of the makes and types as let and
coatracted for. This Contractor is positively prohibited
£ror. using secondhand or used materials and equipment.

cJ7 GUARAINTEE

A. This Contractor shall be responsible for the proper in-
stallation and working of everything in this contract and
shall guarantee to remedy free of charge any defects in work-
manship and materials that gives rise to trouble of any kind
for a period of 12 months from the time of final acceptance

oZ his work.

B. This Contractor shall place all systems in operation and
make all adjustments required to insure proper operation and
to obtain the results desired.

.08 SHOP DRAWINGS

Al The related sections of the General and Special Conditions
¢’ the General Specifications regarding Shop Drawings shall be
amar..ed by this section of the specifications.

B This Contractor must submit shop drawings on all the major
itzms, of eguipment specified hereinafter. Shop drawings must
e supplied in at least seven (7) copies and must be complete
and similar to all the components of the specified -and design
equipment. :

C. All shop drawings must be accompanied by a letter,

on the Contractor's letterhead, stating that these drawings
have been checked by the Contractor as to capacities, physical
dimensions, space requirements and limitations, appurtenances,
worknanship, appearance and any and all other necessary
details as specified.
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D. Letter must itemize each shop drawing for each plece of
eguipment submitted.

E. Contractor shall not enter into any written or oral agree-
ment until manufacturers and their equipment have been submltted
to and approved by the Engineers

F. Failure to check this equipment and submittal of a letter
with the shop drawings will result in return of same to the
Con*tractor. Submittals will not be processed until return of
the shop drawings in compliance with above paragraph.

G. Approval of shop drawings by the Engineer shall in no

way relieve the Contractor of his responsibility for correct
performance of the equipment, or for furnishing all the materials
and equipnent specified or noted on the plans, although not
specifically shown on the shop drawings.

.09 PERMITS, LICENSES, FEES AND SERVICE CHARGES

A. All permits, licenses, fees and service charges required
in connection with this work shall be secured and paid for by
the installation contractor and upon completion of the work he
shall furnish the Owner with proof of acceptance of all work

from the proper local or State Department having jurisdiction.

.10 CLEANING

A. This Contractor shall be responsible for the rough clean-
ing of all scrap materials left on the job by men working under
this contract. This shall be meant to inc¢lude preliminary
cleaning of all equipment and piping installed under this con-
tract and the removal of pieces of pipe, pipe cuttings, 1nsul—
ation, etc.

B. This Contractor shall leave his work and work area broom
clean so that the finish cleaning by the company is a light cleanup.

C. This Contractor shall place plywood, Visqueen or other
suitable material on the floor of his work area to prevent
oil and grease from staining the floor.

D. After the new HTW and steam svstems are completed this
Contractor shail tﬁorpughly flush the entire system to a drain
until the system runs clean and clear.

E. Systems will not be accepted until tight and clean.

F. Special care shall be taken to ream and clean all new

piping before installation and connection to insure minimum
dirt in the new installation.
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G. Contractor shall thoroughly clean the HTW and steam heat-
ing system. During the cleaning out process of steam system
he shall by-pass return mains, remove bellows on traps and
waste condensate to sewer. The HTW system shall be thoroughly
flushed using only the water designated by the company.

The Contractor shall "boil" out hot water lines with a chemical
as recommended by a local chemical supplier that is familiar
with the building water conditions, before he puts the system
into operation, consult with the company.

.11 START-UP AND CHECKOUT

A. Upon completion of the installation of this system, and
after the testing of each individual element, component, and
sensor, the contractor shall participate in the start-up and
checkout of the system which will be directed by the owner and
monitored by the company.

B. S-art-up will consist of filling the HTW loop with conden-
szte, charging the HTW loop with N,, setting the HTW loop flow,
axd operating the field flow pump with the collectors stowed.

C. Checkout will consist of cycling the solar collectors and
trac.:ing the sun to heat the water in the HTW loop. Checkout
- will include adjusting and tuning the system until process
steam is generated.

.12 MODIFICATIONS TO PLANS AND SPECIFICATIONS

A.  Throughout the course of the work, minor changes and
adjustments to the plans and specifications may be requested
by ti'e owner. The Contractor shall make such adjustments
without additional cost to the Owner, where such adjustments
are necessary to the proper installation and operation and
within the intent of the Contract Documents.

.13 CONNECTIONS AND LAYOUT

A, It shall be the responsibility of this Contractor to make
connecticns at terminal points of contact, The piping, duct-
ing ané equipment, etc., may be shown with excess clearances
for clarity. However, the Contractor shall group pipe and
arrange all ducts and equipment to present a neat and workman-
like appearance and to avoid blocking of passageways.
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B. The Contractcr shall store his materials and equipment

in such a place and in such a manner, that a minimum of congestion
will result. The placing of such materials and equipment shall

be subject to the approval of the Owner.

cC. ‘Should the drawings disagree in themselves, or with the
specifications, the better quality or greater quantity of work
or materials shall be provided and unless noted otherwise the
specifications shall govern. All items specified whether shown
on plans or not shall be installed as if shown on plans and
specified.

.14 INSPECTION OF SITE

A. Before submitting a proposal on the work contemplated,
each bidder shall examine the site and familiarize himself
with all existing conditions and limitations. No extras will
be allowed because of the Contractor's misunderstanding as to
the amount of work involved or his lack of knowledge of any
existing conditions.
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SECTION 1510

BASIC MATERIALS AND METHODS
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SECTION 1510

BASIC MATERIALS AND METHODS

.01 - CONDITIONS OF.THE CONTRACT

" A, The Conditions of the Contract (General, Supplementary and
other Conditions), General Requirements (Sections of Division 1)
and the General Provisions, oectlon 1501 are hereby made a part
of this Section. .

.02 : SCOPE

A. This Section applles to all the work ‘under the Mechanical
Contract and Division 15 and includes all materials, equipment
and labor required to make a complete and acceptable mechanical
installation of plumbing, heating, ventilating, refrigeration,
‘insulation and temperature control systems, steam heating, etc.

.03 ELECTRIC WIRING

A. All motor starters, pushbuttons and H.O.A. switches will
be supplied under Division 1500 and all wiring to starter will
bPe furnished and installed under DlVlSlon 16, unless herein
specified otherwise. . :

All motor starters that are requ1red with electrically operated
equlpment specified herein shall be furnished by this Contractor,
and dellvered to the site.

It shall be the responSlblllty of this Fonfrartnr to caution
nis supplier of motors. to check carefully the motor character-
istics and to supply the starter to meet the spec1f1catlons.

Furnish naneplates w1th starters, de51gnat1ng service in 3/8"
letters.

All miscellaneous wiring required for complete installation under
this Division will be done by this Contractor. All wiring to
meet rules of the National Electrical Code. All wiring diagrams
required shall be‘furnished by this Contractor.

"Power for motors-l '~ h. p. and over ‘shall be 600 volts, 60 cycle,
and 3 phase. Power for motors less than 1 h.p. shall be 440
volts, 3 phase, 60 cycle. Starters are required for all motors
1/2 h.p. and over, starter to contain a 110 volt transformer

and a set of N.C. and a set of N.O. contacts and be equipped with
a H.O0.A. switch in cover unless noted otherwise.
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.04 TESTS

A, Test all new steam and condensate return heating

systems piping with a cold hydrostatic test of not less than
100 pounds per square inch. Hot water piping to be tested at
300 PSIG. '

All of the above tests shall be made by the Contractor install-

ing the work at his expense and he must furnish to the Engineer
ana Owner a certificate of satisfactory test.

.05 PIPE SLEEVES

- A. Sleeves shall be provided in place for all pipes pass-
ing through brick, concrete or masonry floors, walls and
roofs and shall be 1/2" greater in inside diameter than the
external diameter of the pipe and insulation (if required)
passing through.

B. All sleeves shall be fabricated of new material, cut
square and reamed.

C. Sleeves through exterior building walls above grade shall
be Schedule 40 steel pipe installed flush with the finished
surfaces and caulked between sleeves and pipe with oakum and
lead to provide a weathertight joint.

D. Sleeves through partition walls and floor slabs in exposed
areas shall be 22 gauge galvanized iron extending through the
full thickness of the wall or floor and shall be flush with

the finished surfaces.

E. Pack the space between all sleeves and pipes with heat
resistant packing and install 1" depth of plastic caulking
compound flush with the top of the sleeve.

F. Plastic caulking coumpound shall be Prestite or Dura-gum.
G. Sleeves shall be set and maintained in place by this
Contractor during the progress of the worxk and during the
pouring of the floor slabs or walls.

" .06 * FLOOR, WALL AND CEILING PLATES

A, Furnish and install on all pipes passing through ceil-
ings, walls, or partitions in exposed areas, Crane No. 13 BC
wall or ceiling plate with set screw to fasten to pipe. All
plates shall be chrome plated and shall be a t least 1/32"
thick. No floor plates will be required where sleeves extend
above the floor.
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.07 ROOF JACKETS

A. Vent stacks from sewer, soil, waste and rain pipes

shall be extended at least 12 inches above the roof and shall
be encased in galvanized iron frost proof jackets, Moore #1,
having an air space of at least 1" between the outside sur-
face of the pipe and the inside surface of the frost jacket.
The top of the frost jacket shall be designed to permit the:
insertion therin of a testing plug of such form that it can
be readily seen until removed and said plug shall be removed
at once after a final 1nspectlon has been made and approved.
The vent pipes shall be cast iron where they pass through the
roof and the minimum size of any. vent where 1t passes through
the roof shall be 2 inches.

.08 UNIONS

A. Steam and condensate unions for screwed plpes 3" and
smaller shall be Grinnell Figure 463 bronze to iron ground
joint, 150 pound w. S.p. with hexagonal nut.

B. Unions on hot water system to bé Grinnell Figure 459 for
300 1b. working pressure.

.09 VALVES

A, Furnish and install all .valves indicated on the drawings
or required for the proper sectionalizing or operation of the
different piping systems.~ Install gate valves on all indiv-
idual equipment. ‘ o '

B. All valves shall bear the manufacturer's name and pressure
rating shall be stamped or inscribed on each valve. The. following
is a schedule of the valves using Powell valve numbers unless
noted otherwise. Valves of Crane, Lunkenheimer manufacture,

fully complying with the specifications, will be accepted as equal.

B A Install valves on ‘all piping to tanks, pumps, and
all locations shown on plans and all other locations necessary

for removal of equlpment and where reasonably can be expected
for maintenance. :

D. Hot Water Heating

1. Collector inlet valves shall be %" globe type
valves for modulation (Powell 2612 or equivalent).
Collector outlet valves shall be %" gate type
valves for isolation (Powell 2377 or equivalent).

2. All ball valves to be Worcester model .
#466-300 with poly filled 'seal and have com-
plete shut off at 300 PSIG and 400 F.
1310 = 3
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Check Vélves

condensate pump.

G.
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Furnish and install check valve in the discharge line of
Check valves shall be installed close to pump.

Steam and Condensate-and High Temperature Hot Water

Valves not readily accessible from.the floor of equipment
room shall be furnished with ‘chain wheel and chains.

Valves with hand wheels which cause installation dlfflcultles

Suall.

be prov1ded with ratchet. handle.

The follow1ng types of ‘valves shall be used:

VALVE SCHEDULE

new valves.

B.

. Gate _ Globe Check
11/2" and/ 2" 11/2" and/ . 2" 1 1/2" and/ 2"
{Line Smaller Larger | Smaller Larger|Smaller [ Larger
MP stm 375 1503 | 2608 1531 | 560 1561
~ {Conden- ‘ C
'isate 3714 1793 12600 - 241 500 559
| L
. |HTHW 2377 3003N | 2612 3031 | 1239 Y 1239 Y
.ld VALVE TAGS
A. Brass or plastic valve tags -shall be prov1ded for all

Tags shall be stamped with valve purpose or service
and. shall be attached to the valve handles with brass wire.

Valves adjacent to equipment they serve'need not be tagged

provided that their function is obvious and provided that this

Contractor has the approval of the Owner to delete the tags.

C.

bA list of all ﬁalVes shall be left with the company along

with a marked up set of drawings showing locations of all valves.

<11

ANCHORS AND GUIDES

A.

Furnish and install all necessary anchors and guides in

connection with the various piping systems. Anchors shall

be securely fastened to the building structure and shall be
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sufficiently strong to overcome the forces set up by the
expansion. Guides shall be constructed to properly guide the
pipe in proper direction.

.12 PIPE HANGERS AND SUPPORTS

A. Contractor shall furnish and install pipe hangers

and supports required for his work and of various types
specified herein and detailed on the drawings together with
aii inserts, beam clamps, sockets, bolts, clips, or rods to
complete all hangers and supports. No chain, wire, strap,

or perforated strap shall be used. Hangexrs of Grinnell manu~-
facture are specified but hangers of Fee and Mason, Elsen

or Crawford, which comply to the specifications, will be
accepted.

B. All hangers for pipes 1/2" and smaller shall be Grinnell
split ring hanger Figure 104, complete with sockets, turn-
buckle and rod.

cC. Hangers for pipes 3/4" up through 4" shall be Grinnell
wrought clevis hanger Figure 260 or 65 complete with rod
ar.d nuts.

D. Hangers on all piping shall be large enough to encompass
piping and insulation.

E. The following support intervals shall be the maximum

permissible, bhut shall be closer if necessary for proper
support.

Distance Between Supports

“Pipe Size, Inches ’ Spacing of Hangers.
1/2" . 6'-0" Centers
3/4" to 1" 8'-0" Centers
1 1/4" to 5" : 10'-0" Centers Inless

Noted Otherwise On Plans

The following rod sizes shall be the minimum permissible for
pipe lhiangers.

Hanger Rod Sizes

Pipe Size, Inches Hanger Rod Dia., Inches
up to 2" 3/8"
2 1/2" to 3 1/2" 1/2"
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F. This Contraetor shall furnish ‘and install all cross
members, channels, brackets, spring nuts and bolts and all
incidentals necessary to support all piping.

G. Groups of pipes at the same elevation may be supported

on trapeze hangers using Unistrut P-1001 channels or Kindorff
with threaded rod connected to inserts. Furnish pipe clamps

to control spacing to span the outer surface of the installation.

H. install pipe saddles to keep from crushing insulation
between pipe and hangers on all piping 2" or greater in pipe
size. All piping less than 2" shall have an insert of rigid,
7 1/2 1b. density installed at each hanger point.

I. Saddles for 2"1and larger pipihg‘shail.be fabricated of
16 gzuge galvanized iron. Saddles shall encompass the lower
one half of the covering. Saddles shall have a minimum length
Of 6" : : . .

—rov1de riser clamps for support of vertical risers at every
flios . .

J. Furnish and install pipe covering protection saddles where
insulated piping is installed on rollers and where insulated
piping rests on trapeze hangers- and at all locations where pipes
are installed over beams.

.13 PIPING IN GENERAL_

A, All pipes shall be run with adequate grades to provide for
proper draining. They must be thoroughly reamed and cleaned
before installation. Pipes run overhead-shall be placed as

close to the ceilings as possible to maintain proper headroom

and to present a neat appearance, all consistent with the correct
pitching of pipes. 'The Contractor shall consult the Owner before
installing any pipe lines which will reduce the proper headroom
in any way. Piping shall be run as shown on the drawings, but
the Owner reserves the right to make minor changes, without
‘extra charge, to avoid interference. w1th other work or unfore-
seen structural interference. :

B. All hot water piping shall be pitched to drain points, and
up from mains or risers 1" in 40' wherever possible. Provide

a drain valve on each low point. Drains shall be located in
accessible locations.

C. Heating piping, except<runodts, must be pitched in the

direction of steam or water flow to drain points and shall
be so installed as to prevent vibration and water hammer.
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Eccentric reducers or eccentric fittings must be used at

all points where pipe sizes changes and particular care shall
be taken to eliminate all pockets for lodgement of condensate
or air.

D. Proper swing joints shall be provided in the spring
pieces to allow for expansion in the main, the runouts and
the risers.

E. All screw threads must be tapered and proportioned in
accordance with the regulations formally adopted by the manu-
facturers of wrought iron pipe and boiler fittings. All threads
must be cut true and sharp and threaded joints shall be put
together and made tight with graphite only as a lubricant. No
caulking will be allowed. All pipes must be well reamed. Par-
ticular care must be taken toward keeping the piping system
clean during the installation. Each length of pipe, fittings,
etc. must be thoroughly cleaned of all dirt, filings, etc.,
before assembling.

F. Mechanical Contractor will check each length of pipe be-
fore it is welded in place to make certain there is no
foreign material (stones, sand, etc.) in the heating system.

.14 PIPE AND FITTINGS

A, Contractor shall furnish and install all pipes and fit-
tings required for a complete installation of all piping
systems required and specified under this Division 15, Mechan-
ical Work. All material shall be best grade of established
and reputable manufacturers. Types and weights of pipe and
fittings shall conform to the following or approved equal.

B. Process Water, Waste and Vent Piping: Galvanized Steel

All process water, rainwater, waste and vent piping above ground
shall be Schedule 40 weight galvanized mild steel pipe, National
"ibe Coémpany manufacture, scaleless type.

The fittings for the galvanized, waste shall be cast iron
recessed screwed drainage fittings, tar coated inside and
outside. Long sweep fittings shall be used unless space

conditions prevent.
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Fittings for process water to be malleable galv=-iron.

Contractor may use in lieu of galvanized steel pipe for waste
and vent piping above ground the following: Hubless cast iron
soil pipe (ClSPpFT-HBLS) Cl1lSPl 301-75, provided fittings
comply with requirements of the applicable code and C1lSP1
Standards HSN-75.

C. lMedium Pressure Steam Piping: Black Steel - All

piping for medium pressure steam shall be Schedule 40, black
steel as specified above. Fittings shall be same as above
suitable for 250 psi working pressure.

D. Standard Weight Yoloy Pipe shall be used for the following:

(1) All steam condensate return & pumped return lines.

E. Steam, Condensate Return, Hot Heating Supply and Return
Pipe Connections -~ Piping shall be welded for pipe 2" and
above. Piping less than 2" shall be screwed.

(1) Hot water supply and return branch lines shall be
connected to mains, using a welding fitting. Connectors
from that point to all solar panel shall be made by a
flexible coupling furnished with solar panel and this
contractor to leave a 37° flare fitting.

(2) All HTW piping to be schedule 40 black steel
seamless tubing. Welding fittings to be schedule
40 and screwed fittings schedule 80.

G. Lubrication - All valves, cleanouts and such items will
be lubricated before being installed.

.15 WELDING

A. All welding fittings, slip-on flanges, etc., shall be
‘Tube-Turn welding fittings. The welding shall apply to straight
runs of piping such as mains, etc., and to weld-o-lets for

branch connections to the mains. Branch or runout piping and
risers beyond the weld-o-lets shall be fabricated with screwed
connections to provide greater flexibility to the piping arrange-
ment. Any deviation from this specification shall be done only
on authorization of the Engineer and Owner.

B. All welding shall be done by a proven welding procedure
with certified and tested operators and, in general, -be in
accordance with the latest edition of the ASME Boiler Code and
American Standard Code for Pressure Piping. Inside of pipe
diameter must be free from obstruction resulting from improper
welding operation. Samples of each welder's work shall be
submitted for testing and approval if requested by the Owner.
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C. All piping over 1 1/2" in size to be arc welded joints, a
minimum of two (2) passes must be made. Use stainless steel
welding rod when welding wrought iron pipe.

.16 PRESSURE GAUGES - WATER & STEAM

A. Furnish and install U.S. Gauge or Ashcroft pressure

gauges at all points of pressure change in the systems. Pressure
gauges shall have a range equal to 1 1/2 times the highest
operating pressure. Gayges shall have 4 1/2" dial face and

be lectered to indicate the units of measurement.

B. Gauges on water systems shall be Ashcroft #1010 without
pigtails and provided with Ashcroft #1106 Series pulsation
dampener and #1092 gauge cock.

cC. Gauges on steam system shall have pigtail and cock.

D. Gauges of Crosby, Konkle, and Trerice will be accepted
provided that they fully comply with the specifications.

.17 PIPING SPECIALTIES

A, Strainers Steam - Provide "Y" type strainers with

monel screens ahead of all traps (other than radiator traps) and
pressure reducing valves and control wvalves. Strainer shall

be designed for line pressure and shall be complete with valve,
and plug on blow-off. Equal to Armstrong 125# design. Illinois,
Hoffman acceptable.

B. Relief valves - Size as required for equipment capacities.

C. Dr1 'Tra'S"i‘F & T - " Furnish and install float and

and the Thermostatic traps at the ends 'of all me pressure steam
malns and at all major drip points and on steam fed equipment
where indicated on the drawings. Ahead of each float and
thermostatic trap, furnish and install a gate valve, an offset
type strainer and a union. Place all drip traps in approved
-accessible locations to facilitate service and repairs. Drip
traps shall be of Armstrong Manufacture.

.18 - - EXPANSION JOINTS AND COMPENSATORS

A. Where expansion joints are required they ar¥e shown on the
drawings, details or riser diagrams.

B. Ball joints shall be Chiksan or Barco ball joints

as shown on plans. Ball joint working pressures shall be a
minimum of 300 PSIG at 400°F water temperature. Installation
of ball joints shall be in accordance with the manufacture
recommendations.
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.19 FOUNDATIONS, BASES & SUPPORTS

A. Concrete bases required for mechanical equipment will be
the responsibility of the Contractor. (Unless specifically
specificed otherwise).

B. All steel supports either to wall or floor for tanks, con-
vertors, heat exchangers, and other miscellaneous mechanical
equipment shall be furnished and installed by the Mechanical
Contractor, all as required or as detailed on the drawings

or called for in the specifications.

.20 CUTTING & PATCHING

A. The Mechanical Contractor shall endeavor to provide sleeves,
pipes, chases and other openings throughout the structure of

the new building, and he shall install all equipment, piping and
other parts of his work at such time as will reduce to a mlnl—
mum the amount of cutting to be done.

B. Each contractor shall do all cutting and patching neces-
sary for the proper execution of his work in a manner approved
by the Owner. Where new work is removed or altered, all work
affected shall be properly patched and filled out to match
adjacent surfaces.

C. Contractors shall not endanger any work by cutting, digging
or otherwise, and shall not cut or alter the work of any other
Contractor without the consent in writing of the Owner.

Any shoring material or labor required to properly support

the portion of this structure where cutting is being done shall
be. furnished by this Contractor. Any damage to building
structures caused by this Contractor's work shall be repaired
at his expense.

D. Each Contractor shall be responsible for giving the
General Contractor all necessary roughing-in dimensions and
recess openings for all equipment under his contract requiring
. smae. Failure to coordinate these recess openings or roughing-
in dimensions for equipment to be used shall result in this
Contractor paying any and all charges for any revision of
recess openings or roughing-in dimensions to accommodate
equipment.

.21 PAINTING

A. Painting of all mechanical equipment and materials shall be
the responsibility of this contractor.
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B. This Contractor to paint all ducts, all pipe, and pipe
hangers, all insulation that is exposed to weather with sufficient
sizing and two (2) coats of paint, color as selected by Owner.

.22 MATERIALS & EQUIPMENT

A, All materials and equipment shall be new and of best
quality, conform to requirements of local and state codes
governing the work involved, and be made by nationally rec-
ognized and substantially established manufacturers. The
type and weight of material used for each purpose shall be as
hereinafter specified and all material shall conform to the
requirements of the latest standard specifications of the
ASTM for that particular material.

B. Within seven (7) days after the awarding of the contract,
this Contractor shall submit for the approval of the Engineer,
‘a complete list of the makes of all the material and equip-
ment that he contemplates using in the construction of the work,
which, after approval has been given, shall be final.

c. All material and equipment shall be by a reputable firm
and shall have been used in similar installations previously.

1510 - 11



5-65

SECTION 1516

MECHANICAL SYSTEMS

INSULATION

INDEX

ITE
.01 Conditions of the Contract 1
.02 Scope 1
.03 Materials 2
.04 Steam Heating Supply and Condensate Piping

and Pumped Condensate ' 3
.05 Hot Water Supply and Return 3
.06 4

Process Water Piping
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SECTION 1516

MECHANICAL SYSTEMS

INSULATION
.01 CONDITIONS OF THE CONTRACT
A. The Conditions of the Contract (General, Supplementary and

Other Conditions), General Requirements (Sections of Division 1),
General Provisions (Section 1501), and Basic Materials and Methods
(Section 1510), are hereby made a part of this Section.

.02  SCOPE

A. Work under this Section of the specifications includes the
furnishing of all labor and materials necessary to complete the
‘nsiuxation installation, all in accordance with the draw1ngs and
e¢s iurther specified herein.

‘e Wwork shall include thermal pipe insulation, and egquipment
nsulazion, all as specified hereinafter. All of the major
pipjug, and equlpmer_ to be insulated are shown on the drawings
and callied for in these specifications. Any detail not clear

to the Contractor shall be referred to the Engineer for clarif-
ication before bids are submitted. If no question is raised
prior to tiie opening of bids or award of contract, this Contractor
will be obliged to install the work in question without additional
cost, as directed by the Owner, whose decision shall be final.

C. All insulation shall have composite (insulation, jacket, or
facing, and adhesive used to adhere to the facing or jacket to
tile insulation) fire and smoke hazard ratings as tested by pro-
cedure ASTM E-84, NFPA 255 and UL 723 not exceeding:

Flame Spread 25
Smoke Developed 50
D. Accessories, such as adhesives, mastics, cements, tapes,

glass fabric and asbestos cloth for fittings shall have the
same component ratings as listed above.

E. All products or their shipping cartons or packages shall

bear a label indicating that flame and smoke ratings do not
exceed above requirements.
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F. Insulation on all cold surfaces where vapor barrier jackets
are used will be applied with a continuous, unbroken vapor seal.
Hangers, supports, anchors, etc., that are secured directly to
cold surfaces must be adequately insulated and vapor-sealed to
prevent condensation.

’G. General

(1) Insﬁlation shall be applied on clean, dry surfaces,
and after inspection and release for insulation application.

(2) All insulation shall be continuous through wall and
ceiling openings and sleeves.

.03 MATERIALS

A. Insu.ation on all cold surfaces where vapor barrier jackets
are used will be applied with a continuous unbroken vapor seal.
Hzncers, supports, anchors, etc. that are secured directly to
cold surfaces must be adequately insulated and vapor sealed to
prevant condensation.

B. Material Approval Code

A. Jaohns-Manville Flame Safe Pipe Insulation
1. All purpose jacket - AP 4 1/2 pound density and 650°F

Code II One piece PVC Insulated Fitting Covers

A, JM Uni-Fit
B. Zeston
C. Speed-Line

Code III Fittings and Valves

A. Insulate with molded Ziber glass fittings; segments of
pipe covering; or with compressed Universal Fiber Glass
Blanket secured in place with corrosion resistant wire.
Pipe sizes under 4" may be insulated with hydraulic
setting insulating cement. All thicknesses to be equal
to that of adjoining pipe covering. Apply a smoothing
coat of finishing cement where necessary and cover with
canvas or fiber glass tape embedded into a wet coat of

fire retardant lagging adhesive and overlapping all seams
2"
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.04 STEAM HEATING SUPPLY AND CONDENSATE PIPING AND PUMPED
CONDENSATE
A, All piping .in concealed and exposed areas shall be insulated

with fiber glass insulation with all service jacket of grades
mentioned in paragraph .03 "B", Code I.

ECONOMIC THICKNESS TO 450° F. 80° AMBIENT

Operating Temperature (F)

Pipe

Size 200 250 300 350 400
0.50 1.0 1.0 1’5 2 2
9.75 1.0 1.0 1.5 2 2
1.0 1.0 1.5 1.5 2 2
1.25 1.0 1.5 2.0 2 2
1.5¢ 1.5 1.5 2.0 2 2
2.90 1.5 2.0 2.0 2 2
2.5C 1.5 2.0 2.5 2.5 2.5
3.00 1.5 2.0 2.5 2.5 2.5
B. The contractor to use Code III insulated fitting covers
as outlined in .03 "B".

.05 HOT WATER SUPPLY AND RETURN

A, All piping in concealed and exposed areas shall be insulated

with fiber glass pipe insulation with all service jacket of
grades mentioned in paragraph .03 "B", Code I. Thickness shall
confcrm to the following schedule.

Pipe Size Thickness
Through 1" 3"
1 1/4" through 3" 4"

B. Jackets inside of building to be all purpose type and
.fittings to be .03 "B" Code III.

C. Jackets exposed to weather to be .016" thick aluminum with
chillers CP 11 mastic and fiber glass minimum of two coats.
Fitting to be covered same as end seals.

D. The Contractor to insulate all piping from end of collector
pipe. This shall include pipe from collector to swivel joint,
shut off valve, balancing valve, flexible pipe, rigid pipe and
main. . .

E. The swivel joint at each end of the collector shall be
insulated and jacketed.
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.06 PROCESS WATER PIPING

A. All piping in concealed and exposed ‘areas shall be insu-
lated with fiber glass pipe insulation with all service jacket

of grades mentioned in paragraph .03 "B", Code I. Thickness shall
conform to the. following schedule:

Pipe Size Hot . Cold
T roug " j " l ”n

B. Jackets and End Laps shall be sealed with Chicago mastic
17-465 or equal applied to two surfaces.

cC. Valve Bodies, Fittings and Flanges. The Contractor to
use PVC insulated fitting covers as mentioned in paragraph .03
"B", Code II. -
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SECTION 1520

WATER SUPPLY SYSTEM

.01 CONDITIONS OF THE CONTRACT

A. The Conditions of the Contract (General, Supplementary

and cther Conditions), General Requirements (Sections of Division.
1), Ceneral Provisions (Section 1501), and Basic Materials and
Methods (Section 1510) are hereby made a part of this Section.

.02 SCOPE

A. This Section includes all labor, materials, equipment,
skills and tools necessary to furnish and install the new
process water supply system.

B. Work in this Section includes, but is not limited to:

(1) Piping, valves, hangers, supports, insulation
specialties, etc.

C. Following related materials as specified elsewhere:

(1) Piping, fittings, valves, etc. SECTION 1510

(21 Tests SECTION 1510

(3) 1Insulation SECTION 1516
.03 " WALL HYDRANTS ‘& HOSE BIBS

Al Wall hydrants shall be furnished and installed in-location
shown on the drawings. The exterior wall hydrants shall be set
as directed and shall be on concealed nozzle wall hydrant with

a nickel bronze face and galvanized casing. All internal part
suliject to wear shall be renewable from the front face of the v
hydrant. Hydrant to be Wade W8625 with integral V.B. non-freeze
nickel brass box, key operated cover. Extend shut off valve

to the inside of wall insulation in all cases.

B. Install gate valves inside of building on all supplies to
hydrants at an accessible location as shown or directed. All
hydrants are to be equipped with wvacuum breakers. '

w04 VACUUM BREAKERS & AIR CAPS

A. Water supply connection to fixtures or equipment which have
submerged inlets, or inlets which are below the spill line of the
fixture or equipment, or fixtures which have hose end connections
shall be provided with an approved vacuum breaker device or air
~gap arrangcmecnt whether mentioned specifically herein or not.
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' SECTION 1525

'SOIL AND WASTE SYSTEM

.01 _CONDITLONS OF THE CONTRACT

A, The Cond1+1ons of the Contract (General, Supplementary

and ntler Conéitions). General Requirements (Section of

Divizion 1), the General. Provls;ons, Section 1501 and Basic
Materials and Methods, Section ‘1510, are hereby made a part
I tnis Section. . . :

.62 SCOPE .

E. This section includes all labor, materials, equipment,

s; 1177 and tools necessary to ‘furnish and install the sanitary
..sewer ~xd vent system 1nclud1ng connections to all such equipment
in the building.

The wsrk of thls sectlon 1ncludes, but is not limited
2 the fOLlOWlnG.

g Pipe, fittings, valves, hangers, supports,
' ccvering and: appurtenances required for a-
~complete system as spec1f1ed in this Division

15,

(2) Sanltary services. 1n the bUlldlng to ex1st1ng
lines. ,

(3)‘ ‘ ‘Floor dralns, cleanouts, etc. as spec1f1ed

_(4) Soil, waste and draln connections to all equipment

furnlshed under Division ‘15 and that furnished
under Sections pertaining to general contract work.

C. The folloWing»related materials are specified elsewhere:

) Piping, Valves, etc. - Section 1510

.03 CLEANOUTS

P Full sized brass, screw plug cleanouts shall be furnished

‘and installed according to Alabama Code, at all points where
shown on the drawings and& where necessary to permit the entire
rainage systems to be rodded out easily.

3. A1 C.2.'s shall be placed in accessible locations.
21 FLOOR DRAIKS
£ . General: All floor drains shall be W2500 8 x 3 Wade

size as noted on plans.
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SECTION 1560

STEAM . HEATING SYSTEMS
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SECTION 1560

STEAM HEATING SYSTEMS

.01 CONDITIONS OF THE COWTRACT

-

A. Tahe Conditions of the Contract (General, Supplementary and

vcner Conditions), General Requirements (Sections of Division 1)

an¢ the General Provisions, Division 1501 and Basic Materials

aﬁd “’2thods, Division 1510 are hereby made a part of this
_vision. .

N2 SCOPE

The scope of this division includes, but is not limited to;
ne Lurnishing and installation of boiler unit, condensate
F-ng unit, steam traps, steam, .condensate water piping and
accessories indicated or required to provide a complete,
icient quiet operatlng steam supply system.

RN

H\ [ ,_!

£
. e

KN

Tae following shall be 1ncluded'

L) . Boiler

(2} Stesm Traps

(3) Conﬁections

(4) - Condensate Pumﬁs

G

The following material will be specified elsewhere:

i Piping and Piping Accessories - See Division 1510
(2) - Insulation - See Division 1516

.03 BOILER

A. Furnish and install where‘shownfon drawing one (1) boiler

with all required accessories on steel skids carefully grouted
to trhe floor and make all final feed and make-up water
connections; feed water valve and pump, operating and safety'
control all as required to provide a fully automatic efficient
operating boiler system.
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' B. Supply and install, where shown on the plans, one (1)
P-K Series 380 Unfired Steam Generator, Model H 307 as
manufactured by the Patterson-Kelley Co., Inc.

C. Generator shall generate a minimum of 1000 1lb/hr of
saturated steam at a pressure of 765 PSIG from Feedwater at
200°F, when supplied with 48 GPM of HTW at 389°F., fouling
factor .0095, H.T.W. leaving temperature to be 333°F or a
56°F drop through tube bundle. Water pressure drop not to
exceed 4.6 Feet of Head (2 psi).

D. The generator shall be a complete factory assembled package
consisting of the following components:

Series 380, Model H 307 Generator constructed and
‘stamped in accordance with the ASME Code and with
FM Insurance Company certification, The shell and
tube circuit shall be flange grade steel and the
tubes shall be 3/4" black steel pipe on a 1" square
pitch. The U-~tube bundle shall be supported on
heavy steel tracks and shall be removeable.

The shell shall be constructed of SA285 Grade C
steel or SAS515 Grade 70 steel.

Shell shall be fully x-rayed and stress-relieved
according to Section VIII-UW-2(c) of ASME Code

and ASME stamped for a design pressure of 150 PSIG
at 40Q°F.

The tubeside shall be designed for a pressure of
400 PSIG at 450°F. and ASME Stamped. The HTW
bonnet shall be a one piece solid steel billet with
300# USAS flanged nozzles elbowed into the radical
position. The bolting between the HTW bonnet,
tubesheet and shell flange shall be independent

on each gasket to allow inspection and replacement
of either gasket without disturbing the other gasket.
The HTW bonnet gasket shall be the spiral wound
metal-asbestos type. The shellside gasket shall

be compressed asbestos.

2. Steel lifting lugs.
3. Steam-moisture segarator.

4. Full length steel skid foundation to support the
yeneratoyr 18" above the floor.

5. Steam pressure gauge 6" dial with shut-off cock
and syphon. (Ashcroft 1379A Duragauge or equal.)
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€. Sheelside, ASME Section I steam safety valve.

7. Combination water column and pump controller,
magnetrol W126 and 2 extra sets of contacts.

2. :SME (reflex) gauge glass and trycocks.

9. Two (2) HTW Blow-down valves in series. Yarway
(1 1/4") #3482R.

10. Fibre-type high density insulation 2" thich with
heavy gauge anodized zinc coated steel jacket.

11. One (1) fluid temperature well.

See list of points in Section 1565.

. Fully descriptive certified scale drawings shall be
submitted for approval showing all instrumentation, controls
and design details as herewith specified. Schematic or non-
sTale representation will not be accepteqd.

. Insurance certificates c¢f inspection and test shall be
sent tc the designated people after completion. '

G. The generator manufacturer shall assume operational
responsibility for all components and shall furnish written
operating and maintenance instructions with data on all
components. The manufacturer shall also perform a simulated
operazting test to prove all controls operational before
shipment.

H. Furnish and install on nozzle outlet of boiler one Powell
No. 2475 stop and check valve designed for 1,200 lbs of steam
maxirum to 100 lbs minimum flow with out chatter and maximum
pressure drop of 4 1/2 PSIG.

.04 CONDENSATE RECEIVER AND PUMP UNITS

A, Furrish and instal®’ from the existing condensate receiver,
a new pump unit as listed below. Furnish necessary controls
and magnetic starter. Pun> shall be gquiet in operation.
Furnish and install a check valve and gate valve in discharge
line of pump;. Mctor shall be 600 volts, 3 phase, 60 cycle.
Also furnish magnetic starters with H.O.A. switch in cover

and an extra set of N.O. and N.C. contacts.

B. Condesnate pump to be Aurora ES5T, 2 stage turbine pump with 3
h.p., 600 volt, 3 phase, 60 cycle motor that will deliver

3 GPM at 125 PSIG when supplied with 210°F inlet water at
approximately 2 feet suction pressure.
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C. Condensate pump-starter to be pulled in by 115 VRMS-60Hz
isolated coil.

D. Two control valves at discharge side of condensate pump
are to be Honeywell No. 1407, %" size, 300 PSIG carbon steel
body valve, single seated and designed to close bubble tight
against 360 PSIG differential with a 10 second operator. Both
valves to be 110V. Valves to be furnished and installed by
Contractor.

E. Condensate control valve operators are to be Honeywell
M 630B with Q607 auxiliary switch (2-SPDT), furnished and
installed by Contractor.

F. The control valve in the boiler feed line is to operate
from the ligquid level controller on the steam generator. On
call for condensate valve to open and condensate pump to start,
and reverse control on shut down.

G. The control valve that feeds water into the HTW system to
operate from Magnetrol Model TF-62-F with a DPDT switch placed
approximately 1/3 of the way up from bottom of the expansion
tank. The above liquid level switch is to be so wired that on
a call for liquid, and pressure in HTW line is below 100 psi,
it will open control valve and start pump. Reverse shall
happen when there is a rise in water level. Also furnish and
install 3-valve bypass line around this HTW control valve (for
manual operation).

.05 STEAM TRAPS

A. Steam Traps and main drips shall be Armstrong F & T trap

or inverted bucket traps with integral strainer and thermostatic
vents, sized at not over 1/2 1b. drop and at least three times
the condensing rate of the equipment being serviced. See

plans for locations. Also furnish all steam main drips.

B. Traps to be installed in the following order: Starting at
steam main, install in the following order: gate valve, strainer,
union, trap, and gate valve.

.06 CONNECTIONS

A, This Contractor shall furnish all steam and condensate
return piping for all units shown, furnishing and installing
all valves, strainers and traps and installing valves furnished
by Owner.

.07 STEAM FLOW METER

A, Install a 1/8" thick stainless steel orifice plate in the
3" steam line and run a copper line from orifice plate to a
Honeywell 411 transmitter, transmitter to be complete with

blow down valves and 110 volt inlet, transmitter to be furnished
by Contractor.

B. The recorder shall be a Honeywell 4" strip chart recorder.
1560-4
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SECTION 1565

HIGH TEMPERATURE HOT WATER SYSTEM

INDEX
ITEM PAGE
.01  Conditions 1
.02 Scope 1
.03 Piping 1
.04 Pump 1
.05 System Accessories 2
.06 Instrumentation ' 3
.07 4

Immersion Heater
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SECTION 1565

HIGH TEMPERATURE HOT WATER SYSTEM

.01l CONDITIONS OF THE CONTRACT

A. The Conditions of the Contract (General, Supplementary and
other conditions), General Requirements (Sections of Division 1)
and the General Provisions, Section 1501 and Basic Materials and
Methods, Section 1510, are hereby made a part of this Section.

.02 SCOPE

A. The scope of this section includes, but is not limited to,
the furnishing and installation of all pumps and solar
collectors. System accessories and connections indicated or
requirad to provide a complete, efficient, quiet operating
reating system. Bystem is designed to operate at 275 PSIG
when in operation and shall not exceed 300 PSIG at any time.

B. The following shall be included:
(1) Pumps
(2) System Accessories
(3) Connections
C. The following related material will be specified elsewhere:
(1) Pipe, fittings, valves and specialities - Section 1510.
(2) Pipe hangers, vibration isolators - Section 1510.
(3) Insulatién - Section 1516
(4) Steam Heating System - Section 1560

.03 PIPING

A. Furnish and install all indicated or required piping to

provide a complete circulating hot water heating system using
Schedule 40 black iron pipe with hangers per Section 1510.

" Piping shall be run concealed where possible and with maximum
head room, pitched to drain properly vented and of size shown
on drawings or indicated in pipe sizing schedule or required.

.04 PUMP

A. Furnish and install on a base a Buffalo can-o-matic

"HCR" H66058 ductile iron pump. Pump to have seals good for
430°F, 300 PSIG pressure when driven with a 1750 RPM, maximum of 5
H.P. 600 volt, 3 phase motor. Pump to deliver 48 GPM at 50

feet of head. Purnish starter with pump and H.0.A. switch in
cover and an extra set of N.O. and N.C. contacts.

1565 = 1
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.05 SYSTEM ACCESSORIES

A. Furnish and install in the piping system where shown
and/or required accessories required for proper, eff1c1ent,
quiet operation of the hot water heating system.

B. Air eliminator unit shall be as detailed on plans unit-
located where shown having capacity of 60 gpm.

C. Expansion tank shall be ASME construction 100 gallons

and rated at 400 PSIG. Provide all required rods and angles

or channels to support from structure on floor. Expansion tank
and level switch as installed shall be rated for 400 PSIG.

- D. Furnish on tank a drain valve and a nitrogen charge valve.
Install an airtrol non convective valve where connected to main
»iping to prevent convection losses.

E. Air vents, shall be provided at high points and where
shown in equipment rooms. Manual vents shall be provided.

F. HTW make up water system shall be automatic in operation
with a manual valve and check valve as a by-pass.

G. Furnish for installation in hot water line a pressure
relief valve with outlet piped to near the floor. See Section
1510. - Valve to be set to release at 295 PSIG.

H. Provide thermometers. See Section 1510.
I. Provide pressure gauges at pump as shown. See Section 1510.
J. Furnish and install one - 300 cu. ft. nitrogren tank.

X. Automatic air vent on air chamber to be Armstrong # 11AV
stainless steel construction 400 PSIG at 500°.

L. Provide fittings for second HTW field flow pump in parallel
with specified pump.

M. Provide Globe valve in HTW line as shown on drawing, with
~range of 35 gpm to 60 gpm.

N. Furnish and install a flow meter in the high temperature
hot water line, a Wallace and Tiernan metal - tube vanea -
meter with indicator which shall include a 316 S.S. 2" meter
tube with indicator (calibrated in GPM), vertical in - vertical
out 300# carbon steel flanged connections, 316 S.S, float and

a 4 wire electronic transmitter. Tube #WT-2-39-M-5 and float
no. 2-M-6V1-1020.

0. Furnish and install on inlet and outlet side of each solar
collector a Flexamics stainless steel flexible connector Model
401 - 1%" diameter and 20" long with welded end connections.
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.06 INSTRUMENTATION

A. Equirment

Abbreviation

Senscr

Manufacturer

Address

i

steam generator inlet temperature
3team generator fluid temperature
steam generator outlet temperature
HTW fluid temperature in field

HTW fluid temperature in field
process steam temperature
feedwater temperature

ambient temperature

Honeywell
30672953-002
with Honeywell
transmitters
39102-8060-0911~
00-55-72

Honeywell Inc.
Process Control Division
Fort Washington, PA

o b—]b—]h—-]T}r-ieb-Bi-i
Hjo~Noau e W

1

HTW loop pressure

Honeywell Model
41222-0001-03-
08-uUlcC2

Honeywell Inc.
Process Control Division
Fort Washington, PA

pP-2 process steam pressure Honeywell Mode: Honeywell Inc.
41221-0001-03- Process Control Division
08-U1C2 Fort Washington, PA
F-1 process steam flow Honeywell 411 Honeywell Inc.
Process Control Division
Fort Washington, PA
- HTW flow meter Wallace & Tiernan Belleville, N.J.
I-1 pyronometer Eppley Model No.2 EPPLEY
) New Port, RI 15238
(401) 847-1020
I-2 pyrheliometer (tracking) Eppley Model NZIP
: with standard
tracker and inte-
grator
E-1 wattmeter Westinghouse WESTINGHOUSE
Instrument Division
Pittsburgh, PA 15238
(412) 782-1730
W-1 anenometer Weather measure Sky|WEATHER MEASURE

Vane Wl6l

P.O.Box 41257
Sacramento, Calif. 95841
(916) 481-7565

1565-3
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1. Temperature Sensors: Upon completion of the

wiring, each temperature sensor shall be tested to assure
a) calibration for data collection, and b) proper operation
for control. Each sensor shall be tested over its expected
range of operation - in general, 30° to 400° F.

2. Pressure Sensors: Same as 1 above except for the
HTW loop pressure sensor shall be tested at its set point.
The steam line pressure shall be tested and calibrated over

3. HTW Flow Meter: Upon completion of the wiring, the
flow meter shall be tested to assume proper operation for

4. Wind Sensor: Same as 1 above.

5. Illumination Sensor: Same as 1 above.

B. TESTS
the range 60 psig to 90 psig.
control.

.07 IMMERSION HEATER

A'

Furnish and install two Tempco immersion heaters. One

heater to be located in the return line to be 2000 watts and
the one in supply line in penthouse to be 3000 watts. Each
heater to be supplied with 277 volt one phase power. Control
furnished by Owner.
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SECTION 1580

AIR TEMPERING SYSTEM

INDEX

ITEM PAGE
.01 Conditions of the Contract 1
.02 Scope 1l
.03 Service Connections 1
.04 Propeller Fans 1
.05 Adjustments 2
.06 Duct Accessories for Low Pressure Ductwork 2
.07 Gravity Backdraft Dampers 2
.08 Louvers : 2
.09 Connections to Miscellaneous Equipment 2
.10 Automatic Temperature Control 3
.11 Unit Heater Thermostat 3
.12 Electric Unit ‘Heater 3
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SECTION 1580

AIR TEMPERING SYSTEM

.01 CONDITIONS OF THE CONTRACT

A. The Conditons of the Contract (General Supplementary and
other Conditions), General Requirements (Sections of Division 1)

and :he General Provisions, Section 1501 and Basic Materials

and Methods, Section 1510 are hereby made a part of this Section.

.02 SCOPE

A. - The scope of this Section includes but is not limited to
the furnishing and installation of all fans and accessories.

B. The following shall be included:

(1) Propeller Fan Unit

(2) Louvers
Cl:1 The following related material will be specified else-
where:

(1) Steam Piping - Section 1560

(2) Heating Water Piping - Section 1565
(3) Waste Piping -~ Section 1525
(4) ~Controls - Section 1595
.03 SERVICE CONNECTIONS
A. All steam, heating water, waéte and electrical

.connections will be made under other sections of these and
other specifications but all equipment furnished under this
Section requiring said connections shall be provided with
proper opening and connecting facilities.

.04 PROPELLER FANS

Furnisli and install where shown on plans wall mounted propeller
type exhaust fans. Fans to be Greenheck or approved having
following capacities and shall be thermostically operated.

Fan Area Model - .
No. Served No. - CFM s.p. H.P. Notes
E-1 Equip. Room  SPx24.5 2552 .38" 1/2 with inlet guard
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.05 ADJUSTMENTS

A. The Sheet Metal Contractor shall be responsible to
make changes in pulleys, belts and dampers where necessary to
obtain the reguired air volume.

B. All fans shall be initially started, lubricated and
walanced to eliminate noise and vibration.

cuU0 DUCT ACCESSORIES FOR LOW PRESSURE DUCTWORK

A. Where dampers are shown in ductwork, regulators

or operators shall be installed to position them.

.07 GRAVITY BACKDRAFT DAMPERS

A. Furnish and install gravity backdraft dampers at all
locations as noted or shown. Dampers shall be for either
horizontal or vertical air flow as required.

.08 LOUVERS

A. Fresh air intake louvers for all units shall be
furnished by this Contractor and turned over to be installed
by the General Contractor. h

B. Wall Louvers - This Contractor (Ventilating) shall
furnish and install all louvers shown on drawings for air
intakes, alr exhausts, and ventilating systems. Each louver
shall be buyllt and ready for installation at the time the stone,
tile or brick work is laid up. Exact locations of louvers shall
be checked by this Contractor so ducts can be properly connected.

(1) Louvers shall be Titus Manufacturing Corporation,
with air balance and American Warming as equal.

(2) Louvers shall be Model OXL-02 extruded aluminum
staticonary with blade #355 and aluminum bird
screen on inside of louver. Screen shall be 1/2"
mesh and .063 aluminum.

(3) Louver shall be extruded aluminum 12 gauge thick-
ness, 6063+75% alléy. Aluminum collar to be fur-
nished on each louver for connecting ductwork.

All louvers shall have bracing strips on minimum
of 48". Louvers shall be continuous heli-arec Weld=
ing method. Louver shall be anodized.

.09 CONNECTIONS TO MISCELLANEOUS EQUIPMENT

A, Make connections to all equipment as shown on plans
ine¢luding connections to fan mounting of fans and fan connectinns.

B. Bird Screens - All outlets and intakes that termlnate
outside of building shall have 1/2" mesh bixrd ocreens.
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.10 AUTOMATIC TEMPERATURE CONTROL

A. Equipment Room Penthouse: Contractor shall furnlsh

and install reverse acting Honeywell thermostat connected
through starter to stop'and start fan for this Penthouse.
Seguence will be such.that on .rising temperature, electric
switch will start. exhaust fan and fall. in- temperature the Honey-
well thermostat shall- stop fan. Do all necessary w1r1ng. :

.11 UNIT HEATER THERMOSTAT

A, The unit heater to be controlled by a dlrect actlng Honey-
weil thermostat to turn heater on, on a drop in temperatures
range 35° to 70°. Furnlsh and 1nstall all necessary wiring.

.12 ELECTRIC UNIT HEATER

A, Furnish and install in penthouse one chromalox LUH-75 -
7.5 KW forced flow heater. Heater to be. 208 volt, 3 phase,

and come complete w1th contractor,'and over load protection

devices. . : :
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DIVISION 1600

"ELECTRICAL WORK

SICTION ' DESCRIPTION

Lol : A General Provisions.

1610 o _Basic Materials and Methods
1220 o Electric Service

1630 .. Electrical Dlstrlbutlon System
1640 ~ Lighting Fixtures

1276 - ‘ : " Electrical Power Equipment
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DIVISION 1600

ELECTRICAL WORK

SECTION 1601 - GENERAL PROVISIONS

.01 GENERAL
Tne Ceneral Conditions, Supplemental General Conditions and
Spgecizl Ccaditions apply to all work of this Division.

.02  Z70PE

Tw- Contractor shall furnish all labor, equipment, materials,
tools, transportatior., permits, etc., necessary for or inci-
dental to the instaliation of new systems and/or the modifi-
cation of existing systems to provide complete lighting, power
and cther systems in accordance with these specifications and
the accompanying plans. Elactrical work shall be complete from
the location designated by the electric utility company as the
v~int cf electric service cornection to the final connection of
soters, fixtures, devices, apparatus, etc., as herein specified
and &s indicated. Electrical work shall be in accordance to the
Teguirerants of all governing local, state and national code
":gulat.cns.

2% INSPECTION OF SITE

m=fore submitting a proposal on the work. specified herein and
~ndicated on the contract drawings, each bidder shall examine
the site and familiarize himself with all existing conditions.
and limitations. No extra compensation will be allowed because
of the Contractor's misunderstanding as to the amount of work
involved or because of his lack of knowledge of any existing
cc:diticns. :

..4%  DRAWINGS AND COORDINATION

The Contractor shall refer to the structural and mechanical
drawings for dimensions, furred spaces, suspended ceilings,
loceztions of eguipment, etc. Any discrepancies between the
electrical, structural and nechanlcal drawings shall be
"reported to the engineer.

For exact locations of partitions and walls the Contractor shall
refer %~ the structural drawings, which are dimensioned. Struc-
tural crawxngs, however, shall not take precedence over field
measurements,

The swings of all doors shall be verified before switch outlets
are installed.

“Outliet heights ar< in general indicated on the drawings-.

1601-1.



5-92

The heights are from the center of the outlet to the finished
floor; however, in exposed masonry, construction height shall
be adjusted so that one box edge is on masonry joint. Outlets
indicated back to back in adjoining rooms shall be offset 1'-0"
from each other.

Mechanical space llghtlng fixtures shall be located after all
mechanical equipment is in place.

It shall be the responsibility of the Electrical Contractor to
consult with the Mechanical Contractor before installing conduits
or p:ll boxes for electrical feeders, so that any conflicts
between the locations of conduit runs, piping and ductwork will be
adjusted beforé installation. In general, large pipe mains and

ir Aducts shall be given priority in available space. Conduit
‘un2 shall be installed so as to maintain, wherever practical, a
\inimum separation of 3" from water and waste piping, and 12"

rom steam piping. 211l conduit runs shall be parallel or

5 F

TR

perperdicular to building lines.
1= s--"1 be this Zontractor's responsibility to see that all
re o irg-in werk for concealed electrical devices is done

re

guired tolerances.

All eguipment shail be installed with ample space allowed for
cernval, regeair or changes to the equipment. Ready accessibility
5 removable parts or eqgquipment and to all wiring shall be
Zvwvided without moving equipment which is installed or which is
a.rsacy, 1 place.

[

pet

ZTilec-rical eguipment, outlet boxes. conduit, etc., shall not ba
az+al..ez cr otherwise fastened to duct work or other mechanical
eJu’ oment except where indicated on the drawings or approved by
Ti® =ngineer.

0L MATERPIALS AND WORKMANSHIP

221 ratesrials and equipment furnished under this contract ghall

. pe ned and shall be listed by the Underwriter's Laboratories,

.az., as conforming to its standards in every case where such a
sta:;.dard has been established for that particular type of material.

Alil workrmanship shall be performed in a workmanlike manner by
workmen skilled in the trade and shall present a neat appearance.

.06 CODES, STANDARDS, PERMITS, FEES AND LICENSES

211 work shall meet all requirements of the latest edition of thc
National klectrical Code (NFPA 70) and all national, state and
local regulations that may apply. Standards of the following
associations or organizations shall be followed where applicable
£3 minimum requirements:

1601-2



5-93

UL Underwvriters Laboratories
IZZE Institute of Electrical and Electronic Engineers
NZMA Nationali Electrical Manufacturers Association

WFPA National Fire Protection Association
AntU National Board of Fire Underwriters

£ Zdison Electric Institute
}E“:A Insulated Power Cable Engineers Association
L.STM American Society for Testing Materials

"1%.. requirements indicated on the drawings or specified herein
.re .n excess of the applicable codes and standards, the require-

m<ncs ¢f ti'e drawings and these specifications shall govern.

The rules and regulations of the local utility companies pro-

vicing service shall be checked and complied with where applicable.

211 fees, permits, licenses, etc., necessary for this work shall
pe obtained and paid for by this Contractor.

5% BROCHURE OF EQUIPMENT

-10r to final acceptance of the work, the Electrical Contractor
shall furnish two (2) copies of the complete portfolio covering
-1 electrical systems and equipment furnished by him under these
-_fications. The complete portfolio shall include approved
zacg drawings, operating and maintenance instructions and re-
rac~ment parts listed for such equipment, with all material
carefi.ly segregated and identified. Information shall be
printed or typewritten, neatly folded and bound in a 8 1/2" x 11"

expa-sion post binder.

bt
"

(R M m

-

3uch information shall be provided for all fixtures (identified
by type)., panelboards, wiring devices, receptacles, bus duct,
primary cable high potential test report, and auxiliary systems
incliuded in these specifications.

.08 SHOP DRAWINGS

Shop c-awinge on equipment furnished under paragraph 1630.01,
163G.02, 1630.03, 1640.03, and 1680 of these specifications
shall be submitted to the Airchitect before such material is
ordered. Shop drawings shall include size, dimensions, capacity
rouch-in, accessories, descrioitive information, installation
infcrmatio~. etc. and other information as specified. Six (6)
ccpies will be distributed as fcllows: Engineer (2); Contractor
(2); and (2. for the Owner's "Brochure of Equipment".

.%%  AS--RUILT DRAWINGS This Contractor shall maintain

nls Contractor shall mairntain a complete set of electrical
drawings at the job site at all times, to be marked up as "as
built" drawings. This set shall be kept up to date and include
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all changes and/or additions to the electrical work. At the
completion of the project this set of drawings shall be submitted
to the Architect before final payment will be approved.

.10 CUTTING AND PATCHING

Where cutting is required to facilitate construction, this
contractor shall patch and repair all such openings to the
original state. However, structural elements shall not be cut
without the written approval of the engineer or his represent-
ative.

.11 EXISTING WIRING AND EQUIPMENT

Necessary modifications and adjustments to all electrical items
and equipment, both new and existing, shall be made as may be
required by these alterations and additions. Careful inspection
of the plans and site is required as the plans do not indicate
all such electrical items and equipment.

Existing electrical materials and equipment, including but not
limited to lighting fixtures, wiring devices, signal equipment,
condult ari wires, and all other electrical items which are
rendered obsolete by these alterations and additions, shall be
disconnected at source and removed.

Existing electrical materials and equipment, including but not
limited to lighting fixtures, wiring devices, signal equipment,
conduit and wires and all other electrical items which interfere
oxr are interfered with, obstruct or are obstructed by these
alterations and additions, shall be disconnected, removed, and
relocated. Such items shall be permanently installed in new
locations as directed. New outlets, conduit, wiring, etc., shall
pe provided as required to extend wiring to new locations. Such
items shall be reconnected to proper operating condition in new
locations.

Unirnterrupted services shall be maintained to all areas during
these alterations and additions.

.12 EXISTING MATERIAL AND EQUIPMENT

All existing material and equipment removed under this contract
chall remain the property of the Owner and, unlcesc rcuscd, chall
te stored or disposed of as directed by the Owner. This Con-
tractor shall be responsible for ‘damage to equipment removed
under this contract and shall repair or replace such damaged
itens without cost to the Owner.

.13 IDENTIFICATION

All switchboard equipment, panelboards, disconnect switches,

nmotor starters, contactors, remote control and indication de-
vices, and other indicated equipment shall be furnished with
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identification labels. All main switchboard device labels and
panelboard designation labels shall be made of laminated type
b-2elite and shall be sized relative to the apparatus to which
they ars attached.

Unless otherwise noted or specified, engraving shall be white
letters on black background for normal power distribution
uiillzation equipment, and white letters on red background for
acuiiment connected to the emergency electrical system. Let-
tering shall be as shown, or shall indicate equipment function
where specific engraving is not indicated.

L3bels shall be fastened to the equipment with bolts, sheet metal
S°.°° °S Or epoxy cement. '

.= zLEEVES AND INSERTS

A_.1 sleeves, inserts, forms, etc., required for openings shall be
furnished by this Contractor. The Electrical Contractor shall be
responsible for their size, fabrication and location and in-
staliation. When construction is completed previous to the
‘nstallation of sleeves, inserts, forms, etc., necessary cutting
and patching shall be at the expense of this Contractor.

Inserts shall be installed for hanging or bracketing all conduits
o0 construction, wherever any work included in this contract is
at’.zched to new concrete work.

Inserts shall be set during the construction of the building and
shall be set only in locations approved by the engineer.

Inserts shall be Crawforé Company, Fig. 50 and 51, Trucson,
or Grabler Manufacturing Company's adjustable concrete inserts,
or approved eqgqual.

Where inserts have been improperly located, or where it is
necessarv to support conduits from present masonry construction,
the Contractor shall anchor conduit hangers and supports with
Philiips, or approved equal, expansion bolts. Location of
exransion bolts must have approval of engineer.

~leeves shall be provided for 1" conduit and larger, and shall be
sacked with Dura-Gum.

.15 ACCESS PANELS

Concuit and wiring shall be so arranged that remote electrical
controls can be operated and/or properly maintained through
a-cess panels. Access panels shall be provided as required
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fcr this part of the work. The Contractor shall cooperate with
the Architect on the location of the panels so that they will bhe
least obtrusive and will work best into the architectural treat-
ment of the respective rooms.

.16 MANUFACTURER'S NAMEPLATES

Each major component of the equipment shall have the manufac-
turer's name, address, model number and rating on a plate
securely affixed in a conspicuous place. The nameplate of a
distributing agent is not acceptable. ASME code ratings, or
ciner data which is die-stamped into the surface of the equip-
ment, shall be stamped in easily visible locations.

Manufacturer's nameplate, identification or symbol shall not be
~ermnitted on equipment, apparatus or material in finished or
nab-table spaces, located so as to be visible or exposed to view.
For eguipment, apparatus or material in finished or habitable
sgacss, nameplates and/or identifications shall be concealed in
accessible locations. Deviations from the above shall not be
vermitted except by specific written permission from the Archi-
tect. This paragraph does not apply to Underwriter's Labora-
tcries labels or other labels required in these specifications.

.17 BPAINTING

a.i zhop-fabricated and factory-built equipment not galvanized or
protected by painting shail be cleaned and given one (1) shop
coat of red lead or zinc chromate primer before delivery to the
site. Any portiocns of the shop coat damaged in delivery or
during construction shall be recoated. All finish painting will

be <icne according to the "Painting" section of the General Work.

Nameplates, labels, tags, stainless steel or chromium plated
items such as shafts, levels, handles, trim, strips, etc., shall
no be painted.

.18 PROTECTION OF WORK

Th=2 Contractor shall protect his work done under this Contract
from injury by keeping all conduit capped or plugged, drained,
"or ctherwise protected from injury, including damage done by
freezing, flooding and/or stoppage from building materials or

dirt.

The Contractor shall protect all equipment and fixtures furnished
under this Contract from damage during the construction of the
building and he shall provide all tarpaulins, drop cloths,
barrizades, temporary heaters and/or auxiliary equipment as may
bec reguired.
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Any materials or equipment that are injured or damaged shall be
removed immediately and replaced with new materials or equipment
to the satisfaction of the Architect.

.20 SUBSTITUTIONS AND MATERIALS APPROVAL

All materials and eqguipment shall be new and shall be listed by
the Underwriters Laboratories, Inc. as conforming to its stan-

dards in every case where such a standard has been established

for the particular type of material in qguestion.

The materials for which a manufacturer is not specified shall be
high quality products made by nationally recognized and sub-
stantially established manufacturers.

The manufacturers and/or proprietary names specified are not
limiting but do indicate the desirable quality, size, appearance
anc performance. It is the responsibility of the successful
bidder to regquest approval of any material or equipment he wishes
to substitute for specified material or equipment prior to his
signing a contract. Request must be submitted in triplicate with
supporting data, and should follow in sequence the articles of
the specifications.

Any changes in the work necessitated by the Contractor's choice
of equipment shall be the responsibility of the Contractor and
shall be accomplished at no additional cost to the Owner.

In the event this list of substituted equipment and/or materials
is not receiyed by the Engineer before Contracts are signed, this
Contractor shall therefore be bound to furnish all the items as
specified.

The Engineer reserves the right to require the removal and
replacement of any material or equipment which does not meet

the specifications and does not have the written approval of the
Engineer as a substitute item. This requirement may be enforced
at any time of discovery regardless of the degree of conpletlon
of the installation.
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.21 TEMPORARY LIGHTING AND POWER

This Contractor shall provide any and all temporary lighting and
power required for the performance of this Contract and as needed
by other contractors on this project. '

.22 CLEAXN-UP
This Contrac:or shall cooperate with other workmen and with the
General Contractor in the daily removal of debris from the work

P S
-t

This Contractor shall leave "broom clean" all areas where he has
interrupted or completed his work.

He shall cooperate with the General Contractor in good house-
keeping procedures.

At the completion of his.work, prior to the final inspection,
this Contractor shall clean all devices, plates, fixtures,
glassware, switches, cabinets, exposed conduits and fittings and
shall leave the premises in a thoroughly clean condition.

.23 SUBMITTALS

Certain submittals are required under the Electrical Contract.
It is essential that these items be transmitted in a timely
manner so as not to delay any facet of the project.

The following items are representative of the above submittals:
(1) request for substitutions
(2) certificate of insurance
(3) performance bond
(4) cost breakdown
(5) requests for payment
(6) shop drawings
(7) balancing report ‘

(8) ground verification letter
(9) Dbrochure of equipment
(10) "as built" drawings

- All submissions shall be sent with a transmittal form
which explains the reason for and the extent of the transmittal.
It shall be dated and signed.

.24 INSTRUCTION OF OWNERS PERSONNEL
The Electrical Contractor shall ensure that personnel designated
by the Owner shall be instructed, to the Owner's satisfaction, in
the use of equipment and systems listed below:

(1) emergency power system

{2)  control system
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.27 iLSPECTICN
R~ . ay erectxrical inspection shall be requested of duly autho-
y.=o. ..ilacktric=1l inspectors. All charges for such inspection

sh~.".1 be vaid for by this Contractor as part of this Contract.

.26 SUARANTEE S

Th: 3 con-ractor shall guarantee all material and workmanship
suzy lieé uricr this Contract to the extent of replacing without
ali:icnal cost any work or material which is found to be de-
fective within a per:iod of one (1) year from the date of final
acceptance by the Owner.

.27 COST BREAKDOWN

The Electrical Contractor shall furnish for Engineer's approval a
cost breakdown, for the purpose of determining progress payments
¢uring ~onstruction. The breakdown and subsequent payment
recuests shall be submitted in a format similar to that on the
follov.ing pages.

Recues: for payments will not be certified until a satisfactory
=ost brezkdown has been received by the Engineer.

© COST BREAKDOWN

ITtem

No. Itenm : Material Labor Total

1. Acminlstration, Overhead, Taxes
fermits, Insurance, Fees

2. “uilding Wiring Including Boxes,
Conduit, and Wire (Rough-in)

3 Device and Device Plates

4 Fixtures and Fixture Wiring

= Tan.orary Wiring

6. Branch Circqit Panelboards &
reeders

7. Pcwer Panels & Feeders

e. Control Panels & Wiring

‘9. Electricel Equipment Wiring

10. Emergency Generator

11. Miscellaneous
- TOTALS
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SECTION 1610

BASIC MATERIALS AND METHODS
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SECTION 1610

BASIC MATERIALS AND METHODS

R & o i el Sl
.‘_'\.LI\(\J S oS M

t+.. w.irlr - shal. be instailed in a continuously grounded metallic
cc.- 2z . sy itex. The nunber of wires in branch circuit conduits
is ‘i .dicated by the number of cross lines appearing across

conwiit runs between ocutlets as shown on the plans; conduits not
mzviied contain only two wires. All wiring shall be color-coded.
N.:merals geneally shown in the righthand quadrant, at branch

C_ it outlets, indicate eircuit numbers.

... CONDUCTORS

A1l wire shall be copper and shall be type THW, THWN or XHHW,
unlzss otherwise indicated or required. All branch circuit
wi~e shali be #12, or larger. All wire shall be color coded.

¥Wire shall be any one or all of the following manufacturers:
~ -:ral Cable, Rome, Triangle, or approved equal.

03 WIRING DEVICES
i-2:zhes snall he Arrow-Hart 1990 series, gray, quiet mechani-
ce . -type, 20 ampere, AC rated or approved equal.

Cuplex receptacles sahll be Arrow-Hart #5735-S-GRY, three (3)
wi_.e crounding type rated at 20 amperes, or approved equal.

Dupliex receptacles indicated as weatherproof G.F.I. shall be

suriZece mounted horizontally and shall be equipped with duplex
plate, complete with gasketed spring door covers.

Combination switch and pilot lights shall be Sierra #5029R neon
type with red lighted toggle, or approved equal.

Pilct lights shall be Arrow-Hart #1720 complete with red plastic
je: 21 and 1/25 watt neon lamp, or approved equal. This unit fits
. & sanawle gang switch plate with opening of the type required for
tr=2 gonecified switches.

*.0U% plates for concealed wiring shall be Sierra satin finished

3.2z st.inless steel, or ajdproved equal. Plates shall be en-
sraerei wiere noted on the pvlans. Engraving chall consist of
i/ slock Letters with .lack filler. Device plates for exposed
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wi~ing shall be the:pressed steel type.- Device plates for
oi.lets on energency power shall be stainless steel palnted
$£13€55 yellow, :

S .:ndard mounting heights of devices shall be as shown on the
pians and shall be to the center line of the device, unless
otiierwise specified or noted.

Hubibell, Pass & Seymour, or Sierra switches. and receptacles,
with publiished comparative: catalog numbers, will be accepted as
substitutes for the devices specified,

.04 CONDUITS AND WIREWAYS
Galvanized rigid metal conduit shall be used for w1r1ng installed
in the earth below slabs, for- w1r1ng installed in slabs laid
directly on earth, for w1r1ng in outside walls below grade,
ané for exposed exterior w1r1ng, including conduits exposed on
roo:z.

Flexible metal conduit or ‘electrical metalllc tublng may be used
at &ll other locations as permltted by code.

Where indicated on the. draw1ngs or requlred by the building
construction, the Contractor.shall furnish and install conduit
expansion fittings made by O. Z., or approved equal.

All devices (LB' s, hubs, couplings, “etc.) for steel conduit shall
be galvanized malleable iron or steel.

Flexible metal conduit (18" maximum length) shall be used for
final connections to motors and other ‘equipment with flexible
mounting in dry locatlons.j Liquid- ‘tight flexible metal conduit
shall be used. for final connections to motors and other equipment
w1th flexible mounting 1n wet locations.

ﬁouplings and connectors for electrical metallic tubing shall be
the rain-tight steel compre551on type or the concrete tight steel
set screw type. :

Rigic cenduit connections‘at boxes outdoors, or where subjected
to moicture, shall be made with threaded hubs and bushings.
Rigid conduit connections to NEMA 1 enclosures where not subject
to mcisture shall be made with double-lock nuts and 0.Z. type B
insulated steel bushlngs, or approved ‘equal. :

'Flex1b1e metal coudu1t shall ndt'be coupled to flexible metal -

conduilt. Connectors for flexible metal condult shall be the
angled wedge, or set screw type.
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All conduit installed in earth shall be thoroughly coated with
i;upnasblc #50, or approved equal, before being covered with back-

ARlarinurn conduit may be used. When using it, the Contractor
3t comply with the following requirements:
a. Local codes governing the use of aluminum conduit must
re observed.
b. Aluminum conduit shall not be embedded in concrete or
underground.
c. Aluminum conduit shall be limited to feeder conduits
two (2) inches and larger.
d. Bending, cutting and threading operations shall conform
to manufacturer's recommendations, and approved aluminum
lubricant shall be used on threaded connections.

)

b B 471

Conduit shall be produced by any one or all of the following
manufacturers: Repubilic, Rome, Triangle, or approved equal.

¢.i. Type R cable supports shall be provided for vertical risers
at 30' minimum intervals. ‘

W. reways shall be provided where shown on the drawings and as
specified hereinafter. Wireways for panelboards shall be sized:
as zhown on the drawings and shall have screw covers. Closure
nlates shall be provided at the ends of the wireways, and wire-
ways shall be secured to the panelboard and pull box by means

cf z 2-1/2" chase nipple, lock nut and insulated bushing. Wire-
wavs for the motor eguipment shall be as sized on the drawings
anG shall be equipped with hinged covers and closure plates.

Where conduit passes throuch spaces where it may be subject to
mechenical abuse, this contractor shall furnish and install
adequa-e conduit protection and shall route conduit to minimize
mcchanical damage.

~. OUTLET BOXES
Yuch switcn, llght and wall receptacle outlet shall be equipped
‘'wi'l an approved type citlet box of steel or malleable iron,
nez7ily galvarnized to prevent rusting, as manufactured by any
~1e cr all of the following nanufacturers: Nation Electric
Produrtis Corporation, Appleton, Steel City, Raco, All Steel
Equ- ~wer+. Inc., or approved equal.

The heighis of bracket outlets, switch outlets, clock outlets,
etc., shall be as indicated on :he drawings, or shall be obtained
from the Architect. The Contractor shall particularly note
spaces where ceilings are furre¢ down or suspended and in all
such spaces he shall extend ccrduits and install the outlets to
conform with réguirements therefor.
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All ceilin: and bracket outlets for supporting lighting fixtures
shall be equipped with a 3/8" malleable iron fixture stud. Studs
shall be No-bolt type as manufactured by Steel City Electric
Company .

Outlet boxes for single or two-gang switches in plastered walls

sall be 4" x 4" x 2-1/8" with plaster rings of the same thick-

ness as the depth of plaster. Where three or more switches

ere rstalled in one location, suitable gang-boxes shall be used.

T-= gang-bo:i2zs shall not be less than 2" deep and shall be
ccmplete with plaster rings.

Gatlet boxes for switches installed in unfinished concrete walls
end columns or concrete block walls shall be 4" x 4" x l-1/2"
5> s with tile covers, installed flush with surface of the
concrete or concrete block. Deeper boxes shall be installed
where conditions and locations require same. Steel barrier
riates shall be provided in all ganged 277 volt sw1tch outlet
boxes. :

Zutlet boxes for glazed =ile, brick and concrete block walls
shail be 4" x 4" x 1-1/2" boxes with tile covers. Opening in
w21l shali be cut carefully and true by sawing. ‘

Outlet boxes for wall receptacles shall be as specified for
switches above. Where multiple installation of receptacles
is indicated or required, multi-gang boxes shall be installed.

Outliet boxes for exterior waterproof lighting fixture shall

be an integral part of the fixture as provided by the fixture
manuracturer, and shall be installed flush in the exterior walls
except as indicated otherwise on the drawings.

Outlets for weatherproof locations and all devices and outlets
in all surface-run conduit installations, .except where indicated
otherwise, shall be type FS or FD conduit boxes with threaded
hubs and mounting lugs as manufactured by any one or all of the
toliowing manufacturers: Pyle National, Appleton or Crouse-
Zincs. Boxes in weather-proof locations shall be eguipped with
ccver plates complete with gaskets, suitable for the device
installed as hereafter specified or as indicated.

All ceiling outlets shall be located with due consideration given
to ciearance from ventilating ducts and mechanical piping. Where
numcrous ducts occur, conduits .and outlets may be installed after
ventilating ducts are in place. '

Where outlets occur in plastered or concrete finish ceilings,
outlet boxes shall be installed to finish flush with the finished
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ceiling line. Where ceiling outlets occur on acoustlcally
treated ceilings, they shall be equipped with extension rings
finishing flush with acoustical ceiling llnes.

Outlet boxes installed in concrete slab for ceiling lights shall
be concrete boxes with back platé and fixture stud. At time of
box installation and prior to concrete pouring, plug conduits and
fill boxes with sand to prevent concrete entrance.

.06 FUSES :
Cartridge fuses for motor branch- circuits 60 amperes or less

shall be Buss, FRN, FRS (or type as 1ndlcated) or approved
equal. :

~ Cartridge fuses for all other appllcatlons shall be Buss, LPN,
LFS, (or types as indicated) or approved equal, for 600 amperes
or below and Buss Hi Cap, or approved equal, for above 600
amperes. Plug fuses shall be Buss Fustats or approved equal.
Tfuses shdll all be of one make. Feeders and other equipment
shall be fused to conform to the requirements of the National
Electrical Code. One (1) set of three (3) spare fuses of each
type and size used shall be: prov1ded.

.07 PULL BOXES
Pull boxes shall be installed as requlred in long runs, or when
more than the equivalent of four quarter bends occuxs in any
conduit runs. . All pull boxes shall be sized to conform to the
requirements of Section 370-18 of the Natlonal Electrical Code.

.08 LQUIPMENT FURNISHED BY OTHERS

This Contractor shall install feeders for all equipment indicated
as furnished by others. These feeders shall terminate in

safety switches, J-boxes, receptacles, or capped outlets, as
indicated or recuired, from which point.all wiring for these
items will be installed by others.

.08 GROUNDING
~ The electrical system and equipment shall be grounded in accor-
darice with the National Electrical Code, as shown on the drawings

arnd as spec1f1ed her01nafter.

All metal, non=current carrylng parts of transformers, primary
dlSConnect switch, cubicle framework, ground bus in cubicles,
motor control centers, primary: cable, cable supports, conduits,
switches, panelboards and other electrlcal equipment shall be
securely grounded to the system ground
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The Contractor shall furnish and install an 0.Z. type building
~grounding bushing on all conduit stubs from the floor to floor-
- mounted equipment.

3
THe Contréctor shall furnish and install a grounding conductor
in each féeder circuit and branch circuit exceeding 20 ampere
rating and in each motor branch circuit. Grounding conductor
shall pe sized as shown on the drawings. Grounding conductor
is 1adicated by suffix "G".

0 vIKZ AND CABLE SPLICES AND TERMINATIONS

lecs specified otherwise, all wire and cable spliccc shall be
S

?

—

1

IERS RSl F =)

1.22ted with Scotch #33 plus electrical tape. A uniform
vering of the tape, covering the complete splice, chall be of
ch a thickness as to provide 600 volt insulation over the
wirce. All branch circuit wire and cable splices in conductors
t¢ and including No. 10 gauge shall bec connected by means of
ist out connectors. Connectors shall be Ideal Wing=Nut, 3M
otch-Lok, or approved equal.

o

1

<

(%)

oo u
5

0

ail wire and cable splices in conductors of larger sizes than

~7. 10 gauge shall be made with clamps or bolted type connectors.
Wi :ce clamp-tvpe lugs or any bolting connection is used, all
ccrtact surfaces shall be cleaned to ensure maximum conductivity.
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SECTION 1620

~ ELECTRIC SERVICE
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SECTION 1620

ELECTRIC SERVICE

.01 SERVICE

Service shall be obtained from an available 600 volt, 3 phase,
3 wire source within the plant. This contractor shall verify
the location of service connection and routing of feeders with
the owner. :

This contractor shall furnish and install fused safety switches
as shown on the plans and the tap main bus at the building main
distribution switchboard, or shall make connections to available
spare over current protection devices as directed by the owner.

.02  GROUNDING
Grounding shall conform to the requirements of the National
Electrical Code.
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SECTION 1630

ELECTRICAL DISTRIBUTION

SYSTEM
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SECTION 1630

ELECTRICAL DISTRIBUTION SYSTEM

.01 LIGHTING PANELBOARDS

Tris Contractor shall furnish, install and connect all lighting
and branch circuit panelboards as shown on the drawings and as
specified hereinafter. Panelboards shall be equipped with
circuit breakers and shall be furnished.with copper ground bus
<& neutral bus and shall be as manufactured by Cutler Hammer,
Federal Pacific, General Electric, ITE, Square D, Westinghouse or
ecual, approved by the Architect. Nomenclature used is that of
the Westinghouse Electric Corporation.

Bus bar connections to the branch circuit breakers shall be the
"distributed phase" or "phase sequence" type. Bussing shall be
such that any adjacent single pole breakers will be on different
-nases or polarities and that two or three pcle breakers can be
installed on any location. Bus structure shall be copper and he
braced fZcr 25,000 RMS amps minimum. All copper parts shall

.2 plated to prevent corrosion.

Panelbcz2-d numbering shall be such that, starting at the top, odd
numsers shall be used in sequence down the left-hand side and
even numcers shall be used in sequence down the right-hand side.

Caktinets shall be fabricated of code gauge galvanized steel. Top
and bottom wiring gutter shall be a minimum of 4" wide. Side
gutters shall also be a minimum of 4" wide, except where feeders
250 MCM and larger pass through, in which case gutters shall he
increased as required by code. Front shall have daors in matching
one-piece trim, be code gauge and be finished with rust-inhibi-
ting primer and baked enamel. Fronts shall have adjustable
indicating trim clamps, which shall be completely concealed when
the doors are closed. A circuit directory frame and card with a
clear plastic covering shall be provided on the inside of the
door. The directory shall be typed to identify the load fed by
each circuit using the final room numbers provided by the Owner.
- Fronts shall have flush locks with twe (2) keys. All locks shall
be keyed alike.

Circuit brerkers shall be quick-make, quick-break, thermal-
magnetic, trip-indicating and have common trip on all multi-pole
breakers. Branch circuit breakers feeding convenience outlets
shall have sensitive instantaneous trip settings of not more than
ten 7i0) times the trip rating of the breaker. Connections to
the bus shall be bolt-on. Ratings shall be as shown on the
panelboard schedules. Where indicated, breaker shall be fur-
nished with ground fault interrupter (GFI).
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This Contractor shall furnish panelboards with ASCO-920
contactor where indicated. Contactor shall be complete

with auxiliary relay for Z wire -control, and shall be switched
by dry contacts in the system controller.

208/120 volt lighting panelboards shall be rated for use

on a 208/120 volt, four-wire, three-phase system. Circuit
breakers shall be type "BA" 100 A frame having a minimum short
circuit current rating of 10,000 RMS amperes asymmetrical at
120740 volts. Panelboards shall be type "BIOB".

Shor drawings shall provide all information required to verify
compliance with these specifications.

.0z DISTRIBUTION PANELBOARD (600V)

The 600 V distribution panelboard shall be a Westinghouse

Tvoe CD? or equal, 600 volt, 3 phase, 3 wire, 100 amp, complete
with circuit breakers, 100. amp, 3 pole, contactor, current
transformers, potential transformers, and kilowatthour

meter for owner metering as shown on the drawings.

rhe contactor shall be Asco 9204 TRY9 100 amp, 3 pole, 600 volt

with auxiliary relay for 2 wire control. Control power shall

' 120 volt and shall be obtained from a fused control power
rar.sformer connected to the line .side of the contactor.

Circuait breakers shall be Westinghouse Type JB or equal, 22,000

amp interrupting capacity (symmetrical). Panelboard shall be
rated to withstand the forces associated with a 22,000 a symmetrical
fauilt. The contractor shall furnish a copper ground bus.

Box shall be constructed of code gauge steel, painted blue-gray.
Frorn: shall be without doors and shall have fully concealed self-
aligning trim clamps.

Shop drawings shall provide all information required to verify
compliance with these specifications.

.03 DRY TVPE TRANSFORMERS (T-x%X)
" Dry type transformers shall be furnished as herein specified and
as indicated. »

Transformers shall be of the non-explosive and fire-resistant
type and shall bhe coonled by natural circulation of air through
anc around the windings. The transformer shall be capable of
continuous operation at rated load, voltage and frequency, with a
maximum itemperature rise of 150 degrees C above an ambient
temperature of 40 degrees C.

Single-phase transformers rated at 10 KVA or less shall be fur-
nished with a minimum of two (2) 5% full capacity taps below
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rated voltage. Single-phase transformers rated at 15 KVA and
above shall be furnished with a minimum of four (4) 2-1/2% full
capacity taps below rated voltage.

Three-phase transformers rated less than 30 KVA shall be fur-
nished with a minimum of two (2) 5% full capacity taps below
rated voltage. Three-phase transformers rated 30 KVA and larger
shall be furnished with a minimum of six (6) 2-1/2% full capacity
tape, two above rated voltage and four below rated voltage.

Transformers shall be enclosed in a sheet metal housing with
Yequired ventilation openings and provision . for conduit in
the sides, top or rear. Construction and testing shall be in
accordance with NEMA and ASA standards, and the transformers
shall be UL listed.

Transformers shall have the core and coil assembly isolated with
neooprene rubber isolation pads and sleeves and the transformer
sheall be set on Isomode, Keldur or Korfund isolation pads of
oroper size and thickness to reduce noise transmission to the
ourlding structure. ‘

Trar »former electrical connections shall be made with 18" minimum
lengzii ¢f flexible conduit. This Contractor shall furnish all
mour *ing cevices and material required for the type of install-
ation indicated.

Shop drawing information shall include impedance values, weight,
dimensions and sound rating.

Transformers shall be Sorgel, General Electric, Hevi Duty ox
Westinghouse.
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SECTION 1640

LIGHTING FIXTURES
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SECTION 1640

LIGHTING FIXTURES

.01  LIGHTING FIXTUKES

The following listed fixtures, or approved equals, shall be fur-
nished and installed complete with all lamps, ballasts and
necessary hardware, mounting devices, plaster frames, etc.,
ragqulired for a complete operational unit. Each fixture shall

be UL labeled as installed. Lens must be glass, virgin acrylic
or lexan as indicated.

Capital letters adjacent to outlets indicate the fixture type;
small letters indicate the manner of switching.

All fixtures shall be adequately supported by approved methods
and shall be thoroughly cleaned before acceptance by the Owner.

The Contractor shall provide lock-offs on constant circuits
where panelboards are used for switching llghts, as indicated on
the panelboard schedule.

211 fixture mounting heights indicated on the plans are to the
bottom of fixture for stem-suspended fixtures and to the center
line of the outlet box for bracket-pounted fixtures.

.02 LAMPS AND BALLASTS
Incandescent lamps shall be 120 volt inside-frosted, unless
otherwise indicated, and have the indicated shape.

Fluorescent lamps shall be as scheduled herein. Mercury vapor
lamps shall be deluxe white. All lamps shall be General Elec-
tric, Sylvania, Westinghouse or approved equal.

Fluorescent ballasts shall be high power factor type, certified
by ETL and have the CBM label where applicable., Ballasts shall
have the following minimum sound rating: 430 ma, "A" rating;
800 ma, "B" rating and 1500 ma, "D" rating.

The temperature rating of all ballasts shall be such as to
provide the design service and life under the installed conditions.

High intensity discharge lamp ballasts shall be externally '
in-line fused, constant wattage, high power factor, and designed
for minus 20 degrees F starting and operation in the indicated
ambient temperature. Ballasts shall be listed by UL and shall
have the lowest sound rating consistent with the requirement of
the application.
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Description
Benjamin #V7642. Pendant mounted,
industrial standard vented dome
incandescent fixture, 120 volt.

GE #C537Gl114. Heavy duty weather-
proof metal halide floodlight
with galvanized steel trunnion
bracket with seal for No. 12
3-conductor cable and 120 wvolt
ballasts. Provide wall mounted
angle bracket, GE #25-110728-06,
and mount fixture on bracket as

Pole mounted, heavy-duty weatherproof
metal halide floodlight with galvan-
ized steel trunnion bracket with seal
for No. 12 3-conductor cable and 120
volt ballasts. Provide G.E. cat. no.

35-110728-05, 2 1/2" wertical pipe

.03 FIXTURE -SCHEDULE

Type

A

B
required.

Bl GE #C539G038.
clamp.

C

Appleton #VGAT1050. Wall mounted
vaporproof incandescent_fixture
with 1/2" hubs, horizontal feed

through integral junction box and with
a 30° angle tilt reflector, Appleton

#URW-2AN, 120 volts,

Lamp :
1-200 WIF
A-23

1-MH1000W
(Phosphor Coated)

1-MH400W
(Phosphor Coated)

1-100WIF
A2l
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SECTION 1670

ELECTRICAL POWER EQUIPMENT
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SECTION 1670

ELECTRICAL POWER EQUIPMENT

.01 GENERAL

The Electrical Contractor shall provide all power wiring

as indicated and as shown on the motor and equipment schedule.
Unless otherwise noted or specified, this shall include all

poweir wiring from the switchboard, panelboards, or other indicated
pover source to the power outlet or safety switch; from the power
outlet to the starter; and from the starter to the motor for all
motors and equipment. Electrical Contractor shall furnish and
install all interlock and control wiring between equipment and
control devices as indicated. '

The Mechanical Contractor and other Contractors will install
equipment furnished by them except as otherwise specified ox
ingicated.

Final connections to motors and controllers shall be made with
fiexible metal conduit. Each fusible device shall be labeled
to indicate fuse size and type.

Wiring connections to motors shall be made with pressure one hole
terminal lugs and bolts with washers, a double wrap of varnished
cambric and taped with friction tape and final taped with Scotch
33 Plus. Insulate the motor leads from the motor frame opening
with a double wrap of varnished cambric. Secure the cambric by
taping to the motor leads. The varnished cambric may encompass
all motor leads.

.02 SAFETY SWITCHES

The Electrical Contractor shall furnish and install enclosed
safety switches where shown on the drawings or otherwise regquirec
by these specifications or by code. A non-fused safety switch or
other disconnect shall be provided adjacent to each motor, except
in locations where power distribution center is not over 50' dis-
tant and within sight of the motor.

Safety switches shall be the required voltage and current
rating, shall have quick-make, quick-break operating mechanisn,
and shall, where indicated on the plans or required by code, be
equipped with cartridge-type fuses.

Double-throw switches shall be designed for transfer under full
load conditions, as manufactured by Federal Pacific.
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Safety switches shall be the heavy duty horsepower rated

type with cover interlock to prevent opening of cover with
switch on. Interlock shall be equipped with a defeating
mechanism to permit authorized personnel to open the switch
cover with the.switch in the closed position. Switch en-
closure shall be as indicated or reguired by the installation.

Safety switches shall be as manufactured by Cutler Hammer,
Federal Pacific, General Electric, ITE, Square D, Westinghouse,
or approved equal, and shall be one make. All safety switches
shall be labeled to identify equipment served. 1In all instances
where safety switches serve equipment furnished by others, this
contractor shall secure correct descrlptlons of eguipment before
preparing and installing labels.
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SECTION 1680

STANDBY GENERATOR
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SECTION 1680

STANDBY CENERATOR

.01 GENERAL

The Electrical Contractor shall furnish and install complete a -
30.0 KW, 277/480 volt, 3 phase, 4 wire, diesel fuel powered,
sta2ndby generator set with a 60A, 3P automatic transfer switch.

The installation of a standby electric power system shall include
an Onan 30.0DEH series or approved equal eléectric ¢generating

set rated for continuous standby service at 30KW, 37.50KVA at
0.8-PF. The system shall be a package of new and current eyuip-
ment consisting of:

1. A diesel engine driven electric generating set to provide
standby power.

2. An englne start-stop control system mnnnfpﬁ on the
generating set. :

3. An automatic load transfer control to provide automatic
starting and stopping of the engine and switching of
the load. ,

4. Mounted accessories as specified.

This system shall be built, tested and shipped by the manufacturer
of the alternator so there is omne source of supply and respon-
sibility. The performance of this generating set series shall

be certified by an independent testing laboratory as to the set's
full power rating, stability and voltage and frequency regulation.

.U2  ENGINE

The engine shall be diesel-fueled, four-cycle, water-cooled with
mounted radiator, fan and water pump. It shall have 4-cylinders
and a minimum displacement of 254 cubic inches, with a mininum
rating of 63-bhp at its operating speed of 1800-rpm. Intake

and exhaust valves shall be heat resisting alloy steel, free
rotating exhaust valves. Exhaust valve seat inserts shall be
provided. Full pressure lubrication shall be supplied by a
positive displacement lube o0il pump. The engine shall have air
cleaner, fuel and oil filters with replaccable elements; and a
fuel transfer pump. Engine speed shall be qoverned by a mechanical
gyovernor to maintain alternator frequency within 5 percent from
no-load to full-load alternator output. The engine shall have

a 1l2-volt battery charging DC, alternator with a transistorized
voltage regulator. Remote, 2-wire, starting shall be by a 12-
volt, solenoid shift, electric starter.
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.03 ENGINE INSTRUMENTS
The engine instrument panel shall contain an oil pressurce gauge,
coolant temperature gauge, and battery chargyc ratc ammcter.

.04 ENGINE CONTROLS

The generating set shall contian a complete engine start-stop
control which starts engine on closing contact and stops engine

on opening contact. A cranking limiter shall be provided to

opel the starting circuit in apbroximately 45 to 90 seconds if the

engine is not started within that time. The engine controls
shall also include a 3-position selector switch with the follow1ng
positions RUN-STOP-REMOTE. High engine temperature, low oil

pressure, and overspeed shutdown with signal light and alarm
terminals shall also be provided.

.05 ALTERNATOR

The alternator shall be a 4-pole, revolving field design with
temperature compensated solid state voltage regulator and brushless
rotating rectifier exciter system. No brushes shall be allowed.
The stator shall be directly connected to the engine flywheel
housing, and the rotor shall be driven through a semiflexible
driving flange to insure permanent alignment. The insulation
system shall be Class I as defined by NEMA MGl-1.65. The three
phase, broad range alternator shall be 12-lead, reconnectible.

The alternator shall be connected for 277/480 volts, 3-phase,
d-viire. :

.06 UNIT PERFORMANCE

Frequency regulation shall not exceed 3-hertz from no load to
rated load. Voltage regulation shall be within plus or minus

2 percent of rated voltage, from no load to full rated load.

The instantaneous voltage dip shall be less than 18 percent of
rated voltage when full, 3-phase, load and rated power factor

is applied to the alternator. Recovery to stable operation shall
occur within 2 seconds. Stable or steady state operation is
defined as operation with terminal voltage remaining constant
within plus or minus 1 percent of rated voltage. A rheostat
-shall provide a minimum of plus or minus 5 percent voltage adjust-
ment from rated value.  Temperature rise shall be within NEMA
MG1-22.40 definition.

.07 ALWERNATOR INSTRUMENT PANEL

The alternator instrument panel shall be wired, tested and shock
mounted on the generating set by the manufacturer of the alter-
nator. It shall contain panel lighting; manual reset circuit
breaker; freguency meter; running time meter; voltage adjusting
rheostat; AC voltmeter (dual range, indicates all voltages);

AC ammeter (dual range, indicates current each phase); meter
switch, voltmeter-ammeter phase selector with OFF position.
Single phase instrumentation includes voltmeter, two ammeters
and no selector switch.
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.08 GENERATOR SET MOUNTING

The electric generating set shall be equipped with vibration
isolators and mounted on a welded steel base which shall
provide suitable mounting to any level surface.

.09 ACCESSORIES

All accessories needed for the proper operation of the gener- -
ating set shall be furnished. These shall include a muffler,
flexible exhaust connection, starting batteries, battery
cables, battery rack, fuel tank and lines, and detailed
operation and maintenance manuals with parts list.

The fuel tank shall have a capacity of eight (8) U.S. gallons
and shall not require a flvat switch.

.10 AUTOMATIC LOAD TRANSFER SWITCH

A 60A, 3P, automatic transfer switch shall be furnished

and installed as part of the generator package. The complete
control shall be designed, built and tested by the manufac-
turer of the alternator. It shall include the necessary
relays and component parts, together with U.L. listed and
tested electrically or mechanically interlocked contactor
and shall be field interlocked with the system controller

to function as follows:

1. Upon failure of the normal source and if
auxiliary contacts of 45 AMP breaker in main
distribution panel are closed, the plant shall
start, and when up to voltage, the switch shall
disconnect the load circuits from the normal
source and transfer them to the standby plant's
output. One set of normally open and one set
of normally closed contacts shall be furnished
in the ATS3 controul to indicate standby or normal
source.-

2. Upon return of normal power the load circuits shall
transfer back to normal source.

3. Automatic operation, stopping, checking or providing
manual cranking of the plant by means of a 4-position,
manual control selector switch.

4, A cranking limiter shall be provided to protect
the batteries and starting circuit. It will open
the starting circuit in approximately 45 seconds
if the plant has not started within that time.
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Each contact pole of the main transfer device shall be double
break design, with solid silver cadmium contacts, capable

of handling both noninductive and inductive loads and allow
for inrush currents of 20 times the continuous rating.
Contact pressure shall be maintained by a coil spring, not

a part of the current carrying path. The ampere rating of
the transfer switch shall be sufficient to handle the capa-
city of the loads being transferred.

The control shall contain a 12 volt, fused, battery trickles
charging circut with a rheostat and ammeter, to maintain
starting batteries fully charge.

.11 WARRANTY ,

This standby electric power system, furnished completely

by the manufacturer, shall be warranted for a period of five
years from the date of installation.

.12 SHOP DRAWINGS
Shop drawings shall be furnished to verify compliance with
these specifications.
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