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I. EXECUTIVE SUMMARY
This report is the final effort in the Phase I design of

a solar industrial process heat system for the Hilo Coast
Processing Company (HCPC) in Pepeekeo, Hawaii. The project
was cost shared by HCPC, the U.S. Department of Energy,

C. Brewer and Company and the University of Hawaii.

TEAM Inc. was responsible for the system design, and was

greatly assisted in this task by the above organizations.

The Hilo Coast Processing Company is owned and
operated by a cooperative of sugarcane growers. The facility
is used to wash, grind and extract sugar from the locally
grown sugarcane and it operates 24 hours a day, 305 days per

year.

The major steam requirements in the industrial process
are for the prime movers (mill turbines) in the milling
process and heat for evaporating water from the extracted
juices. Bagasse (the fibrous residue of milled sugarcane)
supplied 847 of the fuel requirement for steam generation in
1979, while 65,000 barrels of #6 industrial fuel 0oil made up

the remaining 16%.

These fuels are burned in the power plant complex which
produces 825°F, 1,250 psi superheated steam to power a turbo-
generator set which, in addition to serving the factory,
generates from 7-16 megawatts of electricity that is exported
to the local utility company. Extracted steam from the
turbo-generator set supplies the plant's process steam needs.
During normal cane crushing operation, enough bagasse is
produced to satisfy the plant's total energy needs. However,
fuel o0il must be burned when either (1) the bagasse has a
high moisture content, (2) the cane crushing operation is
shut down for maintenance or (3) during peak electrical de-

mand.

By supplementing the industrial process's steam'supply

with solar generated steam, bagasse will be "freed-up' and



can be stored for use when fuel o0il would otherwise be

burned.

The system consists of 42,420 ft.2 of parabolic trough,
single axis tracking, concentrating solar collectors.
The collectors will be oriented in a North-South configura-
tion and will track East-West. A heat transfer fluid (Gulf
Synfluid 4cs) will be circulated in a closed loop fashion
through the solar collectors and a series of heat exchangers.
The inlet and outlet fluid temperatures for the collectors
are 370°F and 450°F respectively. These temperatures will
be constantly maintained via a variable flow rate through
the collectors (the flow rate will vary in direct propor-
tion to the level of insolation).

Superheated steam will be the final product of the solar
energy system. The plants' return condensate at 206°F
will be preheated to saturated liquid conditions in the first
heat exchanger. It will then enter an unfired boiler where
it will undergo a phase change to a saturated vapor.
A third heat exchanger tube bundle located in the vapor
region of the boiler will superheat the steam. Final steam

quality at the steam generator will be 420°F and 165 Psia.’

The system's operation will be completely automatic with
‘manual override capabilities for all critical operations.
The data acquisition system meets the requirements of the
publication '"'Data Acquisition and Analysis Guidelinee for
IPH Demonstration Projects' and provides for on-site data

acquisition and reduction.

On-site insolation values were recorded throughout Phase
I and were used to estimate the available resource. Based
on this analysis it is estimated that the net useable

9

energy delivered to the industrial process will be 7.2 x 10
Btu's per year. With an HCPC boiler efficiency of 78% and

6.2 x 10° Btu's per barrel of o0il, the solar energy system

will displace 1489 barrels of oil per year.
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IT. DESCRIPTION OF INDUSTRIAL PROCESS
A. General Information

The Pepeekeo Sugar Factory is the largest mill on
the island of Hawaii and is run by Hilo Coast Processing
Company (HCPC), a sugar cooperative jointly owned by Mauna
Kea Sugar Company and nearly 400 independent cane growers
located on the Hilo Coast.

The primary product of the factory, of course, is
sugar and about 113,000 tons were produced in 1979. Sugar
cane is a two year crop in Hawaii and about 12,500 acres-
are harvested in rotation annually at HCPC. One acre yields
about 100 tons of net cane from which 10 tons of sugar can
be processed. Molasses is also produced as a by-product

and sold as a livestock food supplement.

Bagasse, which is the fibrous waste remaining after the
sugar juice has been extracted from the cane, is burned to
produée steam and is the base fuel for the plant. Steam is
used in-house for sugar processing and to generate electri-
city both for in-house use and for export to the local

utility company under a firm power contract.

The raw sugar is shipped to the mainland where it is
refined. All Hawaiian sugar and molasses are marketed
through C & H Sugar Refining Company, a cooperative jointly

-owned by all of the sugar companies in Hawaii.

B. Use of Bagasse and 0il as Fuel

The boiler at HCPC can burn fuel oil, bagasse or wood-
chips. 1In 1979, bagasse and woodchips accounted for 84%
of the heat prodﬁced at the power plant, compared to 77%
in 1978. the above percentage (84%) represents abdut
370,000 tons of bagasse and 640 tons of woodchips. ‘the
remaining 16% of heat was supplied by 65,000 barrels of
#6 industrial fuel oil.

Sugar cane is processes 24 hours per day, 6 2/3 days per
week, and 45 weeks per year. Eight (8) hours each week the
processing plant shuts down for routine maintenance in addi-
tion to a 4 week annual plant shutdown for general maintenance
and equipment refurbishing.
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During normal cane processing, the bagasse that is produced
supplies 1007% of the fuel needs for the plant. However, the

power plant must either supplement the bagasse with oil or
switch over to oil entirely under any one of three conditions;
(1) periods of peak electrical demand (HCPC has a firm contract
to furnish the local utility, HELCO 100,000 MWH per year, at
levels of 7 MW minimum and 16 MW maximum on demand) or (2)

when the bagasse has a high moisture content or (3) during the
weekly maintenance period when no bagasse is produced.

By supplying part of the steam for the cane processing,
the solar system will reduce the demand for bagasse and allow
it to be stored and then used when oil would otherwise bhe
required. '

HCPC projects that 1,09 million tons of net cane
(excludes cane trash ahd debris) was harvested in 1979 and
about 1/3 of the weight of this net cane was bagasse or some
380,000 tons. The bagasse is normally 50% moisture by weight
and has a heating value of approximately 3,500 Btu per pound.
In general, one ton of bagasse is an equivalent fuel to a
barrel of fuel oil.

As a co-generation plant, process heat is generated at
HCPC at about 607 efficiency when firing bagasse in the
furnace because of the moisture content and combustion
characteristics of the bagasse. ELlectric energy is usually
generated at only 25% efficiency when the power plant is
operated as a straight‘condensing unit. Huwever, with
steam extraction for cane processing, the power plant
operates at an overall cycle efficiency of between 257% to
607 depending on the steam heat to electric power ratio.

If 0il were the fuel, process steam is generated at 787
efficiency and electric power is generated at 30% efficiency
with no steam extraction (i.e., full condensing).

The 100,000 MW furnished to HELCO is about 237 of the
annual electrical power requirements of the entire island
of Hawaii. Power from other sugar mills on the island brings

this figure up to 40%.
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C. Steam and Condensate Flow Loop

The HCPC boiler steam at 1200 psig (825°F) flows to
the 28 MVA turbo-generator at an average 24 hour flow rate
of 300,000 1lbs/hr. Process steam at 160 psig is extracted
at an average rate of 132,000 lbs/hr after passing through
the high pressuré section of the turbine. The remaining

steam goes through the low pressure end of the turbine and is
condensed in a water cooled condenser. This condensate flows
to the deaerator for reuse as boiler feedwater.

The 160 psig extracted steam is desuperheated and sent
to 3 large sugar mill noncondensing turbines which shred
and crush the cane. If insufficient 160 psig steam is
extracted through the turbo-generator, the 1200/160. psig
make-up valve will be automatically activated to supply
additional steam to the system directly from the 1200 psig
steam line. Note: Current use limited to boiler startup
only,

The 12 psig saturated steam which exits the mill turbines
is utilized to boil sugar juices in the first cell evaporator
and in turn create enough vapors to provide steam for the
evaporators, pans, and juice heaters. Additionally, 12 psig
steam is provided by the exhaust steam from the power plant
boiler feed pump steam turbine (when used). A 160/12 psig
makeup valve is also provided to assure adequate 12 psig
process steam supply to satisfy all requirements of the
boiling house.

The condensate from the lst evaporator effect is pumped
back to the power plant condensate storage tank for reuse as
boiler feedwater. Since only'about 87% of the steam, as
condensate, is returned to the power plant from sugar processing,
raw water is used as boiler makeup after demineralization.

All boiler feedwater passes through the deaerator for
heating and removal of dissolved oxygen, It then is pumped
to the boiler through a high pressure heater and economizer.

The corresponding flows of steam and condensate are
shown in Figure II-1. The pressure and temperature measuring
points‘are indicated in Table II-1 with values given for average
operating conditions.
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Table II-1
Average Flow, Temperature and Pressure Readiﬁgs

‘MAIN -STEAM FLOW :
Ave, 300,000 1bs/hr, 1200 psig,
810°F (Flow Pressure ‘& Temperature) -

TURBO—GENERATOR EXTgACTION STEAM FLOW
202,000 1bs/hr. 425°F, 160 psig
(Flow and Pressure only)

T-G HOTWELL CONDENSATE o
Average 108,000 lbs/hr. 100°F
(Flow and Temperature only).

elolale

CONDENSATE TRANSFER TO DgAERATOR
Ave, 201,000 lbs/hr. 160°F, 60 psig
(Flow and Pressure only) :

FT-5 BOILER FEEDWATER o »
— Ave, 209,000 lbs/hr, 425 F, 1400 psig
(Flow only)
‘FT-6 DEMINERALIZER BOILER MAKE-UP WATER

Ave, 21,000 lbs/hr. 70°F
(Flow only)

HIGH PRESSURE PROCESS STEAM TO FACTORY
Aveo 132,000 1lbs/hr., 135-145 psig,
410°F (Flow, Pressure, Temperature)

160 psig/12 psig STEAM MAKE-UP STATION
40,000 lbs/hr average, 135 psig, 400°F
(Flow, Pressure, Temperature)

STEAM SUPPLY FROM POWER PLANT:
30,000 1bs/hr, 12 psig, 250°F
(Flow and Pressure only)

FIRST EFFECT EVAPORATOR CONDENSATE
RETURN TO POWER P T

142,000 1lbs/hr, '206°F

(Flow and Temperature only)

OO
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PRELIMINARY DESIGN

DESCRIPTION OF PLANT/SOLAR SYSTEM INTERFACE

L o Preliminary Design

The two ''points of contact'" with the existing plant
where the solar system will interface are (1) the conden-
sate return line inside the boiling house and (2) the
supply steam header just after it enters the mill build-
ing. Figure III-1 is a plant plan view and details the
feedwater and steam interface locations. . The distance
from the existing boiling house to the solar system pump
house is approximately 625 feet. A 1%" diameter pipe
will be used for the feedwater and it will be secured to
an existing overhead pipe rack. The steam line is approxi-
mately 365 feet long and runs from the pump house to the
steam header inside the mill building. The pipe will be
4" in diameter and will also be secured to existing over-
head pipe racks that parrellel the cane cleaner.

Figure III-2 is a simplified flow schematic of the
proposed system which details the steady state design
temperatures and pressures at key points.

The condensate at the feedwater connection is at
206°F and 27 Psia. A turbine purp will be used to in-
crease the pressure to approximately 200 Psia which will
be sufficient btack pressure to allow water to flow into
the unfired boiler. The operation of the turbine pump
will be controlled by the water level sensor in the un-
fired boiler. A low water level will turn the pump on
and a high water level will turn if off.

The pressurized feedwater will first flow through
the preheater where it will increase in temperature ap-
proximately 130°F and exit close to a saturated liquiad
at 165 Psia.

-
=~
=
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The ﬁnfired boiler will further heat the saturated
liquid producing saturated vapor at 165 Psia. ‘A super-
heater tube bundle located in the vapor region of the

boiler. will provide the 54° F superheat required in the
steam header.

A spring loaded check valve in the superheated
steam line will regulate the flow of the solar generated
steam. The 'pressure on the solar side of the valve will
gradually increase, once circulation through the solar
field begins. The pressure will eventually exceed that
in the plant's steam header (pressure at the point of
contact varies from 150-160 Psia during normal operation)
and the valve will open enough to allow steam flow into
the plant. The valves operation will be completely
automatic requiring no sensors or control electronics.

It is a simple and reliable method of insuring that all
available solar generated steam is utilized in the plant.
2. Tradeoff Analysis

A major tradeoff analysis was performed during the

preliminary design to identify the most appropriate
location for the two points of contact.

Possible locations for the feedwater interface in-
cluded the deaerated feedwater tank inside the power
plant and the condensate return line in the boiling house.
The advantage of the deaerated teedwale: intcrface was
the water quality at that point. The deaerated feedwater
normally flows directly into the existing high pressure
boiler and has been demineralized and deaerated to pre-
vent corrosion and scale build-up in the boiler. These
same benefits would accrue to the steam generator and
pipes for the water/steam side of the solar system with-
out additional expenditures if the interface was located
at the deaerated tank.

The primary drawback to that location however is the
additional 300 feet of piping required. The boiling
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house is 300 feet closer to the solar array and water
quality of the condensate at this point is relatively
good with only 10 ppm dissolved solids. Although a
chemical feed system will be needed to scavenge any.
dissolved oxygen in the freedwater, the cost of this
system is still much less than 300 feet of insulated pipe.

An additional advantage that is accrued by inter-
facing at the boiling house is the lower temperature water
available there (206°F vs 240°F at the power plant). The
cooler feedwater allows a 10°F lower collector inlet
temperature which results in a slightly higher collector
operating efficiency.

The point of connection for the solar generated steam
was dictated primarily by the proximity of the existing
steam header to the solar field. That is,Athe shortest
distance between the two was chosen in order to minimize
thermal losses from the steam line. The point of contact,
conveniently enough, is just inside the mill building,
right before the steam header divides for the individual
turbines. This location insures the immediate use of
the solar generated steam by the mill turbines and still
allows for steam utilization during mill shut-down since
it can also flow back to the pressure and temperature
reducing station and be used in the boiling house.

SOLAR COLLECTORS
1. Collector Selection

The three most prominent solar collector types both

field tested and readily available on the market today

are flat-plate, evacuated tube and concentrator. Neither
flat-plate or evacuated tube collectors are capable of
producing the 450°F fluid temperature required to pro-
duce steam at the HCPC sugar processing plant. Of the
several concentrating collector designs available the
parabolic trough concentrator has emerged as the most
effective and competitive solar collector for applications

in this temperature range.
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TEAM, Inc. has been in continuous contact with the
three leading parabolic trough collector manufacturers,
Acurex, Suntec and Solar ‘Kinetics, Inc. to determine wh1ch
system is most cost effective for this application. The
results of instantaneous efflclency measurements made at
Sandia Laboratories on many concentrating collectors are
shown in Figure III-3. Of the three considered here, the
Hexcel collector (now produced by Suntec) is only slightly
(approx 2%) more efficient than the Solar Kinetics T-700
while both are greater than 10 percentage points more

efficient than the Acurex model at the higher temperatures.
However, while instantaneous: efficiency measurements at

normal incidence are reasonable standardlzed tests, addi-
~tional information is requlred in order to estimate actual
year long collector performance. For single axis tracking
parabolic troughs the directfinsqlatiop incidence angle

varies throughout the course of a day or a year and one
must consider what effect this'variation'has on collector
- efficiency in order to cdrrectly assess the collector's
long term energy delivery._ The incident angle modifier
K@ =N (©/N (@:=0), where © is the direct radiation
incidence angle ontolfheJcollector, and N is the collector
optical efficiency, has been determined for the three.
parabolic troughs consideredlhere. Figure III-4 compares
all day averages of K.fo;‘thé.three collectors (N-S axis
orientated ) at three times during the year. The optical
efficiency of .the SKI T- 700 is shown to be least affected
by solar incidence angle and therefore its year long
thermal output. is highest.

Of course, cost’'is the other important cbnsideration
in determining the most cost effective collection system.
It has been found that the Solar.Xinetics T-700 is the least
expensive of the three. 1It's.uninstalled cost is $20
per square foot of aperture area compared to approximately
$22 and $27 for the Suntec and Acurex .collectors. Therefore,
the most.cost effective solar .collector for th1s ‘application
was determlned to be the SKI T-700.
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Figure III-4

All-Day Average of Incidence
Angle Modifier K for Three
Collectors with North-South Axis*

Collector Type Summer Equinox Winter
Solar Kinetics (T-700)  1.000 0.997 0.891
| 1.000 0.996  0.866
Suntec (Hexcel) 0.995 0.970 0.868"
0.997 0.965  0.847
. Acurex 1.000  0.971  0.683
1.000 0.963 0.627 .

Top number represents collection cutoff time one hour before
sunset. Bottom number represents cutoff time two hours before
sunset.

*From H. Gaul and A. Rabl "Incidence Angle Modlfler
' and Average 0pt1ca1 Efficiency of Parabollc Trough Collectors
SERI/TP-34-246R
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2. Collector Performance
The performance of the SKI T-700 parabolic trough

collector has been thoroughly evaluated at the Sandia
Laboratories test facility. It is a 90° rim angle trough
with an aperture of 140 ftz. It's instantaneous peak
noon efficiency was shown in figure III-3. The efficiency
equation can be written as
N = 0.675 - 0.068821

where AT is the temperature difference between the average
receiver temperature and ambient temperature and I is the
direct radiation incident upon the collector. As mentioned
previously, the incidence angle modifier, K, must be ap-
plied to the first term in the above equation to eccount
for reduced 6ptica1 efficiency at other than normal in-
cidence. Figure III-5 shows K as a function of incidence
angle. End losses, cosine losses, and collector-on-
collector shéding losses must also be taken into account
when calculating all day collector array efficiency. .
TEAM, Inc. has developed a computer model, PARABL, which
calculates hourly performance of a parabolic trough at
a given site, with East-West or North-South axis orien-
tation, under given insolation conditions. Figure III-6
shows the total HCPC collector array gross output on
the day of the year of highest thermal output (April clear
day) as simulated by PARABL. The average array efficiency
on that day is 45% while the peak efficiency is about
59%.
3. Materials of Construction

The T-700 linear parabolic trough collector has
demonstrated reliability of design and construction

through high performance in several applied solar energy
projects, including the DOE funded solar irrigation pro-

ject at Willard, N.M. Figure III-7 describes its mechani-
cal features. The collector sturcture is extremely
resistant to deflection because of its monocoque design.

The mirror surface is precisely shaped by 0.040 in. thick,
aircraft grade, T-6 aluminum skin stretched over numerically-
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controlled machine cast aluminum bulkheads for proven
strength and true surface optical quality. Each trough
section is supported by steel pylons which bolt to rein-
forced concrete foundations. Due to the high corrosive-
ness of the salt water environment at the oceanside site
the steel support pylons, usually hot-dipped galvanized,
will have an additional protective coating applied. This
will be a zine rich paint (Devcon-Z) which has been used
successfully on galvanized steel by a Hawaii Electric
Company substation located next to the HCPC plant (the
substation is nine years old and shows no significant
signs of oxidation or deterioration). The support pylons
will be inspected and touched-up as necessary every five

years.

The receiver consists of a 1.5 in. I.D., 0.065 in.
wall, black chrome plated steel tube enclosed by a 1.75
in. I.D. pyrex tube which insulates the receiver tube

|
!
from the environment. The steel tube absorptivity and ’
emissivity at 500°F are 0.94 and 0.18 respectively. A

0.016 in. thick ribbon with three twists per foot creates ‘
heat transfer fluid flow turbulence through the receiver

tube which enhances heat transfer at low flow rates.

The reflector surface is FEK-244, an acrylic film
made by Minnesota Mining and Manufacturing with an
average specular reflectivity of 0.84. This surface is
bonded to the smooth substrate provided by the collector
skin. Weather testing on 3M reflective films by Solar
Kinetics has shown less than 5 percent specular loss
over 11 years and no other unsatisfactory degradation.
Samples of the FEK-244 have been in place at the collec-
tor site since November 20, 1979 and are exhibiting no
permanent degradation or particle deposition.

4. Modes of Operation

The standard Solar Kinetics solar trackable unit

configuration consists of a row of individual collectors
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placed end-to-end with a maximum of six collectors (120 ft)
per unit. Solar tracking is actuated by a hydraulic drive
mechanism located at the center of the collector row. The
hydraulic drive effectively eliminates backlash experienced
by other drive mechanisms due to continous wind buffeting,
and provides a cushioning effect to sudden loads. A
differential light-sensitive shadow bar device provides
the analog tracking signal to the hydraulic drive for
solar acquisition and continuous solar lock-on. An elec-
trical adjustment of the shadow bar is provided to change
the sensitivity of the tracker. An adjustment providing
accurate tracking during clear days but preventing search-
ing during cloudy days can be accommodated by the SKI
system. A time delay adjustment can also be made. Proper
adjustment of these two will provide accurate tracking

and keep the system locked on during cloudy days.

There are several conditions under which the collector
will be sent to the stow position. They are high temper-
ature, rain, night fall, high winds and loss of flow.

A field contact closure device will be used to open the
circuit to the stow relay. When this occurs the automatic
tracker is deenergized and a signal is directed to the
stow position. The stow slave relay is energized when
the stow relay loses its signal (open circuit) and a

stow bypass valve is activated. This allows the hy-
draulic fluid to circumvent the adjustable flow control
valve and the collector is driven to the stow position

at a rapid rate. Upon reaching stow the stow limit
switch opens the circuit to the stow slave relay coil

and the entire system is at rest. This method of stowing
the collector is used as the automatic night stow through
the use of a light switch. At dawn the light switch
closes the stow relay coil circuit and the automatic
tracker is again energized. When the sunlight causes
sufficient shadow differential on the light sensitive
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transistors, the system tracks to the west until lock-on
is reached and maintained during the day. At night fall
the collector is sent to stow by the light switch.

At any time during the day should any of the stow
hazard switches (light, temp., rain, flow, etc.) open
the circuit, the collector will go to the stow position
and remain until all switches are closed. The collector
system consists of individually controlled rows. The
standard six module row is slightly longer than 120'
and is supported by seven pylons.

5. Collector Array Layout

The solar collector array designed for HCPC con-
sists of 303 SKI T-700 parabolic trough collectors
(42,420 fr.?
spaced 15 ft. apart. Figure III-8 shows the plan view

aperture area) oriented in North-South rows

of the array. The North-South collector row orientation
was chosen in order to maximize the total year output

of the field as opposed to providing a relatively con-
stant, and reduced, monthly output which East-West rows
would produce. The nonuniform monthly output of a
North-South axis is unimportant in this case since the
load is many times larger than the maximum field output,
and the process will have no trouble absorbing all of

the solar energy available. The 15-ft. row spacing
selection was based upon collector-on-collector shading
calculations throughout the year and upon the requirement
to provide accessibility between rows for maintenance
equipment. Figure III-9 shows how array output is reduced
by reducing row spacing. A row spacing of 15 ft. was
considered minimum for proper accessibility. Although
some shading occurs at 15-ft. spacing, the total yearly
output of the array is higher than it would be for larger
spacings due to the fact that fewer collectors would

fit into the available field. Therefore, given the field
size, a 15-ft. spacing was considered optimum.
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FIGURE III-8
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6. Collector Foundations:

The normal pylon foundatlon for the - Solar Kinetics
T-700 collector is a concrete pler 24 in. in dlameter
and buried approximately S-ft.-deep. IThe §011-atMHCPC
(reference following section -:Site Conditionsjfié
quite soft in spots, and the cohesion vaiue.is.ld&f
Consequently, the.soil'wililnbt:support a poiht‘force
'such as a concrete pier, and shallow spread footings have
been designed for the collectdrifoundations. Figure
II11I-10 is a plan view of the foundations' arrangement
and details a typical foundation.

Collectors are cantilevered from pylons which are
anchored to individual footings. Loads consist of the
gravity weights of the collectors and the forces result-
ing from wind pressures on the collectors. —

The wind loads have been cbtained by wind tunnel
tests. These data, which are .contained in "Summary of
Wind Load Data for Parabolic Trough Solar Collector
Configurations" by Duane E. Randall of Sandia Laboratories,
cover individual collectors and multiple collectors in
multiple rows. '

All pylons support vertical and lateral loadings.
The center pylon in each row (a '"D" foundation), which
supports the drive mechanism for all collectors in the
row, must also resist the wind-induced torque for the
entire row. Due to a shielding effect demonstrated by
the test data, loads at interior rows will be less ‘than
those at exterior rows. The differences in the Sﬁppbrted
loads accounts for the different sizes of the foundations.
As expected, the exterior drive foundations are the
largest since they must support their vertical weight
and the wind-induced torque for the entire row.'
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Due to. the substantial rainfall at the site
(150-160 in. per year) soil erosion around collector

foundations is a potential problem. Existing veégetation
consists primarily of tall grasses (4 ft. and over) which
form a thick matting of vegetation at the soil surface.
These grasses are very effective in preventing soil
erosion, however their quick growth and height make

them unsuitable as ground cover for the solar field.

Fortunately, a local variety of grass called 'Hilo
grass” has been developed that grows to a maximum height
- of 2 ft. It develops the same ground level matting as
the indigenous grass so soil erosion is eliminated, yet
at 2 ft. tall it will not interfere with normal collector
operations. This grass is used by the local macademia
nut industry as the undergrowth for their orchards.
Maintenance consists of annual fertilizing for weed con-
trol and cutting on a semi-annual basis or as desired

for aesthetic purposes.

The thick matting at the surface will allow light
vehicular access to the collector rows without major
rutting, thus prepared roadways are not necessary.

C. SITE CONDITIONS
The plant is located on the northeast coast of the island

of Hawaii approximately 100 ft. above the ocean on a bluff.
It is surrounded on three sides by sugar cane fields and is
in a predominately agricultural area on the windward side
of the island. The city of Hilo is approximately 10 miles
south of the plant and the closest public highway is % of
a mile away with limited and restricted access to the plant.

The site chosen for the location of the solar field is
approximately 300 ft. from the point of contact with the
plants steam header. An additional site is available to the
west for future expansion of the solar field, however, it
is approximately 600 ft. from the steam header and was ruled
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out as the primary.location for the solar array. The field
has a clear and unobstructed view to the south, east and west,
and is bordered on the north by a.small 2 acre reservoir and
a few large trees. A : -

1. Soil Conditions

Test borings were made in an area adjoining the
collector field in the period 1971-1972 and reported by
Walter Lum Associates, Inc. The borings closest to the
site (approximately 50 feet away) have been taken as
representative of the geological formations to be en-
countered. ,

The soils may be generalized as follows:

(1) A surface layer of soft, saturated, brown
clayey silt formed from volcanic ash to a
depth of 10 to 15 feet. -

(2) Medium to stiff clayey silt containing decom-
posed lava rock to a depth of about 40 feet.

(3) Lava rock to the end of the borings.

The water table was measured at a depth of 17 feet
and moisture content of the surficial material ranged as
high as 261 percent with average values of about 180
percent at a depth of 5 feet.

Standard penetration tests indicated average blow
values in the range of 2 to 4 blows per foot and uncon-
fined compression tests showed values of about 2100 p.s.f.
Some very soft spots may be encountered, however, as |
indicated by one instance in which the sampler was
pushed into the soil by the weight of the hammer.

2. Meteorological Conditions

Summaries of the existing meteorological and physical
conditions at the site are as follows:

insolation - See Section IV-A

precipitation - Rainfall at the site is 150"-160"/year
with 60% of it occurring between the
months of November and April.

cloudiness -  The dominant cloud pattern is a tradewind

A pattern, with a slight increase in
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cloudiness.in the late afternoon. A
few miles inland an afternoon cloudi-

ness. and rainfall pattern is produced
by upslope movement and a thermal coupling
with the on-shore tradewinds.

27e winds - The pattern is a daily land and sea
breeze cycle, with average wind velocities
of 0-15 mph.
salt - Mild because sea-breeze forces are. low.
temperatures - Average annual :temperature of 73°F with

the lowest temperature recorded of 55°F
(91 year history), and the highest on
record of 93°F.

seismological - Seismic Zone 3.
stability

E. DISTRIBUTION NETWORK
1. System Configuration and Operating Temperatures

The preliminary design of the distribution system consists
of two circulation loops (one for the heat transfer fluid and
one for the water), a series of heat exchangers and the solar
collector array. )

A closed loop/heat transfer fluid configuration was
i selected, as opposed to a system employing pressurized water
_and flashing it to steam, primarily because.of the.low work-
ing pressures and subsequent low pumping cost that a closed
loop system experiences. Pumping costs are directly propor-
_ tional to the head or- pressure that must be developed, and a
) closed loop Configuration only requires a head large enough
to overcome. piping friction. A flash steam system, however,
requires a head to overcome the piping. friction plus the
head loss experienced in the flash.tank... Over the lifetime
of the system, the parasitic pumping costs.outweigh any
difference 'in initial eqqipmeﬁt\cost. This is especially,
true for large systems;whene,pumping.requirementsuwill,also

be large. .. . -~ . - e, L .
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The heat transfer fluid will exit the collector field
at 450°F and first flow .into a superheater tube bundle,
located in the vapor region of the steam generator. Next it
flows into a tube-.bundle located-in the liquid region of the
steam generator and finally into a separate feedwater pre-
heater. The fluid's exit temperature from the heat exchangers
will be. 370°F ‘and its peak flow rate will be 340 gpm. A
variable flow rate through the collector field (based on
insolation conditions) will maintain- a constant fluid outlet
temperature. -

‘Feedwater, from the plant's condensate return line, will
exit the Bdiling'house at 27 Psia and 206°F. The feedwater
pump will raise the pressure to 200 Psia and will maintain the
proper water level in the unfired -boiler. '

The feedwater will flow‘through the heat exchangers in a
counter flow:pattern to the heat transfer fluid, first entering
the'preheéter'where ité'temperature will be raised to '
saturated liquid conditions at 170 Psia and 366°F. After
passing. through the unfired boiler and the superheater, the
feedwater will ‘exit as a superheated vapor at 165 Psia and 420°
It will thénkblend with the steam in the plant's steam
header. The peak flow rate for the feedwater will be 16 gpm.

2 The'majbr design décision assoqiated with the distribution
éysfem“was to’ sélect the operating temperatures of the heat
transfer fluid. It was obvious from the outset that the
operating’ temperatures of the fluid -affect selection of the
flow rate, pump size, pipe size;  insulation thickness, collec-
tor efficiency and the number and size of heat exchangers.

'Temperatures‘and pressures at’' the points of contract
between'the plant ‘and solar system dictated the minimum.
possible temperature of the heat transfer fluid. The pressure
of the:solar generated steam (165 Psia) must be slightly
higher than the pressure in the plant's steam header (160 Psia)
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to insure that flow into the'header occurs. Since saturation
conditions will exist in the steam generator, the temperature .

there will be the saturated water temperature at 165 Psia -

(366°F). ‘ :
Once the conditions within the steam generator were esta-

blished, numerous thermodynamic iterations were performed

to determine relationships between the transfer fluid's

flow rates and operating temperatures.

The minimum fluid temperature that is attainable is
370°F and this is attainable only with the use of a feedwater
preheater. Without the feedwater preheater the mlnlmum
fluid temperature is 400o

After establishing thermodynamic relationships between
temperatures and flow rates, three temperature regimes were
chosen for in-depth analysis: 370-450°F (selected because
80°F delta T is the minimum recommended by the manufacturer),
370-550°F (selected because 550°F appreaches the operating
limits for the solar collectors and many heat transfer fluids)
and 400-500°F (selected to' determine the effects of elimina-
ting the feedwater preheater) All three Systems"are shown
schematically in Figures III-1ll through II1-13.

Table III- 1 presents the 1nsta11ed costs of equlpment
that varies from system to system. It also lists the para-
sitic pumping costs for each option over a 20 year lifetime.

The major differences between the systems are flow
rates (340, 138 and 254 gpm peak respectively),heat exchanger
configurations (the 400-500°F system does not have a feed-
water preheater) and amounts of‘solar‘energy'collected
(i.e., collector operating efficiencies). |

Table I1I-2 summarizes the results of the tradeoff
analysis and indicates that the_370-450°F temperature range
is the most cost effective.

This system has the highest. 1nstalled and operatlng
cost, due to 1ts hlgher flow rates, larger plplng and lifetime
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TABLE III-1l

*
INSTALLED SYSTEM CONFIGURATION COSTS

(Ty - T)) 370-450°F  370-550°F
Piping, Fittings 76,050 73,150
and Valves ‘ '
Insulation 36,750 36,550‘
Unfired Boiler 33,500 31,800
Feedwater Preheater 4,000 4,000
Superheater 2,000 1,700
Collector Field 8,750 7,600
Circulation Pump
Feedwater Pump 400 400
Expansion Tank 1,700 1,700
Present Value Pumping 34,400 11,300
Costs¥
TOTAL COST 197,600 168,200

400-500°F

74,150

36,650
32,800
0
1,800
8,400

400
1,500
22,600

178,300

*Costs were estimated from construction handbooks and equipment
suppliers for preliminary design analysis.

*Assumes: (1) 20 year life, (2) $.09/kWH,

(3) 6 Hrs/day,

305 days/yr pump operation, (4) fuel escalation of 13%/yr

and 10%/yr inflation.
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TABLE III-2
SYSTEM CONFIGURATION OPTIONS

*Assumes: (1) $25.21/barrel oil,
(3) 13% fuel egcalation and 10% inflation, (4) 20 year lifetime,

-and (5) 6.2x10

Btu/barrel.

III-29

(T; - T,) 370-450°F 370-550°F 400-500°F
‘Configuration Variable 197,600 168,200 178,300
Costs
Solar Energy 8.52x10° 8.24x10% 8.34%10°
Collected Btu/yr Btu/yr Btu/yr
Différence in Solar 2.8x108 0 1.0x108
Energy Collected Btu/yr - Btu/yr
Present Value Differ- 33,600 0 11,900
ence in Solar Energy
Collected*
Equalized System Costs 164,000 168,200 166,400

(2) 78% combustion efficiency,



pumping cost; however, it also collects and utilizes

more solar energy because of its lower temperatures and
resulting increases in collector operating efficiencies.
The increase in the amount of energy collected more than
compeﬁsates.for the higher installation and operating costs.

- It is interesting to note, however, that when all three
.systems were adjusted for differences in solar energy col-
lected, the costs of the systems varied by less than $5,000.
This indicates that the tradeoffs between collector operating
temperatures almost equal out in the final analysis and
that parameters other than system efficiency or costs
could determine the optimum or most desirable system. In
particular, it is felt that material limitations and system
safety presént the most pressing arguments for operating at
the lowest temperature possible. Most heat transfer oils
have flash and fire points well below 500°F and by operating
at temperatures closer to or below these critical points sys-
tem éafety is enhanced proportionately.

o 2. Piping Layout
The preliminary design of the collector field piping

inéfwork is diagrammed in Figure III-14. It consists of a
‘central pump house located in the northeast corner of the
field and two parallel distribution loops supplying the
solar collectors.

Many of the design decisions related to the piping lay-
out were predetermined due to existing conditions at the
site. The pump house, for instance, which contains the
heat transfer fluid (HTF) pump, expansion tank and steam
generator, was located in the northeast corner because this
is the closest point in theifield to the interface .connec-
tion with the plant's steam header. Alternate locations
that are closer to the plant were investigated. however, they
were eliminated since thermal losses are minimized if the
heat transfer occurs at the collector field.
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FIGURE III-14
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The use of two parallel circulating loops was the
-obvious arrangement once the configuration of the solar -
. collectors -was established. Any other-.configuration re-.
quires additional piping and results in higher.pumping
cost and thermal losses. '

Schedule 40 steel pipe will be used throughout the
system, .with welded or flanged connections. Raised face,
300 1b. flanges are required due to the low viscosity and
tendency of heat transfer fluids to leak at high tempera- .-
tures.

The three temperature regimes that were analyzed during
the preliminary design resulted in different flow rates and:
sizes of pipe in the solar field. As would be expected, the
system with the lowest flow rate had the lowest installed
cost since it could use a smaller diameter pipe. However,
installed costs did not differ by more than 6% for all three
networks, yet the flow rates more than doubled.

Design parameters on which pipe selection was based for
the preliminary design were: (1) minimum fluid velocity of
4 feet per second (fps), maximum velocity 10 fps and (2)
minimum pressure drop 0.8 PSI/100 feet, maximum pressure drop
4 PSI/100 feet. A more in-depth analysis was performed for
optimizing pipe sizes during the detailed design which
accounted for pumping costs and heat loss (see séction IV-C
for details).

A direct return piping pattern is employed in the
preliminary design because of the savings in piping, insula-
tion and pumping cost. The obvious disadvantage of this
system is the possibility and likelihood of a flow imbalance
occurring at flow rates other than the original set rate.
Collector operating efficiencies will vary with flow, however,
due to the relatively constant slope of the SKI collector
efficiency curve between the temperatures of 400-600°F, a
mild flow imbalance is not a detrimental characteristic.
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The collector group farthest from the pump will receive a
reduced flow and thus operate at a higher average-temperature.

.and lower efficiency, yet the collector group closest.-to

the‘pump.wifl'bberate at a lower temperature and higher
efficiency. On the average, the field will perform as if .
each row had equal flows and wefe~operating at the temperas.
tures of the total field. The important parameters .regard- ..
ingkéfficieﬁdies are total flow and field inlet and om:let_j
temperatures;

‘The main 'problem with flow imbalances in the collector
field is the possibility of flow starvation to one .or more
collector rows, resulting in an overtemperature situation and
subsequent collector stowing. The collectors must then be -
manually restarted, thus incurring a maintenance cost along
with the lost energy that would not be collected.

To avoid overtemperature situations, the system will be
manually balanced during system checkout, at a flow rate
corresponding to average insolation conditions (approx.
260'Btu/ft.2/hr.). At insolation levels other than average,
a mild blow imbalance will be acceptable since the variances
in outlet temperatures will not produce an overtemperature
condition.

. Three configurations of flow through collector rows
were éxamined during the preliminary design: (1) each
collector row in parallel, (2) two collector rows in series'
and (3) three collector rows in series.

- The choice of piping two collector rows in series was
based on the reduced plumbing, insulation and pumping costs
incurred with this configuration. The other two choices
would necessitate piping headers at both ends of collector
rows and would require additional piping and insulation along
with increased pumping costs.
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As shown below in Table III-3, ‘the operating Pparameters

that change .are pressure drop and flow rate through the-
receiver. The amount of heat transferred and the overall

collectlon efficiency are essentlally flow rate 1ndepen-
fdent once turbulent flow conditions exist in the recelver

(Solar Kinétics has a twisted metal ribbon in the receiver
that rnduces turbulence at low flow condltlons).‘ AVerage
collector efficiency is the same'for'dll three cases and
thus the'simplest‘piping network became the governing

parameter.
.Table III-3
Flow Through Collector Rows
1 Row in Series 2 Rows in Series - 3 Rows in Series
370°F m =7 gpm : m= 13 gpm" o m = 20 gpm
450°F ap = 4 psi ap = 13 psi ap = 27 psi

3. Pump Selection -

One of the first design decisions that was made regarding
overall system philosophy and operation was the decision to
have a variable flow rate through the cullector.ficld. The
flow rate will increase or decrease depending on the level
of insolation, and the result will be relatlvely constant
temperatures throughout the system.

The primary advantage of this operational philosophy, as
opposed to a system with a constant flow, is the decrease in
lifetime pumping costs which far outweigh the higher initial
costs of the .variable flow equipment. 1In addition, collector
operating efficiencies will be somewhat higher with the var-
iable flow system since collector temperatures will be con-
stant regardless of insolation conditions. ‘The constant
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flow systEm, however, will'have higher'outlet temperatures
' durlng peak condltlons and thus the collectors would operate
at a lower eff1c1ency ' )

The prellmlnary de51gn cons1sts of a varlable speed
_motor controller and a 45 horsepower motor coupled with a
3500 RPM centrlfugal pump " The operatlng temperature of
. the pump will.be 370°F, and the pump will be actlvely cooled
via a small volume of water (< 2 gpm) circulating around
the pump seals.

Once the decision to use 'a variable flow rate was esta-
blished, the next decision centered on the means to vary the
flow. The two ways of varying the flow that were investi-
gated were (1) mechanical throttling and (2) electronic
throttling (i.e.: Controlling the motor's speed).

. Mechanical throttling employs a flow control valve that
opens or closes incrementally'depending on the flow rate
desired. As the valVe opens or closes, it in effect changes
the system head that the pump sees and the operating p01nt N
on the pump curve changes.

Electronic throttllngfvaries the input signal to the
motor which changes the speed o6f the motor's output shaft,
thus changing. the output of the pump.

The results of the tradeoff analysis that was performed
for the throttling options are presented in Table III1-4.
The ohvious choice for every temperature regime analyzed, was
the electronic throttling. This was due to the overwhelming
difference in lifetime pumping costs. Mechanical throttling
decreases flow rates by ‘increasing head loss and moving along
a fixed speed pump curve. Electronic throttling, however,
decreases flow rates and head loss simultaneously, actually
moving from one pump curve to another as the rpm's change.

As shown in Table I1I-4, the difference in power con-
sumption between the two means of throttling is 13 Hp
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TABLE III-4
PUMPING OPTIONS

370-450°F 370-550°F 400-500°F
Mech Throt Elec Throt Mech Throt Elec Throt Mech Throt Elec Throt:
Peak Operating 340 gpm 340 gpm 138 gpm 136 gpm 254 gpm 254 gpm
Conditions 288 ft.hd. 288 ft.hd. 210 ft.hd. 210 ft.hd 250 ft.hd. 250 ft.hd.
33 Hp 33 Hp 10 Hp 10 Hp 21 Hp 21 Hp
Average Operating 237 gpm 237 gpm 91 gpm 91 gpm ‘ 168 gpm 168 gpm .
Conditions 332 ft.hd. 147 ft.hd. 255 ft.hd. 120 ft.hd. 303 ft.hd. 132 ft.hd.
26 Hp 1% Hp 8 Hp 4 Hp 17 Hp ~ 8 Hp
Present Value* ‘ $74,900 $34,400 $22,600 $11,300 $48,100 $22,600
Pumping Cost ' ’
Installed Cost $ 5,950 $ 8,750 $ 4,800 $ 7,600 $ 5,500 $ 8,400

Total Life-Cycle $80,850 $43,150 $27,400 $18,900 $53,600 $31,000

Costs*
[

*Assumes: (1) $.09/kWH, (2) 6 Hrs/day, 305 days/year operation, (3) fuel escalation of 13%/yr,
(4) Inflation of 10%/yr, and (5) 20 year lifetime.




(26-13 Hp) or 50% for the 370-450°F system and 9 Hp (17-8 HP)
or 53% for the 400-500°F system. The clear choice for all
three options was electronic throttling. '

Table III-4 also highlights the pumping tradeoffs between
the different collector operating temperatures that were
investigated. It is important to note that the initial
equipment cost for each option did not change drastically,
even though flow rates more than doubled from the high to
low case. As expected, lifetime pumping costs were usually
3 to 4 times larger than initial installed costs.

4. Heat Exchanger.Configuration

The preliminary design of the heat exchanger configura-
tion consists of three heat exchangers in series; a super-
heater, Unfired boiler and a feedwater preheater.

The feedwater preheater raises the temperature of the
feedwater to the saturation temperature at 170 Psia (366°F).
In addition it further cools the heat transfer fluid and ;
thus increases the collector's operating efficiency. ;' ,;

The unfired boiler consumes 85% of the collected solar
energy in the process of changing the saturated liquid to
a saturated vapor. Close to 6.7 x 106 Btu's/hour will be
transferred during peak operation and the heat transfer
fluid will exit the boiler at 383°F.

The superheater will add 54°F superheat to the satur-
ated vapor and its exit conditions will be 420°F and 165
Psia. Instead of being a separate heat exchanger from the
steam generator, the superheater will simply be a tube
bundle located in the vapor region of the unfired boiler.
This not only reduces the cost of the equipment but also
reduces the thermal mass and thermal losses of the system by
incorporating both items in one insulated ''shell".

The major tradeoff analysis that were performed to
determine the cost-effectiveness of heat exchanger config-
urations is outlined in Table III-5.
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TABLE III-5 - .

HEAT EXCHANGER OPTIONS

(T; - T) - 370-450°F - 370-550°F . -400-500°F
Heat Exchanger ’ Superheate:; Sﬁperheater Superheater
Configuration : Unfired . Unfired . Unfired Boiler
Boiler Feed- Boiler Feed-
water Pre- water Pre-
| heater = .  heater
Equipment Cost 839,500 - $37,500 $34,600
Solar Energy  g.52xi0?  8.24x107 8.34x10°
Collected : . Btu/yr. Btu/yr - Btu/yr
Difference in Solar  9.8x108 B 1 x 108 Btu/yr
Energy Collected - Btu/yr ) - .
Present Value of . $33,600 o 0 . ,“' $11,900

Difference in. Solar
Energy Collected
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A heat exchanger configuration was matched to each
temperature regime in question, and the cost and amount of
solar energy collected for each 'was compared.

The difference in .installed cost between the heat
exchanger configurations is due to the number and size of
heat exchangers. The 370-450°F system employs three heat
exchangers, and with only a 450°F maximum temperature,
.larger. surface areas are required than with a SSOOE or
500°F temperature. The AOO:SOOOFAsystem employs only two
heat exchangers and eliminates the feedwater preheater.

The value of operating at ‘as low a temperature as
possible is illustrated by the amounts of solar energy col-
- lected for the different temperatures. The 370-450°F system
operates at an average temperature of 410°F and collects
approximately 2.8 x 108 Btu/yr. more than the 370-550°F
system which' operates at an average temperature of 460°F.
The dollar value of this energy over the 20 year system
lifetime. is$33,600.

5. Pipe Insulation

‘Fiberglass pipe insulation will be used throughout the
system on all straight lengths of pipe and at all welded
connections. Cellular glass insulation will be used at
all flanged and.threaded connections.because of the potential
fire hazard incurred with fiberglass should it become satur-
ated with-the heat transfer fluid at temperatures above
500°F. The cellular glass is a closed cell insulation and
does not have.a large-surface area that could become sat-
urated with the fluid.

The system will be pressure tested during checkout to
enéure the  integrity. of all connections. During the life of
the system,  the most likely place for a leak to occur will
be at the: flanged'and/or threaded connections, therefore,
the cellular: glass will-be used at these locations.
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All insulation will be weather proofed and protécted by
a .016" aluminum jacket.

The most economic thickness of insulation has been
selected for each pipe size as listed below and the criteria
used for the selection are described in the next section.

1.5" pipe - 2.0" insulation
2.0" pipe - 2.0 insulation
2.5" pipe - 2.5" insulation
3.0" pipe - 2.5" insulation
4.0" pipe ~ 2.5" insulation

Fiberglass, calcium silicate, urethane foam and cellular
glass were initially considered as insulating materials. The
important insulating properties of these materials are listed
in table III-6. Urethane foam was rejected because of its"
low‘operating temperature (less than 250°F).

Calcium silicate and cellular glass were rejected because
of their lack of availability, higher cost and poorer thermal
performance. Their main advantages are their ability to
withstand high temperatures’(lZOOoF) and applied pressure
without deforming.

Fiberglass was chosen in preference to other insulation
possibilities for a number of reasons:
Least costly

o Best insulating properties for the temperature trange
o Readily available, and
o Ease of installation (high degree of experience of

contractors with the material) ‘

To determine the most economic thickness of insulation,
the total life-cycle vélue of the lost heat for various
thicknesses were projected for a 20 year lifetime.- In-
stalled costs were obtained from equipment suppliers and con-
tractors and were plotted in dollars as a function of insu-
lation thickness per linear foot of pipe.
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INSULATION

'FIBERGLASS

URETHANE

CELLULAR GLASS

CALCIUM SILICATE

MAX
OPERATING
)

TEMP (°F

650

250

800

1200

TABLE III-6

- INSULATION PROPERTIES Do

CONDUCTSVITY ‘HEAT
@400~F 20 CAPASIEY
(BTU~IN/HR-FT“-"F) BTU/FT -"F

A ' 1.33

- .76

.59 2.16

48 3.36

COMMENTS

LOW COST

READILY AVAILABLE
EXTENSIVE
CONTRACTOR

EXPERIENCE

LOW COST
MODERATE AVAIL-
ABILITY
LITTLE CON-

TRACTOR -

EXPERIENCE

HIGH COST

POOR AVAILABILITY
LITTLE CONTRACTOR
EXPERIENCE

MODERATE COST
MODERATE AVAIL-
ABILITY MODERATE
CONTRACTOR

EXPERIENCE



Heat loss was calculated on the basis of Btu's lost
per year per linear foot of pipe, as a function of insula-

tion thickness. To assign a dollar value in present
dollars to the energy lost, the following assumptions were

made:

Tepgig = 410°F, T, = 80°F
$25.21 per barrel of oil (Hilo Coast's most recent
figure) 4 ‘ '
6.2 x lO6 Btu per barrel
78% boiler efficiency to replace the lost solar energy
13% fuel cost escalation per year

10% annual inflation

0O 0O O O o

20 year life cycle

By summing the dollar value of the heat lost and the
installation costs for each thickness, the most economic
insulation thickness for each pipe diameter was determined.
It is the point of minimum total cost. Table III-7 summari-
zes the results of the analysis.

It is interesting to note that when overnight thermal
losses were taken into account, the optimum insulation
thickness decreased in some cases by % inch. ‘This was due
to the heat capacity of the insulation which represented
33% of the thermal mass for a 1% inch pipe and 14% for a
4 inch pipe. All field piping reaches ambient temperature
within a twelve hour period, and since overnight losses
represent 707 of the total heat loss, more Btu's were saved"
by decreasing the pipe's thermal mass (i.e.: ~feducing
. insulation thickness) than were saved during system operation
with increased insulation thicknesses.

6. Heat Transfer Fluid Selection

Therminol 55 was originally proposed as the working
fluid in the solar loop. However, in light of the high opera-
ting temperatures (370-450°F) of the HCPC system and the low
flash point of T-55 (350°F), it was decided to'further
examine other available fluids for use in the system.
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TABLE III-7
OPTIMUM INSULATION THICKNESS

PRESENT
PIPE INSUL. ANNUAL HT, ENERGY WORTH INSTALLED
DIA, THICK(IN) LOSS(Btu/L,F)VALUE($) VALUE COST($/L.F) TOTALS(S$/L.F
1 1 136.1x103 .71 15.98 7.54 23.52
1S 113.7 159 1328 8.39 21.67
2 95.9 150 11.25 10,21 21.46%
2.5 100.8 ‘53 11.93 11.02 . 22.95
2" 1.5 133.5 70 15.75 9.27 25.02
2 111.6 ‘58 13.05 10.87 23.92%
2.5 108.1 156 12,60 11.74 2434
377 106.0 55 12.38 13.38 25.76
25" 1.5 154.5 .81 18.23 9,88 28.11
2 131.6 169 15.53 . 11.65 27.18
2.5 1224 64 14.40 12.58 26.98*
3 116.2 61 13.73 14.27 28.00
3" 1.5 176.1 .92 20.70 10,49 31.19
2 144.9 176 17.10 12.48 29.58
2.5 138.8 72 16.20  13.68 29.88%
3 . 130.9 168 15.30 15.29 30.59
4" 1.5 211.7 1,10 24,75 11.34 36.09
2 173.8 91 20.48 13,68 34.16
2.5 162.8 '85 . 19.13 15,34 © 34.47%
3 152.6 '80 18.00 17.21 35.21
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Since the fluid will cool relatively rapidly when a
system leak occurs, a flash point near the system's peak
operating temperature will provide a safety margln so as to .
minimize the fire hazard.

Table III-8 lists the important properties of numerous
heat transfer fluids, and it shows that there are several
fluids that meet the flash point requirement. Nemely .

Fluid Flash Point Manufacturer
Synfluid 4cs 445°F Gulf
Synfluid 6cs 465 Gulf
888-HF 450 Bray 0Oil
Syltherm 444 450 Dow Corning
Syltherm 510 527 Dow Corning

Additional considerations for fluid selection are
specific heat, viscosity (or pumping costs), fluid lifetime
materials compatability, cost and toxicity.
Gulf synfluid 4cs has the best combination of properties
for the HCPC application and will be the fluid used in the
collector loop. It has the highest specific heat of all
the fluids considered and the second lowest viscosity at
100°F so the cold start-up and overall pumping costs will be
minimized.

The synfluid meets the white mineral oil specifications
for the Food and Drug Administration and may be used as a
component on equipment intended for use in contact with food.
It also is approved by the U.S. Department of Agriculture for
incidental food contact in meat and poultry establishments
so toxicity is not a problem.

The Dow Corning fluids are slightly more stable, but
with an inert nitrogen blanket on the expansion tank the
4cs should have a 20+ years service life.
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Fluid Manufacturer Remarks Freeze/ Viscosity | Specific Thermal Flash | Fire | Cost
Pour Pt.- (cs.) Heat Conductivity Pt. “Pt. | $/Gal
(F) at 100 F (BTU/1b F) (BTU/HxFt F) - (F). (F)
SYNFLUID 2CS | Gulf -100 5.4 0.62 (300 F)|0.082 (200 F) {320 360 | 6.00
4C8 -~100 18.3 0.62 (300 F; 0.073 €300 F) | 445 495 (bulk
6CS - 90 33.3 0.57 (300 F){0.074 (300 F) ] 465 520
I'HERMINOL 60 | Monsanto High cost - 90 4.9 0.445(0200 F)| 0.0731(200 F) [ 310 320 {10.27
DOWTHERM LF : Dow High pour - 25 275 0.44 (212 F)} 0.076 (212 F) 1260 280 10.88
point
TRIBOTYL IMC Chemi- Not <-112 3.8 (85F) (0.41 295 8.27
PHOSPHATE cal Group, .|applicable .
Inc. Above 200 ‘F
COOLANOL 35 | Monsanto High cost |<¢-120 6.5 0.45 C 77 F)0.077 C77 F) 1350 400 (52.82
and
viscosity
BUTYL Union Low flash -390 6.8 240 491
CARBITOL Carbide point
THERMINOL 44 | Monsanto High - B0 8.8 0.508(200 ¥)|0.076 (200 F) 405 “438
viscosity
COOLANCL 45 ] Monsanto High cost [<- 85 12.2 0.45 (77 F)[0.078 ¢ 77 F) (370 430 ]49.25
and ) .
viscosity
SYLTHERM &44 {Dow Corning |High cost ~171 17 0.39 (212 F) 0.080 (200 F) {450 00 }18.40
Low ¢
High R
510 38 0,436 (200 F) 527 1840
888-HF Bray Oil Co. |[High <- 85 4. 51 440 6.80
viscosity (210 F)
THERITINOL ™55 | Monsanto High - 40 23 0.521(200 F)]0.0701(200 ¥) [350 4101 2.52
viscosity (bul! .
NEXYL Union Low flash - 58 5.85 195 ~6.62
CELLOSOLVE Carbide point ( 68 F)
Table III-8, Heat Transfer Fluid Properties




Finally, of the fluids considered, 4cs is the least
expensive. . These reasons make it an excellent choice for

this appllcatlon and even though it will cost more than
twice the T-55, the additional fire and tox1c1ty protectlon
is well worth the expense.

E. CONTROL SYSTEM |
The control subsystem will contain the control and

display equipment for all subsystems which comprise the

IPH demonstration project. All control functions will be
performed by closed loop sensor/control actuator combina-
tions at selected points throughout the solar energy system.
Pravisions have been made for manual intervention and con-
trol as considered appropriate. The control subSystem will
be de31gned to have the following characteristics:

o it will provide all necessary system control to allow
continuous unmanned system operation;

o it will be responsive to system fault conditions and
shall perform automatic protection actions, including
system turn-off, to prevent damage to the system or
components;

o it will have a display panel depicting the system
status for rapid visual monitoring of general
system condition;

o controls will be designed so that a loss of control
power results in an orderly system shut-down using
a back-up power system.

The controls subsystem will include two main sections;
the solar thermal array and fluid distribution network.
Each of these will be discussed in detail below.

Solar Thermal Array
The basic unit for the collector array will be the set

of six concentrating collectors installed in series and
controlled as a single unit. The unit controller will be
set between the third and fourth collector and will control
all six collectors from the same drive mechanism. The control
sequences to be implemented include: '

(a) Morning wake-up

(b) Normal track
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(c) Pause and
"(d) Unit Stow
‘ - " 'The following is a brief explanation of the control
sequences.
‘ beﬁing Wake-Up -

Upon receipt of a suitablefactuating signal from the

control room, sufficient insolation and the absence of
high winds, .rain, etc., the system will provide a éignal to
start the fluid pump.. After fluid flow is established, the
‘collectors will unstow and begin rotating westward to obtain
the sun. Westward rotation will continue until the tracker
acquires the sun. ' |
prmal Track ‘

..The acquisition angle for the tracking unit is about

20 degrees. Once the sun comes within the tracker acquisi-
tion angle the rotation caused by the morning wake;up
sequence is disabled and acquisition/tracking sequence begins.
This mode remains in operation until interrupted by insola-
tion, meteorological, or manual signals.
Pause
. The pause operational mode deactiviates the solar
tracking mode. This mode is used to halt the rotation of
the collectors when the sun becomes obscured by clouds. The
pause mode remains .in effect as long as the sun is obscured.
Once the cloud cover has passed, the tracker will reacquire -
the sun and commence normal tracking. If the sun has
moved outside the acquisition angle of the tracker, the
collectors will automatically stow.
Unit Stow

This operational_modé causes the unit to cease its
present operation and stow the collectors. The stow mode
is activated when the insolation falls below a preset level,
rain, high winds, loss of primary power, loss of fluid
flow, excessive temperature in the thermal receivers or

when the steam loop conditions are outside of specific
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pressure tolerences.

- The solar field has been divided -into five subfields-
.-for control purposes. This is to prevent excessive utility
-surge loads which would result if évery'drive pylon were .-
-ractivated simultaneously. The five sepatrate subfields
.will recieve control signals from the central field control-
~ler. 1In addition, each subfield will. have a manual control-
ler located in the HCPC power plant master control room,
where field status may be monitored visually via closed
- circuit TV. The manual control panel will provide the same
control functions as discussed above. Each collector unit
‘will also be individually controllable in the field. A
master field ON/OFF switch will be provided on the master: -
control panel and in the pump house ODAS room. Both switcheés
must be ''ON" before the system will operate. |
Fluid Distribution Network '

Outlet temperature from the field will be controlled
by varying the flow rate of the fluid through the collectors.
Flow rates through the solar system will be controlable
from about 50% to 1007 of full fluid flow. Computer simu-
lations indicate that this is sufficient to control the
field outlet temperature without significant thermal insta-
bilities in the system.

A thermally actuated bypass valve will be employed in
the heat transfer fluid loop. The valve will allow the
fluid to by pass the steam generator during morning start-
up or when the fluid is not at a useable temperature.
This will prevent thermally shocking the steam generator tube
bundles with ambient temperature fluid at morning start-
up, as well as preventing thermal draining of the steam
generator during marginally sunny periods.

The boiler/superheater will have a water level control
built into the unit. The unit will sense the water level
in the boiler and, if it is below a preset level, a signal
will be sent to the water pump turning it on. When the

III-48




water. level rises above a fixédgléyel, the pump will be 'vf«
turned off.: .A control .valve at the entrance of the feed- ....
water preheater will. maintainnpressure in the line and _ ..
prevent fluid backflow.

A spring -loaded check valve.at. the steam interface with ..
the plant; will allqw steam to-enter the main line only ..,
when the solar side pressure exceeds the pressure in the .. .

main line. . Since the temperature of the steam will. control .
the pressue,-.only steam of a predetermined quality will be.
.-allowed to enter the main steam.line. A pressure actuated.-..
valve will belocated at the outlet of the steam generator.- ..

on the superheated steam line. .The valve\will prevent
thermaleraining of the generator overnight, which would
occur due to the cooling steam pipe. As -the pipe cooled,
the internal pressure would decrease and tend to rob the
generator of its pressure, tempefature and energy. The
valve will be set to close at a pressure below approxi-
mately .135 Psia and will open at a pressure above 145 Psia.

Emergency controls for the fluid distribution loop will
sense the steam outlet pressure and cause the solar system
to shut down if they are outside predetermined limits. This
will consist of stowing the collectors, turning off the water
pump, and turning off the heat transfer fluid pump.

An additional emergency control consists of a collector
fluid overpressure sensor near the boiler/superheater. Its
purpose is to detect a leak in the heat ekchanger bundles
and prevent mixing of the transfer fluid with the plant's
treated water. Overpressurization in the transfer fluid
piping will result in system shut down. A level switch,
located in the o0il expansion tank, will also shut down the
solar energy system if the level is too low. All sensors

will prevent the system from starting up if presci conditions
are exceeded. Visual displays indicating the out of bounds
condition are provided on the master control panel.
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The steam overpressure 1nd1cator is a’ b11nk1ng dlsplay, and
the 1eve1 and oil pressure sw1tches are connected to status
lights on’ the display, panel.: ) ‘

The master control panel will contain - five displays.
These displays will show the field oil outlet temperature,
steam termperature, steam pressn:e, plldflpw rate and steam
flow rate. Each display will provide over-range alarm in
the form of a blinking display.. '

F. DATA ACQUISITION ,
The on-line data acquisition system " (ODAS) is completely

1ndependent of the process control function. ~It's sole pur-
pose is to collect and store sufficient operatlng data to
evaluate the performance of the solar energy system. The
basic philosophy is to make absolute measurements of the
quantities of interest, transfer these data through a sig-
nal conditioner, if required, and into the memory of a
computer. The necessary calibration factors would be ap-
plied to each piece of data to convert it to the appropriate
engineering units, and the results used to compute various
system performance parameters. All pertinent data thus
obtained will be stored on magnetic tape or hard disc for
‘further system evaluation and analysis.

The data acquisition system will be designed to incor-
porate the following features:

(a) Capable of scanning and processing data from at
least 20 channels with modular expan31on to 120
or more channels.

(b) Input DC voltage from a few milliwatts to 20 VDC.
Unit will be capable of withstanding accidental
connection to 120V AC to inputs without damage.

(¢) The A/D converter will have a minimum of 12 bits
resolution.

(d) A standard line printer for output of hourly and
daily reduced data.

(e) Nine-track 1600 BPI magnetlc tape or sealed hard
disc capable of storing at least one week of opera-
tional information.

(f) A minimum of two RS232C ports for connection to
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(g)

«(h) .

(@)
4)

(k)

-.a dd1t10na1 perlpherals and for possible- tele-
communlcatlons use.

Battery powered real-time clock to prov1de timing
information  to the system

Selectable single channel dlgltal readout in
englneerlng units.

Capablllty to prov1de output w1th on-line prlnter

S or dlgltal readout without ‘disturbing data acqui-

sition or data output to storage.

The operatlng programs and stored data shall be
unaffected by power outages, and power failures
shall not disturb data flled on tape or disc.

The systeim will be immune to line and env1ronmenta1
electrical interference. Analog inputs. shall be

' capable of reJectlng 120 db of common mode noise

. at 60 Hz.

(1)

(m)

(n)

(o)
(p)

(@)

Programmable in a high level 1anguage to perform
time summation, averages, manipulation of input
data; and polynomlal calibration factors for direct
sensor data. The system will provide diagnostic
plain text messages to flag subsystem operating
problems.

The ~ computer system will be operatlonal in the

- tempegxature and relative humidity range of 5°C

to 40°C and 5% to 90% respectively. The system
shall be kept in a sheltered environment during
operations. “

System operation shall’have a software protected
operating mode. - Only by input of a user supplied
password will the operator be allowed to modify or

- halt the operation of the ODAS function.
System shall include a hlgh/low printed and displayed

alarm flag

Sensor sampling and summing rate shall be variable
from channel to channel and operator selectable.
Time periods. will be from. 10 seconds to 10 minutes.

System shall provide diagnostic plain text messages
~ to flag operating problems in the solar energy sys-

tem, data acquisition system, or the sensors.

Conceptually, the system will consist of a computer

controller, a data storage medium, a scanner/data collection

interface,

signal conditioner and the sensors. Control of

the scanner/data collection interface is to be performed by
the computer controller via the IEEE-488 General Purpose
Interface BUS. '
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Iv. DETAILED DESIGN
A. Collector Array Performance

Estimate of Available Insolation
Ideally, in order to accurately simulate yearly sola
collector field performance, long term insolation data must be
available at the site. However, at HCPC no such long term dire
normal insolation data exists. Therefore, one can only estimat
average insolation values from values available from nearby

sites, or derive values from clear day insolation calculations
adjusted by meteorological conditions at the site or at nearby
weather stations. On the island of Hawaii, several stations
(including one in Hilo) have gathered global insolation data
over many years, but have not measured either diffuse or direct
normal insolation. The Cloud Physics Observatory at Hilo (HCPC
has measured direct normal, diffuse and ‘global radiation since
September of 1978. However, this HCPO data is not directly
useful in estimating HCPC insolation because:

(1) 1is it only short term data and therefore cannot be
' considered representative of the long term average
insolation conditions, and

(2) the average insolation conditions at HCPO are
significantly different from those at HCPC due to
the meteorological (i.e., cloud cover) differences
between the two sites,

Table IV-1 shows measured differences in insolation between the
two. HCPC not only experiences higher global radiation, but
also has a lower percentage of diffuse radiation than HCPO.
Therefore, average direct normal insolation estimates for
simulation purposes have been based upon ASHRAE clear day
direct normal insolation values for 20°N latitude reduced by
monthly average percent possible sunshine at the HCPC site.

. Monthly percent possible sunshine numbers for the HCPC
site have been derived from long term percent possible sunshine
numbers for Hilo which are published in the NOAA climatic
atlas. These values were adjusted for use at the HCPC site by
multiplying by the ratio of the average direct radiation on a
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~ .TaBLE 1V-1 - COMPARISON OF SITE & HCPO INSOLATION CHARACTERISTICS

DIFF DIFF (GLBLY;y;  (BEAM ON HORID)g .
6LBLgy7e - GLBL,cpp (BLBL)cp,  (BEAM ON HORIZ) ),
Novo.o048 0 057 ¢ 1,12 . 133
o DEC - 0.41 . 045 . 1,04 1.13
P | ~ | |
OAN .- 034 . 0,40 - 1,13 . 1.23
FEB - 0,41 051 - - 1120 - . 1.33

—
N
o

AVE . 0.41 0.48 1.10




horizontal surface (global minus diffuse) measured at HCPC
from November 1979 to February 1980, to the average direct
radiation on a horizontal surface at HCPO during the same

months: 1.26, as shown in Table IV-1.

Though this technique is not completely accurate, it is
considered reasonable in this case in which very little data
is ‘available. 1In fact, Table IV-2 compareé the adjusted
ASHRAE, direct normal insolation values used, for the months
in which data was taken at HCPC, and the actual insolation data
On the average, our estimates are shown to.be slightly less
than the measured insolation at HCPC. THérefore, our predic-
ted yeariy solar system output is expected'tégbe reasonably
:épresentétive'of actual average year output, or at least may
be slightly conservative. (Additional insolation data, only
made available at the writing of this report, for the months
of March and April 1980, show even greater variance between
direct insolation at the site and the Cloud Physics Observa-
tory. The ratios of beam radiation on a horizontal surface
at HCPC to that at HCPO have been found to be 1.9 and 2.7
for the months of March and April, 1980, respectively,
highly demonstrative of the different insolation levels at
locations separated by only about 10 miles.)

Collector Array Performance Simulation

As stated previously, TEAM, Inc., has developed a para-
bolic trough performance simulation code, PARABL, which was

used to model the average yearvthermal'output of the collector
array designed for HCPC. All of the pertinent SKI T-700
pérameters, e.g. peak noon efficiency cufve, physical dimension
incidencé angle modifier, etc., were input along with monthly
average ambient temperatures at Hilo, and hourly gross thermal
output was computed -for clear days of each month. As described
in the'1a§t section, clear. day insolation data input to the
code was ASHRAE direct normal data for 20°N latitude reduced

by a 0.95 clearness factor. - Average monthly output was then
calculated by reducing the clear month output by the long term
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TaBLE 1v-2 COMPARISON OF MEASURED SITE INSOLATION vs ESTIMATED INSOLATION

ABTUMR-FTD)  B(Bru/Me-FT2) A/B
‘ NOV 79 580.7 585 099
1 DEC 79 705.7 | ey 1.25
- N80 927.8 . 845 110
+ FEB 80 849.1 92 0.92

| 1.07 AVE

A = AVE BEAM INSOLATION ON HORIZONTAL SURFACE, MEASURED
AT HCPC
B = ASHRAE CLEAR DAY .BEAM INSOLATION ON HORIZONTAL SURFACE
| ATIZUON LAT, TIMES HILO % POSSIBLE SUNSHINE, TIMES 1,26
(ADJUSTMENT FroM HCPO To HCPC)




average monthly percent possible sunshine numbers for Hilo,
adjusted by the factor of 1.26 (average measured ratio of
beam radiation on a horizontal surface at HCPC to that of
HCPO during the four-month period for which that data was
available); Figure IV-1 shows how those average monthly
outputs vary throughout a year. The gross thermal output
from the array at HCPC during an‘aVerage year then was
computed to be 1.02 x 1010
to detefmine the effect of the slope variations in the collector
field at HCPC and it was determined that the yearly gross

Btu's. A computer study was performed

collector output was only reduced by about 1% compared to a
flat field. Therefore, a factor of 0.99 was use& to reduce
the expected field outpot.

PARABL Computer Printout of HCPC SIPH System

The following printout shows the hourly computed solar

array output for a clear day of each month, The total monthly
outputs shown are the total clear monthly outputs reduced by
the percent possible sunshine numbers for Hilo, Hawaii. The
other parameters shown are the fractions of the array aper-
ture area which is not shaded at a given hour, the clear day
direct normal insolation values input, the solar altitude
above the horizon at a given hour, and the collector'array
overall efficiency for each hour,

B. Site Preparation and Grading Requirements

Existing and Proposed Topography
The existing topography of the proposed site is detailed

in Figure IV-2. The field has a natural grade of 10% sloping
down toward the northeast, The solar collectors will be orienteéd

~ in the north/south direction and must be relatively level along
~this axis. Figure IV-3 outlines the topography that is required

for the collector array.

To accommodate the collector configuration, the field
will be graded to form two tiers. Both tiers will have a
gradual upward slope from east to west averaging 47 with a.
maximum grade of 14% for the most northwesterly group of
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HCPC SIPH PERFORMANCE
" NORTH-SOUTH

42,420 Fr2
JAN 17 OUTPUT . C
HOUR BTU/HR(FIELD) X UNSHAD DN INS SOLAR ALT EFFICIENCY
6 tAM 0 1 0o . -9.21674 0
7 ‘1AM (o] .- 2362 ’ 100,7 3.,90437 0
8 :AM +328086E 7 .720881 238 16,4628 « 324968
9 1AM »955891E 7 1 ) 279.3 : 28.,1032 + 469189
10 AN +OD6984E 7 1 296.9 ) 38,1932 +442244
11 1AM +343774E 7 1 305 45.6534 +420289
12:NOON «934732E 7 -1 307 .3 49,0167 + 410207
1 PM +S36989E 7 1 305 47,3019 + 415045
2 tPM +D45417E 7 1 296.9 41,0405 +43306
3 IPM «D42736E -7 1 279.3 31,6815 «458103
4 IPM +411455E 7 « 87847 238 20,4688 407544
9 PM 54194.1 « 398803 100.7 B.16654 «126848E-1 °
6

tPM 0 1 -0 ~4,79529 0

AVERAGE EFFICIENCY OF CLEAR DAY .344849
TOTAL CLEAR DAY QUTPUT .45615E 8
TOTAL MONTH OUTPUT ,678752E 9
###f##t#’#####0###9##*########'###

FER 16 OUTPUT

t HOUR BTU/HR(FIELD) X% UNSHAD - DN INS SOLAR ALT EFFICIENCY
6 1AM 0 : -1 0 ~7.60918 0
7 1AM . 298422 ¢ 291565 15%9.1 6.08773 +442171E-1
8 :AM +429647E 7 2778022 254.1 19.3939 « 398599
? 1AM +63706E 7 1 286 32,0198 +525102
10 :AM +645386E 7 b 300.7 43,3935 + 505959
11 1AM +638134E 7 1 307.3 52.3506 + 48933
12:NGON - +631411E 7 1 309.2 56.862 +481396
‘1 IPM +631096E 7 1 307.3 55.1538 +48413
2 IPM +633445E 7 1 300.7 47.9783 + 496598
3 IPM 1623626E 7 1 286 37.5356 . +914029
4 IPM +D6536E 7 + 994949 254.1 25.3962 + 9245046
S IPM +127341E 7 +521184 15%9.1 12,3593 +188681
é

IPM 0 1 0 . -1.1808 0

AVERAGE EFFICIENCY OF CLEAR DAY .422977

TOTAL CLEAR DAY OUTPUT .559235E 8.

TOTAL MONTH OUTPUT .65766E 9 V-7




t 16
i0UR

SAM
$AM
LA
sAM
) 1AM
L cAM
2$NOON
© IPM
tPH
IPM
IPH
$PM
$PH

BTU/HR(FIELD). Z UNSHAD.

o . : 1
«139375E 7 +444938
+D3698%94E 7 «924128
«679689E 7 1
+69923E 7 1
+701887E 7 1
«7012E 7 1
+699305E 7 1
+69495E 7 1
«675092E 7 . 1
+616788E 7 1
«217042E 7 + 592498
o

rAL. CLEAR DAY OUTPUT
fAL MONTH OUTPUT .812227E 9

E g i 2222222222222 2222222222222 2/

t 15
10UR

‘AN

‘AM
$AM
) AM

22 NOON
TP
H )
i,
‘PH
‘PM
‘PH

BTU/HR(FIELD) 7Z UNSHAD

DN INS

256
282.2
295
300.7
302.6
300.7
295
282.2
256
187.6

«922804E-1 0

«639045E 8

o

«254702E
«598513E
«540831E
+»690093E
«702095E
+«704396E
« 702095E
+«690095E
+660831E
«398513E
*»254702E
o

ral. CLEAR DAY OUTPUT

AL MONTH OUTPUT

L2 22 e R R 2R L 2222222222222 2222 224

«172134
« 649373

1

NN NNNNNNSNNN
LR T

.601687E 8

«66472E 9

649373
+172134

AVERAGE EFFICIENCY OF CLEAR DAY

283.6
277 .9
266
243.2
190
25.7

SOLAR ALT

-2.93305
11.1214
25,0119

38.5297

51.2234
61.9037
67.4637
64.3196
54.7299
42.4568
29.1199
15.3129
1.29212

SOLAR ALT

3.21331
17.2177
31.3042
45.3614
59.1841
72.0631
79.4047
72,0631
59.1861
45.3614
31.3042
17.2177
3.21331

EFFICIENCY

+ 546264
94823
995343
+ 963943
+96797
272734

«493411

EFFICIENCY

+OBHAYE
+ 583605
+582641
+ 583605
+ 585396
+ 58565

+580149
+ 316015

AVERAGE EFFICIENCY OF CLEAR DAY .452636

IV-8




MAY 15
HOUR

+AM
tAM
:AM
tAM
AN

O T D Gty s bt = QO N O

TOTAL CL
TOTAL MO

OUTFUT

* BTU/HR(FIELD) % UNSHAD

+314182E
+565295E
+630897E
+663972E
+ 680464E
+685686E
+680504E
+ 663868k
+630572E
+D64626E
+290134E
0

NN NNNNNNNNN

EAR DAY OUTFUT

327733
+ 782205

[ S

+737838
+ 281353

+63702E 8
NTH OUTFUT .612176E 9

FEEFHE 444034444 E 041243140

JUN 11  OUTPUT
HOUR RTU/HR(FIELD) Z UNSHAD
6 1AM 0 + 367207
7 1AM +314205E 7 +811019
8 AM +541276E 7 1
? (AM +607944E 7 1
10 1AM +643182E 7 1
11 1AM +660196E 7 1
12:NOON +666132E 7 1
1 IFM +660196E 7 1
2 PM +643182E 7 1
3 IPM +607944E 7 1
4 M +541276E 7 1
9 IPM +314205E 7 +811019
6 IFM 0 + 367207
TOTAL CLEAR DAY OUTFUT .619974E 8

TOTAL MONTH OQUTPUT .762568E 9

SEEEELEERELLEELE RS20 050088 LV-O

DN INS

AVERAGE EFFICIENCY

SOLAR ALT

7.00515
20.35982
. 34.4155
48,3785
62.432
763229
88.6005
7541146
61.0239
46.9773
33.0261
19.2273
5.66235

AVERAGE EFFICIENCY OF CLEAR DAY

SOLAR ALT

7.71873
20.9808
34,5089
48,2054
61,9905
75.736

86.9371
754736

61.9905
48.2054
34.5089
20.9808
7.71873

OF CLEAR DAY

EFFICIENCY

393752
+570225
,583012
588434
. 590398
590798
. 590433 °
588342
582711
+ 5469549
+ 363613

+462405

EFFICIENCY

+400812
+ 959646
975795
+ 583612
+ 587074
+ 588137
+S587074
+ 583612
975795
+ 559646
+400812

+461694




O UMD I b = 000N O

TOTAL CL
TOTAL MO

OUTFUT : ‘
. BTU/HR(FIELI) %

+273476E 7
\537706E 7
+6050464E 7
+641033E 7
. 65873E 7

' 663097E
. 658861E
+641442E
:605975E
+539364E
+318664E
0

~N

NN NN N

P T T S N e

,UNSHAD

293738

"+ 744947

832145
+ 385429

EAR DAY OUTPUT .61433%9E 8

NTH OUTPUT .837959E 9

FEFF 4334534423340

AUG 14
HOUR

tAM
tAM
1AM
tAM
tAM
tAM
$NOON
PM
tFM
‘PM
tPM
‘PM
‘PM

O D GIN = e GO N O
= O

TOTAL CL
TOTAL MO

OUTFPUT
BTU/HR(FIELL) 7%

+231968E 7
+S5586E 7
+62T479E

+659699E

+674024E

+678477E

+673765E

+659363E

+625541E

+D56402E

+270162E

0

NN NNNNNNN

EAR DAY OUTPUT .62109
NTH OUTFUT .731649%9E 9

UNSHAD

+ 199292
+ 667377

T T Y Ll ol

+743526

+ 278092

4E 8

S0 5440400885435 244S

AVERAGE EFFICIENCY OF CLEAR DAY

IS

SOLAR ALT

5.79578
19.1742
32,816

. 4646302
- 60,5538

74.5321
88.1704
77.327

© 63.347

49.4079
35.5673
21.8849
8.44457

SOLAR ALT

Immmssmoman  pwsm s

| 3.,66506

17.4809
31.4713
45.5506
59.6222
73.4261
84.0356
75.6342
61.955

47.8998
33.8138
19.803

S5.95122

EFFICIENCY

o
+ 358159

561869

(577459
+584813
«587988

- 588765
"+ 588105
985186
4978345

563602

441734

+460895

EFFICIENCY
b3 14—} 1241
L

+ 314452
+573467

+ 584838
58774
+58784 .

+ 587593
+587613
«587442
+584709

+ 574026

366229
0

—— s s i SV S cnan G e

AVERAGE EFFICIENCY OF CLEAR DAY .456612
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SEPT 15 OUTPUT

HOUR BTU/HR(FIELD) 7% UNSHAD DN INS SOLAR. ALT = EFFICIENCY
6 1AM 0 113296 0 T 1.9619 )
7 1AM 514639 1609129 . .85 © 16,0511 .142729
,-.8 AM . ,S78039E 7 1 .. 238 - 30,0551 572545
L9 tAM . J646BS6E 7 1 265.5 . 43,7852 ~ +574345
» 10 IAM . +673902E 7 .1 278.8 .. 56,8089 .569814
-1 1AM +684586E 7 1 285.5 T6747652 +565264
12INOON . .687187E 7 1 287.4 .. 72,233 +56366
1 iPM . +68SSB1E 7 1 285.5 L 6642122 1566085
2 PN -+ +679508E 7 1 278.8 . 54,7235 4571172
- 3 IPM _ +648495E 7 1 265.5 41.5288 575799
4 IPM +578864E 7 $ 999529 238 27.7334 $573362
5 iPM 317424 527491 85 ... 13,7052 .880338E-1
6 IFM .0 ~ 1 0 -.385768 0

AVERAGE EFFICIENCY OF CLEAR DAY ,487528
TOTAL CLEAR DAY OUTPUT ,594222E 8
TOTAL MONTH OUTPUT .74872E 9
SEEFEEEE L2400

OCT 15 OUTPUT

HOUR BTU/HR(FIELD) % UNSHAD . DN INS SOLAR ALT  ° EFFICIENCY
6 1AM 0 , +700181E-1-. 0 +234381 Y

7 1AM +129194E 7 0566227 ... " 144.4 13,9656 +210914

8 1AM +549254E 7 1 240.4 27.2757 538602

9 1AM +615441E 7 1 273.6 39.8001 530274

10 1AM +632885E 7 1 288.8 " 50,7567 - 4516403

11 1AM +635853E 7 1 295.9 58,4509 506572
12:NOON +637313E 7 1 297.8 60,2277 +504495

1 IPM +642064E 7 1 295.9 55.1684 51152

2 IPM +643329E 7 1 268.8 45,5515 .525128

3 IPM +627002E 7 1 273.6 33,6708 - ,540234

4 IPM +431668E 7 +806099 240.4 ' 20,6902 +423297

5 (PM 323863 +319922 144.4 7.13823 +528718E-1
6 PM .0 1 0 -6.72612 0

AVERAGE EFFICIENCY OF CLEAR DAY .441864S

TOTAL CLEAR DAY OUTPUT .S55763%9E 8
TOTAL MONTH OUTPUT .70875S9E 9

$34E344 4344352420204 00 20000
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NOV 14 OUTFUT ~ ‘
HOUR - - BTU/HR(FIELD) -Z UNSHAD DN INS . SOLAR -ALT - EFFICIENCY

mmmmm EE 3 L B ] == === I S=mm s SssSsscsass
6 1AM 0 : 1 0 -2.99593 0

7 1AM .- 178623 . +463125 95.5 N 10.1006 +440922€-1
8 AM . . +442143E 7 .+9240208 ‘ 231.3 22,5525 2450626

@ aM - - +546695E 7 1 274.1 33.9183 "+470181

10 1AM +585247E 7 1 292.1 . 43.3877 +44811

11 1AM \SS0833E 7 1. . 300.2 . 49,5982 +432552
12INOON +551161E 7 1. 302.6 ’ 50.9587 + 429377

1 FM - +560144E 7 1 300.2 - 47.0061 + 439864

2 IFM . +571081E 7 . 1 292.1 38.9613 +460888

3 IFM +S564554E 7 1. . 274.1 . 28.4106 ' +485541

4 IFM +317476E 7 + 704759 231.3 16.4286 1+ 323548

S IPM 0 . 218515 95.35 © 3.61445 0

6

tPM 0 1 0 ~9.70476 0

AVERAGE EFFICIENCY OF CLEAR DAY (362254 .

TOTAL CLEAR DAY OUTPUT .467719E 8
TOTAL MONTH OUTPUT .477074E 9

(2 2L R 2222 RS2 22222222222 222223

DEC 10 OUTFUT

HOUR BTU/HR(FIELIY) 7% UNSHAD DN INS SOLAR ALT EFFICIENCY
=== IS omEDNEEDTS = DDSSm=Em =z =EER =|=|EEE =D oZZSEmoomSm

6 1AM 0 1 0 ~6.15242 0o

7 tAM 0 + 3494468 70.3 6.64017 0

8 1AM +353062E 7 .83022 228 18.7503 « 365044

? tAM +S13913E 7 1 274.6 29.7512 +441182

10 (1AM +S16512E 7 1 294 38.91 . +414155

11 AM +S505964E 7 1 302.6 45.0771 + 394166
12:NOON +502149E 7 1 305 46.9424 + 388116

1 IFM +511018E 7 1 302.6 ' 43,9787 + 398104

2 IPM 52513 7 1 294 36,9916 +421045

3 IPM +S523666E 7 1 274.6 27.3158 + 449556

4 IFM «298785E 7 + 719343 228 16.0042 + 308923

S IFM 0 + 236087 70.3 3.70494 /]

6 IPM 0 1 0 ~-9.20642 ]

AVERAGE EFFICIENCY OF CLEAR DAY ,325483

TOTAL CLEAR DAY OUTFUT .42502E 8
TOTAL MONTH OUTPUT .474322E 9

FEERFEEA SRR 4445203134004

TOTAL AVERAGE YEAR OUTPUT = .8164659E 10 X.99(1)X 1!26(2)= 1.02 X 1010Btu(3)
AVERAGE YEAR THERMAL EFFICIENCY = ,524298 ‘
(1) Field Slope Adjustment .

5 ; HCPC Beam vs HCPO Beam Adjustment

3) Adjust by 305/365 for gross useable output




Figure IV-2
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Figure IV-3
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collectors.' The northern tier will be an average of seven feet
lower than the southérn tier. ‘Due to the poor compacting
abflity of the soil, a'2:1 grade is required by the state for
slopes composed of disturbed soil. In order to maximize the
available horizontal area; a.retaining wall has been used inste
of a 2:1 slope’to-accoﬁnt}for the ‘difference in height between
the two tiers. The wall varies in height from 4 to 10% feet ar
is topped with a four foot tall chain link fence.

The notched sedtion' in the northwest corner of the
southern tier will ‘accommodate two rows' of three collectors
and.has~been:inc1uded‘beéauseionly;cutting is required. The
major-cost-for‘grading*is;fOr‘filling and compacting new soil.
A cut is relétively”inexpensive‘requiring iny'bulldozer work.
The unique :expense for these collectors is the additional 140
feet of 1% inch diameter pipe required to reach them. On a
cost per ‘million Btu's delivered, the energy from these collec-
tors is approx1mately $15/MMBtu more - expensive than the energy
from the rest of the field or approximately 9% more. Since
these collectors will'yield the energy equivalent of 30 barrels
of oil per year, it is felt the small premium is justified.

Collector Accessibility

A 15 foot wide gravel road divides the two tiers and

'prov1des access to the. northern- section' of collectors. Cleanin
or maintenance equlpment can be rolled down every other collect
row and a large -enoiigh turning radius  is available for small
service vehicles. Access to the southern collector array is
limited by the above ground supply and return headers which
run east to west through -the middle of the section. To access
the collectors borderéed by the retaining wall and the main
headers, ‘moveable ramps will be fabricated which can span the
headers and support the weight of a light vehicle.

Field access will be required primarily only for periodic
collector cleaning. This will probably entail a small, wagon
mounted compressor and about 150 feet of hose that can be
pulled through the rows and possibly lifted over the headers.
Vehicular access should only be requifed for major maintenance
operations such as complete collector replacement.
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Additional Site Preparation Requirements

Two swales will traverse the field in the north-south
direction to-assist in water runoff. Along the north edge .
of the collectof field, filling the swales, bordering the
reservoir and enclosing the pump house, will be 9 inch tall
crushed rock berm. The purpose of the berm is for fluid
containment in case of a major pipe rupture. It will consist
of crushed rock % to 3 inches in diameter and coarse sand.
The berm will be porous enough to allow rainwater to filter
through yet will act as a dam for the viscous heat transfer
fluid at ambient temperatures.

Another site preparation feature is the installation of
approximately 150 feet of 24 inch storm drain in the northwest
corner of the field. The proposed grading plan calls for
filling the existing ravine which now serves as an open channel
for runoff from the surrounding fields. The storm drain is
needed to replace the open channel and provide for runoff.

C. Piping Design

1. Sizing Criteria

The philosophy. that was followed throughout the pre-
liminary and detailed design was to make the system as energy
efficient as possible. 1In keeping with this design philo-
sophy, a major analysis was performed to optimize pipe sizes
throughout the systew.

The two primary impacts that pipe size has on energy
efficiency are in pumping costs and heat losses. Large
diameter pipes, for example, experience a low friction loss
and consequently minimize pumping costs; however, the large
diameter pipes also have a large heat transfer surface area
so heat losses are large. In addition, the large diameter
pipes will have a large thermal capacity so overnight thermal
losses are increased. These two factors, heat loss and
pumping costs, were traded off during the analysis to determine
the optimum diameter for various flow rates.

The analysis consisted of the following steps:

o determine relationship between diameter and pumping power. ‘F
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o determine relationship between diameter and 24
hour heat loss.

r-

o tota1~the pumping power and heat .loss for specific
flow rates, and

o identify optimum flow range for each diameter.

The relationship between diameter and pumping power is
expressed in the equation below;

2
_ LV
H,=F5 2g
where

H = head loss or energy loss

F = friction factor

L = length of pipe -
D = diameter

V = fluid velocity

g = gravitational constant

For the analysis, flow rates were fixed and the head loss
associated with different diameter pipes was calculated. Pumping
efficiencies were estimated and a gross power requirement '
assigned to each flow rate/diameter pair on a linear foot of
pipe basis.

Operational and overnight heat losses were also calculated.
on a linear foot basis for the various pipe diameters. These
values were adjusted for boiler efficiency to arrive at a gross
power requirement, '

The two power requirements, pumping and heat losses, were
totaled to determine the gross power requirement for the fixed
flow rates using different diameter pipe, Table IV-3 details
the results of the analysis and Figure IV-4 depicts the results
in a graphical form.

As expected, for a range of flow rates, there is one pipe
diameter that will minimize power consumption or conversly
- maximize energy efficiency. For the HCPC system, the diameter
versus flow rate combination that minimize energy consumption afe:
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TABLE IVfBI;

PIPE SIZING ANALYSIS - TABULATED RESULTS. P

FLOW DIA. PUMP ENERGY ADJ PUMP ENERGY* HT. LOSS TOTAL
(GPM) (IN)  (BTU/DAY) (BTU/DAY) (BTU/DAY) (BTU/DAY)
150 4 10 - 64 2378 2442

3 41 265 1642 1907

2% 124 798 g 1290 2088

2 326 2099 - 973 3072
100 3 13 ' 84 - - 1642 1726

2% 38 245 1290 . 1535

2 101 650 973 1623

1% 324 12086 745 2831
50 3 2 . 13 _ 1642 1655

2% 5 32 1290 1322

2 13 ‘ 84 | 973 1057

1% 42 270 , 745 1015

*Adjusted by ratio of electricity costs to oil costs.
Electricity costs:  $0.09/KWH = $26.40 X 10'16/Btu;
0il costs: $25.22/Barrel. = $4.1 X 10-%/Btu
Cnst ratio: 6.4:1 . o
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FIGURE IV~4
-PIPE SIZING ANALYSIS - GRAPHICAL RESULTS,
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. rates (13.5 gpm) -, . the Revnolds number is anproxlmately

Flow - : Diameter

120-220 GPM 3
80-120 . o2
60-80 | , - 2"

0-60 13"

The flow rates used to layout the piping network corres-
pond to average insolation conditions. A pumping penalty
will be incurred during peak insolation periods due to the
undersized pipe, however, this is acceptable since peak condi-
- tions occur relatively few times durlng the year ‘

2. Flow and Pressure qups'

The flow rates correspondlng to peak, average end minimum
insolation conditions are 340, 237, and 188 gallons per
minute respectfully. This translates into a flow rate of 1. 1'
0.8 and 0.6 gpm per collector for the three flow condltlons
Most collector series consist of 12 collectors, however, a
few consist of only 6, 7, 8 or 10 collectors in series. The
solar kinetics' receiver tube has been designed to include a
removeable twisted steel ribbon that induces turbulent flow
at low flow rates through the receiver. '

The HCPC system was analyzed to determine if the turbu-
lators were needed or if even at the lowest flow rate turbu-
lent flow would occur. The highest flow rate of 13.5 gpm
will occur in the 12 collector series under peak insolation.
The lowest flow rate of 3.7 gpm will occur in the 6 collector
series under minimum insolation. The analysis indicated that
‘the turbulators are required for all of the collectors to
insure turbulent flow conditions. Even at the hlghest flow

24,000 which means the flow is not fully turbulent. The"
turbulators_ﬁill provide the additional 'roughness' to insure
that receiver flow conditions match the eonditionsvduring
efficiency testing and that the collectors will perform

as predicted. ’
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Table IV-4 lists the flow rates, head loss and pump RPM's
corresponding to peak, average and minimum insolation levels
for both the heat transfer fluid pump and the feedwater pump.

Flow through the collector field will vary directly
with the level of insolation as measured by the field outlet
temperature. The flow rate-will be controlled by a motor
controller which varies:the motor's RPM's. ..The HTF pump has
a rated speed of 3500 RPM's, however, a 9% slip will occur

- between the motor controller and the motor so that peak RPM's
will be 3185 and average will be 2208. The feedwater pump,
however, will be a constant speed pump and will account for
variations in insolation by operating for different lengths
of time. '

Pressure drops through the system have been calculated
for maximum, average and minimum flows and are listed in
Table IV-4., It is interesting to note that with a 447 in-
crease in flow rate (average to maximum) the head loss in-
creases by almost 1007. As a percentage of total pressure
drops, individual components can be represented as follows:

Component - % of Total Head
Collector series 10%
Field piping 60%
Steam Generator 30%

3. Flow Balancing

Balancing Requirements

As indicated in Table 1IV-4, there is a substantial
difference in pressure drop from minimum to maximum flow
rates (76-288 feet of head). 1In addition, with 60% of the
pressure drop occurring in the supply and return headers,
there is a substantial difference in collector inlet pres-
sures. The collector series closest to the pump house will
have an inlet pressure close te 88 feet during average flow
while the series farthest from the pump house will have an
inlet pressure close to 47 feet.
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H T F PUMP

Flow (gpm)
Head (Ft H,0)
Spgéd (RPM)
F.W., PUMP
Flow (gpm)
Head (Ft HéO)

Speed (RPM)

. TABLE IV-4 -
PUMPING CONDITIONS

_ MAXIMUM
340
288

3185
16

420

1750
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AVERAGE

237
147

2208

11
420

1750

MINIMUM
187
76

1750

420

1750




This pressure differential will result in flow imbalances

‘throughout the field with the collectors closest to the pump

hquée receiving most of the flow since the fluid will travel

“the path of least resistance. Thé*potential problem with

a flow imbalance is that the flow to the collectors at the

"end of the header could be so slow that the fluid would

reach the maximum allowable temperature (600°F for the

. T-700) and the collector would stow. Once the collector is

stowed due to fluid overtemperature, it no longer collects
available energy and it must be manually reactivated.

To avoid this condition, adjustable balancing valves
will be placed at the inlet to each collector series. The
vdalves will artificially create a pressure drop at the collec-
tor inlet which will counterbalance the variation in pressure
due to the collector's position along the manifold. In this
way, each collector series flow loop (pump to collector and
back) will have the same pressure drop and the fluid will
flow equally through all collectors.

To minimize the complexity of the piping network, a
passive balancing system has been incorporated. That is,
the balancing valves will be adjusted and set at system
stért-up, so that flow through all collector series is
completely balanced. The valves will then be 'locked" in
place (i.e.; adjusting handles removed) and will become
a passive element in the network from then forward. Tempera-
ture control valves, which automatically control the flow
through a collector.series by opening or closing based on
fluid. temperature, were considered as a means of balancing
the. system, however, because of temperature limitations,
increased complexity, added failure potential and the addi-
tional costs associated with the valves, this option was

eliminated.
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The system will be completely balanced for average

flow conditions (total field flow of 237 gpm) during system
start-up .and the valves locked in place at this setting.
This will yield equal outlet temperatures from all collector
rows regardless of their position in the field or the
number of collectors in series. At flow rates other than
average, a flow imbalance may occur, However, this will not
be detrimental to system performance because the variation
in outlet temperatures will not be so large as to cause fluid
overtemperature and collector stowing. All outlet tempera-
tures during average flow will be at a relatively constant
450°F. This provides a 150°F '"cushion' before collectors
begin to stow. If, however, during system operation,
collectors did continuously reach the overtemperature condi-
tion, adjustments could be made to the field flow pattern
via the balancing valves and acceptable set points could

be experimentally determined.

Partial Field Shading
An attempt was made during the detailed design to
anticipate and analyze the systems reaction to cloud cover

over part of the field.

Two scenarios were analyzed:

1) 50% of the field receives 25% of normal inso-
lation while 50% receives 100% of normal
insolation.

2) 75% of the field receives 25% of normal inso-
lation while 257% receives 100% of normal
insolation
The first scenario resulted in a maximum outlet tempera-
ture of 498°F from the collectors that received 100% of
normal insolation while the shaded array outlet temperature

was 402°F.

The second scenario resulted in a maximum outlet tempera-
ture of 553°F from the unshaded array and 347°F from the
shaded array. '
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Indications from the analysis are that for steady
state flow conditions, 80% partial field shading would result
in overtemperature-and stowing conditions for  the unshaded
collectors. It is realized, however, 'that steady state flow
conditions will not exist with the variable flow design
and that the flow rate will decrease as shading occurs. As
the flow rate decreases, the fluid outlet temperature in
the unshaded collectors will increase and approach the
stow temperature.

Collector stowing due to partial field shading is not
considered a major potential problem because of the transient
nature of clouds and the thermal capacity of the system.

It is highly unlikely that a specific portion of the collec-
tor fluid will be shaded for continuous period while the rest
of the field receives full sun. In addition, the system
will contain approximately 1100 gallons of fluid and at the
average pumping rate of 237 gpm it will take close to three
minutes before the shading effects would be felt.

4. Expansion Bellows

In keeping with the energy efficient design philosophy,
expansion bellows instead of "U" expansion loops have been

used to allow for pipe expansion and contraction as it is
thermally cycled during the operational day. The disadvan-
tages of the expansion loops are the increased heat transfer
area and thermal mass of the additional piping. The expan-
sion bellows are placed directly in line with the manifold
pipes and welded in place eliminating up to 15 feet of
additional pipe per bellows. With a total of 20 bellows
deployed in the field, this is a savings of 300 feet of
‘pipe and the associated thermal losses.

The bellows are stainless steel and will be welded in
place for a lead tight seal. Under design conditions, the
bellows will have a life of greater than 10,000 cycles which
with one cycle per day will be 27+ years.
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For additional safety and protection, three guides,
spaced at 120° around the pipe, have been provided to mini-
mize torsional and squirm pressures on the bellows. Weep
holes at the bottom of the aluminum jacket around the bellows
will also be provided for early leak and failure identica-
tion.

Table IV-5 summarizes thegexpanéiqn bellows' sizing
calculations. The redﬁifed ekﬁénéion.is'3:6 inches and-
they have been specified for 4 inches of expansion capability.

5. Pipe Supports : '

Collector field piping will be ground mounted on either
roller or fixed supports as detailed in the. system plans.
Collector footings adjacent to the supply and return manifolds
have been enlarged to accommodate the pipe supports. This
will reduce the labor requirement since three foundatioms,

two pipe supports and one collector, will be included in

one, while the material requirement will be slightly increased.
The longest unsupported span is 10 feet with most supports
being placed on 8 feet centers.

Roller supports will include a '"C'" shaped steel bracket
that will be welded to the bottom side of the pipe. The
bracket will sit on the support roller and prevent the pipe
from sagging into and crushing the fiberglass insulation,

To allow free movement in the pump house, all pipes will
be placed overhead and supported via ring or clevis type

hangers.

Feedwater and steam pipes will be secured to existing
overhead pipe racks throughout the plant.
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TABLE IV-5

- EXPANSION ‘JOINT CALCULATIONS
» ASSumptibns: Coefficient of Thermal’ Expan81on (steel pipe)
6.8 X 107° 1%/i5 OF

Ambient Temperature - 60°F

Maximum Teﬁperature'-'SSQoF
Maximum distance between bellows - 90 ft.

Required Expansion:

(6.8 X 10°% 1%/in OF) (550-60°F) (90 ft) (12 in/ft)

= 3.6 inches

Deflection capabilities specified = 4.0 inches.
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D. Insulation and System Heat Losses

1. Insulation v
The. detailed design of:the insulation subsystem -

remains unchanged from'that proposed in- 'the preliminary design.-
Major features include;

® the use of. fiberglas insulation on all straight
pipe runs and around welded connections; ‘

° the use of cellular glass insulation around fiberglass
and threaded connections with an impermeable barrier
at the interface between the cellular glass and
fiberglas insulations;

@ the use of -a .016 inch aluminum protective jacket
on all outside piping;

° an insulation thickness schedule of 2 inches thick
on pipe 2 inches in diameter and smaller, 2% inches
thick on pipe 2% inches in diameter and larger
and 2 inches thick on all equipment;

) providing weep holes in the underside of the aluminum -
jacket at expansion bellows, valves, control
connections and other areas where a leak is likely
to occur.

2. System Heat Losses

System heat losses can be categorized into 3 headings;
pipe losses during system operation, pipe losses during system
shut-down (herein called overnight losses) and equipment losses.

Operating pipe losses for a typical hour are tabulated in
Table IV-6. For a six-hour operating day these losses total
1.03 X 10° Btu's.

Similarly overnight pipe losses for a typical day are
tabulated in Table IV-7 and total 2.98 X 106 Btus. Overnight
losses are almost 3 times higher than operational losses and are
a major drawback to intermediate temperature SIPH systems. The
problem arises because the fluid piping and insulation are at
an average temperature of 410°F when the system shuts down at
night and by morning everything has cooled to ambient temperature.

The simplest solution is to find a secondary process that
requires a lower grade heat and continue circulating the heat
transfer fluid until the new minimum useable temperature is
reached. At HCPC this is not possible since exhaust steam from
the mill turbines is usually more than enough to satisfy the
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TABLE IV-6

‘OPERATING‘PIPE.HEAT LOSS SUMMARY

. Op. Temp
HTF Loop
13" 450°F
410
370
2" 450
: 370
23" 450
4 - 370
3" 450
370
4" 450
370
F W LOOP
4" 415
13" 204°F

.....

55 Btu/Hr-Ft.

- 46
.39

66
45
71
47
76
53

90
63

-
13

IV-29

Ht. Loss

Lin., Ft.

350
620
- 350

90
90

440
440
70
70

20
20

SUBTOTAL

© 360
| 630
SUBTOTAL

TOTAL

. TOTAL.

: 19;250 Btu/Hr
28,520 .
13,650

© 5,940
4050

31,240
20,680
5,320
3,710
1,800
1,260

135,420

27,720
8,190
35,910

171,330/Btu/Hr




TABLE IV-7 -
OVERNIGHT PIPE HEAT LOSS SUMMARY

Pipe Dia.  Mat'l . Ht: Loss/Ft Lin. Ft. _ TOTAL

13" Pipe : lO} Btu/Day-Ft 7,620 814¢7OO Btu/Day
HTF 111 1 7.620  845.800
Insul 97 1,320 128,050
o gm Pipe 143 180 25,750
| HTF - 204 ' 180 36,700
Insul .92 . 180 . .16,550
23" Pipe 230 .- 880 202,400
. HTF 315 . 880 277,200
Insul 119 | 880 104,700

3" Pipe 301 4 Y
Yo
Insul 154 ’ a1’ E

_ 140 21,550
4" Pipe . 428 - 40 - 17,100
HTF 805 40 32,200
Insul 180 . 40 7,200

SUBTOTAL 2.64%X10° Btu/Day
F W_LOOP | . ) |
13" Pipe 40 630 25,300
HU - 93 630 58,600
Thsul 36 630 22,850
4 Pipe 428 360 - 154,100
H,0 34 . 360 12,250
TAsul 180 | 360 64,800

' SUBTOTAL 337,900 .
6 Btu/Day

TOTAL ‘ | 2.98X10
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low grade heat requirement of the evaporation process.

Another solution would be to draln the hot fluid from the
collector’ ‘field ‘and store it overnlght 1031ng only 20 or 30 OF's
worth of energy -This solution was 1nvest1gated for HCPC,
however, it was not 1mplemented because of ‘the marglnal savings
and 1ncreased complex1t1es that were 1ncurred

The overnlght losses ' can be broken down 1nto piping
(42%), heat transfer fluid (47%)° and insulation (11%) components.
Thus,. even by dralnlng the fluid, lessithan 50% of the energy
is recoverable.  On an annual basis the dollar savings at HCPC
would: total approx1mately $1500 .and with the added complexity,
(the system: would need to' allow daily fllllng and draining) the
cost-effectiveness was marglnal

‘Total ‘system heat losses are detailed in Table IV-8 for
d typical year at HCPC. Annual thermal losses will be 1,302
X 106 Btus and With a gross useable collector output of
8.5 X 109 Btus thermal losses represent 157 of the collected

energy

E. Mechanlcal Components

1. Steam Generator

Besides the solar.collectors, the steam generator is
the most important piece of equipment in the mechanical
system. It provides the interface between the heat transfer
fluid and the feedwater/steam for the plant}

The generator will be a standard Patterson-Kelley
Series 380 model that will be modified with a tube and shell
preheater and .a superheat' tube bundle.

Major. components of the steéam generator are described
below: | A '

® feedwater preheater - this is a small tube and

shell heat exchanger that will be firmly attached
to the support skids of the steam generator.
Feedwater will be heated close to saturation in

the preheater while the heat transfer fluid (HTF)
will be further cooled.
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TABLE IV-8

TOTAL SYSTEM HEAT LOSS SUMMARY .

- HTF LOOP PIPE

- Operational
Overnight

FW/STEAM LOOP
Operational

Overnight

STEAM GENERATOR

EXPANSION TANK

BLOWDOWN

RATE"

135,420 Btu/Hr
2.64%10° Btu/Day

35,910 Btu/Hr
337,900 Btu/Day
207,900 Btu/Day

26,400 Btu/Day

4,760 BRtu/Hr

TOTAL

* 6 Hrs/Day, 305 Days/Yr Operation
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247.8x10° Btu

805.2

©65.7

103.1
63.4
8.1

8.7

1,302x10° Btu/vr



The feedwater preheater increases overall system
efficiency by reducing the HTF temperature to its
lowest possible value and insuring that all available
solar energy has been transferred to the industrial
process.

saturated steam tube bundle - this tube bundle
will be located in the liquid region of the steam
generator shell and will provide the energy to
change the phase of the feedwater from a saturated
liquid to a saturated vapor. This phase change
process will consume 857 of the useable solar
energy. The tube bundle will be supported on
heavy steel tracks and will be completely remove-
able for periodic maintenance.

superheated steam tube bundle - this tube bundle
will be located in the vapor region of the
generator shell and will prov1de the energy to

superheat the saturated vapor by 54°F. It also
will be supported on steel tracks and is remove-'

able for maintenance.

water level controller - this assembly senses the
water level inside the generator and controls the
feedwater pump and generator inlet solenoid valve.
A low water condition activates the pump and opens
the normally closed solenoid valve. Once the high
water level is reached the controller turns off
the pump and de-energizes the solenoid.

inlet solenoid valve - this valve will be placed

in the feedwater line upstream from the preheater.
Its purpose is to provide a barrier between the
pressure in the steam generator and that in the
feedwater line (the feedwater line will have to

be at a higher pressure to flow into the generator).
It has been placed upstream of the preheater be-
cause of the lower temperature there and because
the preheater will now be tied into the pressure
relief system of the steam generator.

automatic blowdown assembly - this assembly provides
for automatic periodic sampling of the boiler water
to determine if the solids concentration exceeds
acceptable limits. When the concentration exceeds
the acceptable limits, the controller will open

the blowdown valve for a preset time period to

"blow down' a quantity of the concentrated water.
Feedwater hardness is approximately 1lOppm and
blowdown is estimated at 9 gallons per hour.
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Figure IV-5 shows the dimensions and details of the
steam generator. The generator shell will be fully x-rayed
and stress-relieved according to ASME codes and will have a
~design pressure of 200 psig. The tube joints will be seal-
welded and pressure-tested to 500 psig. The tubes have a
design pressure of 500 psig; however, the actual working HTF
preséure will not exceed 30 psig under normal operation.
The generator will be factory-insulated with 2" of high
density fiberglass. ) _ B

Design conditions for thé_generator correspond to peak
insolation conditions in the}sglar field and are listed

below: .
01 .
Flow (lb/hr) Tin OF) - Toue (OF)
HTF ' 129,000 450 370
Water ©7,900° 202 420

To avoid the possibility of the HTF contaminating the
plant's condensate/steam (the HTF could foul the plant's
high pressure boiler if a large enough volume was mixed with
the boiler feedwater) in the event of a tube bundle leak or
rupture, a pressure actuated valve will be installed in the
steam line just downstream from the steam genérator.

The purpose of the valve is to insure that the steam
generator pressure is alwayé higher than the-HTF pressure
and, therefore, if a leak or rupture occurred, flow would go
toward the HTF and not into the'steam. ,

The valve will close,when.the pressure- in the stéam line
‘falls below 135 psia and will oﬁenvat a pressure above 145 psia.
By closing at 135 psia, the valve will thermally isolate the
steam generator from the steamr  line which will continue to
cool and lose pressure,overnight;,'At 135 psia, the steam
generator temperature will still beu347°F and calculations
indicate that the generator only: loses-30°F in an 18-hour idle
period. Thus, it will take over 81 hours for theigenerator
pressure to reach that in the'HTF line  (the HTF line pressure
falls. to 17 psia when~circulatiqﬁcstdpsf:prsia-from,nitrogen
‘pressure in expansion tank plus 151psia.atmosph¢ric).' :

KR
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v At the end of 81 hours, the generator will be at atmos-
pheric pressure and 212°F. . From there on a vacuum will develop

in the generator and the potential for water contamination
. exists. However, it is unlikely that the system will be
shut down veryboftén~for 81 hours. At léast 98% of the time
the generator will have a higher pressure than the HTF and
flow would be into the HTF line if a pinhole leak existed.
The leak would be detected either by visually observing
venting steam from the expansion tank pressure rélief-valve
or by tapping the system drain‘valve periodically to éheck, ‘
for water accumulation. | '
2. Heat Transfer Fluid Pump 

The heat transfer fluid pump conforms to ANSI
specifications for high temperature and pressure industrial
applications. 1Its rated speed is 3500 RPM; however, with
9% slippage between the motor and motor controller, the peak
RPM's will be 3185. The pump has mechanical seals and a
closed impeller which yields higher efficiencies.

The HTF temperature at the.pump is 370°F and a jacketed
stuffing box cover has been provided for pump cooling. Tap
water must be circulated through the jacket at a 1-2 gpm flow
rate to maintain acceptable seal temperatures. A thermally
actuated valve will be placed in the tap water line upstream
of the pump and the temperature probe will be placed as close
- as possible to the jacketr outlet. As the pump begins to
operate, the water in the jacket will heat up and the valve
willlgradually open, allowing water to circulate and cool
the jacket. The open and close set temperatures will have
to be determined experimentally, based on the proximity of
the temperature probe. to the jackét outlet. This will be
done dufing system check-out.

3. Feedwater Pump

The feedwater pump will be remotely located from
the solar energy system in the plant's Boiling hquse.‘hlt
will obtain feedwater By tapping into a condensate holding
tank in the boiling house basement. The distance from the
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tank to the solar system pump house is approximately 700 feet
~and a.pressure drop of 62 feet is incurred in the pipe (12 feet
. friction plus. 50 feet elevation). 'In addition, the pump must

. supply 330 feet of pressure head to account .for the difference
in inlet ‘and 6utlet pressures (27 psia at ‘the condensate tank
and 170 psia at the steam generator). The total pressure

: - head that must be supplied by the pump, therefore, is. approxi-

mately 392 feet at a flow rate of only 16 gpm.

.. 'A turbine pump was selected for this application because
of .its high head, low flow pumping characteristics. Turbine
pumps are designed for these unusual conditions and will
therefore be reliable in operation.

4, Expansion Tank ,
A 500-gallon expansion tank will be required to

absorb the changes in fluid volume as it is thermally cycled
over the course of an operating day. Table IV-9 details the
expansion tank sizing calculations. The tank will be |
pressure rated for 50 psig and will be insulated with 2" of
fiberglass.

The fluid level in the tank will vary from approximately
3/4 (hot) to 1/4 (cold) full as the fluid is thermally
cycled. An emergency low-level switch will be installed to
alert operating personnel and shut the sys t em down when
the tank is only 1/5 full. This precaution will guard against
a major fluid spill. 1In the event of a pipe rupture,
operating personnel will be immediately notified and can react
to stop and contain the HTF before it contaminates the local
environment.

Associated with the expansion tank is a nitrogen gas
bottle and pressure regulator that will enable the expansion
tank to be "blanketed" with inert nitrogen gas. Synfluid 4cs
will oxidize slightly when exposed to air. The nitrogen
blanket will replace any air in the expansion tank and thus
enhance the fluid's stability and service life. To prevent
nitrogen gas venting the pressure regulator will be set at
2 psig while the expansion tank pressure relief valve will
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TABLE IV-9

Expansion Tank Sizing Calculations

. . - (o}
Assumptions: T10W . 507F

450°F"

Ty

Piping Volume @ 50°F = 1160 gallons

Coef. of Thermal Expansion = 0.00045/°F

1160 gallons x 0.00045/°F X (450-50)°F -
Expansion Volume = 209 gallons
209 gallons = 50% of Tank Volume

Required Tank Volume = 418 gallons

o®s USE 500-GALLON TANK
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be set at 50 psig. Thus, a 48 psig range is allowable in
the tank as the gas is compressed and expanded during the day.

F. Pump House

L Structure

The pump house will be a standard, rigid frame
steel building with dimensions of 22 feet long and 20 feet
wide, 10 feet eave height and 1:12 roof pitch. It will con-
tain the majority of the mechanical, electrical, control and
data acquisition equipment for the system. It will be
located at the northeast corner of the solar field at the
closest point in the field to the steam interface with the
mill building.

The pump house will have an eight feet wide by 9 feet
high rollup garage door for major equipment accessibility
and two exterior doors. A gravity forced ventilator on the
roof plus two fixed louvers in the east and west walls will
provide substantial natural ventilation. During equipment
maintenance periods, the garage and exterior doors can be
opened if necessary for additional ventilation.

Standard slab thickness is 6 inches for the building;
however, to account for the added weight of the steam generator,
the slab will be '"beefed up" to 12 inches thick under the
generator.

The data acquisition (DAQ) equipment will be housed in
a 12 feet by 8 feet control room in a corner of the pump
house. The DAQ system requires a semiconditioned environment
(temperature and humidity limits of 41-104°F and 5-90%
respectively) so the control room walls and ceilings will be
insulated and a window air conditioner will be installed.

v Equipment Arrangement

The objectives in arranging the equipment in the
pump house were (1) to allow easy access to equipment for
maintenance purposes and (2) to provide efficient flow
patterns between equipment. Figures IV-6 and IV-7 are plan
and section views of the pump house. The first objective was
accomplished by placing equipment with moving parts and/or
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Figure IV-6
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Figure IV-7
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requiring periodic maintenance in an open unencumbered space.
The HTF pump, for example, is in the middle of the floor with
an open area completely surrounding it. It can be worked on
from all angles with minimum encumberments. The steam
generator has been placed in front of the garage door so
that the tube bundles which vary in length from 4 to 10 feet
can be slid out for cleaning. In addition, all piping in
the pump house will be hung overhead to facilitate equipment
and personnel movement and general cleaning.

The second objective was met by arranging the equipment
to reflect the flow schematic. The HTF pump, for instance,
is located between the steam generator and the collector
field in line to recirculate fluid back to the field after it
exits the generator.

G. System Draining and Filling
E Filling

The system will be filled through the expansion
tank. The HTF will be delivered in 55-gallon drums and it
will be either manually or electrically pumped into the tank.
Once the tank is full, the HTF pump will be momentarily turned
on until the tank is marginally empty. The tank will be
filled again and the process repeated until the full inven-
tory of fluid is in the system and the tank level is at
LG talil s

Manual air relief valves have been provided at the ends
of both pair of supply and return headers. The field will
slope up to the west so the ends of the headers are the
highest points in the respective loops and entrained air
can be released there.

The receiver tubes of the solar collectors will be at a
higher elevation than manifolds and due to the design of the
flex hose and receiver assembly it is impractical to place an
air relief valve in the receiver tube. Fortunately, experi-
ence with past systems and tests conducted by Solar Kinetics
prove that, when the fluid is forced through the receiver tube,
trapped air is pushed out of the receiver and is circulated
back to the pump along with the fluid.
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To - eliminate this entrained air, all return fluid will

. be deaerated by passing through.the expansion tank first.

Figure‘IV~8 illustrates the filling procedure. - During system
filling, valve A . will be closed and valve B opened, forcing
the return fluid into the expansion tank and-allowing.

- entrained air to bubble out. to the top of the tank. After

the system is filled, valve B will be closed and valve A
opened-.and flow.will bypass ‘the expansion tank.

2. Draining
. System draining will not be difficult since the
system.-drain valve is located at the lowest point in the pump
house. "In addition, the solar '‘field will have a natural
slope down to the pump house so draining will be 1007%
gravity forced. ‘

The manual air vents at the ends of the. headers will be
opened for vacuum relief. A hose will be attached to the
drain valve in the pump house, and the elevation difference
will force the fluid into waiting 55-gallon drums.

Manual drain valves have also been provided at collector
series connections and these will be sequentially opened
(starting from the highest elevation) to allow fluid trapped
in the receiver loop te escape. '

In summary, the system is completely drainable and
fillable.

H. Electrical Design Requirements

The major electrical components of the system are the
heat transfer fluid pump, the feedwater pump, the collector
tracker hydraulic pumps and the on-line data acquisition
equipment. Table IV-l0contains a summary of the averagé
parasitic loads provided by each component.

Electrical power is provided to the solar energy system
from the Motor Control Center. A 480 3f line is run first
to the pump house and then to the solar collector field. A
step-down transformer (30 kva) in the pump house provides
120v 30 power for the lights, ODAS equipment, system control

and convenience outlets. The 480v 3f input power also provides
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FIGURE IV-8
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TABLE 1IV-10

T Line Voltage Power :
Component:: - Requirement: ' - Consumption
Transfer Fluid . 440v-30 - 1k:4 kw
pump 4 _ ,
Feedwater pump‘ ‘ 440v-.-30 +.2.5 kw
Collector trackers = . 120v'1§ ' A 3.2 kw

ODAS | 120v 19 2 kw

'tpowerffor tlie 45- hp heat transfer fluid pump .in the pump.

“house: A §ec0nd'step—down transfofmer (45_kva) located in
~the solar collector arrayvfieid provides 120v 3@ power to run
- the hydraulic pumps at each drive pylon. 120 vac 1¢ 15 amps

convenience outlets will be provided at selected pylons
‘throughout the field. This transformer is sized for worst-
case céhditions, i.e. all hydraulic pumps turning on at the
same time. However, the microprocessor controller for the
solar field has been designed to start up only one-fifth of
the field at a time. Maximum expected field power requirements:
éré.therefore less than 10 kva.

The control logic signals for the solar system are
120 vac 19 and are routed to the solar field through a relay
box mounted adjacent to the master field control box. The
field control box is located in the pump room of the pump
house. The relay box contains the automatic/manual control _
interface for each subfield, the total field on/off contrbl,
and the emergency control relays. There are two 120 vac 19

- logic control lines to each of the five subfields. The

master field controller, provided by Solar Kineties, Inec., -
performs internal relay switching to provide these signals to
the relay box. '
The autbmatic/mahual control relay drivers and relays,
interface with the logic levels as shown in the electrical

- plans. The control relays are commercially available‘units'

and contain the necessary control electronics to respond to
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high/low voltage levels as provided. by -the:master -control
panel switches. ‘The units have-been inter'connected such

that all field control. functions. can be .performed under : -
manual- control.  These ‘include wake=up, normal trecky‘pause,
and subfield stow. There is no.provision, however, for manual
start-up of the heat transfer fluid:pump-nor‘will the controls
provided on the master -control panel override the over-
temperature unit stow control located at -each drive pylon. .
Individual collector rows .will be controllable in the:field
at each drive pylon. This will be accomplished by manually
closing the appropriate relays located in the pyleon cohtrol
interface provided by Solar Kinetics Inc. :

The heat transfer fluid flow rate through- the solar
energy system is variable and is controlled using a variable
speed pump. A resistive temperature detectér (RTD),. 100
platinum MINCO RTD, and an Action Pak signal conditioner is
used to provide a 4-20 ma control signal ‘to the variable
speed motor controller. The unit will be variable from
50% to 100% of full flow.: The .50% minimum flow was chosen
because below this level the efficiency of the controller
decreases and pump operation becomes erratic.

Steam pressure and heat transfer fluid pressure mea-
surements are accomplished using ROSEMOUNT pressure trans-
ducers and Action Pak relay controllers and relays. The
pressure transducer, powered by a 24 vdc power supply, -
produces a 4-20 ma signal that opens the relay when the .
signal exceeds a preset value. The relay is'electrically
located in the system interrupt. circuit of the field control
panel. Opening a relay in this circuit causes the total
solar energy system to shut down. ‘

Rosemount pressure-traﬁsducers cannot operate reliably
above 200°F. Installation of the transducers is therefore on
a stand-off pipe as shown in the piping details in Appendix A.
The Action Pak control relay is located in the relay box
adjacent to the field control box.
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‘A float. switch has been_ placed. in théVexpansion;tank to’
detect a low-level .condition there.:jTheeéwitch is connected
electrically to -a. normally-closed -relay located electrically

in the system interrupt circuit.as .depicted in the electrical
. -plans.. ' The level switch is normdlly open and remains open
~. as long as the expansion tank is over one-fifth full.  Once

the fluid levelifalls below one-fifth full, the float. switch
closes; 'and theiinterrupt~ré1ay opens.  This action causes
the ‘éentire solar energy system to cease operation and stow the
collectors. - - A . ,
i+ .-Power to théffield(énd'tO‘the pump house will be from a
common source located’ at. the adjacent cane cleaner. However,
since !all three phases will be used to provide power to the

field, it is necessary to monitor each phase in the pump

house and take corrective action should there be a loss of
any. phase of power. This is accomplished with a phase loss
monitor which opens a relay when any phase of power drops
out.  Electrically, the relay is in the-'system interrupt
circuit and is normally closed. - Physically the device is
mounted adjacent ‘to the 120 vac 30 service to the pump house.
A -normally open flow switch will be installed in the
heat transfer -fluid line and it will be connected directly
to the flow switch terminals on the field control panel.
Fluid flow will close the switch completing the circuit to
the terminals and alldwing the collectors to begin tracking.
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I. INSTRUMENTATION AND DATA ACQUISITION SYSTEM

' Data acquisition sensors and the resulting measurements
are' labeled using the following codes and numbering sequence.
This nomenclature is carried through ODAS software and the
detailed design drawings and specifications provided

elgeyhere.
Symbol Designation
EP: - Electrical Power
I. - Insolation
T | Temperature
v : Velocity
W Fluid Flow Rate
TI Time Interval (as acquired from
the ODAS)
P Pressure
Number Sequence , Data Group
001 to 099 Climatology
100 to 199 Collector
200 to 299 Heat Exchangers
400 to 499 Solar Supplied Process
500 to 599 Conventional Process
600 to 699 Parasitic Power (Solar System)
700 to 799 Conventional Power

Table IV-11 provides a complete listing of the nomen-
clature and location of all the measurement points for the
solar energy system. Data from these points will be aver-
aged over an operator—defined period and the results stored
on magﬁetic tape or hard disc. Sampling rate for each
‘sensor shall be under operator control and variable from
10 seconds to 10 minutes.

Table IV-12 provides a complete listing of the derived

- quantities to be obtained from the above basic measurements.

- These quantities are to be integrated, averaged and/or summed
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TABLEIV-11
DATA ACOUISITION SENSOR

Measurement Voltage Scale- Scanner .
Sensor Description Range ~ Range(DC) Factor Channel Notes
EP101 Pump house and collector 0-36 kw 0-10v 3.6 kw/v 1(B-1,R-1) *B-1 = Rélay Bank 1
parasitic power ] :
EP401 Feedwater pump parasitic 0-10.8 kw 0-10 v 1.08 kw/v 2(B-1,R-2) R-1 = Reiayql h -
power : 0-10v 1.08 kw/v 2(B-1,R-2) T
w201 0il flow rate into 0-500 gpm 0-5v 100 gpm/v 4(B-1,R-4)
heat exchanger ,
W202 Steam flow rate into - 20-200 0-5 v 40 lb/min/v 5(B-1,R-5)
process 1b/min
-
< P20l Steam pressure at 0-300 psi 0-10 v 30 psi/v 6 (B-1,R-6)
5 H.E. outlet _ : .
V001l Wind speed 0-50 mph 0-500 .1 mph/mv 7(B-1,R-7)
mv ’
P0O01 Atmospheric Pressure 850-950 mb  0-200 .5 mb/mv 8(B-1,R-8)
: mv '
1001 Global insolation 0-1000 w/m2 0-9 mv 111.1 w/m2/ 9(B-1,R-9)
, mv '
1002  Normal insolation 0-1000 w/m* 0-8 mv 125 w/m’/mv  10(B-1,R-10)
T101  Ofl temperature at 0-600°F. 0-5v  120%/v 11(B-2,R-1) Connected to
inlet to field , B-1,R-3 via
' o o o ' Signal condi-
T201 0il temperature at H.E. 0-600"F 0-5 v 120°F/v 12(B—2jR-1) tioner SC-1.

inlet




C06-AT

.. TOOL -

"~ Sensor

. . .T203. .

N .TZOQ RIS

- " Description.. ' - -

~.T202:?-QOil,temperature.at

H.E. outlet

WaterJtemperature at
.H.E. inlet

Steam temperature.at - =~

‘H.E. outlet

.Ambient .air' témperature .-

TABLE IV-11
(continued)
DATA ACOUISITION SENSOR

~+ Measurement Voltage Scale
.- .Range - . Range(DC) Factor
-.0-600°F . 0-5v . 120°F/v

7. 0-600°F  0-5v _ 120%F/v
fo;600°F'. 0=5 v. . - '120°F/v

0-600°F . 0-5 v . "120°F/v

Scanner
. Channel

14(B-2,R-4) .

15(B-2,R-5)".
L . 8C-1.
. 16(B-2,R-6) |

Notes

13(B-2,R-3)

Connected to - -

B-1,R-3 via
-signal con-
_ditionerf
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TABLE IV-12
7. TBASIC DERIVED QUANTITIES

‘Nomenclature : _ : o Quantity .. .. TRelationship |
‘TQ101"- -~ = Thermal -Energy "Collected by Solar :Array. T ~~uj}hZOl?CplOl'(TZOI;TIOI)'dt';'-

- CP101. "* - '~ Average Specific:Héat in Solar Array SRR {?6 (T201) +:~'Lo (TIOIi] /2%

“ TQl02 .« -+ ~+Thermal Energy Lost by 0il in Heat Exchanger 'tﬂw201?0p1639(T201-T202) dt

_CP103: .. - - -Average Specific Heat of O0il.in Heat Exchanger [ '(T,ZQD +.Lo-(T202)] /2
TQ103 ' .. - ‘Thermal Energy Lost by 0il in.Transit to Field + /W201-Cp104 -~ (T202-T101) de

;f'CPlOQ‘ o ﬂ;uAverage:Spegific-Heat of 0il in Transit to Field : [LOA(TZOZ)'+;L0 (TiOli] /2.
iﬂl'TQ104 © - ..~ Thermal Energy Gained by.Water in Process Line - :{WZOZ-(HZOZ-HZOI)- dt '

- H201 - . . Enthalpy of Water -at T203 ) : Look up table/interpolation
H202 - © . : Enthalpy of Steam out of Heat Exchanger - . Look uﬁ'table/interpolation
TQlOS ' ' “Average Therma1~Energy Gained by Process %7{9“104‘dt
Q201 -Quality of Steam on Steam Side of Heat Exchanger (HGZOl-HéOl)/HFGAOl
Q202 Average Quality %T Q201 d
HF201 . Enthalpy of Saturated Steam at T203 & P20l Look up table/interpolation

Notes: 'TI is time interval between measurements and t is period of measurement set.

*Lo is a nonlinear function that relates specific heat of the oil to temperature.




TABLE IV-12
(continued)
BASIC DERIVED QUANTITIES

u Nomenclature OQuantity ' o - ARelatiohshiQ

 HFG201 - Enthalpy of Vaporization4at T201 | . ' , - Look up tablé/interpolation
'HFG202 o ,Averagé-Enthalpy ‘ | - 8 _‘%T;IHFGZOIdt
‘TQ110 o Total Direct Insolation Incident oﬁijllector Field . jIOOl-ECAjdt.%<'
‘ | TQlll_‘ - Average Direct Insolation Incident on Collector Field %T_jIOOI'dt. |
1 -;'TQ115 | Average Global Insolation on Cbllectof Field ‘ %T;fIOOZdt
— ._*TQllé - Total Global Incideat on Collector Field ' jIOOZjECA'dtv
‘ g ‘.,EQ]'O]' : .Electrical Energy Used by Collectors and Pump Hoﬁse - fEP101 dt
- . _EQl02 - Average Power Used by qulectors and Pump‘House %T_fEQ101.qt
EQ103A' Electrical Energy Used by Water:Pump : " o 'fEPAOIPdf SRS ' -
:EQ104 o Average Power Used by Water Pump ' %T fEQiOB-dt'
EQ107 Total ParasiticAEnergy Used R . EQl01 4 E0103
EQ1087 Total Average Parasitic Power Used . - .,.E0102 + E0104 )
N1O1 Efficiency of Solar Field S ‘ o TQ101/TQ110%100
2N102 Efficiency of Heat Exchanger ; . -TQLl04/TQL03*100 .
N103 Efficiency of Total s§stem o N TQlOA/TQilO*100 

- .. N . -

 *¥ECA--Effective Collector Area



over the same time interval as the sensor averaging interval
defined by the operator. These data are to be stored with
the basic measurement data. Running averages of all key
quantities will be maintained by the system controller and
printéd out hourly, and at the end of the operational day.
Specigl'reports'and sensor displays will be available to

the operator. T )

The architecture of the on-line data acquisition sys-
tem is provided in Figure IV-9. Basically the system is
configured to meet system specifications detailed in "Data
Acquisition and Analysis Guidelines for IPH Demonstration
Projects" with off-the-shelf equipment; readily available
maintenance or replacement parts; demonstrated reliability,
and at a modest cost. The ODAS consists of a microprocessor
computer controller, the data collection instrumentation,

a data storage medium, sensors and signal conditioners. The
controller, instrumentation and magnetic tape storage medium
(if used) are tied together with the IEEE-488 General Pur-

. pose Interface Bus. The following is a more detailed
description of the above subsystem components.

The system controller is to be an EIA cabinet mount
microprocessor computer with at least 64k bytes of user
read-write memory. The controller shall consist of a key-
board, CRT display and thermal, dot-matrix printer. The
system shall be programmable in Fortran IV and possess
dual programming (foreground/background) and multitasking
features. The system shall have a disk operating system
(DOS) with a Fortran and Assembly Language Compiler. A
single drive floppy disk will be available to implement
the operating system, restart, reload or modify system A
programming, or down-load data for storage. The controller : :
will be equipped with a real-time clock and a battery pack
to supply power to the clock and the computer memory when
utility power fails. An IEEE-488 bus interface and two
RS-232 parts will be available. The preferred controller
unit is the Data General MP/100 microprocessor and related

peripherals.
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The data collection instrumentation will consist of a
sensor scanner and digital multimeter under control of the
system controller via the IEEE-488 bus. The digital multi-

;meter  will have at least 4% digit accuracy. The system con-
_troller sets the function and range to be measured by the

multimeter and tells the scanner which sensor channel to

: make~availab1e<to the multimeters. Typical multimeters
“.4available for this .application are the Hewlett Packard 3055A

and the Fluke 8502A - Typical scanners are the HP 3495A

'and Fluke 2240A.

Two storage media are possible. The first is a nine-
track 1600 BPI P.E. tape system. The second is a 12.5

Lmegabyte sealed hard disk.

A suitable magnetic tape memory system is the Dylon
Model 2070-9-1600 consisting of a Dylon Model 1015A

- Buffered Controller and Dylon Model 2070 tape system. The

buffered controller consists of the microprocessor based
logic necessary to control any industry standard magnetic
tape transport via the IEEE-488 bus. The 2070 tape system
features a seven inch reel, TBM/ANSI compatible 9 track,
1600 BPI P.E. tape drive. The reel holds 600 feet of tape.

The preferred data storage unit is the Data General
Model 6102. sealed, hard disc system which takes advantage
of advanced Winchester-type technology for high transfer
rates and reliability. "It include¢s a non-removable, moving
head disc with 12.5 megabytes of storage. The unit is
sealed in a contamination-free module. The head/disc
module has a filtered closed-loop air circulation system.

The heads land gently on the disc without disturbing the
stored data when the drive is powered down.

Sensors used throughout the system will be in accordance
with '"'Data Acquisition and Analysis Guidelines for IPH Demon-
stration Projects." 1In most cases the sensors will be'in
close proximity to the data collection instrumentation and
will not need additional isolation amplifiers. The ability
of the digital multimeter to cover .a wide range of signal




voltages further diminishes the need for such amplifiers.

A single RTD signal conditioner will be used by utilizing
the multiplexing capability of the scanner under progfam
control. The three leads of each.RTD will be connected in_
turn to the input of the signal conditioner through a relay
bank. Output of the signal conditioner will be connected to
the multimeter input terminals through contact relays in |
another relay bank of the scanner.

RTD's, mounted in thermowells, used to measure system °
temperatures shall be MINCO, 100 Platinum or approved:
equivalent. For small pipes, i.e., pipes less than 2 ‘inches
in diameter, the RTD's will be mounted longitudinally ‘in
the pipe with right angle fittings., For pipes with larger '
diameters, the RTD's can be mounted radially.

Flow meters will be RAMAPO MARK-IV, or equivalent,
with a signal conditioner which produces an output signal
proportional to the fluid flow rate. The signal produced
shall be sampled by the ODAS and shall also provide a
visual diéplay of flow conditions in the power plant con-
trol room. Flow meters shall have a screened trap located
upstream from the target and there will be ten pipe
diameters of unobstructed flow upstream from the target.
The flow meter will be installed with a valved by-pass
around it so that it ¢an be removed without interrupting
system operation.

Instruments used to measure solar insolation shall be
Eppley normal incident pyroheliometer (NIP) with solar
tracker and the Eppley precision spectral pyranometer (PSP).
The output of these instruments shall be routed directly to
the ODAS through the scanner. Mounting shall be as described
in the attached drawings and specifications.

The recommended computer controller for the ODAS is
the DATA General Micro NOVA MP/100 with 64k bytes of RAM.
The computer is dual-programmable and multitasking. The
software performance specifications contained herein is
based upon the capabilities of the operating system, the
Data General Fortram, and the computer architecture.
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Changing computer systems ‘may cause the software require--
ments to change slightly ' ‘

The ODAS software shall be written in Fortran IV is
described in Data General Fortran IV Users Manual to the
extent possible. Assembly language to interface with
‘the IEEE-488 bus  will be allowable but will be kept to a
minimum. ‘ '

The ODAS software shall be developed as two programs,
each one with multiple tasks. The first program shall
perform the data acquisition function. This program shall
" be the foreground job and shall have the higher priority.
Control is to be passed to the background job only when
there -are no ready tasks in the foreground. Data collected
by the foreground job will be passed to the background job
for data manipulation and storage. Control of data acquisi-
tion rate is to be accomplished through the background Job
No direct inputs to the foreground job will be made.

The background job will handle all other required
functions. The background job will be multitasking with
an executive routine handling the schedule for all other
tasks and subroutines. The executive will handle all
operator requests under a password arrangement. Standard
keyboard interrupts will be disabled via software routines.
The background job shall also provide an automatic recovery
capability should utility failure cause the solar system
to cease operation.

OQutputs from the system software can be divided into
four general categories: | ‘

¢ Current status reports

e Calculation reports \
6 Archived calculation reports
©

Alarm communications

At the operator's request the software will generate
a current status report. This will contain:
¢ Time and data
¢ List of alarm conditions
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] List of malfunctioning sensors’

) Software status. (operating parameters)

CaiCuiation'repdrtS'WiIl Be'geheratéd"in either of two
ways: (1) software 1nterrupt on an hourly, daily, weekly,
and monthly ba51s and (2) by operator requests Those
items listed in the table, or an operator 's selected subset
thereof, shall be printed out" £for "the hour, day, week etc.,
or operator-selected period. ' N

Archived calculation reports may be generated by':
normal software action at the end of the day, week, or
month or at the fequeét of the operator. .

' High/low limit alarms will be printed on the CRT and
printer periodically when it is detected that senSor“iﬁpﬁt“
is outside acceptable limits. Printer .alarms will indicate
sensor, time of day, and sensor location. Software will
continue to monitor the sensor but no additional messages

will be written on the printer until the sensor measurement
is within acceptable bounds.
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V. SAFETY ANALYSIS . , (
This section presents an analysis of the-.safety and health

aspects of the Hilo Coast Processing Company's (HCPC's)
solar. 1ndustr1a1 process hcat (SIPH) system. The purpose of
the analysis is to identify. potentlal hazards that may be.
associated with the project and to ensure that these hazards
have been ellmlnated reduced to an acceptable level or other-
wise controlled

1. General Discussion

It has been recognlzed from the beginning of the project
that the nature and purpose of the SIPH system entails’
potential safety hazards. The.operating temperatures that
the'system must affain the steam and fluid working pres-
sures-and the concentratlng effect of the solar collectors
are some‘of the hazards that are unavoidable with this type
of system. Efforts were made. however, to design a system’
that minimizes the hazards and maximizes reliable and safe
operating conditions.

- Industry codes and standards were followed whereever
possible. Table V-1 lists the codes and their applicability
to the system design that are incorporated into the system.
These cover not only equipment specification but installation
procedures and practices.

In addition, certain precautions and design details
have been included which are not covered by industrial codes
but which are necessary to account for unique conditions
in the SIPH system. Table V-2 is a listing of the major
hazards and proposed solutions associated with the HCPC
system. The hazards and solutions listed are covered in
depth in the following sections.

2. Solar Collectors

The HCPC system incorporates 42,420 square feet of

concentrating solar collectors which will be ground mounted
in an open field adjacent to the industrial process.
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ASTM
ACI
MBMA
ASME
ANSI
UL
OSHA
NEMA

ASTM

ACI

MBMA
ASTM
ANSI
ASTM
ASME
NEMA

Table V-1

Applicable Codes and Standards

~-. American Society for Testing and Materials

- American Concrete Institute .

- Metal Building Manufacturers Association

- Mmerican Society of Mechanical Engineers

- American National Standards Institute

- Underwriters Laboratory

- Occupational Safety and Health Administration

- National Electrical Manufacturers Association

Codes , Item Covered

C31, C39, C231, C42 Concrete test cylinders,
air entrainment, core tests

315 Reinforcing Steel
Pump house design loads and
instalation

Al106, A53, Al05 Pipe and fittings

B31l.1

C356, UL723 | Insulation

Section VIII-VW - Steam Cenerator

and UL Standards . Power panelboards, switches,

motors, and controllors
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- Subsystem -

Collector/Receiver

Heat Transfer Fluid

Steam Generater

Insulation

Personnel

Table V-2

General System Hazards

. Potential Hazards.

‘Concentrated -Sunlight

Hot Piping

Fire, Toxicity

High Temperature
and Pressure

| Saturation with

Spontaneous Combustion

Burns, Moving Equip-
ment, HTF Toxicity
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. Design Solution

Warning Signs .
Personnel. Instruction

Pressure Testing,
Handling Precautions
Closed Circuit T.V,
Sensors :

Relief Valves
Sensors
Pressure Testing

Weep Holes

Welded Pipe

Closed Cell Insulation
Valve Configuration

Instruction _
Protective Equipmenment
Overhead Piping




The main safety problems associated with.the solar
collectors are the high. temperatures and concentrated, sun-
light at the. focal point of the collectors. The collector

axis is 'less than 5 feet-high from the,ground and_personnel
could be exposed to the.concentrating areas. If the .skin or
eyes of personnel is brought near- the focal point during
system operation severe burns .could result. The effect

on the eyes could be temporary or permanenent blindness,
while the skin could. experience. a. concentrated sunburn.

Burns could also result from contact with exposed portlons
of the collector receiver.

Since the HCPC system will be ground mounted, the risks
of collector exposure are more acute. Fortunately, the HCPC
facility is located 'in the middle of sugar cane fields in an
agricultural environment.  Access to .the plant is strictly
controlled and the closest public road is % of a mile away.
This fact will restrict the general public's exposure to the
solar array. Populations which are most at risk, however,
include: personnel'involyed in the construction, testing,
operation and maintenance of the system; HCPC personnel
whose duties require that they spend time in the area of the
collectors; and visitors té the facility.

The collector/receiver hazards will be eliminated or
minimized by (1) providing proper instruction on the hazards
and methods of avoiding them to instellation and operation
and maintenance personnel, (2) installing warning signs
around the array, (3) limiting authorized access to the’array,
(4) providing controls for manual defocusing'of*indiVidual
collector rows for maintenance purposes -and: (5)- insuring
that all hot surfaces are labeled and properly insulated.

3. Heat Transfer Fluid : : .

The heat transfer fluid. that will be c1rculated through

~ the collectors is Gulf 0il Company's product Synfluid White
0il 4es. It is a hydrocarbon base fluid that’is'aceepted
as a food grade lubricant. According to the Food and Drug
Administration, Synfluid White 0il '
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meets the white mineral oil specifications under 21 CFR
172;878‘énd'méy-be‘uséd as a component of non-food articles
intended for use in contact with food.  In.addition, accord-
ing to the U.S. Department of Agriculture, 4cs is.acceptable
"with incidental food contact-as. lubricants, antirust films
and ténk“closufe gasket or seal release agents, in Federally
inspected meat and poultry establishments. OSHA tests also
indicate the product was non-toxic to experimental laboratory
'aﬁimalS'(referenCe OSHA material safety data report in
segtioh.VI - Environment Assessment).,

At ambient tgmperatureé the oil poses little hazard.
If it is spilled on the skin, it can be removed by washing
with soap and water. Prolonged and repeated contact may
irritate the skin of some individuals. ~If the fluid gets
in someone's eyes, the.eyes_should be washed with copious
amounts of water. | ' |

Ag‘elevéted témperatures the fluid has a high vapbr pres-
sure thus inhalation of fumes, vapors or mists are possible.
All pefsonnél,‘when working around the Hqt’fluid, will be
properly pfotected with an air respirator and séfety.gdggles.

- Synfluid 4cs has.-.a relatively high flash point of 445°F .
The HCPC system has been designed for a maximum temperature
of 450°F during normal operation. Although the fluid will
cool rapidly when exposed to air if a leak occurred, the
vapor could become mixed with air and an explosion or
flammible mixture could result.

The expansion tank.is the most likely place that com-
bustible air-vapor mixtures  would form. The HCPC design,
however, calls for an inert nitrogen vapor blanket over the
HTF thus this possibility is.eliminiated. In addition, the
pump- house is well Véntilated with two fixed louvers in the
walls and an overhead gravity forced ventilator that will
provide continous ventilation and prevent a dangerous vapor
mixture from developing.
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" Thermal burns could occur if a pipe ruptures and the HTF
sprayed on personnel, The fluid pressure varies through the
- closed loop from 100 psi at the pump outlet to almost 0 psi
at the pump inlet so a fluid stream could occur. Accordingly,
personnel will be required to wear eye protection and pro-
tective clothing when working in or around the solar -energy
system.

‘4. Piping Network

As a further protection against thermal burns during
manual operation and/or maintenance, all pipes will be labeled
with commercially-available labels. The direction of the
flow and the pipe service will be clearly indicated.

The HTF piping network will use carbon steel, ASTM A53
or Al06 piping. The design calls for welding as many connec-
tions as possible to limit the likelihood of leaks. Raised
. face 300 1b. flanges have been specified to minimize leakage
and increase the thermal stress-bearing ability of the net-
work. All packing and gasketing material are as per manufac-
tures' recommendations so materials compatibility is not a
problem.

Pressure relief valves have been provided in all collec-
tor series loops, in the expansion tank and on the steam
generator. No area in the system that has a heat source can
be isolated without a pressure relicf valwve also being in
the loop. This precaution eliminates the potential hazard
of explosion due to an overheated and overpressurized pipe.

5. Insulation

The autoignition temperature for synfluid 4cs is 710°F,
however, tests indicate that spontaneous combustion does
occur at temperatures above 500°F in insulation materials
that have been thoroughly soaked with fluid. Such a reaction
is believed to occur because the combination of; the large
surface area on the insulation fibers, poor heat dissipation
conditions, and the formation of low flash point oxidation
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products, can cause a temperature build-up in the saturated
insulation mass resulting in ignition of the material when

exposed to air. .

This .potential hazard has been minimized 'by (1) welding
as many connections as possible, (2) employing impermeable
cellular glass insulation around all flanged connections
and (3) providing weep holes in the aluminum jacket under
expansion joints, flanged connections and control valves.
This combination of precautions will reduce the number of
locations where a leak could occur and insure that at the.
locations where a leak could occur, an impermeable insula-
tion is in-place. 1In addition to these precautions, all
valve stems and other protrusions through the insulation will
be placed either horizontally or vertically downward to aid
in fluid drainage and prevent fluid build-up within the
insulation.

6. Steam Generator

The main hazard associated with the steam generator is
a steam overpressure condition when the industrial process
does not require steam, yet the solar collectors are still
functioning. There are three back-up measures that will
prevent an explosion or other hazardous event; (1) a pressure
relief valve on the generator, (2) an overpressure sensor
on the steam line that will disable the HTF pump and
stow the collectors under an overpressure condition and
(3) overtemperature sensors on the collectors that stow the
collectors when the fluid in the receiver tubes is too hot
(over 600°F) .

An additional safety feature on the generator is its
ability to run completely dry of water without damage to
the equipment. Under this condition, the system would
eventually shut down since the HTF temperature would exceed
acceptable limits and collectors would stow.
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7. Visitor Safety and Security Considerations
The HCPC facility is - located .10 miles north from the city
of Hilo, Hawaii in a .predominantly agricultural area. The

closest public highway is % of a mile away and access: to the
plant is strlctly controlled via a single access road (the_
plant is surrounded on 3 sides by sugar cane -fields and’

the ocean on.the fourth). ‘

Visitors to the SIPH system will be briefed on the thermal
and visual hazards of the system and will be required to
wear protective clothing and safety goggles when near the
system. They will be accompanied by HCPC personnel at all
times. o ' '

Unauthorized access and/or vandalism ' is not expected
to be a problem because of the remote facility location and
its 24 hour per day operation. A cane truck weighing station
overlooks the collector field and is manned 24 hours a
day. In addition, a. closed circuit telev131on will contin-
uously monitor the collector flelds,condltlon during the day
with the screen located in the power plant control room.
Any unauthorized visitor will be quickiy spotted and security
actions taken. | : '
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VI. ENVIRONMENTAL ASSESSMENT
A. Description of the Proposed Action

The proposed action consists of the installation
of 42,420 square feet of parabolic trough, concentrating
solar collectors and the integration of the superheated
steam that is generated by this solar energy svstem with
the existing industrial process at the HCPC facility.

The solar collectors will be ground mounted in a
field (approximately 2.5 acres) that is directly adjacent
to the existing sugar cane processing buildings (reference
fig.VII-1. Figure VI-2 1is a flow schematic of the proposed
system. A heat transfer fluid will flow in a closed loop
from the solar collector field, where it will absorb the
incident solar energy, to the heat exchangers where it
will release this energy. A second flow loon, the feed-
water/steam loop, will use condensate as supply feedwater
and circulate it through the heat exchangers where it will
undergo a phase change and be superheated. The superheated
steam end product will be mixed with the plant's main steam
supply to power the plant's mill turbines.

The specific objective of this project is the dis-
placement of fossil fuel (#6 industrial fuel oil at HCPC)
through the application of solar energy. By supplementing
the plant's steam recuirements with solar generated steam,
bagasse (the fibrous sugar cane residue) can be ''freed-
up" and stored for later use when fossil fuel would other-
wise be burned. It is estimated that the solar energy
system will collect and transfer 7.2 x 109 BTU/Year of
useable energy. Taking into account boiler efficiency,
this translates into a direct fossil fuel savings of 1489
barrels of o0il per year.

B Description of Existing Environment

The HCPC plant is located on the northeast coast
of the island of Hawaii about 10 miles north of the city
of Hilo. The plant is situated immediately on the coast

approximately 100 feet above the ocean on a rock bluff.
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Figure VI-1
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To reduce transportation costs (all cane is trucked to the
facility) the plant has been located in the middle of the
cane fields which extend almost continuously 8 miles-south
to the edge of Hilo, 10 miles inland and 30 miles north
along the coast. The surrounding area is thus predomi-
nantly agricultural.

The land generally slopes upward toward the west
(average grade.at the site of 167%). due to Mauna Kea vol-
cano which is approximately 35 miles inland. Soil con-
ditions at the site consist of a surface layer of soft,
saturated brown clayey silt (volcanic. ash) which extends
from 5 to 20 feet. This is underlain by varying layers
of medium.to stiff clayey silt and.decomposed lava rock
to about 41 feet.

The climate is generally tropical with hot humid
summers and mild winters. Average annual precipitation
ranges from 150-160 inches/year, 60%:of which falls between
November and March. Predominant winds in the area are
from the east and northeast (on-shore) with an average
daily wind speed of 7 mph. (reference NOAA climatic atlas).

Water for the plant processes is suoplied via a
damned stream located % mile inland from the plant. It
is used primarily for feedwater makeup and cane cleaning.
(It is also the potable water supply for personnel
requirements.) A two-acre reservoir adjacent to Lhe plant
and on the north side of the proposed collector field sup-
plies backup cleaning water for the cane cleaning operation.

Wastewater from the cane cleaner is pumped to a land
containment area 1000 feet from the plant. The wastewater,
which contains soil, rocks, etc. from the washed cane,
flows into settling ponds within the land containment area
to allow gradual water filtration.

The solar collectors will be ground mounted in a field
that is currently unused. The field has a slight downward
slope (about 50) toward the north and rainwater drains into
the reservoir at the‘nofth'edge of the field. The field

VI-4




has an unobstructed east, south and west view and only two
or three trees border it on the north. The field is ap-
proximately 2.5 acres. in area and at its closest point is
800 feet from the edge of the bluff which borders the
ocean (the existing plant is located between the field and
the bluff).

C. Potential Environmental Impacts

Potential environmental impacts can be categor-
ized as follows:
© impact on air quality
impact on water quality

® impact on flora and fauna
® noise. impacts
® visual impacts

The proposed solar energy system will have no nega-
tive effects on local air quality. The system does not
take in or expel any gasses and its components will not
degrade or outgas in the operating temperature range.

The system will, in fact, have a positive impact on
local air quality to the extent that the solar system dis-
places fuel oil which would otherwise be burned. The com-
bustion of fossil fuels can .give :rise~to 'a variety of air
pollutants, including NOx, SOx and particulates, thus by
displacing fuel oil, the solar system would reduce air
pollutants and improve local air quality.

. With respect to water quality, the solar energy sys-
tem will use a heat transfer fluid as the circulating
media through the collectors, so there will be no major
increase. in° demand for water resources. Cleaning of col-
lector reflective surfaces is anticipated on a quarterly
basis; however, this will require a high pressure low.
volume spray of water possibly mixed with a mild bio-
degradable detergent. Sample reflective films that were
placed horizontally face up in the field for five months
showed depositions of dust and salt that were easily
removed by ;ubBingithe surface gently with.one finger.
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Thus, collector cleaning will involve only a high pressure
surface agitation and will not require an industrial

. strength detergent that could pose environmental hazards
when mixed with ground water.

The proposed heat transfer fluid is a synthetic hydro-
carbon base fluid manufactured by Gulf 0il Company and
trademarked Synfluid White 0il 4cs. Table VI-1 lists
the fluid's major properties. It has negligible solu-
bility in water and is colorless and odorless. Table VI-2
is the material safety data sheet from OSHA and the Depart-
“ment of Labor for the fluid. As indicated therein, pro-
longed and repeated contact may irritate the skin of some
individuals; however, the product was nontoxic to experi-
mental laboratory animals.

According to the Food and Drug Administration, the
fluid fully complies with 21 CFR 172.878 and may be used
as a component of nonfood articles intended for use in
contact with food. Furthermore, according to the U.S.
Department of Agriculture the fluid is acceptable with
incidental food contact, as a lubricant, antirust film and
tank closure gasket or seal release agent in Federally
inspected meat and poultry establishments.

During normal use and handling, no special protection
is required other than following normal industrial prac-
tices. Frequent or prolonged skin contact or inhalation
of fumes, mists or vapors will be avoided and o0il soaked
clothing will not be worn. When working with the fluid. under, .
elevated temperatures, the room or enclosure will be well
ventilated and air respirators (mechanical filter) will be
worn by personnel. -

The collector heat transfer loop is under low pres-
sure, is self-contained and, under normal operating con-
ditions, no discharges will be made ‘to the water environ-
ment. The only possible exceptions to this would be
(1) minor leaks that may occur at pump seals and other
connections, and (2) accidental spills resulting from a
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TABLE VI-1

GULF SYNFLUID® WHITE olL, Ucs

PROPERTY _ TYPICAL yALUE‘ METHQD
Viscosity sus ' ' cs D 445
@ 210 F (98.9 C) 39 ' 3.97
100 (38) 92 18.43. -
0 " (-17.8) 339.
-40  (~40) 2,514
Viscosity Index 124 D 2270
Pour Point, F (C)
<-90 (-68) D 97
Flash Point, F (C) 435 (221) D 92
Fire Point, F (C) 480 .(249) D 92
Evaporation Loss, ,
6.5 hrs @ 400 F, wt 7 10.10 D 972
Autoignition Temperature, F (C) 680 (360) D 2155
Specific Gravity, 60/60 C 0.8171 D 1298
Total Acid Number <0.03 D 974
Color, Saybolt, (min) +30 D 156

Appearance

Odor

Complies with all
requirements of
21 CFR 172.878

Clear & Bright

No foreign odor




TABLE VI-2

U.S. bE PARTM TNT OF LABOR
Occupational

MATERIAL SAFETY DATA SHEET

Safaty and Hzalth Administration

Gulf 5/17/79

fluid Whit

SECTION | |

MANUFACTJRER'S NAME
Gulf 0il ZComzany - U.S.

NCY TELE

PONE NO.

(713} 226 1011

ADDRESS (NUMBER, STREET, CITY, ST\TE&ZIPCODE)
P.0. Box 1519, Houston, TX 77001

CHEMICAL NAME & SYNONYMS TRADE NAMES &4 SYNONYMS

Synthetic Hvdrocarbon Base Fluid

Gulf svnfluid white 0il 4¢cs

CHEMICAL FAMILY

Aliphatic dvdrocarbon

FORMULA .
Palyalohaolefin Mixture

SECTION 1t — HAZARDOUS INGREDIENTS

MATERIALS

TLV
{Units)

TLV
{Units)

% MATERIALS

This product is not
the U.S. Department

classified as a "hazardous material" in normal use as defined in
of Labor Reculations 29 CFR 1915, 1916 and 1917.

DOT HAZARD CLASS:

excepted from regulations

SECTION il — PHYSICAL DATA

80ILING POINT C ( F)

SPECIFLC GR%VITY (Hzo

| 156 /156 C

Jvercoing (oil base) ]| >149°C (>300°F) 0.8184
PERCENT, VOLATILE

VAPOR PRESSURE (mm Hg.) Negligible av VoLUME (%) i)
EVAPCRATION RATE

VAPOR DENSITY (Airs ) NA o

SOLUSBILITY IN WATER

Necligible

LPPEARANCE AND ODOR

Col o_rless, odorless fluid

SFCTiON IV — FIRE AND EXPLCSION HAZARD DATA

LASH

22355C (435°F)

]FLAMVABLE LIMITS

({00

EXTINGUISAING MEDIA
[JarcoroL Feam

OotHer

S} :ar30N DICXIDE

3 o’y cHEMICAL [@Foam 7§ NATER SPRAY (FOG)

frothing.

SPEC!AL FIRE FISHTING PROCEDURES

Use water tc keep fire-exposed containers cool.
to flush spilis away frcw exposures.

Use fcam and water spray carefully to prevent excessive

. Water spray may be used

oxidizing materials.

FIRE AND SXPLOSIZN ~AZARDS

Siight when expesed to can react with

heat or flame;
Csmbustible. )

NA = No* Appiicable

ND = Ng Ozta Available



Svnfluid white Cil 4cs, Gulf
SECTION V —~ HEALTH HAZARD DATA

=OLD LT [ 3
Observe current ACGIH TLV of S mg/m for 011 mlst.

EFFECTS OF OVEREXPCSURE

Prolonged and reoeated contact may irritate the skin of some
individuals. ‘This product was non-toxic to experimental laboratory animals.

EMERGENCY AND FIRST AID PROCEDURES .

SKIN CONTACT-remove by wiping ahd wash with soap and
jwater. EYE CONTACT-wash with copious amounts of water. INHALATION-remove from exposure
to fumes, mists. INGESTION-DO NOT INDUCE. VOMITING. Seek medical aid.

SECTION V! — REACTIVITY DATA
Jcomomous TO AVOID
X NA

NA

STABILITY: | UNSTABLE STABLE

INCOMPATABILITY (Materials to avoid)

HAZARDOUS DECOMPOSITION PRODUCTS

HAZARDOUS

I
POLYMERIZATION: ]MAV OCCUR ] ]WILL NOT OCCUR TX ICO DITIONS TC AVOID

_NA
SECTION Vil — SPiLL OR LEAK PROCEDURES

RESPIRATORY PROTECTION[—] EVAPORATE SMALL NEUTRALIZE AN WASH
Oevacuate area {AS PER SECTION Vi) AMOUNTS IN HOOD AWAY WiTh WATER
. <3 OBSERVE GOVERNMENTAL
T3 sToP FLOW 3 SKIN PROTECTION INCINERATE UNDER C
JsTorFLo {AS PER SECTION VIIt) CONTROLLED CONDITIONS SEsh A A ER QUALITY
ELIMINATE ALL SOURCES Y a RB OR SCRAPE UP INCINERATE USING AFTER IEMOVE SOI OTHING
OF IGNITION, FLAMMABLES (& asso OR s¢ BURNER & SCRUBBER P ° OILED cL

BURY IN REMOTE AREA OR
DAVOID INHALATION D VACUUM UP D B BN LA e DOTHER

D AVOID DERMAL CONTACT

SECTION VI — SPECIAL PROTECTION !NFORMATION

FOR GASES, VAPORS SPECIAL (E.G. THERMAL
DURING NORMAL USE DUSTS, FUMES, MISTS PROCESSING, SPRAY
] . EXCEEDING TLV APPLICATIONS)
GENERAL VENTIL .
ENERAL TiLATION Usuallv none ! Yes Yes
LOCAL EXHAUST Usually none Yes Yes
RESPIRATORY PROTECTION (1-3) {ugyallv none 1 as reguired 1 as_recuired
1. FParticle - Remoiing Air Purifiing Air Respirator 2. Gas and Vepor- Removing Air Purifying 3. Full Face Mask Posizive Pressure- Demand
(Meciianical Filier) Respiraior (Canister) Tvpe Supplied Air
EYE PROTECTION | cAFETY GLASSES x | cHEMicaL GogoLEs FACE SHIELD fE; EXCELLENT
- (G) GOOD
PROTECTIVE NEOPRENE POLYVINYL ALCOHOL POLYETHYLENE . (Fj FAIR
G E E !/p) POOR
GLOVES (P} 7C . .
NATURAL RU3BER | p | BUTYL FUBBER E POLYVINYL CHLORIDE F {NR) NOT RECGMMENDED

OTHER PROTECTIVE EQUIPMENT
[Fxotective carment_as required,

SECTION X — SPECIAL PRECAUTIONSJ

N IN HANDULING AND STORING

PRECAUTIONS TO BE TAKE - ]
Avoid frequent or prolonced skin contact
or inhalation of fumes, mists, vapors.

OTHER PRECAUTIONS . .
Do not wear oil-scaked clothing.

_NOTICE_ FOR TRANSPORTATIOR SPILLS OR LEAK
The dara and recemmendacions preseniced herein arc based upon our research EMERGENCIES. CALL:
and ihe research of others, and are belicved to be accurare. No parantee CHEMTREC - &00-424-9300
of their accuracy is msdc; however, and the products discussed are distributed (CHEMICAL TRANSPORTATION EMERGENCY
without \warrantv, cxpress or (:plicd. and the person receiving them shali make CENTER).
his own deicrmiinarion of ihe suitability thereof for his particular purpose.
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major break in the heat transfer circuit. v

Any minor leaks that may.-be present are expected to
be short-lived and/or insignificant in magnitude. For
instance, minor:- leaks (i.e. 5 drips/minute). around pump
seals may exist due to the low fluid viscosity at .400°F,
yet these small leaks can be identified and-a catch pot
placed under them, thus recapturing the fluid. The sys-
tem will be engineered,. operated and maintained to elimi-
nate this type of loss to the best extent possible.
Flanged and threaded connections have been eliminated
wherever possible and a system walk-through, visually
inspecting pipe connections for fluid leaks, will be a
routine maintenance procedure.

The worst scenario for a major break in the circula-
tion loop would result in the loss of the total inventory
of 1100 gallons of fluid. While the scenario is highly
unlikely, the incorporation into the system of a fluid
retaining, crushed rock berm would mitigate the immediate
environmental impact by temporarily containing the spilled
fluid and allowing maintenance personnel adequate time to
collect, absorb and dispose of it properly.

The crushed rock berm is composed of %" to 3"
diameter gravel and coarse sand that forms a sloped wall
9" tall., The berm runs the full length of the collector
field's north edge and encloses the pump house (the
field slopes slightly down toward the north with the pump
house being at the lowest elevation).

At 80°F, the fluid is approximately 70 times more
viscous than water and will require a considerable length
of time to filter through the crushed rock berm, thus
allowing maintenance personnel adequate time to collect
and dispose of the fluid.

Losing the full inventory of fluid is highly unlikely,
however, due to (1) a low-level sensor/alarm in the expanf
sion tank, (2) shut-off valves located at each collector
row and at major pipe connections, and (3) continuous 24-
hour monitoring of the system condition. A more likely

VI-10
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scenario for a major break would result in approximately, .

250 gallons of fluid spilling onto’the ground before the.-.

v low-level sensor in the expansion tank was activated . ..

.which would turn off the -¢irculation.pump and sound an «¢...

*..aglarm. .- Maintenance personnel would respond to the alarm,

-locate ‘the break, and close the nearest gate valves. .In
~.addition, once the low-level sensor was actiwvated énd.qhe
“pump turned:off, the system would be unpressuriéed and any
leakage thereafter would be a slow, gravity-fed flow.
Further insurance that a major spill would be quickly

~ " .recognized and acted on comes from (1) a manned 24-hrs-a-day

weighing station which overlooks the entire coliector‘
field and (2) the location of an emergency control panel
and closed circuit television monitor in the power plant
control room which is also manned 24 hours a day:

Any emergency condition that exists in the solar
energy system (such as pump failure or expansion tank
low-level) will be indicated by a flashing light on the
control panel in the power plant control room. In
addition, a closed circuit television SYStem has been
included which will provide control room personnel with
visual access to the condition of the solar collectors.
In this way an emergency system condition, along with
any errant collector configuration (i.e., a stowed
collector due to overtemperature and loss of flow) can
be immediately identified and proper action initiated.

The most pfobable time for a major pipe rupture to
occur would be during daylight operating hours due to the
thermal and flow pipe stresses of normal operation. At
night the collector piping loop is unpressurized and
eventually will cool to ambient temperature. However,
even an emergency situation at night or on weekends will
alert operating personnel since the power plant control
room is manned 24 hours a day.

The impact on flora and fauna will be small and
short-lived. It will occur primarily when the site is
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graded and leveled and will dissipate quickly after com-
pletion of construction. . Grading requirements for the
collector field will consist of cutting and filling to
develop a two-level, gently sloping W-E grade. ' The.
collectors will be level in the N-S direction; however,
to minimize grading requirements, the field's natural E-W
slope will be maintained. To account for the field's
natural N-S slope, the field will be divided into two
steps which- are level in the N-S direction.

Collector installation will consist primarily of
setting concrete footing foundations and mechanically
erecting the collectors and piping network. Complete
system installation should not take longer than six months.

After inétallation, the field will be seeded with a
local grass called "Hilo Grass' which has the desirable
characteristic of oﬁly growing 2 feet tall. After
several cuttings, the grass develops a thick surface layer
matting which stabilizes the soil and still permlts
periodic light vehicular access to the collectors.

Noise impacts will also be small and short-lived,
occurring mainly during system installation. The col-
lectors track and operate via hydraulic drives and the
only system noise will be electric motors. The noise of
the adjacent plant will far outweigh that of the solar
energy system. ‘

Visual impacts will be virtually nonexistent due
to the remote location of the plant (closest public
highway is % mile from site) and the nature of the
solar collectors. The collectors are the parabolic
trough, line-focusing concentrating type, which focus
the sun's rays on a 1%" diameter pipe that runs the full
length of the collector. .The collectors have a focal
length of less than 2 feet from the reflective surface
after which the rayé diverge from the focal point. Thus,
if a receiver tube was misaligned and not in the focal

point, the unintercepted rays would pass through the focal
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point 'and diverge in a radial pattern diluting their
visual impact. An overhead aircraft would. only see an
extremely thin line of reflected sunlight which ‘would: be
much less glare than the:reflectance of a lake or e
swimming pool. S

" D. Coordination with Federal, State,. Regional and

‘Local Plans

- The following Federal, State and Local Agencies
were contacted during Phase I:

- Planning Department,  County of Hawaii

- Department of Health, State of Hawaii

- State Resource conservationist, State of Hawaii

- Environmental Protection Agency, Honolulu and
‘Washington; D.C. Offices

. - United States Coast Guard; Honolulu Office

On the local level; the Planning Director for the
County of Hawaii, Mr. Sidney Fuke, was contacted regarding
zoning and environmental regulations that applied to the
proposed project. There is a Special Management Area
(SMA) which parallels the coast and extends inland for
approximately the first 150 feet, within which an SMA use
permit wouid_have to be obtained. The solar array, how-
ever, will be.located approximately 800 feet inland and
thus an SMA permit is not required. The field is cur-
rently zoned for agricultural use and would have to be
rezoned for urban use (the plant is zoned for urban use).
However, Mr. Fuke indicated the solar energy application
would present no obstacles to this zoning change.

The:Stafe of Hawaii Resource Conservationist, Mr. John
Bedish, was contacted regarding the use of prime farmland
for the céllector site. The field is labeled prime farm-
land by the Soil Conservation Service. However, Mr. Bedish
indicated that the small area required (2.5 acres) would
not impact the State's .plans and thus would not necessitate
State revieﬁ of the project.
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"The-State of Hawaii, Department of Health, was con-
tacted and copies of Public Health Regulations, Chapters
37 (Water Pollution Control), 43 (Air Pollution Control),
and 342 (Envirdnmental Quality) were reviewed for compli-
ance with the regulatlons contained therein.

In addltlon the Environmental Protection Agency was
contacted regarding this project and a copy of the oil
pollutlon prevention regulations (CFR 40, Part 112) was
obtained. The regulatlons state that facilities which
have an aggregate storage of 1320 gallons or more of oil
must have a Spill Prevention Control and Countermeasure
Plan (SPCC Plan). The volume of oil in the solar energy
system totals 1120 gallons and thus is below the 1320-
gallon limit.

HCPC has an SPCC Plan developed for its fuel oil
storage tank and operating personnel are familiar with the
procedures taken during a fuel oil spill. The solar
energy system will draw upon this experience and training
when alerting and preparing personnel for the possibility
of a heat transfer fluid spill.

Although an SPCC Plan is not required for this systemn,
the incorporation of a crushed rock berm and the familiar-
ity of operating personnel with proper spill control pro-
cedures will insure that a major spill is contained and
promptly acted on.

5. Description of Alternatives

Major alternatives to the proposed action are listed
below: '

o do not install the solar energy system and continue
to use bagasse and fuel oil, i.e.: a '"no action"
alternative.

o wuse the solar energy system but with another heat
transfer fluid.

o use another fuel to provide the necessary heat.
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From an environmental point of view, the ''mo action"
alternative is the worst possible choice. Continued
burning of fossil fuels will result in more air pollution
and the depletion of an increasingly scarce .resource. .
From a production standpoint, the "no action" alternatlve
could lead to periodic shutdowns if fossil fuel supplies
became erratic. This alternative only Dostpones fac1ng the
problem of substltutlng an increasingly scarce and costly
resource with an acceptable substitute.

Numerous alternative heat transfer fluids were in-
vestigated for this project, including water, other ..
synthetic oils and silicone fluids. This tradeoff analysis
must be performed on an individual application basis
because of the varying characteristics of each fluid. The
HCPC tradeoff analysis revealed that fluids which were
more environmentally benign (i.e., water and silicome
fluids) had extenuating characteristics that either presented
safety hazards (a high pressure water piping network) or
resulted in increased energy use (silicoﬁe fluids require
twice the pumping power of oils). The fluid selected offered
the best combination of flammability, toxicity, viscosity,
specific heat and durability.

The use of another fuel to provide the necessary heat
is considered a secondary option primarily because of the
time and/or technology constraints on other fuel sources,

Eucalyptus wood chips are one alternative source;
however, the long lead time for planting and growth makes
this a long-term alternative. "In addition, the lower conversion
efficiency of photosynthesis means more land area would
be required than a solar energy system for an equivalent

energy yield,.

Other alternative energy sources such as wind, geothermal
or ocean thermal are either still in the developmental
stages or are not abundant enough at the site to compete with
the solar IPH system.
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VII. PHASE II - MANAGEMENT PLAN
' A. Management Team
As prime contractor, Hilo Coast Processing
Company (HCPC) will be responsible to the Department of
Energy for all aspects of the project. The project manage-

ment organization for Phase II is illustrated by
Figure VII-1. The Principal Investigator, Mr. Terris
" Inglett, HCPC Executive Vice President and Chief Execu-
tive Officer, will provide overall direction, including
planning; corrdination, and integration to ensure that the
project goals and objectives are met. In performance of
these functions, he will be provided with technical and
administrative supﬁort from C. Brewer and Company by
Mr. Jerry Allen, Vice Pesident, Energy, Research and
Development. The day-to-day details of Phase II will be
handled by Mr, Larry Iwami, HCPC Power Plant Superintendent.
Responsible to Mr. Iwami for the tasks assigned to them
will be the C. Brewer and Company Ltd. Purchasing Depart-
ment located in Hilo and headed by Mr. Ernest Smith;
Mr. Andy Golay, TEAM, Inc. Project Director for this pro-
gram; and Dr. Paul Yuen, Director-ofvthe Hawaii Natural
Energy Institute at the University of Hawaii at Manoa.

B. Work Breakdown Structure and Management

Phase II, Fabrication and Installation, is shown

as being comprised of seven primary tasks described and
assigned as follows: . '

Task 1 - Contracting and Purchasing

The Purchasing Department of C. Brewer and Company
will be responsible for the contracting and purchasing
of the goods and services for Phase II. They will utilize
the final drawings and specifications produced in Phase I
of the project. Wherever possible and appropriate, effort
will be made to obtain competitive bids. Hilo Coast Pro-
cessing Company and TEAM.will support this effort as ap-
propriate to assure that the project's cost and technical

requirements are being met. (This activity was not desig-
nated as a separate task in the. original proposal.)
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Figure VII - I.
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Task 2 - Site Preparation (including foundations)

’ Site préparétion involves reshaping the project site

. ~to new .-co@tburs, properly compacting the fill areas,
installing any undergrouﬁd“conduits and water piping,
and proyiding the accessAgoadway through the center of
the collector field. Thiélwork is to be subcontracted
to a local pontfactor. Larry Iwami, or others on HCPC's
staff, will prdVide the direct HCPC overview and control
of this task.

Task 3 - Equipment Fabrication

Once the Brewer Purchasing Department has issued the
purchase orders for the various pieces of fabricated
equipment, TEAM, Inc. will direct liaison with the manu-
facturers to insure conformance with the intended design
considerations. .

Task 4 - System Installation

System installation is to be subcontracted to one or
more local contractors and involves the erection and
alignment of the collectors, all the associated wiring,
plumbing, and insulation, the erection of the pump and
boiler house, and the installation and connection of all
the equipment housed therein, integration with the existing
steam system of the raw sugar factory complex and instal-
lation and hook-up of all the controls and data collection
equipment. Larry Iwami, assisted by others on HCPC's
staff, will provide the direct overview and control of
this task. University of Hawaii personnel will be involved
in the installation of the controls and data collection
subsystems.

Task 5 - Acceptance Testing

Once installed acceptance testing will be conducted
to debug the system and insure satisfactory performance.
TEAM, Inc., as designers of the integrated system, will
be in charge of this task and will be assisted by HCPC and
University of Hawaii personnel, as well as representatives
of major suppliers if appropriate.
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Task 6 - Final Report

TEAM, Inc., as designer of the system and lead party
for the acceptance, testing, will be responslble for com-
piling the final report for Phase II.. The.various vendors
and contractors will be respon31b1e for prov1d1ng HCPC as-
built drawings and spec1f1cat10ns for inclusion in the
final report. HCPC and the University will provide. 1nputs
for the final report as appropriate. , ,

Task 7 - Meteorological Data Collection and Evaluation

The meteorological data collection and evaluation
which is underway in Phase I will be continued through
Phase II (and Phase III) in order to gain’historical data
at the site as well as to establish, if possible, a cor-
relation with long-term data collected at the Hilo Cloud
Physics Observatory, the nearest site for which data in
sufficient depth is available over an extended period.
Once the system is operational the meteorological data
will provide part of the information needed to evaluate
system .performance. Dr. Paul Ekern of the University’
will continue to be responsible for this task. (This
activity was not designated as a separate task in the
original proposal.)
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VIII. PHASES I1I & III COST PLANS“
A. Cost Summaries
Table VIII-1 itemizes the estimated costs for

‘Phase II, Fabrication and'Installation. Total Phase II
costs are estimated at $1,915,710.00. ' Table VIII-2 sum-
marizes the Phase II constriction management costs.

Phase III costs are broken down by organization and
summarized in Table VIII-3 (HCPC), Table VIIT-4 (C. Brewer
and Co.), Table VIII-5 (Univ. of Hawaii), and Table VIII-6
(TEAM, Inc.). Table VIII-7 summarizes the projected HCPC
direct costs for maintenance, operation, insurance, etc.
Total Phase III costs are estimated at’$91.529.00.

B. Contract Pricing Proposals (Form 60)

Table VIII-8 is the Phase II contract pricing
proposal (Form 60) and indicates the level of cost sharing
to be undertaken by HCPC, C. Brewer and the University of

Hawaii. , _
Table VIII-9 is the Phase III contract pricing proposal

(Form 60) and also indicates the level of cost sharing to be

undertaken by HCPC, C. Brewer and the University of Hawaii.
A summary of Phases II & III cost sharing is presented

below:

PHASE II DOE HCPC C. BREWER UNIV, HAWAII
$ 1,826,920 72170 6150 10,470
% 95.4 3.8 .3 .5

PHASE III
$ 76,578 90,529 13,589 11,060
% 39.9 47.2 7.1 5.8
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Item
Solar Collectors
Site Preparation

Collector
Foundations

Excavation
Backfill
Concrete
Reinforcing
Anchor Bolts

Subtotal

- Pump House Building

Pipe & Fitting§
4" pipe
3" pipe
23" .pipe
2" pipe
13" pipe
1" pipe

Quantity

42,420 (ft?)

570 Yd?
131 v
439 v
479 vd?

6,300 b

400 lin.ft.

140

. 880

180
1950
1190

TABLE VIII-1
HCPC SOLAR INDUSTRIAL PROCESS HEAT SYSTEM

COST DETAIL - PHASE 1I

Unit Cost Item Cost
Mat!l Labor | Matl] Labor
$20/ft? $ 3 |ssus,u00 | $127,260
3.45 1,966
18.75 2,456
53.10 9.10| 23,311 3,995
1.98 1.35 948 647
.75 4,725
| 28,984 '9, 064
6000. 00 3,000.00 | 6000.00 | 3,000.00
21.12 29.55 | 8,448 11,820
14. 66 23.04 [ 2;052 3,226
11.79 19.66 | 10,377 | 17,304
8.1 16.22 | 1,460 2,920
7.10 14,61 | 13,845 28, 490
2.83 4.24 | 3,368 | 5,046

Freight Total

$116, 100 $1,091,760

248, 270"

..

38,050
9,000

20,270
" 5,280
27,680
4, 380
- 42,330
8,410
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HCPC Solar Industrial Process Heat System, Cost Detail - Phase Il (continued) Page -2-

~Item

Truss Support and
additional fittings
and connections

Insulation

4" Dia, 24" Thick
3" Dia, 23" Thick
21" Dia, 23" Thick
2" Dia, 2" Thick
13" Dia, 2" Thick
Steam Generator

Heat Transfer
Fluid Pump

Feedwater Pump
Expansion Tank

Heat Transfer Fluid
Chemical Feed Equipmt.

Blowdown Equipment
System Control Equipmt.
Data Atquisition System
Total Direct Costs
Construction Management
Hawaii State Excise Tax

TOTAL SYSTEM COSTS

Unit Cost [tem Cost |
Quantity Mat'l Labor Mat'l Labor ' Freight
1 Lot 5,150. 2,090
400 ft 20.43 10.21 | 8,173 u,oau”
140 ft 19. 44 8.70 | 2,722 1,218
880 ft 18.08 7.76 15,910 6,829
180 ft 16. 40 5.81 | 2,952 1,046
1950 ft 16.02 4,72 31,239 9,204
1 41,000 41,000 5,000
1 4,250 500 4,250 500 525
1 1,200 500 1,200 500 120
1 1,250 450 1,250 uso' 1,000
1300 gal 3.55" 4,615 1,000
1 784 200 784 200 224
1 1,055 245 1,055 245 106
4,717 8,000 736
45,115 35,500 2,256

R

12,260
3,940

22,740
4,000

40,440

46,000

5,180
1,820
2,700
5,610
1,210
1,410

23, 450
82,870
1,756, 300

87,220
72,190

——— ettt

$1,915,710




TABLE VIII-2

CONSTRUCTION MANAGEMENT CbST BREAKDOWN

Hours

HCPC

Project Director ‘ 160 -
Project Superintendent 640 -

Travel -~ 2 people, 2 trips,
Hilo to Oakland, California

Per Diem - 2 people,
2-day trip, 2 trips

SUBTOTAL

C. Brewer

Project Coordinator 160

Travel -
Honolulu/Oakland
2 trips airfare
4 days per diem
Honolulu/Hilo
2 trips airfare
4 days per diem

SUBTOTAL

TEAM, Inc.

Senior Engineer 160
Engineer ' - 880
"~ Overhead - 103%
Travel - 3 trips Tucson/Hilo
Per Diem - 36 Days ‘
Fee - 10%
SUBTOTAL

University of Hawaii

SUBTOTAL
TOTAL

VIII-4

(See Attached Sheet)

Rate ~ Total
$ 34,25 °$ 5,480
21.70 .. 13,890
450.00 . 1,800
125.00 . 1,000
: $22,170
25.70 4,110
450.00 900
125.00 500
120.00 240
100.00 400
$ 6,150

26.08 4,170
13.75 12,100
16,760

506.00 1,520
100. 00 3, 600
3,820

'$41,970

$16, 930

$87, 220
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1982 ,
PROJ. MGMT. LABOR Hrs/mon '80 $'s/hr  Hours 1981 $'s - Hours 1982 §'s Hours - 1983 §'s Hours - -3
Project Manager | 4. 34.25 48 1,808 48 1,989 48 2,188 144 5,985
Power. Plant Supt. - 12 21.70 e 3,437 144 3,781 144 4,159 432" 11,377
Power Plant Supv. 15 14,45 180 2,861 180 3, 147 180 3,462 - 540 9,470
Secretary 3 10.70 36 424 36 466 36 513 108:.-. 1,403 o
Subtotal | 408 8,530 408 9,383 408 . 10,322 1,224 . 28,235
TRAVEL - Units '80 $'s/Unit '
Trips Trips Trips Trips:
Air Fare o - b
Hilo/West Coast Man Trip 450 2 990 o2 1,089 -2 1,198 6. - 3,277
Mandays . Mandays . Mandays Mandays
Per Diem ‘ Manday 125 5 688 5 756 5 832 15 2,276
Subtotal (Travel) 1,678 1,845 2,030 * 5,553
OPERATION & » : Years Years , Years .
MAINTENANCE Year 15, 584 1 17,142 1 18,857 - 56,741

NOTE:

TABLE VIII-3

Detail of HCPC Phase Il Projected Costs

BASE 1981

1983

. __TOTAL

Base Figures Escalated 10%/Year

1

20,742

Although 1981 would be only a half year (for Phase Il activities) all of the above shown costs reflect a full

year for 1981 in expectation of higher costs for first half-year of operations.



TABLE VIII-4

Detail of C. Brewer and Company, Limited Phase 111 Projected Costs -

BASE 1981 1982 1983. TOTAL
Hrs/mon '80 $'s/hr Hours 1981 $'s  Hours 1982 $'s Hours 1983 $§'s  Hours $'s
Project Coordinator 8 25.70 96 2,714 96 2,985 96 3,284 288 8,983
TRAVEL Units '80 $'s/Unit
Honolulu/Hilo/Honolulu '
' : " Trips Trips Trips L Trips .
Air Fare Man Trips 120 2 264 2 290 2 319 6 873
' Mandays : Mandays Mandays  Mandays
Per Diem Mandays 100 2 220 2 242 2 266 6 728
S Honolulu/West Coast/Honolulu ’
= ’ Trips Trips Trips " Trips )
& Air Fare Man Trips 450 1 495 1 545 1 599 . .3 1,639
: Mandays Mandays Mandays . Mandays
Per Diem Mandays 125 3 - 413 3 45y 3 499 -9 1,366
Subtotal 1,392 1,531 1,683 " 4,606 -
GRAND TOTAL 13,589
NOTE: Base Figures Escalated 10%/Year
Although 1981 would be only a half year (for Phase I1l actlvities) all of the above shown costs reflect a full

year for 1981 in expectation of higher costs for first half year of operations.
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. TABLE VIII-5

SALARIES AND WAGES
1. Principal Investigator

Paul Yuen (Calendar Yr = 5%).

2. Faculty Associates

HCFC/DOE SIPH PROJECT

UNIVERSITY OF HAWAII AT MANOA

PROPOSED BUDGET
" August 1, 1980 - Novgmber 30, 1983

a. Paul Ekern (Calendar Yr - 15%) 5,050 -

b. James Chou (Academic Yr - 5%) 1,440
Summer - 100% (4 mos.) -

3. Graduate Student

Phase 11 Phase 111l
10 months 30 months
8/1/80 - 5/31/81 6/1/81 - 11/30/83
UH  DOE Ui DOE
1,950 - 5,460 o=
- 3,460
3,844 - 13,998
= 20,66)

Academic Year - 50%, Summer-100% ~ - -

TOTAL -SALARIES AND WAGES

FRINGE BENEFITS
DOMESTIC TRAVEL

1. One trip to Washington, D,C;

2. Ten trips to Hilo
COMPUTER COSTS
COMMUNICATIONS
TOTAL DIRECT COSTS
INDIRECT COSTS

31.30% of Total Direct Costs

TOTAL COSTS

TOTALS

8,440 3,844
2,025 77

- 900

- 100

xxxxx

2,000

2,100

- 2,000
.- .. 300

10,465 4,921

11,060 42,967

- 1,540 - 13,445
$10,465 $6,461 $11,060 $56,412
$16,926 $67,472

. Tota]li-vﬂ:

UH DOE
7,410 =
5,050 .
4,900 -.
- 17’842
.=, ..., 20,661
17,360 38,503
4,165 1,985
S 2,000
L 3,000
- 2,000
- 400
21,525 477,888
- 14'985
521.525 $62,873

$84,398

.

615180




TABLE VIII-6 .
DETAIL OF TEAM, INC. PHASE III COSTS

Hours A Rate*
Senior Engineer- . - - 120 . . .826.43 . - -
Engineer : ) 240 0 13.94
Draftsperson 40 : 8.66

Secretary 80 7.39

Overﬁead @ 103%

Trénsportation: 2 round trips Tucson/Hilo
@ $600 per trip

Per Diem 1 person, 20 days @ $100
per day V

Subtotal
FEE (10%)
TOTAL

*Labor escalation rate of 7% per annum assumed.

VIII-8 -

Total

. $3,171.
3,345.
346.

591.

$7,454.
7,678.
- 1,200.

.2,000.

18,333

00

.24

32

1,833.

- $20,166.

00




TABLE VIII-7

i
B

Detail ‘'of HCPC Phase Iil Projected Direct Costs (in- 1980 $'s)

Routirie Maintenance
mowing, trimming, and/or herbicide
collector cleaning
mechanical equipment

Periodic Maintenance S
collectors (pylon painting and reflective
o film replacement)
mechanical equipment (heat exchangers

tube bundles)

‘Subtotal

Operating Costs
personnel and material

parasitic power (electrical: 24,700 kwh @ $.09/kwh)

SubtotaIA

Insurance

Property Tax (exempt if completed prior to 1/1/82)

Subtotal

Contingency @ 203

Projected Direct Cost (1980 $'s)

VIII-9

$ 720/yr.
1,750
437

4,437

- 1,563

$ 8,907

$ 860

2,220

$ 3,080

$ 1,000

$12,987/yr.

$ 2,597

$15,584/yr.
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TABLE VIII-8

CONTRAC: PRICING PROPOSAL
(RESEARCH AND DEVELOPMENT)

Office of Mansgement and Budget
Approvsl No. 29-RO184

J—
PACE NO. NO. OF PAGES

This form is for use when (i) submision of cast or pcml daca (nc FPR 1-3.307-3) is required and
by dhe

£i5) substisurion for che Optional Form 99 is h.

s oficer. 1 2

NamE OF OrtEzOt i
Hilo Coast Processing Company

IUPTLLS AND/OR SEEVICES 10 M WNISHED
Fabrication and Installation of

nOME OFNCE ADORESS
P. O. Box 18
P ., Hl 96783

42,8420 feet of Solar Collectors at
Hilo Coast Processing Company

ow $) AND LOCATION{S) witit WOSK 1S TO B MERFORMED

Pepeekeo, HI

TOTAL AMOUNT OF PROFOSAL GOVt SOUCITATION NO.

1 03-79-CS30121

DETAIL DESCRIPTION OF COST ELEMENTS

1. DRECT MATE®AL ([traite on Evbibit A) F“ cost (3 !S;OC'(A)‘S!' ::‘rc:‘l
@. PURCHASED PaARTS 1,089, 35¢° " 77
b, SUBCONTRACTLD MTEMS 666, 95
¢ OINER—(1) RAW MATERIAL . Peoaame L
12) YOUR STAND 80 COMMERCIAL fTEMS -
3) INTERDIVISIONAL TRANSHERS (A7 acher thoa coit) - Lo
TOTAL DIRECT MATERIAL 1,756, 300
7. MATERIAL OVI4HEAD'  (Ratr %*\'S base)
. ESTIMATED RATE/ EST L. .
3. ORICT LABOR (Sperify ) HOURS HOUR COsT (3) -
160 34.25 5,480
640 21.70 13,890

TOTAL DIRECT LABOR

EAEDINED TN IRE 5 XA
e gl QT il eon JTE § Y 0 T AT

4. LABOL OVERMEAD (Specify Diparimens or Cost Caniter)t

X BASE =

{Included in Rate/Hour figures s

own above )

TOTAL LABOR OVERHEAD

3. SPECIAL TESIING (luciuding fitld uerk at Gererument instullotions)

ST COST (3

TOTAL SPECIAL TESTING T

-»

. SPECIAL EQUIPMENT (If direct charge) (I1emize on Exbdit A)

7. TRAVEL (If direct charge) (Gire desails ou sitacbed Scbeduals) 51 CUST (8)
. Thasid PONTATION 1, 800
5. PER DIEM O SUBSISTENCE ] 000 R
TOTAL TRAVEL 2,800
0. CONSWTANTS ([dentify —parpese —rate)

eBIcost(s) §, | U

a.W.A.Hirat &¢ Assoc/TEAM,

Inc. Engineering Mgmt.{41,970

b.University of Hawaii 16,930
W d ny, Limjted 6,150
TOTAL CONSULTANTS 65,05

9. OTWER DARECT COSTS (lromite ou Evbibil A) 72,190
. TOTAL DIRECT COST AND OVERHEAD 1,915,710 -
V1. CENERAL AND ADMMNISTRATIVE EXPENSE [ Rute % of o3t sleseent Neos. »
12. ROYALYES ¢
n. TOTAL ESTIMATED CUST |
4. ME Of PRORT

19, 1OTAL ESTIMATED COST AND FEE UR PROFIT 1,915,71 (]

OPTIONAL FORM 60

Cost Share DOE HCPC Brewer U of H Total  Quwesom "%
ftem 1 1,706, 3000 50,000 1,756,300  sraicican
Item 3,4 & 7 22,170 22,170
Item 8a 41,970 41,970
Item 8b 6,460 10,470 16,930
ltem 8¢ 6,150 6,150
item 9 72,190 72,190
TOTAL 1,826,920 72,170 6,150 10,470 1,915,710
% 95.4% 3-8% .3% .5% 100% VIII’].O




TABLE VIII-8 (cont'd)

This propossl is submitted for use in conaection with and in tesponse 1o (exribe REP, otc.) DUE FUN 03- 79(:5 30121
Phase Il follow on to DOE Agreement No. DE-FC03-79CS30311.

Phase Il involves fabrication and installation of 42,420 ft2 of solar collectors.

and reflects our besc estimates a3 of this date, 1n accordance ith the Instructions 10 Offerors and the Footnotes which follow.

TYPED NAME AND TiTLE

SIG!
Robert H. Hughes f-/\ AEL““'( 6 M(
Chairman of the Board of Direftors

NAME OF 1M

Hilo Coast Processing Compa

DATE OF SUBMISSION

June 6, 1980

EXHIBIT A—SUPPORT!NG SCHEDULE (Speclfy If more space is needed, use reverse)

COST EL NO. ITEM DESCRIPTION (See foolnote 3) EST COS
1a Purchase Parts
Collectors 848,400
Steam Generator 41,000
System Control Equipment 14,717
Data_Acqguisition System 45,115
Misc. Equipment § Heat Transfer Fluid 13,154
Shipping Charges 126,967
Subtotal 1,089,
1b Subcontracted ltems
Site Preparation 248,270
Collector Foundations 38,050
Collector & Equip. Installation
including controls 137,155
Piping & Insulation_ (including
truss across road) 198,970
Pump House Building 9,000
Data Acquisition System Software
and Installation 35,500
: Subtotal 666,
7a Travel
2persons, 2 trips Hilo-Oakland AirFare @ 450 1,800
2 persons,2 trips,2 day/trip Per Diem @125  1_000
Subtotal 2,
9 Other Direct Costs 4% State Excise Tax
(On l1a, 1b, 8a, and Noncontrjbutory Portion of 8b) 712,

1. HAS ANY EXECUTIVE AGENCY OF THE UNITED STATES GOVERNMENT PERFORMED ANY REVIEW OF YOUR ACCOUNTS OR RECORDS IN CONNECTION WITH AN
GOVERNMENT PRIME CONTRACT OR SUBCONTRACT WITHIN THE PAST TWELYE MONTHS?

. D YES D(NO (1f yes, identify below.)

NAME AND ADORESS OF REVIEWING OFFICE AND INDIVIDUAL

TELEPHONE NUMBER/EXTENSION

#. WRL YOU KEQURE THE USE OF ANY GOVERNMENT PROPERTY IN THE PERFORMANCE OF TS PROPOSED CONTRACT?
D YeS @(NO (l/ yos, identify om reiurse or separute page)

. DO YOU KIGUZE GOVERNMENT CONTRACT FINANCING TO PERFORM THIS PROPOSED CONTRACT?
EPees [J w0 (1f yes. idensify.): (] aovance parmens ] rrocress pavments o8 [[] cuarsnteeD 10ans

V. DO YOU NOW HOLD ANY CONTRACT (Or, de you bare any independently fimanced (IRED ) projecis) FOR THE SAME OR SIMILAR WORK CALLED FOR
PROPOSED CONTRACT?

[ ves XXno (1f yes. idemsify.):

V. DOES NS COST SUMMARY CONFORM WITH THE COST PRINCIMES SET PORTH IN AGENCY BEGULATIONS?
E(ns D NO  (If mo. explain ou reverse or separate page)

See Roserse for Instruciions and Feorneses

2
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TABLE VIII-8 (cont'd)

CONTRAC: PRICING PROPOSAL Office of Mansgement snd Budget
(RESEARCH AND DEVELOPMENT) h Approval No. 29-KO184

This form is for ust when (5) submeinseon of cont o8 prucang data (ere FPR 3-3.807-91 is rwvquured ead 'AGI O. ~O. O racts
€55) substinution for the Opuonal loun 39 s authorued by the ing ofbces. i |

MAME O¢ OffteOe SLFPLLS AND/O8 3EEVICLS 1O B2 IuaNISNED [Pha

Hilo Coast Processing Company Operation and Evaluation of uz 1420 sq
WO CANCE ATORL3S feet of solar collectors at Hilo Coast

. O. Box 18 Processing Company.
Pepeekeo, HI 96783

BIIONS) AND LOCATION(S) wiilt wOARL I3 10 B2 M ORMID TOIAL AMOUNT OF PFEOFOSAL GOV’ SOUCITATION MO.

Pepeekeo, Hawaii s 03-79-CS30121
DSTAIL DESCRIPTION OF COST ELEMENTS :

YOTAL REFER-

1. DRECY MATEDAL { firmite aw Exbdit A) Included in Item.9 o ]P' €ost (3)} es1 cost ENCE*

@. PURCRASED PARTS

8. SUSCONIAACTID 1TEmy
0. OVNER. () RAW MATEMIAL
€2) YOUR 3TANDAID COMMERCIAL MTRMS
3) WNTREDIVISIONAL TRANSIERS ( As aiber thun cmt)

TOTAL DIRECT MATERIAL

"§ 2.-MATERIAL OVIRMEAD®  (Rasr X3 base =}
: g ESTIMATED RATE/ 131 CorLAer
3. omzcr wsoe eSify). €€ Attachment 1 Smare Rates cost(s)
Project Manager 144 41.56 5,985 { -
Power Plant Superintendent 432 26. 1,377 §. «:.- -
Power Plant Supervisors 570 17.54 9,870 | o~
R
Secretary 108 12.99 1,403 ST
TOTAL DIRECT LABOR P el e g e o 280235
4. LASOL OVERMEAD (Spvcify Depariment ar Cost Cauter)® OM. RATE X BASE= L31 COSY (5) T -
{Tncluded on Rate/Hour figures shown above
TOTAL LABOR OVERHEAD ST e FTTA X
3. SPECIAL WESTING (Jacluding fald work 2t Corvirnment suitallations) €37 COst (%)
TOTAL SPECIAL TESTING R
&, SHOUL LOUIPMENY (1] diiitt tbarge) ivmise sa Esbidai W)
Y. TRAVIL (Uf direct charge) (Gire desails on atiasbed Schodale) . 231 CUST ($5)
. TRANSPORTATION 3, 277
b. FEE e OR SURSISTENCT ) ] 2,276
i FOTAL TRAVEL 1 5,553
8. CONSIATANIS (Ideratify —parpore—~rate} eI Ccosrs) LT T
a. C. Brewer Administrative § Technical Assistance]| 13,589 | ~-.*®--- =
b. Univ. of HI at Manoa, Data Collection &€ Evaluation} ¢7 472-} == -
C. TEAM, Inc. Personnel Training & Manual Prep. 20,166 _}--: -

I I e

. TOTAL CONSULT ANTS
9. ONMER OIRECT COSTS (reesrse om Exbibit A) Qperation £ Maint. Labor & Materials 57.741
10. TOI AL DIRECT COST AND UVERHEAD
19, CEMERAL AND ADMMISTAATIVE EPFNSE (Raty % of cost dramsar Na. »r

12, ROVYAITRS ¢

1. TOTAL ESTINATLD CUST

Jte. rte Oe FrOMT

13, JOTAL ESTIMATED COST AND FEE UR FROMIT .

Cost Share DOE HCPC Brewer U of HI Total §«7$5}135-'°:“°°
items 1,3,7,€9 = 90,529 - - © 00,529 rorsume i
Item 8a. - - 13,589 - . 13,589
Item 8b. 56,412 - - 11,060 67,472
Item 8c. 20, 166 - "o - 20, 166
TOTAL ™ $ 76,578 90,529 13,589 11,060 191,756

g 39.9  47.2 7.1 5.8 100.0 VIII-12




TABLE VIII-8 (cont‘'d) . M

This yvo|§nl " submitied for use in connection with end n serpunse 10 (emrdde KMP. o1i. ) DOE PON 03“79(:5 30121

Phase |1l follow-on to Phase 11 follow-on to DOE Agreement No. DE-FC03-79CS30311
Phase lil involves operation and evaluation of 42,420 ft2 of Solar collectors.

and tehects our best estimares 93 of this date, 10 accurdance with the lastrucimns tn Oﬂnon ond the Foornotn -)nds follow.

TYPLO NAME AND TIME SICHATURE
Robert H. Hughes , '
Chairman of the Board of Dlrectors

v -

e e T

NAME OF Fikm - DATE OF SUBMISIION —
Hilo Coast Processmg Company June 13, 1980
EXHIBIT A—-SUPPORTING SCHEDULE (Specsfy. If more space is needed, use reverse) -3
COST EL NO. ' ITEM DESCRIPTION (See foormote 3) £ST COST ($) %
- . ) . , }
-

L. MAS ANT EXECUTIVE AGENCY OF THE UNITED STATES GOVERNMENT PERFONMED ANY REVIEW OF YOUR ACCOUNTS OR RECORDS IN CONNECTION WITH ANY otrer
GOV!INMEN! PRIME CONTRACT OR SUBCONTRACT WITMIN THE PAST TWELVE MONTHS?

O res )53(..0 (If yos. identify belorw.)

1

NAME AND ADORESS OF REVIEWING OFHCE AND INDIVIDUAL TELEPHONE NUMBER/ EXTENSION

8. WL YOU REQUE THE USE OF ANY GOVERNMENT PROPERTY IN THE 'ﬁl’om O?F a3 PROPOSED CONTAALT?
D ves K)(NO (If yes. identify om reiverse or seporate page)

1. DO YOU RIDUAE COVERNRMENT CONTRACT PINANCING TO PERMOM THIS PROPOSED CONTRACT?
ves [(J NO  (If you. ideasify.y: [X] apvarce ravasnts X) reocaess rarsents or  [[] Guarasareen oars

V. DO YOU NOW HOLD ANY CONTRACT (Or, 4o you bare asy indipendently ﬁu-ud (IRGD) 'n,“h) FOR THE SAME OR SIMILAR WORK CALLED FOR BY lns.
PROPOSED CONTRACT? i

D s K}(NO (3] yos, idensify.):

¥. DOES NS COST SUMMARY CONFORM WITH THE COST PRINCINES SET FORDH N AGENCY REGIRATIONS?
YES D NO  (If mo, explain an reserse or separate page) . . . ’ . . i

Set Raverse for Lustructions and F OPTIONAL FORM 60 (10-71)

VIII-13
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IX. ECONOMIC ANALYSIS
A.  INTRODUCTION

The economic analysis herein is based on the publi-
cation UCRL-52814, Economic Analysis of Solar Industrial
Process Heat Systems published August 17, 1979 by the Lawrence
Livermore Laboratory. Certain input variables to the analysis
have been fixed by the Department of Energy (DOE) in an attempt
to normalize the analysis for different SIPH projects. While
this method may not accurately reflect the economic situation
for a particular project (since every firm has different
financial characteristics) it does ensure a true "apples to
apples' comparison when ranking the economic merits of dif-
ferent SIPH projects.l/

Following the procedures outlined in the above publication,
M-Factors (see nomenclature) for a variety of discount rates
(10%, 15% and 20%) were developed for the HCPC project. These
values were utilized in turn to develop the following economic
characterlstlcs

® internal rate of return assuming the entire system
cost represents an investment by the contractor;

® internal rate of return assuming the solar invest-
' ment consists only of the equity portion ($78,320)
of total projected project costs of $1.92 million.

® the levelized price of the solar thermal process
heat energy produced under varying discount rates;

® the levelized price of the alternative conventional
energy under varying discount rates;

® expected annual fossil fuel savings; and,
® payback period.

1/ 1In particular, the four '"fixed" variables, tax credlfs
(TC), general inflation rate (g), fuel 1nf1at10n rate (g
and replacement of 25% of the system in year 10 M(te),

not reflect current economic conditions or expectations at
HCPC and the assumed values of these variables markedly
~understates the cost effectiveness of the system.
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Nomenclature

M =

IR
I

R?'C =
DEP:

CS Levelized requlred revenue per total investment
T dollar, the M factor.

Annuallzed energy prov1ded (saved) by new system at
p01nt of use.

Levelized required revenue for solar-generated energy
or energy conservatlon

Total 1n1t1a1 system component investment.
Sum-of-Years4Digits Depreeiation-ﬁaleulétion'technique.
Depreciétion Period

Solar effectiveness factor (fuel energy saved by new
system d1v1ded by new energy delivered).

Portion of investment financed by loan.
General inflation rate.
Fuel inflation rate.

MaJor component replacement cost in year t (as a
proportlon of I in zero-year dollars).

System life.

Average annual operating, maintenance, property tax
and insurance costs (as a proportion of I in zero-
year dollars).

Price of conventional fuel in zero-year.

Sslrage value of new system (net).
Investment tax credit rate.
Marginal composite tax rate.
Market discount rate.

internal rate of return.

Present value of deprec1at10n charges (as a fractlon
of I)
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Nomenclature (continued)

DP

P
s

.CRF(R,N)=

LP

3

' Depreciation period.

Levelized price of solar energy (or energy saved)
produced by the’ prospective. prOJect

Expected annual f03511 fuel sav1ngs from the solar

' system.

Payback period for initial iﬁvestment.

Capital recovery factor at (R) market discount rate
over (N) system life.

.Loan perlod (where LP-N in this analysis).
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Cc. INTERNAL RATE OF RETURN ANALYSIS

1/

The following parameters were inputs to the internal rate
of return analysis:

1.

9.
10.
11.

12.
13.
14.
15.
16.
17.

[0 B > ¥, B - L UURE ()

SOYD

DP = 7 years

ES = 7.21 billion Btu (See Table 1IX-3)
£=1.28 ¥/

£f=20

g = 6%

gl = 8%

I =Case I = $1.915 million (See Table IX-1

Case II - $78,320

M(tc) = .25 (10)
= 20 years

OMPIo = .006 (Case I) and .143 (Case II).
(See Table IX-2)

Pfo = $4.07/million Btu's.
S=20

TC = 20%

r = 50%

R = 10%; 15%; 20%

r=20

System capital costs on solar investment are presented in
Table IX~-1 Variable costs (OMPI) are presented in Table IX~2, and
energy information in Table IX-3,

HCPC would utilize number 6 fuel o0il and bagasse in lieu
of the projected solar thermal system. The fuel oil is
currently priced at $25.22 per barrel ($4.07 per million
Btu's); the present system requirés the consumption of
1.28 Btu's to yield 1 Btu of delivered process steam.
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Table IX-1

Projected Initial Capital Costs

Item

Solar Collectors (42,420 ft2 aperture area)
Site Preparation
Collector Foundations
Pump House

Piping

Insulation

Steam Generator

Heat Transfer Fluid Pump
Feedwater Pump

Expansion Tank

Heat transfer Fluid
Chemical Feed Equipment
Blowdown Equipment
System Control Equipment
Data Acquisition System
Hawaii State Excise Tax

Total Direct Costs

Construction Management

Total

IX-5

Installed Costs

$1,091, 760
248,270
38,050
9,000
115,590
83,388
46,000
5,180
1,820
2,700
5,610
1,210
1,410
23,450
82,870
72,190

$1,828,490
87,220

$1,915,710




Table IX~2

“ Projected Operating, Maintenance,
_Property Tax and Insurance Costs.

Item -

Routine Malntenance
collector cleaning

mechanical equipment
Perlodlc Maintenance .

collectors (pylon palntlng and reflectlve

film replacement)
mecbanlcal equipment (heat exchangers
tube bundles)

Subtotal
Operating Costs
personnel and material
parasitic power
Subtotal:
Insurance
Property Tax
Total OMPI

IX-6

$ 1,750/yr.
437,

4,437
1,563

$ 8,187

$ 860

2,220

$ 3,080

$ 1,000
=0~

. $11,267/yr.



Table IX-3

Projected Net Annual Energy

Available Tax Incentives fe . Fed.- 15% Solar Credit
e L : : - 10% Invest Credit
State - 10% Solar Credit

Total Land Area 2.3 acres (approx)

Number of Collector Module - 303

.Net Area of Single Module A . 140 Ft?.

System Lifetime 20 Yrs.. -

Salvage Value in yr. 20 A : 0

System Energy Storage 'L o o ' 0 BTU

Number of Days Plant Can Use:

Solar Generated Steam . 305 Days/Yr.

Unit Prlce of Fuel Displaced by Solar System -$4.07/MPTU ’

Inflation Rate | 6% ;

Fuel Escalation Rate ' o 8%

Energy Breakdown L .
- Gross Energy Collected , 10,190 MBTU/Yr
-.Piping Losses 471 MBTU/Yr
- Start-up and Shut-down Losses 1087 MBTU/Yr
- Freeze Protection Losses 0
- Storage System Losses ‘ 0
- Net Solar Energy Delivered to Process* 7213 MBTU/Yr

System Parasitic Power ReQuirements | 82.4 MBTU/Yr

*Value has been adjusted by 305/365 for HCPC operation.
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Case I

' Under the assumption-that the entire projectéd project :
cost of $1.915 million represents-an owner's. unamortized in-
vestment, an-internal, after-rax rate of return or R* was
derived graphically utilizing a recast version of equation
(9) from UCRL-52814, viz:

PLER’_'Q : % - Pg, ."LF(R*) = 0. (1)
M(R*) . T _ x)
— E: = P, - LF (R¥) {2)

The value of R* represents the internal rate of return
where the relevant levelized fossil fuel price (P . LF)
equals the levelized price of the solar energy pro-

vided by the investment g%— or Ps. These values were develop

in the following fashion: S
v Levelized fossil fuel price: R* = Pfo . Lf(R) was plott
(Fig. IX-1)for R = .10, .15 and .20. Values of the leveling

factor LF(R) were developed assuming a constant rate of fuel

price escalation (gl) using equation (7) from UCRL-52814;
presented here as equation (4).

CRF(R,M)

Lf

1+ gl 1 - L+ 1\"“;,N |
CRF(R,N) —Sp | 1 - 1—+’§L/ (4)

R-g

The value of Pf was derived based on HCPC current
number 2 fuel oil cost of $25.22/barrel, and is $4.07/MBtu's.

=

Levelized solar energy price (Ps): The eqﬁation Ps = L

o
=1

was plotted for R = .10, .15, and .20. The three values for
the required revenues per total investment dollar or M-factor
were developed using equétion (1) from UCRL-52814:

IX-8
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FIGURE IX-1

CASE II

.
I v , } "»

10 20 30 40

RATE OF RETURN (%)

IX-9

.~ INTERNAL RATE OF RETURN- .°

fo-

LF

50



]

- gt omn e AN o p 4o p FERE -

: o - B B ,
f— CRF(r LP) -r _ __TC _ _. 1 +

. U . N
m(tc) . (1 -TC -r . ’DEP)_ - (%—-i—%) -S| (5

Under the Case I éssumption that I is the total pro-

c

jected. prOJect cost of $1 915 mllllon a slightly negative

R* was derlved

Case 11

Under the assumptioh.that the solar investment consists
only of the HCPC equity investment ($78,320); a positive R¥

of 40 percent was derived and is presented graphically in

Figure' 1. The entire solar investment .level assumed for
purposes of Case II analySis consists of,equity funds.

The value of , the solar effectiveness factor, was
derived from data on the conventional fuel oil energy system
to be supplanted By the proposed solar thermél.system. ‘
Included in the assumptions used for developing values for M
is that a major repiacement of solar system components is
necessary in year 10, comparable to some 25 percent of .
projected project cost. '

The 1eve11zed foss11 fuel pr1ces (Pf -Lf) and levelized
solar energy prlces (P ) for both Cases I and II are presented
in Table IX-4.
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Tabie iX54

Levelized Fossil and»Sélgffﬁﬁérgy'PfiEes#

(Cases I and II)

| P Pf'o.Li-* "
Case:i'n
R= 310 - . $22.55 - - §7.94 130
R = .15 31.56 7.16 .182
R = .20 41.97 6.59 242
Case II =
R=l10 $2.70  $7.9 381
R=.15 2.93 - 7.16 413
R= .20 - 3.27 " 6.59 462

*All prices in dollars per million Btu's.

IX-11




"D. PAYBACK PERIOD
- Case I o

To ‘permit iriclusion of a fuel escalation rate in payback
calculation which differs from the general inflation rate,
equation (6) was utilized to calculate the payback period for
‘the HCPC project. This equation is variation” (T3) pre-
sented in Appendix A ('"Determination of Payback Period'') of
publication UCRL-52814.

(L - r)eE P p 1.t
_ - r s” fo (L +g7) -
1-TC=T, . & +- T E:
t =1 '

T

| P

\ €
(- oI > (1+g) (6)

t =1

Using system values presented earlier, in particular
6%, g' = 8%, OMPI_ = .0064 P, = $4.07/million Btu's, and
$1.915 million, a lengthy payback period for the proposed

g
I

project of 17.6 years was derived. A plot of this equation for

Case I is presented in Figure IX-2.

Case II

A similar calculation using differing variables applicable
to Case II (OMPIp = .16 I = $78,320) yield a much shorter
payback period (Tp = n§ of 2.9 years. Figure IX-3 presents this
calculation graphically.

FOSSIL FUEL SAVINGS
With a value of 9.25 billion Btu's for the variables (€Eg),

annual projected fossil fuel savings are 9,250 MBtu or 1492
barrels of oil equivalent (with 6.2 MBtu's per barrel).
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FIGURE IX-2

_ PAYBAGK ANALYSIS
CASE I
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FIGURE IX-3
PAYBACK ANALYSIS
: 14 - CASE II
é 13.3

10 _

‘Values of TN
; 8

? 2 4 6 8 10
YEARS
{ :




APPENDIX A

SOLAR PRODUCTION

OF

INTERMEDIATE TEMPERATURE

DRAWING INDEX

)

TITLE

PLAN

OLLECTOR FIELD AND ROADWAY GRADING PLAN

C-3|  ROADWAY PLAN
P CSITE TET M

C-5  DRAINAGE DETAILS

C-6 ROADWAY B RETAINING WALL PROFILES
C-7| CROSS SECTIONS

CROSS SECTIONS

c-8
ﬁ

CROSS SECTIONS

¢

FOUNDATION DETAILS

&7

M-1| P @& | DIAGRAM

M2 SOLAR COLLECTOR FIELD

W3| ~UMP AND BOILER nOUSC "LAN

M-4, PUMP AND BOILER HOUSE SECTION

M5, PIPING DETAILS

M-6 PIPING DETAILS

M-7| _PIPING DETAILS

M-8  WATER PIPING

M-9, PUMP HOUSE DETAILS

[M-0 PUMP HOUSE DETAILS

M-l PIPING PLAN @& DETAILS

[M-12  PIPING PLAN

M=3  MISCELLENEOUS DETAILS AND DIAGRAMS

E-1, SOLAR FIELD ELECTRICAL LAYOUT

E-2_ FIELD CONTROL PANELS - ELECTRICAL LAYOUT

E-3 PUMP HOUSE — ELECTRICAL PLAN

E-4 DATA ACQUISITION INTERCONNECTS

E-5, CONTROL & POWER DISTRIBUTION INTERCONNECTS
E-6  MASTER CONTROL PANEL AND RELAY BOX LAYOUT

POWER DISTRIBUTION DIAGRAM, SCHEDULE AND NOTES

PROCESS HEAT

PHASE I DESIGN

DOE CONTRACT NO. DE-FC 0379CS 30311
CONTRACTOR: Hilo Coast Processing Company
Hilo. Hawaii
DESIGNER: TEAM INC.

MAY 1,1980




g eal § 5 v h
By 25558 & Dee l3
w3 oIjaan, & Rz ,<0%
E- B3935y % piagete
|88 3%8ePz6 4 LRTELOL
o a 32 8 7 o«
ol 5% 539%-30 Zg J<923E0
- Wl gg gF2e33s a3 guaiE.
Bl E5 3Eugin: #3 Eroghnk
2| g2 2U2FS4E 23 ogdRuwst
2| 23, 3853050 5% JeEifex
8% 2338780 3% §ietrec
Svg Se38.2f BT 822,058
g8f 2z335us ui sgaiEse
23 KM -] £ 523
M mwm E4%399% g. 2f352%
oY o @ °

SALL CONTROL CABLE SPLUES SWALL

-t
E )

.':‘\‘,‘

)

I Souing
\ ’#_\bi id
TS
7, \\ -
iy N 8
P
N

| ra— -

........ e ..:dw

AN g

EA- 3a 4, ..a

o %

\ BTN
AR AT

_ ] . |
.n”ﬂ%,d.s./ i J[ \ / //
: S e S |
W =T Sl RN s
o e S sz~ 1 — s
/;//!Llr.l..x~ ) lI....Jt fin - —;, The ...:w. ”.._
', ) 5 { LLAT) N
G Tyt ———L J fols | . /)
R A Nt B S i L ii N

TEAWM

NUMBER

SITE PLAN

DRANING NAME

OF

SOLAR PRODUCTION
INTERMEDIATE TEMPERATURE

PROCESS HEAT

PHASE | DESIGN
DE-FCO3-79CS303N

cou\tém!\nl"’ S

\\Ll .




KESERVZIAR

REVVE PZAToLL
A7 L5 LT M= olE
TeP = 1952 ~
N/slzz02

Ex15TING
24 CULVERT ~

i

o STA 1449 B, B

/t"/ 7 . eSTA 0400 T RIAP'A
’

STA 94051

- MATOH EXISTRG E?

e OV

1

\

R

RUZDIATE TE
PROCESS F i
| DRANING NA

HASE LC=
e 3 : e lcoLLecTOR FIELD 8 c-2
DE-FCO3-7S2SZ0zl { ROAD GRADING RLAN

g L A '
o e i i W) (rer 53




Vi

NUMBER

A
|
|

¥
)

B

ROADWAY PLAN !

DRAWING NAME

PHASE | DESIGN
DE-FC03-79CS303I1

PROCESS HEAT

SOLAR PSFC_)DUCTION
INTERMEDIATE TEMPERATURE

QY
:

B R Sl A SN el ?-lx__l,-,_ii__l g Wi, S
U, e e e o e e gl Loume o ey iy % R N / {
e e il e g s S R )
4o s e W A 7 Al g oS W LS 550 A O .
A =ira oy YR D N 73 | T U X 9 PG % o e e
e (SR PRE B e | e e ek £ B | P
i e T | S TR | RS Tl o, M S ahe | e i ey B
[ LI | T P (il et T O ) P | 1 | il A (5 5w
e || i et v | e [ G et SRR | G| O e e DR e LSBT
(| P | :;uﬂwl: 1 L R T TN R AP SR i e N S
| U oo 1| B |, P s TCER G R | v f N | SR S
e Tl | EH] o 1| s e e A | et = -l [ ) e o | e | e
T | | R e [ e | Lo 1 S N e ]
N i I W e | R i N B
s | T e e el | R e G e 10
59656 A o G e [ N g e o e v e Y
e | e s el i
et ,
ﬂ_"__L_IJ___
_
_
_

J
]
|| | | Il ]
]
J

M_A; .W_“.__Huﬁg_m..,;umuu G SR
i

WA HIRAI # ASSCC
AT

HILC M3

DS 0 A R |
(P R T |
U T o W e
T | P Ve s |
CE s
A g e
T T T
| T A (11,5 Lo

£ <




ELEVATION

T R

— ANCHOR BOLTS
T AT |B'au

SECTION *a(-)e

HEAPWALL PZETAIL

ScaLE: o

— 8" HoLLow
T T e Bk,
PILL CBLLS
WITH Arour

>
1
o
- FT. CHAN
LINK BEncE
w !
£
el-

-

”re’ vaR %

4
ELEVATION
SeacE garo

; X —_— i

: g 2% el -
'Pg ezzi3e é‘ltl('ﬁ' WE.D T2
, -7 BOTTem oF L2VER

- (= %' CHECKERED PLATE
=% nore

PLAN-COVER
ScaLe q‘.l-d’

TYPIZAL PIPE TRENZH /5
et/

ey = '

G Xoava”

L AT L S Jp—
SupaaeE

— O PAYE loLToE W
€ oS o7 urzzsa IN SANRY AL 8
WI™H 555 Aco TIPE 3, Rism YTETE
WanwWA; 277 S7ILS AFOLED AT A
RATE 27 225 GALD. PER 19 Y2
AFTER Bise ZTLXBZ ~AS BEEN
LovpLE"RY

TYPICAL RZApD SECTION /N
AN Llmied’ @/

- 81 L

—UDATE CLIRYE AT

COMPLETER

TYPIZAL SECTION =\
A7 PETW.EEN COLLECT: XS &4
ANP £X l;u»\t’ y =4
SCALE: §'s 10"

€ JOATS OF W 527 IN CONFORMANCE
WITH OB 429 T/PE B, HAaal STATE
HIGHWAY 97D SFECS AF™L =y AT A

RATE 0% 225 2ALS VB %,
APTER Bos2 L0 (RSE Has 9!5#

108 mar. \

100" MAx.

ruublw SeAGe!

ar: w
:9!\' |§* S '

rosTear e ran (Yow

!AIL N r e (lvﬂ S dad

Sﬂ!"&“!l M
9'!2“‘»‘! K DAK

-Tor o
TETAINING WALL

4 FT._HI&H CHAIN LINK FENZE

SoaLe . Bgta T

s
Sre VARIES - BlLPE VARES

TYPICAL SWALE 0
SCALE: Yy'=|-0"

P
. AT gotav. g
i
8 cxuru L, =~ FINISH
r’ x --—!’- <3 SRAVE

(LS

/A\RETAINING WALL

TR

W A, MIRAI 4 ASSOC
PILD. HAMAL,

RETAINING WALL VlMENﬂ
“ &0 ! D-d‘~'a-’" '1-9 I'° o20* ")1-‘ 7
A @ & & w0 o0 5 y .lz"_ =
T TR T SO P SRt >
g e e oe o et
T e retter e s e
2 e " e ror -zt v
F e |—u' V-8t 2y sher s
& #8 90 4e 57 5T G0
e T e ke e ve
] 13 _-_.' L |¢" 2 fPegx 1-4° .
gl [ e e
Xoans o | frEAKS RS ek
o reaxs | — e
ey N " BaARS Cseta” "acoi uses ®acsi T Nozy &
e e Teoars s Moozttt b
2 N s eax. 274 2t %4 aw R L
S s e TUBARS LA Tamir "5 Pur i ttest '9,1" A
bt s aeave UBARS Tas oG tueza’szytioze %ot Sensl
2% % g 2% 2% 2-% 2%
‘2% 2% 2% 2% 2% 2% 2%
2% ¢ 273 t-'-a z-% 2~ " .
5 :\ 2
e Ml azeteised seiv a2y Mg
TV R e ! B
|l > —
SOLAR PRODUCTION Seagl / '\ /
OF 3 ; .! ‘_: ',I 3 j W
INTERMEDIATE TEMPERATURE | =\ /7,
PROCESS HEAT i_ J ot = LB
DRANING NAMZ NUMBEF
PHASE | DESIGN SITE l
DE-FC03-79CS30311 | opeTaLs | C-4

BERM PETAIL /o

u
sche: Yoo @

'.'-m! yw “A" FE O

5 ﬁl S EEEEN AA\x-vof:

SECTION EEE
Scae : Vg io

¥ TER (M xe

LR




TYWE "CA'FUE {over

|
|
o
7

WNOS 2°2C

LSS SHML DT B2 METMLED VR P L. A5
AVFE LONSELTION AND THE LIn2ST I~
FUNE sHaLL D2 \ST RURE Taies 20" o
MONE THE INVEIRT 2
—

iy

=
—

=

—

= corerree v
=

=

-

/) prome

4"

MAX HEKHT - 9-0"

=

TQRM
WK WAL MANHOLE
SAME: ‘-'-l’z

9-v

2ovE OORAN - b

- JWWHEUIE OTTM ¥
“OTEVIH 2 ,

AMETET

MANATDE

-

n;
|
X L
A i » A
o
L a1 s
vlsl 2|
L A ¢!
]
At g
o
A\
C T Somre ororamau
SELNON f
1378"
L T __ -

SECTION A-A

RUNZS DETAIL
SCALE B ei-0"

TYFE ‘DA FRAME
KAL)’
«/}?\7‘ TNl
ar” \
T T T U3 Namve mATERU

€ Ll AR
AL N7 ZRZATER
S oA

ELEVAT' 2\
ety

g wow iy TV 07
C SR WY IR,
s

o :
5 dlwleo

INTERMEDIATE TEMPERATURE

SOLAR PRODUCTION
OF

j gy 7,
| SR
PROCESS HZAT Vv

PHASZ | DESIGN DRAWING NAME ; NUMBER-
CZ-FCO3-72CS303il DRAINAGE CET c-5




_ _ _ : _ 3
* : . : : ! : : ] y | i
i _ “ i : _ _ ! M
B o LR AR N I L e Bl o AR Wt 30
i ; : | : ! ; _ . o
1 , J i a
\ ! i i | | _ Pt
1 | ¢ i 2
e | I | i - i i z
: . : | i | ! a =5
s gy el LUOE . e
: : : : L. i ! ! ! ! %)
i ! : ! . i { oW
: | | : : TR
: _ Eal o : =B
2 : L) - i .
! ! 3 : 3 53 2 ox
; S SR
; { i g
. hzuv_n:x =2 Avd3 ! ¥ ; _
L BNUGIVE WL ! 4 i . u)
- I}
) & ! o
PR R { >
Q94215 A4 |\ : i S »
N i 2 =
: —wovizyd. ) : ! “ 2 Fk -0
: ! i = Wag o5
: O. M= o
d o =] =X ) ¢S
'8 ' €N o el ul G
; 4 3 ¢ m . O -n O
' =l <o o (0 gemr a1y
1 S via P 3 ! ' W w o,
i 3 2 =4 = S @ ”n.. o M\Av 3
_ ; A 3 roiivie m ; < mm = 5 m
) @ ° M ula a v
k : e i
: ; eo.e._ﬁn 3 : 17 o
i i . : ; ! ul
T
} =
: ; ‘ T geeivié T !
[ : T
1 & i
i Y §
o EETS | : _
; ! i | , ¢
Y i g
R ¢ CaiLinivis
i
f . | ' i 5 i
(B 3 ) %
R ) 200 | nsl
8 3 i : P KA Sy
§ . S 2 &5 P
; ! -. » | 1 i LE e
i Ky b i ] b ! 5 = |
N i Ly
; e R " i W)
: g T "law ; =)
! i . , T =
, / wf- =
Gl e \ \
! |
m __. 0 i lovle !
. i o
S ! Ql; 8 ERe Tyt
B | ¥4 Fi
N, : r
) PR
' 3 - tariivia
! ! 3 3 s 3 |
w s i i & &
.mPKmuus ! | 3 I WW : :
- God 2! .
I'Aﬁ!ll... m nﬂ‘% 24 2. vl
i e §
| i 8 M.
3 B ¥ S, SUIThC
.w ! TTIei3viE A RN
: i
s
; i ! Y o2vin
1 | (8
3 S S — S B
h 542 vi€ \z,m..l; ] _“_ e aivie
u ;
' - w
_ _ §e . ST
i i ! wn 1942217 i :
i } 3 i )
¢ H m T aaizivie
i i v : // A
i :
! : . : i n1iGvIE
,, \ 1
| L4 g ! ‘ azigivic
H : | !
an.n. e i i : GG vl
! h PEVGIVIC
s o > D . . o s g
22466 e | | i Faieovie 3 £ 2mig. Vi%
A . , AWM PNINIVIAE ANa)  3lielVic
_ Trom«mm.wz.:mmm v | m/ 4 ; 9
i ! .vo.n.(.s_ A3 i ' w : ) i
| | e | H ? g
i g i y
! | y
i i | i
j i | | ; i i ]
i |
3 | a
3 $ & ? ] & ] ' 8 3 ? 3 o i
| ¢ ' i i g i 1
i | ; | !
; ! | | : | ) ]
[ | | ! i | i
| ; ! | i i i
m H | ' i ” i ' :
' ' ! | . ' ! 7 '
| ' b | : ‘ i : i |
| i | | e _ ' | i ! |
“ ) 1 w | ; ¥ ! . |
| 1 , i
i | i | { : | i DIN | |
! ! ; i |
l i L _ . 18 L e \“ . !




DA 1982 MCK ~

i wo g
i i B ame i Fr B0 }mu-zgmw A = i —
: / )
I 4 . . 4 z i
' we [+4Z : : g 4 : 3 ;
- o LN R font v O - B R el o {
TR S 2 i 3 % t E
g D : R e e i
e gl PR - ST LN PSS e L.
T, ¢ 4
RIS 0 . NS S W ; | A
= e e ——— s '-_._tns.fs_.;__A - - S P e - ————————
———————— s o o o s ¥
| % '
: N\ e
2y 0 AN |_ T e e O e 0

=90 S el
-

CTH =D
SOLAR PRODUCTICN i \

200

)

A

TR
ML LEZTONG JEE CEVECSED
(XD & =L ST T E2TUN)

=) 340

140

i X

i

WA HIR4 45500
HILD mandi

: OF
INTERMZDIATE TEMPERATURE

e A :
\ J £ "
- v

J (s ) .J'.”

PROCESS HIAT
PHASE | DZSIGN

£-FCO3-73C83231

| CRAWING NAME

:‘.'u'-EBER
!

'CROSS SECTION c-7
|




L +623
ews

12450

A e
) ) y o
g - . Gt o
w
w

Eo A A (12+00

SA 1427S BACK -

1440 - %0 -y %0 -1 140

Q145715

c*534
Fe 22

‘erizze
Feo

Zea1s2

Feo

(&L SELTONS ARE REVERSG2D
[} LLOKNE N THE WORT= [ UZETOM )

!
LN 200A
% oo’ v

WA MIRAI4 ASSOC
HILD HEsAl

-("I:“ ]
- Mzl
SOLAR PRODUCTION o
OF ’ - ]
INTERMEDIATE TEMPERATURE |
PROCESS HEAT =
PHASE | DESIGN DRAWING NAME NUMBZR
DE -FCO3-79CS303l! CROSS SECTION c-8




01-vY

& =T
Heesmsese e il ] 5
Or43
EC A0
ems: 2

exc: 2
2% 2]
LT
0+00

DRNVEWAY & PU'V § POILER MZUsE

L%

EXC =1282
EMJ: 20

(-)3+00

YA HIRA 4 A58
LS “aaa

EARTHWORK SUMMAKY.

Bxe .
ERAGING, EDAD, O1TEH 18740

(54
25655

¢)3+70

¢)3+350

aacd

pI
oG

1978
reo
u-‘u-o k'l' o~ e

E1A [-

LR

R >

SOLAR PRODUCTION
OF

INTERMEDIATE TEMPERATUQE

PROCESS HEAT
PHASE | DESIGN
DE-FCO3-79CS303lI!

T =AW

DRAWING NAM

|
i~

CROSS SECTION I

NU'VIBER
c-9




1t-v

Se1-9

'J‘H?'”“hﬁ;"“’#"rﬁ‘
QTS l

SRS AR ST,
G 7
koAl :

e

i

T ML

FOOTINGS “OT -olIB

SWALL PE MAR

—Zél

i

ot
ik

— e

LAR €O

i

Rl 1115‘1- o
-

F—t—tet—i—-t—%

_H
et
AL SR

'Q—Ha—a_

=
4
T‘

- —— °.. - e oo o
R s S
5 LA o
E POOTING SCHED. _E
| s ] 5 [ o [ =
g |_A € 40|
i 2 R s St - -4 o | 8
~:.nw.ww¢ 5 q-_. S et Iy R e n‘ :
.o . =
—Ege MK fo T4
. o | 60 |
* yo | 40 '
[ A -
PLAN e
e ® | fw | >
4-10°0 < 2°0 GALY. ANCHOR - >
r ntu‘_ o:_.:g\.l wuTS 'urmmg.a? [hares

I -l|T T3
Loy ComicTen seLect FiL -

A e ,_.o.- CE R EE R T

r=tr

L-L

TAMP EOTTOM OF BXCAVATION
_SECTION.

_COLLECTOR FOOTING DETAILS _

CIIPACES 8150+ 4350

LLECTOR FIELD LAYOUT

ScaLe e %0

-:W TS § » 3
.-xsu Dowrs s oD Ce Y- 7 , rso'ew g
i
ﬁ H == e Y
ol oS b g 5
Loiveesee A A& 77._ —F e =
o] g4} ! v ) h LRl
" f’m Caheban il
. TOP & BoY L4V 2
-[-nu' BoTTOM OF E
Frradind ST .
L e &
SECTION 1
RAL wOTES
POUNDAT I oot INoS
*® '”“"u sesion 1% ““- O A aLLOVARLE .. -' ALEVATIONS OF TOPS OF ’“'l‘ A3 FOLLOWS !
ARG Vel FOOTINGS FOR CACH POV OF TINGS SUPPORT[w
2. BOVIO~S OF (l!l“ﬂ!l” ".'. L Tanrgp PRlON ANTERCONNECT ING G‘ll!"l SHALL W AT
10 PLACESCNT OF FILL CLEVATION,
B FILL Bl X A “llﬂ' NATERTAL COWSISTING B, SLEVATIONS OF FOOTINGS IN PAPALLEL ROV
@ MECCAPSSED SOCK CPUSMED TO & FaloLy wriL- Sl BT STEPPID WITw FINISH GRADE.
BPADED WA lll.. €. SLT UP MOPE IWDS OF FOOTING AT OR SLIONTLY
@ PLACE FILL 1w maxieum @ 8. LOOSE LIVTS av
COwACT 10 arF l.‘“' P03 OF THE STANDARD 3. Poew £ocey OF 'w 1NGS ABOVE GA
PROCTOR BV BEWSLTT (ASTH B-4981. 3. B o o r00T(E 14" TR 7001 1n sane
o TT o 'l.l- tors o ’""-’ Il" A FLOAT FINTEN.
. CONCRETE SwaLL BT woSmar "M WITH A RINTAUN
CONPRESITT STHINGTN OF 3000 #.9.1. aF 28 Sars.
B MINIEUR CEeEwT CONTENT SHaLL I FIVE SACRY FIR
cueIC YARd.
B FARTNUN SLLSP BMALL B FIVE [wOweS.
BCITORCIw] ¥
18 -"P‘l-l l'ﬂ‘. SHALL BE ASTR A41S. ORADE
2. '.W - . u IS SANE SITT AS HCRIZOWTAL
b S .\.' Ul.l 'l"l‘ ".- COne ORm 'D l!'! ares
L BC FLANISHED 1N FLAT L
" awcse o
B ANCHGE "I.'l m ” O“R l!l MNTS AND
260,
E D
.( ™At —
WITMOUT EMLARGENCNT OF MOLES Tn Il!“ smAR PRODWT‘ON
T E
; S ) INTERMEDIATE TEMPERATURE |
"C\/7] GEORGE T. MAVES
ol COMSULTING ENGINEERS PROCESS HEAT Veoie i TINE———DRETG S
BEVET st e e PHASE T DESIGN =
£ OMUAS. 17o08 TIHE 153000 74 LECTOR C £ |0
FMDATIONT

i o T : OATE: 6-19-£0,

. DE-FCO3-TICSIOOM: .~ .



F\MHUEL. - z : X

A L 4 TEAM -
.t ™ 'Q"N ﬁ J InTeeracE e
St R,

‘SYMBULS ¢'Assnzv:Af:c.~i5

3 —O—  GLoss vq.vn 3
RELER UMVE ) PLN NOICATING u.AnanG L]
Sl v i idT-2PF UDE

[ Nﬂ.&ﬁﬂ'-l.".’!‘_. ’ 3 5 . i ‘

>F
SRty ‘“m_yi""-’ RELIES ug )
S S M L : X au:x VALVE .
. TION CF FLON.
i 120 . m'ssm MD.CADE. :n!w*n
et < ® @ (12\:-: B & ‘ (PERATURE INDICATDR OK
- ‘ : : T - ATEL
ﬁ < [—row saunera l ' 5 Tem = £ sumy
o wmqun = 3 5% : JI | ‘ STEMM GRNERNTOR @ RETLAN
e E ; ; - e Conrec. | © pRessize wiar ik
\: [ P e NS
g X 2 wAr 2riuss mv!l ] .- E\!Irialé‘v:‘# il ins
4 g - ! | Beow Dewnl desemecy R T Ak 5 Sion
. » L] ! | | S nuﬂmusax
Rressute Luek VAWES 5 'mMyéL | i3 iR NE b T
D&t P ITUESTR NLAT 4OLTET Y ENETON
Fel Line ! | DUSLTR INET WO BT LNELTN
b | MANIAL AR VENT
| | :a,uc FELD COUD wuTT ATLET
ATE ALVE 1N Vgi' 4“.'\"
i ! ComFaoL GALE o
= BALANCNG VALVE W\ 5
| FLOW SWTK
= ° ExpanGION | PREREATER ) | LRVEL SWITCR
[} = Tan® l 5
) e o e Fo TR e
| I 0 AR
T ' : L O La
i L © :
-0
: i | o Pesy ozt @ : CondRnTate
Low LeveL J & Toreasae
Corrta | L fupw-?o P
| o CEOLFw i -
2 HADG— ] T b Rk
I = : T | Q" ’\4 NT L!ST Cass srmcmzimons px zgue NoT LETES wREN)
Fuow MeTER. 5 o < "
ST 4° l e : I CHEMICAL el 2AT, 3556 : > 3 PaASE. 40 EYC 3 s e e
o< Tt | || eee0 | - 3
g wao | Mk | 337 840 FT CR <EAD, 9853 3.1, TIHP
g — | ] VITBL 40 3R ISLAL.
ke 2wa % I ' : 5 ¥ o e = SAYE
B e et T L SRR e e
cide s sy Br-fas LNE T ey SSERA - PROCESS STEMM SLGNTCA SMAL MAVE SaweTy 10 ¢
i —e et | s WSUL AT 150 Pai UTIo2Na 2182 LG, FER WCUR SF WEAT
lrlﬁ' JiTREAIR, . . nm.ms AT 450'F AR LEAAG AT 3T0°F. JNT SWAL BE  PATTERSON- KEw 2.
B R FPNUSY 255 02 A SO0 W Ay : e : : S B i e s
. ) : ; Weat TRANSFER FLup Loop  <€—f—3>  Conoensate[STEAM LeoP
, : sl i SOLAR PRODUCTION
OF :, /R
INTERMEDIATE TEMPERATURE =) \/
. PROCESS HEAT
& PHASE | DESIGN DRAWING NAME | NuwsER
DE -FCO3-79CS30311 P & | DIAGRAM W=l




> NORWH - CCLLECTOR. FIELD

> SOUTH COLECTOR FIELD

2

NUMBER
M-

FIELD

TEAM

DRANING NAME
SOLAR COLLECTOR

/ : SN

i Yk TR
e
e e = uu

@

—

t:" e

R T e e ek

nu . (. Can el )
b e ” ..... e
Eepepeme i S o

s @_

e “_

©

r s e

i |

3 I.\

SO R

*@,--: o e
L L_|4|n..

| SESNIEE ) S | RN

T e %
g =

e e e

_h _T :

*r Rl B

ScaLe imgpmz 20

PROCESS HEAT
PHASE | DESIGN
DE -FC03-79CS3031l

SOLAR PRODUCTION
OF
INTERMEDIATE TEMPERATURE

,..i e l&”@,
;...:!w__iurnl

A e e __”I_,w.umqu_
.|¢..=||||+ - 'l_m Sty | e | e |

_~ || ey

:II :

- HEndimayee ) nmmnes A | AR PSR | 8 - = Wi u

4 | epwee __.HN‘ .*
: ®f
e e ey [ Sy

1 S | s 1l ‘I,M
I I

i q JI I @
&. e e e i s

.@. I 4 . ali @u*—
wl.ﬂxil__l! T

;
PR e | _m.,.
o | e e
H
= ]

£ e e |

1
vz f !

N e s
w

CRE RPRS SR -.«l..l.L.__

SO
— il _mwlﬂw

..
i
1]

!

LEAK TEST.
HIES.

ATTER TRE

GENERAL NOTES
SEE INSULATION SPECIFICATIONS FCR

L AL CINNMETTIONS SRE —?’ TUIT wED, UMESS SPECIRED.

15 NSULATES

£ AL PIPING

A-13

H n
g BF
24 o
5
S IEHld
> W
15 et
£X Yz, 4
n..u .L.a.w W Ve
LT B
Lw %
gl g
z -
EERiras 4ug
&2 i<y 3 9
T
.mm s..z..- m w
& ﬂrm 3 &
IM Wr.s 2
23 Ag Z
g% B8 B
0 e e
1= 49N -,
hp u.m.n_. z M.
3 L6 g4
2% Nn.mﬂa &
- 4 %
Mm _..Mmu: i3
- - P

z SEE ;dm@ ECR PIPE SXE EDLLMION DETan..
& ss& ’wu. @ FOR PR TULLIA SLIFORT  DETAWL.




v1-v

P
&

MECHANICAL P.AN

SCALE 34'ai-0"

&

=
Qv
g

T Nl 3
$- =

\ & =6 E3% s

kS ¢ ca /‘;

\:

/Vfr- Whelpe

———FOR CONTINUAT ON
\' Sed Dw3 M-It
P .ti-
M Fz0 (7 . H
2T Tank- sz oeanEE I L ises
— CONTRAOL VALVE od
e - RESSURE RESONSAE
£ R
PRESSURE TTEAM  GENERUTR
RBLIEF VALVE 7 r o Tt
i 8-0° DooR.
BowWZoWN - g .
ASSEMBLY b \ 4" 4 4 3
|
c 004 e . T PO Yo "
—c / i N i ~wen | | o wes 2y
- 4§05 T TS rReAzATER © W s )
TO RESERVOIR — < g st £zi91 | .
ciemca meo 2N o —emz Pt s
SE TETAIL = Tos 0 20 ™eL N PNt ] L 1
2= s—‘l—vcu ) l
pe o ] ) b Al A oS —
- 1aiY TEMPERATURE CONTROL
é Ty ;-;_‘55--11 mis.u:a& >N wzoz ¢ 9 ;IJ}_w-.‘us; VAYE
20 r@‘f
4‘-4 @ 9= cor — l
. THERMOWELL . \ 2 o
9 o2 LIZATE TEMPERATLRE— . | zuay Temeziamurs
SR ETAIL oty 823505 P> A8 Ccsz M- ] onReL ke
f- ________ P E —offf T 4izaai_ef L]
1] |
t = 7 o SEAT 7“’_“—1 | i
7 Fari
] :"-o'lzv‘-la'——‘ e W I
INDO -
/ e 4’—4 720°< 23" ‘ <V;—f‘_____“ A iy 2 [ T
\ | WIRooW- =it 100 %TRIGEN
? =iNK - 828 TEAL
' 300 GALLON CZAPACITY
| ¥-0°DooR 220" AL VAKX —, !
\ - SRAIN VALE
N s
cRYWELL  E 4 ) RLL UNE—a 5 &
sz ;'i’-\u. [ L ——2 —— 1204 8-0° ZONTROL R00M | “
: I sez macTaC \ bt
FOR De~ B \;5
Arariaion | =
il 1!
o PRassurs - i
o / 2% URETHANE INSULATED TELIE® ALE
= . WALL AND CEING ———
VAR A%LE
S
40" 4 70" —— - e ¢
WiNDOW i conRoL 1
i LA
— |
~ . 3-0"D00R E asrew o
4-0 x -¢
TO S3LAA COL.ECTOR —
Fo
PUMP AND B0iLZR HOUSE

SOLAR PRODUCTION
OF

INTERMEDIATE TEMPERATURE
PROCESS HEAT
PHASE | DESIGN
DE-FCO03-79CS302I

TEAWN

DRAWING NAVE
PUMPAND BOILER
HOUSE PLAN

M-3




“MANUAL wm o mtm—-

SI"V

RELIES
\ﬂ.ﬂ

TB CATCH P07 ———

£

TCW., 4°HTPR 4 &'KT=S
CoLLECTOM FiELD

SEE DWG M2 —————
N

um&a ON TANK
GALLON CAPACITY

&4

i ]

LB
.wzo«

e
|t PREsSURE mEEp
z WAVE DIACHARSE LN2
= ) (=,
|
E i
'
2
'

g1 || ¥

NTROGEN TAnL
s :t-r..\n_@
i

~PUMP COOING
 WATBR CONTRO;
i vawve

*IAToWN

AdszveLY

-~ G'CoNCRETE
PP Bpase

waTER
TREATMENT _NE

~URTEW, 478, 4 TCW
SEE DWG. M-Il FOR
CONTINUATION

STEAM GENERADR

— CHEMICAL PEED
| TANK

PREHZATIR

L e tuansmiR
Foi0"PUMP

R-rtrd

SECTION ()
PUMP AND BO'LZR HOUSE-

\ES

=12

HANICAL

SCALE 4°si-0”

(=

iy
.
-—

'/rr\-b.

SOLAR PRODUCTION

OF
INTERMEDIATE TEMPERATURE
PROCESS HEAT
PHASE | DESIGN
DE-FC03-79CS302I

TEAN

PUMP 6 BOILER M-4
HOUSE SECTION




2zn Minirium OverLaP _r_.| — ConPRESSISCE E#zw& Scesws (SEVERAL ALACES)

\  InsuArienN AL vy JACKE _r(,'arb )

Poe Tze | a0 B
meoZ | )5 4 4?
I!W:’.q‘zm;
2 4 £
ey 7
Te INSRATING 22 4 |5t
3 4 | ¢
T e S AR ) P
P i OIC IR S L8] Parve 4 4 j7
Fe e | e Pl =g \.‘_[_-_.;r__‘.__-‘\ % =
s oS g BT
ExpansICr! JCNT wirh CRALE D NowE
SupPcT & GuLicE LETAN

; 1Y 2 30] Ve s, Pyl
S 9 [ e i
: s T
NOT i
M-5/ FOUNDAT SN SETAILS '

SEALE 1 NGNE
PiPe AncwHce DETAIL

3
é”'f}

. = .
T mainyM ZRET Ot IN

swrroM oF PPz — SEAE NaNE
TENT Lar SinTLEINA
MANIFOLD PIPING RETICER s ::ﬁuL:{".:l::'s_l <

13

QrmpEd ULy £ AR AIE
P1rE" IuF AT ERMIET

e, CemmERCIALLY 278k A2E ".'
AGEWiLY o .
et et .l : SOLAR PRODUCTION
» o Bmaes INTERMEDIATE TEMPERATURE " E A M
B Sl L% PROCESS HEAT
P PHASE | DESIGN e e s
MY DE - FCO3-79CS30311 R RN




L1y

COLLECTOR. TVLET €, GUTLET COVNECT'CNL

CiEw 3 o

INTERMEDIATE TEMPERATURE
PROCESS HEAT

PHASE | DESIGN
DE -FC03-79CS303I1

3 FR_ 7 0¢am crme
=
1L i i 1
= | %3 I
] Raree. Ewid =
&SRR | SR Suppory S U el e |
¥ N
J\- I
5/—'.\_ - |
R AGSS : SAME TYPE Pest AS SUPPLUED |
S M-2 » WiTh CCLLECTORS, —— :
. \ '
5*
H.W*; Fuow
- PReosUAE | S
L RELEF VALVE Y L% Sl
’ ek ]
Rl TR T | TR AL wprasARE  T[TTTTTT T R -
| | Mu.u.:ll:u"'° R ;
ol THOME TASCATES i e &
3 T J ZixEd on V-2 155 i 27¢one AIPE NIPPLES
- — = | SEE DETAIL 13 %n 4
(= X G ¥ | —IEW A T % a—\ - NOi
= e Tl 2 FLIN iNDICATING BALANCING
( + & gand - iyl : WS PAGE : ¢ SKUT-OFF vALVE
i N mow mocame, /I oErAte 4
GATEVALE AN AT oo RE_2F LALVE .
L el f =l GATE VALVE ot ——
NOTE : AN VIEW Cou EcToR. SE2ES i mee SeTAw
:.: “Mw v T:;'?L i =T gswnEeTieNS —ViEw & I :

- Sy TMS PAGE L ! o 2
S S T e c e b : S el e 3
N AL NSTAUATONS ZoUECTR — (] PATTEAN AND FOUNDATION
BN AT e/ wcais

v E B
Pl
e
: SCALE : NONE
[——] — . " .
/\\ i CCLLECTCR. TULET § COTLET T CONKECTICNS
4 4 v i VIEW A
! i 27Lcri PIPE : |
NPES i X
EI. 5 i § .
=1 FLOW INJICATING BALANCING
i S = 4 SUT-0FF WLLE
T QomaicTiON / “E‘ g
g e o \TETEEMA R
= e \ ! § r
s i 6.
) 4
Rt ——— Il 75
Fr BT : 2 =
A == s : ”:‘_ Reesel Dvmar—el] ..l — Fvev Surserr SOLAR PRODUCTION
I".’.’-._if.'.’-.".' (Ot 2D S aieies OF

PIPING DETAILS




Z'LNG NPT
e = O )

b

|
\j E N v %
5 O o =5

~ReTLAN
Eow

PRESSURE
consT i.q:lc"d RELER VALNE —

J__DRAIN VALVZ Z¥TAIL

)
L\:u L_1*’.11. “PneT gl oo oY o

FOR TP [:.2
CCLLECTOR. TALET £ COTLET END CoMNECTICNS
1ig? GATE ——— e -

a VALvE i

0
Sl e

SCALE " NoNE

>
]
—
o o 3 - i 4 i
e e e ¥ g
WARNING | ;
THIS SCLAR FIELD

CONCENTRLATED ©
JRECT
LE DANGERCUS. Be MY
* TCULR BIING. o?zt.nms';

TEMPERATURE . ¢ Scot'e l

. Apiiylg gackeT
TSRS 3T S

-

- . e . .
*3ez ASLE TREN \/,/ e b
5 FL-L" ~ELD% ORIL 0D FAQTIN XiTh FA2001 LG BT -
% | o) AT WASHEDS sy BLonT y BALE =%
oK ' AlND MOLE : i
b REFILL WiTh CORCRETE | ; | P
< et Nove:. USE 12 GUAZE SALy STEEL s i e A
- Foe SleN SeetRTNNE

Ed RED BALEAoUN~ w1 TR

WRITE LETTERING !

SCME NoNE
WARNING S\GN

(744 .
I e =2 SOLAR PRODUCTION
- TETIEICET — OF = /\ |
o TR ) INTERMEDIATE TEMPERATURE i - Vi
T o FIRE EXTINEUSHER M7 PROCESS HEAT

M7 ; PHASE | DESIGN DRAWING NAME NUMBER
: DE-FCO03-79CS30311 FIELD DETAILS M-7




61-Y

ﬁ : i Pump § Borer
¢ novie
----------_--_-_-----_-_---_-__-_-_-__-___.--_-_-__-__-_---_-.; __________________________________ \ag WG . M-3
I—I :I * FOR CONTINUATION _
= 'A . :r‘\'.
' - o' £y . 6o o’ o' — : _.' ~15*
= b o C > - L : l l —l e
5 ! e e oy 3] 1 3y
T Al o
LR SN
el v « coven s c mece === - el e -, ] 0 - - [ :

’ .
. . . , .
TanwTiod H . %o ) 4s ”$
Feq —iL 1 -
L ydl -
1 e—F
'
'
]
1
% —
'
1
1
)
b e r s r s s r e e m e ccme —— —— e - - ———-—— -

I_I U ScALE |- 28

‘:l SOLAR PRODUCTION

OF
INTERMEDIATE TEMPERATURE
PROCESS HEAT

PHASE | DESIGN DRAWING NAME
DE -FC03-79CS303H WATER PIFING M-8




oo oy wie > o E ]

WELO HINGE.

NiteoGEN
CYLUNDER.

s vy 37y STEEL TRAP

inu 8Y & INCH NETAL
8AR 4 FrionNs ATTACHED -

B !
CYUNDER,

\r

. Deop I~ P/N

NiTROGEAN CHUMNEER 4CHZR LETAIL — SCALE I NCNE

-
n :
e @

)
i}

@)
L

i

f i ..
Bl e 1

SIGHT GLASS !

CHEMICAL FEED TANA §

£

53
TERMINAL STRIP

i INSIDE
—

g q

4 ,

4 ! -

1 s 2
i . 300" ANSL BoLT HOLES
i RATED FANGES f.{uou VERTAL

T ! —-I {-wcomwr V77 } FD
3 JuNCTION Rox(ALLMIN UM

e i
hiie B-’_;

4co Sch. 40 P

Few Meree 5 Cenrect
(QJ
[
rzi'sw 40 PIFE—= I
FREnWATER
Pnc;»mnc,] > ! ey

e T ‘{—' !
CHEMICAL 7223 Tiom—a s et et

| i ’ LdE > :

FE=> TonvECTION

Sca-g 175"

Tzzp [N EITRN

CoNTROL LUNIT

TO RE MOUNTED ON
WALL As CLOSE TO
Feow METERS AS

. Rss/8LE

o

ng

J

-

% J 1
—Coeo gerps

[

]*’!‘?’f il

ScALE: |™=2"

SOLAR PRODUCTICN
OF

INTERMEDIATE TEMPERATURE

PROCESS HEAT

TEAM

PHASE | DESIGN
DE -FC03-79CS303Il

DRAWING NAME NUWSERR
PUMPHOUSE DETAILS V-3




1e-v

‘
!
' : I
]
1 i
| ' g
S = ! e /FW Fr7TNG §- NPT
o g ! i
T; MOWNTING i l i 7
= = : ¥ s ')'{w' =
SKALE : NONE g ! ST e ‘,
) LAY MEoAT & i i i Notve.
“"“\.C—————": A i IMPLLSE TURE MUAT
e ! . BE LAcED IN LITTEAL
] o o 18t ? “CeiTieN AND RE
2 s e -
“THERMOWELL DETAIS - : : = . NESE R
: ; e IF UNALLE TS MCONT
: g i i 1 T uso N, *.z*:li*w
! MUt 2€ MARE TC ALLL
& ' H P —f JEATCAL mcuwlrw-"
' = % SR
' | A& ekl
3 s i i serze
i i | W g
ioLE vz — ! \_J'
AND  ZeveR i 5 ; " ?
OUTRLE SR DL EN — SCALL ' NUNE
GRace 3 T L= i
\\ arito? 4med pooR Presscps TRANIDLIER DETAILS
__L._ﬂ'- CRA.
|l (\ . T
\
31€ 293 908 ¥ S et
A g | JERPR .
oF 17t FRaLeL
n = o= tatar & 220 SeTH
! SOLAR PRODUCTION -
DRYWELL DETAIL OF 1N L7
D INTERVMEDIATE  TEMPERATURE = /
F-10 : PROCESS HEAT
2E
PHASE | DESIGN DRAWING NAME NUMBER
DE-FCO3-79CS303I1 PUMPHOUSE DETALS | M-10




¢c-Y

s e

!
’ z
' ‘
L e : BV :
; ‘ ; S
i ) ; :
i i i : J
i ! i IERC LS ’
: | | L e |

]

i — .

3 3 -
NeWd P —-— - b e} -1-;: ; ‘7
= e F it T

rrC e

i
JUWB FEAEL S }
¢ TP UAL T B o e o7 !
A D v - = Y ! ! P N Y vy 3 <
Bty i e 2 o | ) 12 — 19 HT
e e e - i s R =
I~ s // B R Pt S
L T e / Sacre
lis3: ! . > - AT R
Sy LNTENL
\ J P rarenr NCT TV sl
S

2 5 RN

St ISR
o lales . o
= 5
~pAP I, af-%": ' :
Lo -
-zg s A e 2

~rATA
[PRULOR B9

O
2
I
A
n

O

-
534




Boist FEANK

| w

Bor L Bs I MAT LINE
r T R & 7 (et iniT THIZ 2473 5 / -

S

=

P
G2 PN a3 pALE ? 5]
2T AW PRINENTER TS

B

+
L]

P

% [02 i
IR TS TPAER
8272, 55

A
v HELD TE €T -
I some e

S

e oS Sy
=
v

TP e A R R e

T
"? SON B N, A 4T AL B ER SR SPNACRE N
'
-

r B ot 5 ADT
D i

LD e T 2EN I T W

o .
MR TING 2 N TR

—— 2 ‘
! | ——— NEW 2N PN AT
i ™ 2 v

e
- e 7';*‘3 Tran 1 2
e Lo 3 L ol ZINSAT NI AT
=) L) a T g 2
SNEN TRULS BOST Wy 4
ABEV S RIAT ' SR

st & NS it

i

J|> : : 3 s Ao p ol ST
nN
w H
s s s : ]
i [ 53 Midr B 27 W&
I i : i =
.[ ; . b ——NeW |2 #N. Do g |22 s
i &
i 17527 . 232" 11w Ve 79
- . B - 3 ~
- D o 2
@ ) & &
iy
.‘ 58
5 ;
¥
P b et SR ST
<
& ™o er
o - £ ata LA
203 J=
SR i
< i s i 7 .
B b ¥
: R e SCLAR PRCCUTTICN




P ST
LR MO Tl
O aSeal)

LELD B O
GRISU AT 0. 173

RP e, - -

eI A A -
oo )

R ——

-

Lzata® Lur -
O oo Ay
2 prpeT

—tv g e
vwe ¥ v

-«r"B‘.;

;4’,”‘\""

p<4 A
W TS
NG
‘ . g
= PZAM

-

o» rn--hb\
" B

FSE HANGER CETAL = FIFE SPECRT CETAIL 2 PEE SHCE CETAT, !
VT ) CAE T 3 . Ny MR RRAs $
i
o = H
, :
~ H D
L BTG TS -
—. H
D A ;
-4 2TV DE '
b BNg - .
> ¥ (o $5% 0 E = '
1 ‘ !
R ’
A.-__,,ov,-«r»,,;‘.uftﬁ‘ ¥
NI TR TuE 3 i
e~ 3y L rmrsn i N . = 8 i
@i~ i :
i :
C NSNS TEAP MImaL i i
ABLT B0 MENT S : §g TICN (:; i
: AS S$AZ
{ - 3
!
—_—— -zuh; IR S b s NI e an :
. A ,,,’; oy !
FRZTE N Fret g1 w2 i

NEN Tow

SCLAR FACDUCTICH
OoF

INTE='SLIATS T" SZRATUZE

SCILLANICUS
..IL.ILSJCA”- i

M-13




G2-y

®

®
o

% . zone 53—
. ﬁ ﬁ.ﬁ i ?’I

e

_——T1RACING cOnTZoL :a-go(rm:m.

LU AL

‘%,

Znea v

m
=)
i =)
|
=
&)
C)
—
&
Ll

\0opooonbbo D_D"]_Dm; "ﬂ ’i’ DTTD]GD"U'DWD'B_UMB-Df_jiﬁ:

SYM

0. ,,u« e A 4o 2788 _s0€ > 2o, ve
BaTEN ’v‘v ZoN'To. s AT Priom 2. 2,622 »;?. ECTR D

a6 M2
et ere s

2724 TE.AY S0¢

¥O.T T€aZ % Z0N20. 25 % o
-". 2 "z-'v's EM e g

2 i iy B o Y e
ez u&:ou E

POASE - Trno, HEZ JETAL Db 82,
ZENOTE® ZOLEIDT 10~ T
DENOTES NOTE e

LNCTOM oK N3MA 32,22 Y AZCOTIANIZE o THE RATL WLECTZZ Cove.

b
a0

NOTES

£t

LGD\.L ToC V!A—m 20T A% 2
o e Al 25588 2222

P

> 82

082 ¢ ONW. ATNG Seho. BT ZOVEZ TITE Thal.

AL SXPISEP ZONDUIT SMAL S JSNTIEED Br <07 T SBE25.

% ?;c : e’ "-};a;?’ -
233 %) A

-%,
P I L) .
T8t 5%

S0 Ma .a_y‘ ,u.-t,Ans -09
Racter L

2702 <a2.-3.7
zZoZ7an’ i T

- e A

vez:s < X - 2222+ ~AT P S
VORI Ay ST 3 2 35,5327 rATIORS 4[8Que *Jek o8

Shrs e

SOLAR FIELD-OR'VE

PY.ON ZLAN

I——s-l.m %

~ e

- n'c

Scae Yie's -2'

SOLAR PRODUCTION
cr

INTERHEDIATE T2MPZRATUSZ
PROCESS mzaT
PHASE [ 22550

OB-£co3-T9C830 51

SeAWMS Lauz

wAe =ED
| elmeTRzAl _avo -




————
{ M. ' DBSCEIPTION

1 Leec )

. GCMD

omvE Pyion

T-7ad ConTROL NGL—\ 3

oo - =
NIVA 3
RAUTIGHT BOR —

BN T, 5 mm ("'"‘)
W “smusom o= ( "')
a1 C V-To LT seuw so.

L case
AlL 2P
- 4 T2r® siircd

e CABLE TP TRACK V5
SENGC K AsSEMBLY

™ uyo.
v uue
WPUT e
ooy ASS'Y
R P Gt fhon cemtea.

ACK % OIS

A JunCTion
P

S02 mepazge.
™
N

DRIVE PYLON CONNECTION
TAIL

HO ScALE

o6 Ao T
sa enéiobure —-

TAP 38 duiRe
SALanc!

‘;

- F.o Bcx
/ A..Ll
l
OPPOUTE PUME— :

2, 3
/ :
| ‘ zHez i B'c

i
lla— UsierRUT SEARE

Pve coneuit _\

onve Pr.on

| .
' (0 CONTROL MnEL
\l

4
e 14 oLl mn.m’

_ORIVE PYLON POLIER SUPPLY
!

1O ScALE

weLsy
®ox

b s

e
. HOFFUAL ENCLO SURY
A

—~ TERWNAL
P =CTious

PELD I“‘IAST:K CD"!TRD

ANEL ) *® Fao nxw swTcn

NI SCAL

SOLAR PrODUCTION
or

INTERMEDIATE  TEMPERATURE
PROCESS WEAT
Plase T CESISN

CE-PCOS8-74C530311

TEAM

DRANLGE uAwE

TELD ConTmo. TANES
WLECTRICAL LATOUT

NWuvees




INCANDESCENT LI
80, RP-216-AL-

FINISHED TL00R.
SINGLE POLC FLUZH TUMSLIZ SWITCH W'-6% AFT QR AS NCTED.

i 3 wzol

Bl (PR ﬂ(p% - % THREE-WAY FLUTH TUMBLES SAITCH w'-6" ATF SR AS NOTED.
JUNCTION BCX-CEILING OR WALL MOUNTED,

OUPLEX RECEPTACLE 2P-1W-1SA-125¥. %I ATF OR AS NOTED.

MOTOR OUTLET-NUMCRAL INDICATES HOPSLPOWLR.

2N ®iQedse @

—— SAFETY S4ITTH (FSSsPUSIILE NFS3aNON-FUSTILID)
% l 'l:lllf PANELEY WUMPRAL % TIPCLE INDICATES PANEL
= - BRANCH CIRCULT HOVEP! L3 OF ARPOWHEALS
INDICATC NUMBLR OF CiP
5 BRANCH CTACULT WIvnNT oo s
D NUMERALS IND! SIUCTIVELY,
e
- -0~
: ass
== (
% Tot S wp
wioty ) weiol
R e Y o whih Ll S lICEs
PR—
4V, o
=
D" HEATHER
X : Zenioe
@
= “ETRI S
et @
= - o
= N .
\ & Il -]
= 50N
S EEAD TIPS ' ¢
N | e
~ EQ DIST KiTEQ |
! pDlac@am 3 Ivao) I 8
i i
| !

1 —_————— -

I g :

e—— @ @

e
"Z'gr:?—icu.ze "

Twinidow A - 1 i
o it Orse

-

N T

PUMP HOUSE PLOOR P_AN

SCALE1"s ['-0"

SOLAR PRODUCZTION
oF

INTERMZDIATE T2-222a7 22

PROCESS wzaT
PHASE T C=SisN :
DE-FLO3- 7228303 | Puue Houte
| SLazTEcAL -AYOUT

Seaniua MAML Numsee




8¢-v

Y swv

SCANNER RELAY BNk 3

08V

= 0wy

~ 10wV

SCAUNER REIAY Bank ¥

Norms:

L BELOSN TRADE § UL TYPE 870 . TWO OwouCToR, SN'LM-IM-
ORAN CONNGCTED AT SIGNAL CONDITIONER OR SCANNER RELAY DA< ONCY.

T SAME SHNAL WRE AS L ABOVE E((EFT DRAN TERMEATED AT 8CTH EN0S.

9. BELDEN TRADE ¢ UL TYPE 8771, THRES CONDULTOR, SH'ELSED, Wi ORAIN.
DWAIN TERMINATED AT SCARER RELN( BANK ONOY.

o.mvnn‘u.m 9874, ONG CF SiX TWISTE? PURS N ZONMON
CABLE . BACH PAIR WITH DRAN WIRE . TWAINS TERVATED AT SGNAL
CONDITIONER ONLY.

ol
5 )
s % |
> AN =48
it couruten '.;f
E MUTINETER —+
SGUAL PLoreY
*) CONDITY: L o
" m?.. nes '.L -g
Buaux !
HARD .
ok {‘l
saTTRRY PACK
L VT3
EQUIPMENT RACKS
" ’
1
e
[I u Tosia oSS |
= )
| rowes sus I
{ Gl
| fscr| isea
of (]
1 zev %
ey lul‘ isc-s| sce |

s
M Rl

SOLAR PROTULTION
or

INTERMEDIATE TEMPERATIRE
PROZE5> ~2AT
PUASE I 225150

OE-PCOB 72223281

M

\\;//
T

DRaw g “avE

DATA ACCs TSN
INTERCONNLL ™S

-4




62-v

Notwes:

ON MASTRR CONTRIL PANEL

ON SIUNAL CONDITIONER PANGL.

B ON MASTRR COMTROL PANSL.

BT ON SINAL CONCITONGR, FangL

BELOGN TRACS ¢ TYPE 8761, Two CINDUCTIR

BHGLOBO WITH DRAN. DRAN THRMNATEY

AT RRLAY BON OWLY.

& BUORN TRACE § TYPR 7816 ONE oF it TWETSP

PAIRS (N COMMON CABLE. RACM a® wiTw
ORAIN. ALL DRAINS TRRVINATED

PMTUAL
S YUY e AT e BOA.
.l

Adpp -~

maVAC

@_-{E.B’ L Soxrsens !

R~ I

STRAM
PRESSURE

E"’ ¥ e 3 Ne
MasTar £ Muase L STeAM £ weveL .C FIgL0
ey - ‘::k.)n :gwu i c:m: r)nunjg CwTEm ;E"IMI
coNTRIL 2 Switen ce-2 i (em-3) Swin
PaveL ¢ Clcen J
[sel
= SYSTEM CONTROL INTERCOMVECTIIN

KTP PLOW CONTROL vALVE

-0
MASTE®
oy/ere
.20
K1 CONTROL
egey-2T0 wete 1 |
AN (zo v ac) :
-2V —— o A 1 A 5
=5

SISTELD MANUAL
NTEOL
(tors)

D10eS LOCATIO
N RELAY gox

SOLAR PRODUZTION
or

INTERMEDIATE TEMPZIRATURE

PROCESS -2a7 -
mAﬁe : 22554 i’«-u NAVE I NUweEe
OR-FC23-TACZ301 | conTman ¢ PIWER | es

| prmgunm  NTREONNELTS |




0€-Y

FRLD oIl Tewr

STGCAM TEW

()

STEAM ™XESTIRE

LBS/UIN
STHAU Plow ATE

SaL AW
oL FLOW RATE.

FELD
MASTER  ON/OFF

ON OFF FIELD Ol PRFARE
@ orestex I WHEN LITE
b EXPANSION TANK LEVEL

LOW WHEN LiTE

(0]

@
auTo.
e O

SELEcT

® & 6

SUBFEL? MANUAL CONTROL B0ART

3 +

@ Qu

1)

Q

e
(e I8

0 30 0

MASTER C(ONTROL PANEL

LAYIUT

" e
(T

Ho aca.z

HOTE | L0CATED S \Es 8052 5.0 s2z
SE mLAN "oR  DzATION

PSP _K0OF
MOUNT

%' pre

24

2=l I

: [
~
d
1
N
c 1
P b
X |
il o i
' !
s ]
E] Eﬂ |
gl
®=s =6 R-1 3|
i o o R
>l |
0
A R4 jer-nn = i
£l
i =
il
R0 (R3S CR-G ! =9
ZOV AC_RETRN l
1

RELAY 20X _AYSUT
1o ecae

NOTE : LOCATED A FUrF nolbt

SOLAR PROCUZTION

INTERMEDIATE “2-P22.7 .23
PROCESS ~ZAT

TTeanitis NAVE
PHASE I 22354
CE-$LO8-T72252328.!

| €AY SOW _AYSCT

" Ua-reR CONTWSL PANEL ¢




eV

SOLAR FIELD PUMP HCUSE i CANE
CLEANING
PLANT
49°3 e Es cen
um-STRUT nuu.\ Q | e c1's n 1R0uS PR
. . | 1 .
—q ey i Tc @ -(D i '
i 0 S e
| }
=i ul ' !
T /—;fg_ﬂua Fon [ 3 weYo a0 2'c | |
} |
= q’ﬂz ot o=y
g SRR e T T e L}
N3 neq .00 n 4’
L= POLIER DISTRIBUTION D:AGRAM
WO BCALE
PANELBOARD SCHEDULE

NOTES

BnD CABE U LENGTH OF *R0U%w § "Ov 02 <.328NT
LR P RS 95 2 A A 4 S

POLL, .00 MR P45, PUSBD KT T mot, melmAmt wir

3 NUTA_ A EOSTING SPAZE A Sl 3
B TCn JRiT 4 BUDE AT ZI0AMM W/CURIENT N TNG AuSES

BAOLE ISOANP Fi%, SUSZD ATIZO AMPS, «/CUIAINT LiMTiNe SI6ES.
370L0 SOANP PGS PISED AT 40 AMPS, & CUGTENT UMITING PUSES.

VA DRy ZARSPOTAET WALL MOUNTEOD. VﬂL’A
”ﬂm 2 VOLT Eeh SEcOnNORRY -2/t %
ROOVE s Beiud R dGRL LY WA fn

o, € - win u ; -85s.
oe ¢ E?-‘::..’—r?‘.??a‘.’“““‘ BPE2D CAT. NF VOML-859

43 YA DEY IYOR IACITIEE 2A2 45aTED /atda 32
NCot. RE_ VLl SAT. L TAONIT B da T AlmIIY
fo "o AdOVE ¢ 2204 rOTALL

3.8 Zooann s

$Z7 AT 150 AMPS SEELA] LELS
A e 3R 1-4.».13- to e %2 o
L

3 £2 AT 10ANPS W/ CUZZENT | =736 2.525
H s

S0 AT 40 AMSS - CURZINT LIMITING *U9es

LL, QOAMP 65, 8

o/ SEHA 3T BNC.BSS
(35

LOS.2e

? T

=7 555 542D av B0AvW, J/C.TUINT _iTHG ®
TR BN I, R v doaem, Y T NG SUies

W/BP-100A MAIN CIRC.T 3RTAKEL

™

EM FED OR REVARXS

7 75 4 59A0iS
J2A | *23/ 553 2%

Ty K > =]

SOLAR PRODUCTION
OF
INTERMEDIATE TEMPERATURE
PROCESS HEAT
PHASE | DESIGN
DE-FCO3-79CS303l




APPENDIX B
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DIVISION 2 - SITE WORK aAl

SECTION 02220 - EXCAVATION, FILLING, BACKFILLING AND GRADING

PART 1.00 - GENERAL

1.01 SCOPE OF WORK
Furnish all labor, materials, ‘services, equipment and
appliances required for site grading, excavation, back-
filling and compaction work indicated on the drawings.
PART 2.00 - PRODUCTS
2.01 MATERIALS FOR FILLING AND BACKFILLING

A. On-site materials shall be decomposed rock crushed to
a well-graded consistency.

B. Select borrow soils shall be well- -graded clinker or
cinders.

C. Maximum size shall be 1-1/2 inch for collector footlngs
and 3/4 inch elsewhere.

PART 3.00 - EXECUTION
3.01 GRADING
Establish grades by means of grade stakes and grade to
nearest .l foot.
3.02 EXCAVATION

A. Excavate to the lines, elevations and limits indicated

: with sufficient distance and space to permit erection
of forms.

B. Inspect bottoms of excavations. Where soil is too soft
to support indicated bearing pressures, over-excavate
a minimum of one foot.

3.03 PLACEMENT OF FILL AND BACKFILL

A. Place fill in uniformly thick layers not exceeding
eight (8) inches of loose measurement.

B. Compact to a density of at least 95% of the Standard
Proctor dry density (ASTM D-698) at or within 2% of
optimum moisture content.

3.04 SURFACE DRAINAGE

Keep excavations free of water.
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DIVISION 3 - CONCRETE

SECTION 03100 - CONCRETE FORM WORK .

PART 1 OO - GENERAL

'SCOPE OF WORK .- . . ne o

Furnish all labor, materials, services, equlpment and
appliances requlred for concrete form work indicated on

the draw1ngs and- spec1f1ed hereln

) REFERENCE STANDARDS

Material Standards
American Society for Testing Materials (ASTM)
Concrete Standards

American Concrete Instltute (ACI)

- No. 2, or better,'southerh'pine dressed lumber or

Douglas fir, non-stress grades.

DFPA Plyform, Exterior B-B, edge sealed.
FORM ACCESSORIES |

Gateway, Superior or equal, catalog items selected for
form loadings encountered.

FORM CONSTRUCTION

1 01
1.02
A.
B.
PART 2.00 - PRODUCTS
2.01 FORM MATERIALS
A.thood
B. Plywood
2.02
PART 3.00 - EXECUTION
3.01
A. General

Design, construct and maintain forms so as to insure
that after removal finished concrete members will have
true surfaces, be free of waves or bulges, and conform
accurately to indicated shapes, dimernisions; lines and
positions of concrete members shown. Forms shall be
readily removable without impact, shock. or damage to
concrete. Clean all form surfaces before each use.



DIVISION 3 - CONCRETE

»3:02 .,

3.03

3.04

EY
cetes

Deflection and ‘Leakage =~ o . . 10 o B

Space walers, ties, brac1ng, etc. to prevent form
deflection. Form JOlntS shall be suff1c1ently tight to
prevent leakage of grout and cement- paste durlng placing.

CURING CONCRETE WITHIN FORMS . '

If certaln surfaces are to- be cured w1th1n forms, curing

shall be accomplished by keeping the forms contlnuously
wet.” If forms are removed-before end of curing period,
curing must be continued as descrlbed in CAST-IN-PLACE
CONCRETE.

REMOVAL OF -FORMS

. Timing

Forms shall not be removed until concrete has adequately
hardened and in any event not earlier than two (2) days
after concrete is placed.

Method

Form removal shall be accomplished as a hand operation,
with due care to avoid damage to any finished concrete

work or any reinforcing pa331ng through the forms being
removed.

CLEAN-UP
Upon completion of the work of this section, remove all

debris relating to the conduct of this portion of the
work from the premises. :
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DIVISION 3 - CONCRETE

‘. SECTION 03300 -‘CASTfIN-PLACE\CONCRETE;;t,

PART 1.00 - GENERAL

1.01

A.

1.02

1.03

1.04

1.05

SCOPE OF WORK

Furnish all labor, materials, services, equipment and -

- appliances requlred for Cast-in-Place Concrete work 1nd1—

cated on the drawings and specitied herein.
INTENT

All concrete shall be ready- mixed, or transit-mixed,.
obtained from a plant, the operation of which. conforms
to requirements of ASTM C94. Job-mixed concrete shall
not be used except where particularly authorized by .
Project Director in small quantities such as may be
needed to affect patching and repairs.

REFERENCE STANDARDS

Materials Standards

American Society for Testing Materials (ASTM)
Concrete Standards

American Concrete Institute (ACI)

SHOP DRAWINGS AND MILL TEST REPORTS

Submit shop drawings of concrete reinforcement to Project
Dircctor for approval prior tn the start of fabrication.
Shop drawings shall consist of reinforcing lists and
placing drawings. Reinforcing lists shall cover all re-
inforcing and accessories complete with quantities,
sizes, bends, dimensions and notes required for fabri-
cation and placement. Placing drawings shall include
placing plans, elevations, details and sequence of place-
ment as required for proper location in the structure.
Insofar as possible, member marks on shop drawings shall
be the same as on the structural drawings. Certified
copies of mill test reports evidencing compliance with
these specifications shall be submitted to the Project
Director if requested.

INSPECTION AND TESTING
Indeperident Testing Laboratory

The Contractor shéll emplby and pay for, as part of the
contract price, the services of a Project Director
approved independent testing laboratory to perform all
the following:

| B-10




- DIVISION 3 - CONCRETE

B.

Concrete Mix. Design

- . Testing laboratory shall determine design mix based

-on -compressive strengths of..concrete shown on the

" structural- "drawings, or specified herein.
.. mix tests use aggregates, cement additive where

" specified,. and water to be.actually.used in mixing

concrete.

Cylinder Tests

-Test cylinders shall be taken;. cured and tested by
. the testing laboratory for each different class of
Cylinders shall be
‘taken in accordance with ASTM C31, and cured and
tested in accordance with ASTM C39.
‘three cylinders is required for each 50 cubic yards
‘of concrete or less, placed in any one day.

concrete poured in any one day.
One set of
One..

cylinder shall be tested at 7 days, one cylinder.
shall be tested at 28 days, and one cylinder shall

be held as a spare from each set of .three cylinders

as specified above. Testing laboratory shall fur-

nish three copies of the test reports to the Project

Director indicating results of the cylinder test.

Contractor Tests

1.

- Air content by volume:
“ments made in concrete mixtures -at point of dis-

Slump Tests

Slump tests shall be taken by the testing laboratory

when cylinders are taken, and shall show maximum

slump 5" and minimum slump 3".

Air Entrainment
3 to 5% based on measure-
charge at job site at time slump tests are made.

Air content by volume: determined in accordance -
with ASTM C231. '

Special Testing

If quality of concrete is questioned, for any
reason whatsoever, Project Director may direct
that core tests conform to ASTM -C42. The cost of
such tests to be borne by the Contractor.

. Time Limit for Use of Ready-Mixed Concrete

Concrete not placed within specified maximum time
interval, after adding mixing water, shall be re-
jected and removed, or wasted where directed.

B-11
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DIVISION 3 - CONCRETE - .

PART 2.00 -
2.

2

01

LA

.02

Temperature Mix or Air . - Maximum Time Interval

Up to 75°F o 90 minutes.

75°F to 89°F . ' 60 minutes

Over 90°F ~ +.+ 45 minutes .
PRODUCTS t |

CONCRETE MATERIALS5

. Portland Cement

ASTM C150 Type: I for general purpose concrete which
includes concrete exposed to view outslde building,
and concrete for use in piers.
Aggregates_,‘
1. Fine Aggregates

ASTM 035, washed .sand.
2. Coarse Aggregates

+ ASTM C33

3. Water

Fresh potable tap water.
REINFORCING STEEL

Bars

ASTM A615, grade 40 or as called out in notés on the
drawings. _

ere Fabrlc

ASTM Al85, welded steel wire fabrlc as noted on
draw1ngs :

Accessorles
AC315, chalrs 'stools, spacers, étc., Superior Manu-

facturing Company, 1054 Florlda Street Memphls TN
38106, or equal. }
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DIVISION 3 - CONCRETE | A Lol I 7

2.03

2.04

' FLOOR FINISHING MATERTALS SRS

Floor Seallng Compound .

Master Builders '""Master Seal' or approved equal

CURING MATERIALS T | ind
Curing Compound |

Resin- base transparent, not incompatible with On-
Grade Floorlng Adhe31ves equal to CLEARSEAL made by

VA C. Horn Products Co.

PART 3.00 -

P1ast1c Sheet Curlng Membrane f“

ZENDEL FILM or VISQUEEN, plastic sheeting 4-mil

thick, with joint seallng tapes furnlshed by membrane
manufacturer

Burlap for Moist Curing

Federal Specification CCC-C 467; standard grade burlap.
EXECUTION R

3.01
A.

PLACING REINFORCING
General_

Place relnforclng bars accurately and securely saddle-
tied at intersection with #16 ga. black, annealed wire.
Support bars rigidly in place with metal chairs,

spacers or other supports permitted by ACI-315. Number
of inches of concrete protection at reinforcement shall
be in accordance with 1977 ACI Building Code unless
otherwise noted on draw1ngs

Shop Draw1ngs and Sp11c1ng

Place relnforclng bars and wire mesh in accordance with
approved shop drawings, bending and placing diagrams,
and schedules shown on structural drawings. When
splicing welded wire fabric, lap in both directions
shall ‘be not less than distance between wires, and the
two transverse wires for ‘any splice shall be securely
wire-tied. Sp11ce bars as noted .on drawings.

InSpec;ion Before Coverlngs ,

Project Director will inspect and approve inserts and
reinforcing in place before concrete is poured, and no
work of this Kind shall be concealed by poured concrete
until this inspection has taken place and the Project
Director has given permission to proceed with the
placing of concrete.
S ‘ B-13
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3.

02

AL

03

“ General’

DIVISION 3 - CONCRETE

PLACING CONCRETE

-

Deposit concrete as nearly as practical to final posi-
tion to avoid segregation due to rehandling or flowing.
Deposit concrete. at such rate that it is at all times
plastic and flows readily into spaces between inserts
and reinforcing and completely fills forms. Tempera-
ture of fluid concrete at time of placing shall be be-
tween 50°F and 90°F.

Discharge and Layering

Stacking or piling of concrete in one place and then
removing it any appreciable distance into position
with hoes, rakes, shovels, and/or compactors is pro-
hibited. Placing shall be essentially a pouring pro-
cedure and concrete which has begun to set before being
poured will be rejected.

Anchor Bolts

Set anchor bolts, furnished by and/or for the work of
~other trades, in freshly placed concrete. Set bolts

plumb and true and in complete accord with approved
anchor bolt plan, shop drawings and as required by the

. drawings and other sections of these specifications.

Finished placement of bolts shall be sufficiently
accurate to receive solar collector pylons and other
construction.

FINISHING CONCRETE

Slabs

Smooth finish floor slab of pumphouse shall be finished
(unless otherwise noted on the drawings) as follows:

1. Tamping

While placing concrete, tamp with special tools to
force coarse aggregate away from surface, then
screed with straight edges to bring surface to
finish level shown on drawings.

2. " Floating

Wood float to true plane with no coarse aggregate
showing while concrete is still green but suffi-
ciently hard to bear a man's weight without imprint.
Plane shall be level or slope to drain as required.
Use sufficient pressure while wood floating to
bring moisture to surface.

B-14



DIVISION 3 - CONCRETE A [

3.

04

Troweling

Steel trowel not less than two passes. Begin.
troweling with power trowel as soon as little or

no cement sticks to blades. Dusting with dry.
cement or aggregate to absorb moisture or to
stiffen mix will not be permitted. Hand trowel
third pass, or final steel troweling, to remove
slight imperfections and produce smooth 1mperv1ous
face. Continue hand troweling until ringing sound -
is heard as trowel burnishes surface.

Tolerance

Finished slabs to receive applied finished floor
coverings or to be sealed shall be level with .
tolerance of 1/8" in ten feet, when tested with
ten foot straight edge at 3 ft. intervals in both .
directions. : :

Depressions

Depressed slabs, if indicated on the drawings, to.
receive waterproofing and topping, fill or mortar -
beds for tile application, etc., need to be finished: -:
only through wood floating. .

Surfaces Other Than Slabs

1.

Patching and Repairs

Remove honeycomb voids, cracks, and irregulari-
ties. Where repair is required, cut back defects
not less than 1/2" with square edges, brush out,
drench with water and fill with concrete of same
mix from which coarse aggregate is removed. When
cut-outs have been filled, trowel surface smooth,
remove excess grout and after set, grind sllghtly
to uniform color and appearance using neat Portland
Cement applied with a power grinder wheel.

Collector Footings

Tops shall be screeded and floated to a level
surface.

CURING CONCRETE

Requirements

Cure concrete not less than 7 days by protecting it
against moisture loss, rapid temperature change,
mechanical injury, and injury from weather, rain, or
flowing water. Concrete may be cured by any one of
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DIVISION 3 - CONCRETE

3.05

3.06

3.07

the following methods, or comblnatlon thereof as
approved by the PrOJect Director.

1. Compound

Curing compound may be applied in accordance with

- manufacturer's instructions. Compound shall be of

- such formulation that it*will remain. intact as
moisture seal for not less than twenty-eight (28
days. Application on horizontal surfaces: one
coat at rate of 150 sf/gal.. On.slabs protect the
curing-compound-formed membrane with 1" of sand,
or other approved means.

2. P1ast1c Sheet-

Impervious-sheet curing may be used, consisting of
covering surface to be cured with 4-mil thick
plastic membrane, edges lapped 4" or more and
sealed with tape recommended for- the _purpose by -
the membrane manufacturer

- 3. MOLSture

Moist-curing by keeping concrete surfaces continu-
ously wet or moist during the entire curing period.
This may be accomplished by covering the surfaces
with wet sand, or with wet burlap, or concrete
curing.mats, which are kept continuously wet or
moist by sprinkling. The means to be employed to
apply moisture during moist curing shall be approved
by. the Project Director.

SEALIVG CONCRETE

The pumplng house floor shall have sealer applied to
the slab in accord with the manufacturer's instructions.
Apply sealer dur1ng later stages of bu11d1ng
constructlon

CLEANING CONCRETEA S ‘

At completlon -of concrete work all concrete surfaces
exposed to view shall be washed down with clean water
u31ng fiber bristle brushes and then dried to prevent
stalns formlng

CLEAN-UP
Upon completlon of the work of this section, remove all

debris- relating to the conduct of thls portlon of the
work: from the premlses
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DIVISION 5 - METALS ) . ' iV
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SECTION 05500 - METAL FABRICATIONS

PART 1.00 - GENERAL

1.01

1.02

O = Mo O W

1.03

1.04

SCOPE OF WORK

Furnish all 1abor,.materials, services, equipment and
appliances required for metal fabrication work indi-
cated on the drawings and specified herein.

WORK INCLUDED ‘BUT NOT INCLUSIVE |

Mlscellaneous steel framing as 1nd1cated on the draw- -
ings for the support of the work of other trades

Steel plpe.supports.

Steglhanehor”bolts.

Steel driliedJih anchors.

Steel coiieetor;field warnihg signs.
Teﬁpiates“es'reduired by other trades.

Shop palntlng and f1e1d touch up palntlng

DESIGN AND FABRICATION ' \

Fabricator shall be responsible for de51gn of connec-
tions not- spec1f1cally shown on the drawings and for
member dlmens1ons ‘and f1t

REFERENCE PUBLICATIONS AND STANDARDS

Amerlcan Instltute of Steel Constructlon (ASCI)
Amerlcan Welding Soc1ety (AWS)

iﬁ""Structural Weldlng Code" AWS D1 1

2;: "Standard Weldlng Symbols" AWS A2.0

Amerlcan Soc1ety for Testlng Materlals (ASTM)

Other o I '

All appllcable Federal ~state andglocalﬂordinances and
d1rect10ns * " ‘
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BIVISION 5 - METALS

1.05 SHOP DRAWINGS,
| Submit shop drawings to Projeét Director for approval
prior to the start of fabrication. Shop draw1ngs shall
include complete materials lists and erection, p1ac1ng
and detail drawings of all items, checked before
submittal.
1.06  COORDINATION
Contractor shall be responsible for dimensions, detail-
ing, fabrication, fitting and alignment of the "work of
this section.
PART 2.00 - PRODUCTS
2,01 STEEL
lA. Shapes and plates, ASTM A36.
B Pipe, ASTM A53, Grade B.
C; Anchor Bolts, ASTM A36.
D. Bolts and Nuts |
ASTM designation A307,_regu1af hexagon-bélt typéf
E. Washers - |
American Standard B27.2, Type B.
202 WELDING ELECTRODES
o A. Series E70. ‘
2.03  GALVANIZING (WHERE REQUIRED ON THE DRAWINGS)
A. ASTM Al23, Al63, or A386, as applicable.
All steel items exposed to the weather shall be
galvanlzed
2.04  SHOP PAINT
A. Concealed Use
Rust inhibiting primer which will not supﬁort coﬁbustion.
B.. Exposedeteel

Primer compéfible with finish paint.»
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~ DIVISION 5 - METALS

PART 3.00 - EXECUTION

3.01

ot
L e

"3.02

3.03

3.04

3.05

3.06

~ GENERAL

Provide all anchors;, .supports, braces,. connections,
. sleeves, inserts, bolts, etc. required in conjunction

with items of work included under this section and ,
under other trades where necessary for securing work

in place. Sizes, kinds and spacing of bolts and/or
anchors not indicated or specified shall be as directed.

SCHEDULING

Deliver bolts, embedded items, etc. alohg with setting
drawings to the job site in ample time for installation
in the work of other trades.

HANDLING AND STORAGE

Perform in a manner to prevent bending, warping,
twisting or other damage.

WORKMANSHTIP

Use only skilled and experienced personnel.
FABRICATION

General

Shear and punch parts without leaving ragged or torn
edges. Surfaces and edges to be welded shall be smooth,
clean, uniform and free from loose scale, fins, tears,
cracks and other defects. Provide holes or other pro-
visions for attachment of other materials as required.
Fabricate and assemble parts in shop to the greatest
extent possible. Assembled pieces shall be taken
apart, if necessary, for the removal of any burrs and
shavings. Parts not completely assembled in the shop
shall be secured by bolts, insofar as practicable, to
prevent damage in shipment and handling.

Measurements

Verify all measurements and make all field measurements

before fabricationm.

INSTALLATION

Field Assembly

Properly locate and build into connecting work. Bolts
and anchors shall be pre-set to locate anchors and

anchor bolts accurately. Align and adjust all parts
accurately before fastening.
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3.07 CONNECTIONS

A. Welding

Insofar as is possible, weld all connections unless
shown otherwise on the drawings. Defective or unsound
welds or base metal shall be corrected as provided for
under AWS D1.0 at no additional cost to the owner.
Welding to or on structural steel shall be in accord
with the Code for Welding in Building Construction of
the American Welding Society.

B. Miscgllaneous

Fastenings shall be concealed where practicable.
Thickness of metal and details of assembly and supports
shall give ample strength and stiffness. Exposed
fastenings shall be compatible materials, shall gener-
ally match in color and finish, and shall harmonize
with the material to which fastenings are applied.
Materials and parts necessary to complete each item,
even though such work is not definitely shown or speci-
fied., shall be included. Where dissimilar metals are
in contact, the surfaces shall be protected with a coat
of b1tum1nous paint to prevent galvanic or corr081ve '
action.

3.08 SHOP PAINTING

A. Shop paint all items included in this section. Thor-
oughly clean steel after fabrication and before
leaving the shop, of all loose mill scale, rust, oil,
grease, and  other foreign matter. Apply one shop coat
uf primer to all surfacco cxcept those to. be field
welded. -

3.09 FIELD PAINTING
A. After installation, field connections, including welds,
bolts, and all abraded places on the shop paint, shall
be painted with same material specified for shop coat.
3.10 CLEAN-UP
A. Upon completlon of the work of this section, remove all

debris relating to the conduct of this portlon of the
work from the premises. A




DIVISION 13 - SPECIAL CONSTRUCTION

SECTION 13121 - PREFABRICATED METAL BUILDING FOR PUMP HOUSE

PART 1.00 - GENERAL

1.01

1.02

1.03

2

3

4
5. Fasteners
| 6

7

8

9

. SCOPE .OF WORK.

fThisASectibn coversltheTfurnishing and installation of
prefabricated metal building complete, including:

1.  Main frames and other primary load carrying members

Secondary framing
Robfing

Siding

Closures .
Sealants
Flashing and trim
Insulation
10. Doors
11. Windows
12. Shop‘drawings
13. Protection of the work of other trades
14, Clean-up
BUILDING DESCRIPTION
The'buildin% shall be 20'0" x 22'0" in plan with a
10'0" eave height and a roof pitch of 1:12. It
shall have one 8'0" x 9'0" roll-up door and one
8'0" x 12'0" room with 2" insulated panels for walls
and ceilings. Fixed wall louvers and a gravity-fed
roof ventilator shall be provided as indicated.
BUILDING MANUFACTURER
The building manufacturer shall be a member of the

American Institute of Steel Construction (AISC) and the
Metal Building Manufacturers Association (MBMA).
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1.

04

The metal building shall be manufactured and erected
in conformance with the latest edition of the ''CODE OF
STANDARD PRACTICES'" of the MBMA.

STRUCTURAL DESIGN
General

The basic design criteria, except as modified herein,
shall be based on the applicable sections of the fol-
lowing specifications:

1. '"SPECIFICATION FOR THE DESIGN, FABRICATION AND
ERECTION OF STRUCTURAL STEEL FKFOR BUILDING," (AISC).

2. '"SPECIFICATION FOR THE DESIGN OF COLD-FORMED STEEL
STRUCTURAL MEMBERS,'" American Iron and Steel
Institute (AISI).

3. '"RECOMMENDED DESIGN PRACTICES MANUAL," (MBMA).
Framing Systems

1. The structural analysis of the primary framing
shall be based on linear elastic behavior and shall
accurately reflect the final configuration of the
structure and all tributary .design leadings. Main
framing members shall be rigid frame type.

2. The wall girts and roof purlins may be designed as
a simple, cantilevered or continuous elastic system.
The reactions produced by the selected system shall
be used for the design of the primary framing.

Design Loads

Include roof live load, wind load building dead load,
and auxilliary loads.

1. Roof Live Load: Shall be considered as a uniformly
distributed loading acting vertically on the hori-
zontal projection of the roof and shall be 30 p.s.f.
minimum.

2. Roof Dead Load: Shall be considered as a uniformly
distributed loading acting vertically on the hori-
zontal projection of the roof and shall be equal to
the weight of the metal building components.

3. Wind Load: Shall be considered as a uniformly dis-
tributed loading acting in accordance with the shape
coefficients specified by the "RECOMMENDED DESIGN
PRACTICES MANUAL" of the MBMA, and shall be a mini-
mum of 20 MPH.
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1.05

1.06

‘47 Auxiliary Design Loads: Auxiliary Design Loads are

those loads, other than the live, dead and wind
loads, which the building must safely withstand,
such as ceilings and other construction, electrical
systems, mechanical systems, plumbing systems, etc.

5. Combination of Loads: 'The combination of design
loads shall be Roof Life Load plus Building Dead
Load, or Wind Load plus Building Dead Load. The
Roof Live Load and Wind Load shall not be combined.
All specified Auxiliary Loads shall be combined
with other design loads in accordance with the
""RECOMMENDED DESIGN PRACTICES MANUAL" of the MBMA.

Deflection Limitations

1. Structural Framing: The primary and secondary
framing members shall be so proportioned that their
maximum calculated Roof Live Load deflection does
not exceed 1/180 of the span.

2. Covering: The steel roof covering shall be so pro-
portioned that the maximum calculated deflection
under the specified design loadings does not exceed
1/240 of the span.

Anchorage: The building anchor bolts shall be designed
to resist the column forces produced by the specified
design loadings. The quantity, size and location of
the anchor bolts shall be specified by the building
manufacturer. '

CERTIFICATION

Prior to the awarding of the contract, the building
manufacturer shall, on request, submit a letter certi-
fying that the proposed building conforms to the speci-
fied design loads.

Subsequent to the awarding of the contract, the building
manufacturer shall submit design calculations sealed by
a Professional Engineer.

SHOP DRAWINGS

The building manufacturer shall furnish an anchor bolt
setting plan showing the size and location of the
building anchor bolts, and the column forces showing
magnitude and direction.

The building manufacturer shall furnish shop drawings
identifying all materials in sufficient detail to
indicate the proper assembly and installation of the
metal building components.
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PART 2.00 - PRODUCTS

2

2

.01
AL

.02

FRAMING AND COVERING, GENERAL

Primary Structural Framlng The primary structural

-framing includes the main frames and other primary
- load carrying members and thelr fasteners

Secondary Structural Framlng - The secondary framing
includes the wall girts, roof purlins, endwall columns,
other miscellaneous secondary framlng members and their
fasteners.

Roof ‘and Wall Covering: - The roof and wall covering
includes the exterior metal panels, panel fasteners,
sealant, trim and closures, and accessories, as indi-
cated on the drawings and specified herein.

STRUCTURAL FRAMING

. All hot rolled structural shapeslshall have a minimum

yield point of 36,000 psi in conformance with ASTM A36.

~ All hot rolled bar and plate shall conform to the re-

quirements of ASTM A572, grade 45. All hot rolled flat
sheet shall conform to the requirements of ASTM A570,
grade E except that the minimum yield point shall be
45,000 psi. All cold formed steel structural members
shall have a minimum yield point of 40,000 or 50,000 psi
in conformance with the AISI specifications.

Minimum thickness of framing members shall be:

Flanges of Main Frames-------- e e P 3/16 inch
Wehs nf Main Frame§----==--=—cec-mccmmmccao 12 gauge
Structural Tubing--------c-e-cemcmeem e 12 gauge
Secondary Framing Members---------cceceecea-- 16 gauge

All framing members shall be manufactured for bolted
field assembly. Workmanship will be such that all mem-
bers are straight and dimensionally accurate.

All shop connections shall be welded in conformance
with the '"Code for Welding in Building Construction"
A.W.S. D1.0-69. The flange-to-web welds shall be one
side continuous submérged arc fillet welds. Other
welds shall be by manual shielded metal arc, gas metal
arc, or fluxcored semi-automatic.

All steel components, not protected by corrosive re-
sistant coatings, shall be given one. prime coat of iron

‘oxide-zinc chromate primer formulated to equal or

exceed the performance requlrements of Federal Specifi-
cations TT-P-636C.
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F. Primary Structural Framing
1. Main Frames - Rigid Frame Type

a. The main frames shall be welded.'I" shapes
" with either constant or variable depth fabri-

..cated from hot rolled steel bar, sheet, or

plate, and/or hot rolled structural shapes

b. The main frames shall be laterally braced by
arigles bolted to the inside flange of the frame
and to the web of the girt or purlin.

c. The main frames shall be field spliced with
butt moment bolted connections. Joints re-
quired to resist shear between their connected
parts shall be bearing-type connections.
Fasteners shall be high strength structural
bolts conforming to ASTM A325. Installation
of fasteners shall be by the '"Turn-of-nut"
method in accordance with the '"SPECIFICATIONS
FOR STRUCTURAL JOINTS' of the Research Counc11
on Rivetéed and Bolted Structural Joints.

G. Secondary Structural Framing

1. Wall girts: Shall be a cold formed channel 9
inches deep with stiffened flanges 3 inches wide.

2. Roof purlins shall be a cold formed channel 9
inches or 11 inches (as indicated) deep with
stiffened flanges 3 inches wide.

3. Supporting Lugs: Shall be used to connect the
purlins and girts to the primary framing. The
lugs shall be designed to restrain the cold formed
sections from tipping or warping at their supports.
Each purlln and girt shall be connected to each lug
by a minimum of two fasteners. ‘ :

4. Standard fasteners for all secondary framing:
Shall be 1/2 in. diameter bolts conforming to
ASTM A307 or ASTM A490 as applicable.

2.03 ROOF AND WALL COVERING (Metal Roofing and Metal Siding)

A. Materials for Metal Roofing and Metal Siding shall be
one of the following: _

1. Galvanized Steel, 26 U. S. Standard gauge galvanized
high strength steel with minimum yield point 55,000
psi in conformance with the AISI specifications.

The zinc coating shall be 1.25 ounces per square
feet in conformance with ASTM A525.

B-25



- DIVISION 13 - SPECIAL CONSTRUCTION

Galvanized:-steel 24 U.. S. Standard,gaugelhigh ‘
strength steel with a'minimum yield point 36,000
psi in conformance with the AISI spec1f1cat10ns
The zinc coating shall be 1.25 ounces per square
foot in conformance with ASTM A525.

Galvanized steel, 26-U. S. Standard gauge high
strength steel with a minimum yield. p01nt 80,000
psi in conformance with ASTM A525.

B. Rooflng and siding panels. shall be factory- flnlshed
in a baked enamel finish.

C. Panel Configuration

1.

Roof Panels: Shall have 1/14 inch deep major

ribs spaced at 10 inches on centers with two 3/16
inch deep intermediate ribs equally spaced between
the major ribs. The inner rib of each sidelap
shall be a full major rib to provide bearing sup-
port of the lap, and shall have continuous anti-
capillary groove. Each panel shall provide 30 inch
net coverage. Panels shall be similar to "multi-
rib" roof panel as manufactured by Mesco Metal
Buildings Corporation, Grapevine, Texas.

Wall Panel: Shall have 1-1/4 inch deep major ribs
spaced at 10 inches on centers. Three additional
recessed stiffening flutes shall be equally spaced
between major ribs. Each panel shall provide 30
inch net coverage. Panels shall be similar to
"Boldline'" panel as manufactured by Mesco Metal
Buildings Corporation, Grapevine, Texas.

D. Flashing and Trim

1.

Flashing, metal closures and trim shall conform to
ASTM Specification A525, 1.25 ounce zinc and shall
be U. S. Standard 26 gauge, galvanized steel.

Fascia and gable trim: Shall be sculptured, ex-
tending a minimum of flve inches beyond the wall
covering.

Gutters: Shall be sculptured configuration matching
fascia and the gable trim. Shall be externally
suspended providing overflow outside the building.
All gutter joints shall be sealed with a polymer
sealant.

E. Sealant and Closure

1.

Sealant: Shall conform to MIL-C-18969, be non-
shrinking, non—hardening and shall have a service
temperature range of 40° to 350°F.
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w02, Closed tell pre-formed rubber closure matching the |
RS configuration of the covering shall be provided in
Tl - conformance with the manufacturers' standard
practice 'and where indicated on the drawings.

F. Fasteners

1. Self-tapping sheet metal screws: Shall be #14,

" ..Type .AS threads with 5/8 inch diameter domed metal
washer and neoprene sealing. washer. Screws and
dome washers shall be stainless steel.

2.- Self-drilling sheet metal screw: Shall be #12
~ Type A thread with 5/8 inch diameter domed metal

washer and a neoprene sealing washer. Hexhead
screws and dome washers shall be stainless steel.

d3, (Optional) wall fasteners: "SHall be #12 self-
drilling Type A threads with special nylon star
shaped head color matched to wall panels.

4. Exposed trim fasteners. Shall be stainless steel
1/8 inch diameter dome head blind rivets.

2.04 DOORS

'A. Exterior swinging door shall be 1-3/4 inches thick,
hollow metal door. Steel bucks shall be manufacturers
standard

1. Butts - 1% pair per door, 4% x 4%.
2. Lockset - Keyed outside, manufacturers' standard.

'B. Overhead door, metal - manufacturers' standard with
guides, spring balances and interior locking device.

2.05 INTERIOR CONTROL ROOM

A. Partitions around control room shall be of material
similar to the exterior wall system of the main building.
Panels shall be insulated not less than 2" thick. '
Panels shall be finished on both sides. Height of
partitions shall be 8 feet. '

B. Ceiling shall be acoustic tile, suspended type.
Acoustical panels shall conform to Federal specifica-
tions SS-S-118a, Class 25, Type III. Size shall be
24" x 48" for lay-in installation.

1. Main tee shall be double web bulb section not
less than 0.20-inch cold rolled steel. Tee height
shall be not less than 1% inches with bottom flange
of 15/16 inch.



DIVISION 13

2.06

PART 3.00 -

- SPECIAL CONSTRUCTION

2. Cross tees. sha11 be double web bulb. sectlon of :
not less than 0.018 inch cold rolled steel.

,.A,.

INTENT

It is the 1ntent of these specifications that the
Standard products of prefabricated metal buildings
manufacturers are acéeptable if the above de31gn
criteria is met by all components. Slight variations
in dimensions and.configurations of girts, s1d1ng,
roofing, etc. shall be acceptable for the work of this
section.

3.01

3.02

3.03

3.04

EXECUTION
STRUCTURAL FRAME |
Erection of the metal bu11d1ng and the installation

of accessories spec1f1ed herein shall conform to the
""CODE OF STANDARD PRACTICES" of the MBMA

Building erector shall be regularly engaged in the
erection of metal buildings and shall perform all
work in a skillful and workmanlike manner.

METAL ROOFING AND SIDING

Roof panels shall be continuous from ridge to eave.
Where end laps are required, they shall be a minimum
of 7 inches and shall occur only at and be fast ened
through the secondary framing member.

Roof panels shall sidelap one major rib. The inner
panel. at the sidelap shall have a full maJor rib to
provide bearing- support of the lap. )

End wall panels shall be one piece from 3-5/8 inches
below the column base plate to roof line.  Vhere
endlaps are required they shall occur only, at. and be
fastened through the secondary framing . member. Side
wall panels shall be one p1ece from 3-5/8 inches below
the column base plate to 9' O” above column base plate.

The quantlty and location of panel fasteners ‘shall be
in conformance with the manufacturer's drawings.

FLASHING AND TRIM

Shall be furnlshed at rake corners, framed openings
and whére required to provide weather tlghtness and
finished appearance. : 4

SEALANT | | ]

All panel end laps shall be sealedtwith sealant.
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3.05 "

3.06753,"

‘CLEAN UP " : .“e.f'i: .

PROTECTION OF WORK OF OTHER TRADES

Protectlon of work of other trades shall be the
responsibility of the prefabrlcated metal building
contractor

4 - N
IR

.,

"Clean up all debrls caused by the work of this section,
“”;keeplng the premlses clean: and neat at all tlmes

PP
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DIVISION 15 - MECHANICAL

SECTION 15400 - MECHANICAL

_ PART 1.00 - GENERAL

1.01

A.

DESCRIPTION

Includes furnishing all materials, equipment, tools,
labor, supervision and performing all operations in

connection with mechanical work as indicated on the

drawings, specified herein, or as otherwise required
to complete the work. The GENERAL CONDITIONS are a

part of this section.

The work includes, but is not limited to: .

Solar collectors

Heat transfer fluid piping system

Steam and feedwater piping system

Nitrogen piping system

Feedwater pump

Solar collector loop circulator

Feedwater chemical treatment system

Steam generator and feedwater preheater

Steam generator blowdown system

10. Expansion tank

11. Controls

12, Gate valves, balancing valves, check valves,
strainers, flow meters, and temperature and
pressure sensor wells.

13. Insulation of piping and equipment

14. Weather instrumentation

15. Closed circuit television equipment

16. Miscellaneous hangers, supports, anchors,
sleeves, escutcheonc and other auxiliary equlp-
ment for all systems under this section

17. Flushing, cleaning, adjusting and testing

18. Shop and record drawings

oo P~ WNEH

Related work described elsewhere

1. Concrete work-------—-—-—------ Division 3

2. Metal work------—-ceccmmccueo-- Division 5

3. Special Construction--------- Division 13
(Prefab. pump house)

4. Electrical work-------------- Division 16

Coordination with other work

It shall be the responsibility of the Contractor for
the work of this section to coordinate his work with
the contractors performing related work under other
.sections of these specifications.
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1.02

1.03

1.04

1.05

1.06

CODES AND STANDARDS

All work and materials shall conform to the latest
rules and regulations of all applicable state and
local codes, laws and ordinances, including OSHA,
Uniform Building Code, ASME boiler and pressure
vessel codes and ANSI standards for piping.

 WORKMANSHIP

Workmanship shall be of'the best standard practice of

" the trade, installed by journeyman mechanics. If

portions of work require mechanics with special regis-
tration or certification, such registration or certi-
fication shall be delivered to the Project Director
prior to the start of such work.

SUPERVISION

Furnish the services of a superintendent experienced

in the work of this section who shall be constantly

in charge of the erection of the work, together with
all necessary journeymen, helpers and laborers required
to properly unload, erect, connect, adjust, start, and
operate and test the work involved. '

CLEANING SYSTEMS AND PREMISES

The entire premises shall be cleaned of unused materi-
als, rubbish, debris, grease spots, etc., caused by
the work of this section, to the entire satisfaction
of the Project Director.

All piping systems shall be thoroughly flushed in such
a manner that all dirt, scale, foreign substances, etc.
are removed. :
SUBMITTALS

Shop Drawings

Before starting of work, the Contractor shall submit

to the Project Director for approval dimensioned shop

and installation drawings and itemized equipment bro--
chures, complete in all details, for all items which
he proposes to install.

The submittal of items to be furnished includes but
shall not necessarily be limited to, the following:

1. Equipment------------e-mem i all types
2. Insulation-=-=--=---ccemmmm e all types
3. Valves, accessories and devices-------- all types
4, Controls-------cc-ecmmmcm e e all types
5. Hangers and supports-------------=----- all types
6. Pipe and fittings---------c---cmem-oo-- all types
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1.07

1.08

1.09

In the event that the Contractor installs equipment or -
materials in a manner not acceptable to the Project
Director or without having first submitted shop draw-.
ings for approval, any changes which are required shall
be made at the Contractor's expense.

As-Built Record Drawings

Submit As-Built Record Draw1ngs in accordance -with the
General Conditions. .

PRODUCT HANDLING
Protection

Use all means necessary to protect the work and
materials of this section before, during, and after
installation and to protect the work and materials of
all other trades.

Replacements

In the event of damage, immediately make all repairs
and replacements necessary to the approval of the
Project Director and at no additional cost to the
Owner.

REGULATIONS, PERMITS{ FEES AND INSPECTIONS

The piping and equipment shall be installed, tested,
and approved satisfactory in accordance with require-
ments of all legally constituted authorities having
jurisdiction. The Contractor shall secure and pay for
all permits, and arrange for all inspections, as per-
tains to this section of the specifications as part
of this contract.

GUARANTEE

In addition to other guarantees required and as a con-
dition precedent to the issuing of the final certifi-
cate for completion payment, the Contractor shall
deliver to the Owner a written.guarantee that all
materials, apparatus and equipment furnished and in-
stalled hereunder shall be new and free from all de-
fects. Should any trouble develop within one (1) year
from date of acceptance of the project, due to faulty
or inferior material and/or- workmanship, the trouble

‘shall’ be corrected by the Contractor without expense

to the Owner. The Contractor shall guarantee all ap-
paratus and equipment  to deliver the capac1t1es as
scheduled and/or, spec1f1ed ,
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PART 2.00 - ‘PRODUCTS

2.01

SOLAR COLLECTORS

The solar collectors shall include 51ng1e axis track-
1ng, parabolic-trough, line-focusing reflectors; re-
ceiver assemblies; support pylons and - hydraulic track-
ing equipment. Size, capacity and spatial arrangement
shall be as shown on the drawings. The collectors
shall have a maximum operating temperature and pressure
of 650°F and 250 psi respectlvely Instantaneous col-
lector efficiency shall be a mlnlmum of 627 based on
an: average f1u1d temperature of 410°F ambient_air tem-
perature of 80°F and 1nsolat10n of 300 Btu/ft2 Hr.

The 'solar. collectors shall ‘be manufactured by Solar
K;netrcs, Inc. (Model T-700) or. approved equal.

Reflectors

Reflectors shall be constructed of cast aluminum bulk-

_heads, extruded aluminum edge formers and a sheet
‘aluminum skin. The. reflecting surface shall be a

metallized acrylic film with an average specular re-
f1ect1v1ty of .84. -

The - reflector shall have a parabollc trough contour
with-a rim angle .of. 90° and a focal 1ength of 1.85 ft.

Recelver ‘Assemblies

The receiver assembly shall consist of a 1.5 in. I.D.

0.065, in. wall, black chrome-plated steel,tube, en-

closed by a 1. 75 in. I.D. pyrex tube. .The steel tube

absorptivity and emlss1v1ty at 500°F shall be .95 and
18 respectlvely Lo

Inlet and outlet connectlons to the receiver assemblies
shall be insulated stainless steel flex hoses' that al-

low a 270° collector rotatlon w1th unrestrlcted flow.
[.1

Support Pylons 1 _

The - Support pylons shall be hot dlpped galvanlzed steel
with an outer coatlng of Devcon Z or equal zinc- -rich
palnt . . : :

Hydraullc Tracklng Equlpment |

The tracklng system for the collectors shall be

hydraulically driven with two light sensitive tran-
31stors and a shadow bar prov1d1ng the control signal.
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.

02

A tracking system shall be provided for each collector
row and will be located at' the middle support pylon
in each row.

A back-up battery system shall be provided for emer-

- gency stowing in the event of AC line power loss.

Automatic collector stow1ng shall occur under the
following conditions: . :

® a coolant temperature greater than 600°F‘
e wind velocities greater than 30 MPH
o loss of coolant flow in the receiver
e insolation less than 95 Btu/ft2 Hr.
PIPE
Heat Transfer Fluid Piping
1. Pipe: 1-1/2" and smaller: seamless carbon steel
tube, p1a1n end, drawn to Schedule 40 nomlnal

pipe size; ASTM A-106, Grade B.

2. Pipe 2" and larger: Schedule 40 seamless carbon
steel, plain end, ASTM A-53, Type S, Grade B.

3. Fittings all sizes: Standard weight forged carbon
steel welding outlet, ASTM A-105 material.

4. Flanges all sizes: USAS 300 1b. forged steel
welding neck, 1/16" raised face, Schedule 40 bore,
ASTM A- 181 materlal USAS B16.5 dimensions.

5. Welding*electrodes all: coated, ASTM A-233,

E60 series.

6. Gaskets all sizes: .175" thick, 300 1b.

Type 304 stainless steel and asbestos spiral
wound, API STD 601.

7. Bolting all sizes: Heavy hex nuts, ASTM A-194,
grade 2H, with alloy steel continuous threaded’
“studs, ASTM A- 193, Grade B7.

Steam and Feedwater Piping

1. Pipe all sizes: Standard weight black steel,.
- plain end;, ASTM A-53 or A-120, Grade A or B.

2. Fittings: 2" and smaller: 150 1b. black malleable
iron screwed fittings, ASA B16.3.
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ﬁﬁ}n Fittinés: 2-1/2" and larger: Standard weight
seamless welding fittings, ASA B16.9 and B16.25.

.4, Unions: . 2" and.smaller: 250 1b. malleable iron,
.- ground. iron to :bronze seat. 2-1/2" and larger:
use flanges.

5. Flanges: 2-1/2" and larger: 150 1lb. raised face
forged steel, slip-on or weldneck, ASA B16.5,
ASTM A-181, Grade I. 1/16" asbestos gasket.

2" and smaller: use unions.

C. Nitrogen Piping
As specified for heat transfer fluid piping.
2.03 VALVES

A. Manufacturer: Crane, Jenkins, Lunkenheimer, Stockham,
Walworth or equivalent. Valves for similar service
shall be of one manufacturer.

1. 'Heat Transfer Fluid System

a. Gate valves all sizes: carbon steel,
bolted bonnet, 0S&Y, 13 Cr solid wedge disc,
stellited seats, asbestos core packing,
asbestos contained bonnet gasket, 300 1b.
buttweld.

b. Globe valves all sizes: carbon steel, bolted
bonnet, 0S&Y, 13 Cr plug disc stellited seat,
asbestos core packing, asbestos or soft iron
bonnet gasket, 300 1b. buttweld.

c. Check valves all sizes: carbon steel swing
check, bolted cap, 13 Cr swing disc, stellited
seat, soft iron or asbestos gasket, 300 1b.
buttweld.

d. Two-way bypass valve: self-actuated, direct
acting thermostatic temperature regulator

Valve shall be fullg open below 300°F and fully
closed at 360°F. lanufacturer shall be

Hoffman, Jordon Valve or equal.
2, Steam and Feedwater System

a, Gate valves all sizes: Crane No. 431, solid
wedge disc, screwed bonnet, bronze gate valves,
150 1b,

b. Check valves all sizes; Crane No. 27 with
No. 1 Cranite disc bronze life check valves,
150 1b.
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c. Pump Coolant Control Valve: self actuated, reverse
acting, thermostatic temperature regulator. Set
valve control guch that HTF pump temperature does °
not exceed 200°F. Place sensor as close to HTF
pump possible. Manufacturers shall be Hoffman,
Jordon Valve or equal,

d. Steam Control Valve: self actuated, direct acting
pressure regulator. - Valve shall be fully open at
psia and fully closed at psia. Maximum
operating temperature of at least 430 F. By
Hoffman, Jordon Valve or equal

3. Nitrogen System

a. High-pressure regulator shall be Linde
Specialty Gases Model HP-C, 0-750 psig maxi-
mum inlet pressure, self- rellev1ng and ventlng
or approved equivalent. .

b. High-pressure valve shall be corrosion-
resistant Linde Specialty Gases Model SG-5501,
Type 316 stainless steel or equivalent.

c. High—pressure check wvalve shall be Linde
Specialty Gases No. CV-5586, 6000 psig,
stainless steel or approved equivalent.

B. Installation

Valve stems shall be installed horizontally or pointing
down such that stem leakage does not enter insulation.

. Valves shall be installed where shown and where required
to permit the proper servicing of the equipment being
installed. Valves shall be accessible for servicing
and fitted with extension handles for ease of operation
where so designated or required.

2.04 SLEEVES AND ESCUTCHEONS

A. All pipes passing through concrete walls shall be
sleeved, caulked, and made watertloht

B. Sleeves in concrete shall be Schedule 40 black steel
pipe finished flush with wall surfaces.: Sleeves in
partitions shall be 18-gauge galvanized steel, finished
flush with wall finish. Sleeves shall be sized for
insulation, piping, and one-half-inch clearance.

C. The Contractor shall provide chrome -plated hlnged
escutcheon plates with locklng device where pipes
plerce finished, furfaces Plates shall fit out51de of
pipe 1nsulat10n
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" 2.05

A,

2.06

HANGERS AND SUPPORTS

Pipe roller supports shall consist of a curved carbon
steel protection plate welded to the pipe and a roller
chair as indicated on the drawings. Manufacturer shall
be Grinnell or equal.

- Fixed pipe supports shall consist of a steel tee welded
. to. the pipe and a rigid block of insulation as indicated
‘on the drawings. Supports may be field fabricated or

procured from Grinnell or equal manufacturer.
INSULATION
General

Insulation shall be applied on clean dry surfaces, and

~after inspection and release for insulation application.

All insulation shall be contlnuous through wall open-

1ngs and sleeves.

Outdoor Piping Systems
1. Piping

Heavy density fiberglass pipe insulation with a
.016" aluminum jacket. Johns-Manville Micro-Lok

650 ML or approved equal. Insulation shall be 2"
thick for all piping 2" and smaller and 2 1/2" thick
for all piping 2-1/2" and larger.

Insulation shall be applied over clean, dry pipe
with all joints butted firmly together. ' The insula-
tion and jacket shall be held in place by a continu-
ous friction-type joint, providing a positive
weatherproof seal lock over the entire.length of:
the jacket. A pre-formed snap-strap, containing a
permanently plastic weatherproof sealant, shall be
centered on beads at the ends of the Jackets and
secured over each circumferential joint with a metal
band tightened with a banding tool.

2. Expansion Joints

Expansion joints shall be insulated with same
material and thickness as ad301n1ng pipe. Aluminum
jackets shall be overlapped a minimum of 2" at
nearest connection to expansion joint. Snap-
straps shall not be used at the overlap to allow
free movement of aluminum jacket. See drawing for
details.

B-37



DIVISION 15 - MECHANICAL

2.

.07

08

Indoor Piping Systems

Insulation shall be the same as for outdoor piping
systems except an all-purpose paper laminate jacket
shall replace the aluminum jacket.

Flanges and Strainers in Heat Transfer Fluid Loop

Flanges and strainers in the heat transfer fluid loop
shall be insulated with cellular glass or an inside
metal shielded insulation, and tight fitting caps at
the interface with the pipe insulation to eliminate or
minimize potential saturation of the insulating system.

Strainers shall be so insulated as to provide easy

removal of strainer screens for inspection and cleaning.

Equipment

Equipment shall be insulated with 2" Johns-Manville
1000 Series Spin-Glass or approved equal. Insulation
shall be applied over pins welded to the vessel. All
joints shall be staggered and tightly butted.  Where
required, wire shall be laced around the welded pins

to secure the insulation. Speed clips shall be applied
on pins to secure insulation to the vessel. Over the
insulation, glass cloth shall be smoothly adhered with
CMC 16-300, B., Foster 30-36 or equal. '

HEAT TRANSFER FLUID CIRCULATING PUMPS

Ingersol Rand or approved equal, single stage, end
suction centerline discharge, centrifugal, designed to
ANSI B73.1 Standards for Chemical Process puups.

1. Size, capacity and operating conditions as
scheduled on the drawings.

2. Cast ductile iron casing, high temperature,
mechanical seals with water-cooled stuffing box
jacket and closed impeller.

3. Shop drawings required, indicating construction,
pump curves and dimensions.

4. Pump and motor alignment to be checked according
to standards of the Hydraulic Institute after pump
has been installed.

FEEDWATER PUMP

Regenerative turbine, bronze fitted construction,
direct connected to NEMA standard drip-proof motor.
Capacity as scheduled on drawings. PACO Model No. 40
or approved equal.
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2.09 ELECTRIC MOTORS

A. Solar collector loop circulating pump motor: wound
rotor type, synchronous speed, 20 Hp., 480V primary
control, and 907% of primary voltage for secondary
control.

Over-temperature sensors shall be imbedded in motor
windings to interrupt the control circuit and protect
motor from overheating.

B. Feedwater pump motor: squirrel cage induction type
for three-phase, 60-cycle power supply.

C. In general, motors 1/3 hp and smaller shall be capaci-
tor start, induction run type or split-phase type for
single-phase 60-cycle power supply.

D. Motors shall have drip-proof enclosures and shall have
continuous duty ratings of 40°C,

E. Single-phase motors shall have built-in overload pro-
tection. Overload protectors shall be single pole
automatic reset type, except where frequent start stop
may constitute a hazard, manual reset type shall be
used.

F. All motors shall have UL approved terminal boxes.
Except where integral with hermetic equipment, all
motors, including mountings and shaft sizes, shall be
built to NEMA standard dimensions.

2.10 STEAM GENERATOR
A. Steam Generator System

The system shall include a factory prefabricated steam
generator unit complete with horizontal steam generator,
preheater, superheater, skid, water level control sys-
tem, and accessories. Size and capacity shall be as
shown on the drawings. Manufacturer shall be Patterson-
Kelley or approved equal.

1. Steam Generator

Steam generator shall be the horizontal type. The
shell shall be constructed of SA 285 copper-bearing
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

200 psig.
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'2._~ Tubes

The shell and tube circuit shall be flan e rade
steel and the tubes shall be 3/4" 0.D. #l4 BWG A214
carbon steel on a 1" square pitch. The U tube
bundle shall be supported on heavy steel tracks
for ease in maintenance. The tube joints shall
" be seal welded with Freon and nitrogen and pressure
. tested at 500 psi using a halide torch or equiva-
lent leak detector.. -

The tube side shall be designed for a pressure of
400 psi at 450°F and ASME-stamped. The heat
transfer fluid bonnet shall be a one-piece solid
steel billet with 300-pound ANSI raised face
flanged nozzles elbowed into the radial position.
The bolting between the bonnet, tube sheet and
shell flange shall be independent on each gasket
to allow inspection and replacement of either
gasket without disturbing the other gasket. The
HTF bonnet gasket shall be the spiral wound metal-
asbestos type. The shell side gasket shall be com-
pressed asbestos.

3. Preheater

Preheater shall be intricately mounted to the
steam generator package and shall be a water-to--
water type heat exchanger with the HTF in the
tubes and feedwater in the shell. The shell
working pressure shall be 200 psig.

4. Superheater
Superheater shall be a tube bundle located inside
the steam generator in the vapor section. Speci-
fications for the tube bundle are the same as for
the tubes above.

5. Lugs
Steel lifting lugs shall be integral with shell.

6. Skids

Full length steel skid foundation shall support
the generator 18 inches above the floor.

B. Water Level Controller
The water level controller shall consist of a combina-

tion water column and pump controller with magnetically
actuated mercury switches, ASME reflex gauge glass and
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trycocks. The level controller shall turn the feed-
water pump and two-way feedwater control valve on or
_off simultaneously depending on the water level in the
. drum. '

C. fBlowdown”System

, Blowdown system shall be automatic in operation and
capable of maintaining the drum solids level at 90%
of the maximum allowable level. The system shall be
a Uniloc No. 747 or approved equal,

1. The controller shall be housed in a weather-
proofed, corrosion resistant, enclosure built to
NEMA 4X standards. It shall contain a visible
conductivity meter, operating status lights and’

"a manual blowdown valve position switch.

2. The flow assembly will contain a l-inch valve,
flow limiting orifice and conductivity sensor.
It shall be attached to the steam generator's

blowdown valve and piped to drain as indicated on
the drawings.

D. Accessories for Steam Generator, Factory Installed
1. Relief valve ASME.
2. Two ASME tandem blow-off valves, minimum size 1-1/4'".
3. Surface blowdown connection and internal skimming
device factory piped to same through drain valve
to blowdown line.
4. High water level alarm for overfill protection.
E. Insulation
Fiber-type high density insulation, 2" thick with
22-gauge anodized zinc. coated steel jacket, high
quality enamel paint.
F. Draﬁings |
Individual scale drawings shall be provided for the
steam generator showing all instrumentation, controls,
and design details as herewith specified. Schematic

or non-scale representation will not be accepted.

G. Insurance certificates of inspection and test shall be
provided to the Project Director after completion.
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. 2.

2.

2.

11

12

13

FEEDWATER CHEMICAL TREATMENT EQUIPMENT

Packaged chemical feed system manufactured. by Mllton
Roy or approved equal.

Pump: cast iron construction, 1/4 horsepower adjust- -
able simplex controlled volume, top mounted on storage °
tank. =

Injector: Type 304 stainless steel with ball check,
inserted in pipe such that nozzle is in middle of flow

stream. See drawings for detail. NALCO No. P4610-304SS .-

or approved equal,

EXPANSION TANK

Size and Capacity

As indicated on the drawings

Construction

Welded steel code for 50 psig ASME working pressure.
Accessories and Fittings

1. Level indicating sight glass

2 Low fluid level sensor

3. Inlet and outlet connections at bottom of tank
4

Fill, pressure relief and nitrogen gas connections
at top of tank

Provide fabricated steel support stand with tie-down
rods, lifting eyebolts and manhole.

Insulate tank with 2" of high density fiberglass and
finish as per insulation specifications.

Shop drawings and manufacturer's reference data
required.

HEAT TRANSFER FLUID

Specific heat of not less than .62 BTU/lb °F, @ 300°F
a maximum viscosity of 339 cSt @ 0°F, a flash

point not lower than and an autlgnltlon temperature
not lower than 710°F, The fluid shall be Gulf 011
Company's synfluid white oil 4 cs or approved
equivalent.
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2.14

- 2.15

2.16

2.17

2.18

EXPANSTON JOINTS

‘Bellows type, 321 stainless steel construction. ; .
-Metal Bellows Corporation Series 1500 .or approved.
~equal.

1. Size and location

As indicated on drawings.
2. Deflection all sizes

Capable of deflecting 4-1/2 inches.
3. Support and guides

Provide support tabs and guide pins as indicated
on drawings.

STRAINERS

‘Strainers shall be "Y" type with removable screens.

Screens shdll be stainless steel with 3/64"
perforations. Manufacturer shall be Hoffman or equal.

Resistive Temperature Devices (RTD)

Resistive temperature device shall consist of a
thermowell, probe, pressure fitting and weatherproof
connection head. Thermowell shall be welded in place.
Manufacturer shall be Minco and part numbers as speci-
fied below: '

Thermowell-----=-----cooccemc e #fF222U25
Pressure fitting-------------c-c-u-- #FL145
Weatherproof head----~------ccccu-u-- #F102-3T

RTD-~==-==cemr e cmrmr e m e c e r e e — e #S87P
Pressure Gauges

Pressure gauges will consist of an impulse tube and
pressure transducer. The length and configuration
of the impulse tube shall be as specified on the
drawings. The pressure transducer shall provide a
4-20 ma output signal. It shall be a Rosemount
Model #1144-G02COAA or equal.

Flow Meters

Flow meters shall be flanged in place with 300 1b.,
ANSTI raised face flanges and shall include a bypass
line for system operation during flow meter removal.

Flow meter shall have a temperature range of 65°F
to 650°F.

B-43

»'e
. .



DIVISION 15 - MECHANICAL

2.

2

Flow range for the HTF meter shall be 40-400. gpm and
for the steam.meter the: flow range shall be - -2-20 gpm.

Q‘The strain gauge transmltter shall be mounted securely

19

.20

as close as possible to the flow meter following manu-
facturer's instructions.

Manufacturer shall be Ramaﬁo Model Mark V with strain
gauge transmitter SGA-8300B or equal.

Weather Instruments
Normal Incidenceipyroheliometer

The normal incidence pyrohellometer shall be manu-
factured by Eppley and shall consist of a Model ST-1
solar tracker and an E6-type wire-wound thermopile
with a thermistor témperature compensating circuit.
It shall be ground-mounted with an unobstructed view
to the east, south and west.

Pyranometer

The pyranometer shall be manufactured by Eppley and
shall be roof-mounted in the horizontal position.

Wind Speed Indicator

The wind speed indicator shall be a cup anemometer

manufactured by Weather Measure, Model W103B-355. It

shall have a range of 0.6 to 100 mph and shall be roof- |
mounted on a 1" diameter pipe. ‘
Ambient Temperature

Ambient temperature shall be measured with a general

purpose platinum resistive temperature detector en-

closed in a radiation shield manufactured by Weather

Measure, Model TRSS-RM-1. The device will be roof-

mounted on a 1" pipe. ‘ ' ‘

Closed Circuit Television

Camera

The closed circuit television camera shall have a 1"
standard vidicon image tube with 700 lines resolution

B-44



DIVISION 15 - MECHANICAL

vand a 25 mm, f/1.4 wide rarge auto iris lens. The

" camera shall be enclosed in a weather resistant and

tamper resistant housing. The camera and enclosure
shall be General E1ectr1c Series A Model 4TE4S5 or

Camera/Enclosure Mount

The camera enclosure shall be wall—mounted on the
southeast corner of the pump house such that the
entire collector field is in.view. The mount shall be
attached to a structural member of the pump house as
per manufacturer's lnstructlons

" The monitor shall have a 10-inch diagonal screen

dimension with solla state c1rcu1try “and front panel

The monitor shall be located in the power plant con-
trol room such that continuous field monitoring is

SURFACE CONDITIONS

1. 'Prior to all work of this section, carefully
inspect the installed work of adjacent trades and
verify that all such work is complete to the point
where this installation may properly commence.

2. Verify that plumbing shall be installed in strict
accordance with all pertinent codes and standards
and with the requirements of the Contract Documents.

1. In the event of discrepancy, immediately notify
the Dro ect Director.

2. Do not proceed with work in areas of discrepancy
until all such discrepancies have been fully
resolved.

" equal.
B.
C. Monitor
“controls.
possible.
PART 3.00 - EXECUTION
3.01
-A. Inspection
B. Discrépancies
3.02

PIPING SYSTEM LAYOUT

Lay out the piping systems in careful coordination with
the drawings, determining proper elevations for all
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3

3.04

3.

.03

05

components of the system and using only the minimum
number of bends to produce a satisfactorily functioning
system. Follow the general layout shown on the drawings
in all cases except where other work may interfere.

PIPING INSTALLATION

Installation shall be the best standard practice of
the trade. Insvect all piping prior to installation.
Coupled short sections of piping, bushings, close
nipples, long screws, bullhead tees, and crosses are
prohibited. ‘

All piping systems shall be graded and valved to

provide complete drainage and control of all systems.

Where incompatible materials come in contact, they
shall be isolated with the material best suited for

-that purpose.

Inspect each piece of pipe, tubing, fittings, and
equipment for defects and obstruction. Promptly
remove all defective material from the site.

Install pipes to clear all beams and obstructions.
Do not cut in to or reduce the size of any load-

carrying members without the prior approval of the
Project Director. |

Piping shall be arranged to maintain headroom and keep
passageways clear and, where necessary, shall be off-
set to maintain the required clearances and conform
with structural features of building. All piping
shall be run parallel and stralght with adjacent walls
of ceilings and shall present a uniform appearance.

CLOSING IN UNINSPECTED WORK

Do not cover up or enclose work until it has been
properly and completely inspected and approved.
Should any of the work be covered up or enclosed
prior to all required inspections and approvals,
uncover the work as required and, after it has been
completely inspected and approved, make all repairs
and replacements with such materials and workmanship
as are necessary to the approval of the Project
Director and at no additional cost to the Project
Director.

FLUSHING AND CLEANING
All piping shall be flushed clean with potable water

until "clear' and all foreign materials flushed out
of systems.

B-46




DIVISION 15 - MECHANICAL S VTE

3.

3.

3.

06

07

08

'General

required and then re-test.

. TESTING

Furnish all test pumps, gauges, equipmént, and per-
sonnel required and test as necessary to demonstrate
the integrity of the finished piping installation to

. the approval of all pertinent authorities and the

Project Director.

"Heat Transfer Fluid Piping System

Test with water and make tight at 100 psi water gauge.
Retain for four hours. Repair all leaking joints as

Feedwater Piping System

Test with water and make tight at 200 psi water gauge.
Retain for four hours. Repair all leaking joints as = -
required and then re-test.

PIPING IDENTIFICATION

Piping systems shall be identified with the name of
service and directional arrows on each pipe, insulated
or not insulated, using pressure-sensitive type identi-
fication, at a maximum spacing of 20 feet in rooms, at
branches or changes of direction and on both sides of
walls and floors penetrated by the pipe. Service
markers and directional arrows shall be similar and-
equal to Brady Type B-350 Perma-Code thin film pipe
markers. Pipe banding tape similar and equal to :
Brady Type B-500 shall be used around each end of the
service marker. Color coding and size of letters and
arrows shall conform to ANSI - Al2.1, "Scheme for the
Identification of Piping System." '

SYSTEM CHARTS

Furnish to Developer two complete charts showing color
and designation of pipe identification for each type"
of service and a valve directory indicating location
and functions of valves. One chart shall be suitably
framed behind glass and mounted as directed in the
Electrical Equipment Room. -
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SECTION 16400 - ELECTRICAL
Part. 1.00 - GENERAL

1.01

A.

Description

Includes furnishing all labor, materials, equipment,
tools, labor, supervision and services required to

- construct and/or install the complete and operable

electrical, on-line data acquisition and control
systems as 1nd1cated on the drawings, specified
herein, or reasonably required to complete the work.
The GENERAL CONDITIONS are a part of this Section.

The work ihcludes but is not limited to:

1. Power panelboard, dlsconnect switches and motor
S starters
2. Powerlng wiring - conduit, conductors, pull

boxes, outlet boxes and devices.

3. Sub-feeders, pull boxes, conduits, conductors
and fittings.

4. On-line Data Acquisition System (ODAS) including
computer and peripherals, scanner, digital multi-
meter, sensors and interconnect wiring and
necessary equipment racks.

5. Control wiring - including all conduit and wiring
for line wvoltage control and conduit only for
low voltage control, instrumentation and moni-
toring.

6. Wiring and connection of all pumps, 1nc1ud1ng
conduit,; conductors, flttlngs, control wiring
and flnal termlnatlons

7. Wiring and connection of a11 tracking dev1ce
drive motors.

8. Provide convenience duplex power receptacles. as
indicated on the drawings.

9. All grounding as required to meet N.E.C. and
local code requirements plus any special
grounding required for equipment installed.

10. bnghtlng wiring - conduit, conductors, outlet
boxes, _rlxtures and sw1tches

11. As-built draw1ngs, Shop Draw1ngs, eperating
manuals and guarantee.
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1.02

1.03

1.04

Related work described elsewhere:

1. Plumbing
2. Painting

Requirements of Regulatory Agencies

Work and materials shall conform‘to tﬁe latest rules
and regulations of all applicable State and ‘local
codes, laws and ordinances; including the require-

"ments of the latest edition of the National Elec-

trical Code of the National Fire Protection
Assoc1atlon and OSHA

All material and equlpment shall be approved by
Underwrlters Laboratory, Inc.

Subcontractor shall apply and pay for all necessary

permits and fees required. He shall arrange and pay
for any inspections and tests required, and deliver

certificates of such inspections to the Owner.

Drawings

Drawings indicate diagrammatically desired locationms
or arrangement of conduit runs, outlets, equipment,
etc., and are to be followed as closely as possible.
Proper judgment must be exercised in executing work
to secure the best possible installation in the
available space and to overcome local difficulties
due to space limitations and/or interference with
structural conditions. All deviations from the
drawings which are required to make the work of
this Section conform to the structure as built or
to fit the installed work of other trades and con-
tractors shall be made without additional cost to
the Project Manager. Such deviations shall be as
approved by. the Project Manager.

Subcontractor shall consult and coordlnate w1th all
trades so that no interferences shall occur. No
extras will be allowed for changes made necessary
by interferences with the work of other trades.

Inspection of Premises

Subcontractor shall examine the premises and satisfy
himself as to the existing conditions. Should any
discrepancy appear on the drawings or in the Speci-
fications, it shall be brought to the attention of
the PrOJect Manager before submlttlng b1ds
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1.05

1.06

1.07

1,08

Submittals

Shop.  Drawings: Before starting of work, the Con-
tractor shall submit to the Project Director for
approval dimensioned shop and installation drawings
and itemized equipment brochures, complete in all
details, for all items which he proposes to install.

1. Includes cuts of all equipment, flxtures,
materials, etc., from manufacturer s brochures,
along with detailed specifications. Shop
Drawing submittals shall include data on lighting
fixtures, motor starters, circuit breakers,
panelboards and switchboards, computer and
peripherals, scanner, multimeter, sensors’
and other electrical components to be used.

As-Built Drawings: Submit per requirements in
GENERAL CONDITIONS.

Guarantee

Provide written guarantee per requirements noted in
GENERAL CONDITIONS.

1. Equipment, materials and workmanship shall be
guaranteed against all defects- for a period of
one (1) year from final acceptance. Guarantee
shall state that Subcontractor will replace all
defective work and materials without cost to
the Project Manager during gurantee period.

Performance Tests

Shall be performed to certify the integrity of the
electrical system and freedom from unintentional
grounds. Any work showing faults under test, and
any work not in accordance with the Specifications
and the accompanying drawings, shall be made good
by the Subcontractor at his own expense. Should the
Subcontractor refuse or neglect to make any tests
necessary to satisfy the Project Manager or their
representatlve that he has carried out the true
intent and meaning of the Specifications, Project
Manager may make such tests and charge the_expense
thereof to the Subcontractor to be retained out of
full final payment as provided in the "GENERAL

~ CONDITIONS'" of the contract.

Protection of Fixtures and Equipment

B-50




DIVISION 16 - ELECTRICAL - .

A. Subcontractor shall be responsible for‘protectlon of
all. fixtures and equipment during construction. He
kshall replace, at his own expense, any fixture or
ﬁequlpment that is marred defaced or broken

1.09 ﬁ(;leanlng

A. All fixtures and equipment shall be thoroughly
-.cleaned and left ready for service and for occupancy
of the building.

1.10 ~ Cutting and Patching

A. Cutting of structural members shall be done at a
location and in a manner approved by the Project
Manager. All holes in concrete or masonry shall
be coredrilled, or saw-cut, unless sleeves are pro-
vided in new construction. Holes which exceed the
outside diameter of the conduit shall be packed
with untreated oakum. The space between a conduit
and the outside surface of a hole shall be clean
and dry, and shall be caulked with General Electric
Sealant 1300 or Silicone Construction Sealant.
Unused holes shall have both ends sealed with plastic
plugs and cemented in place with sealant. Openings
for conduit entry through concrete or masonry walls
and/or roof structure shall be packed, flashed,
patched and made watertight.

Part 2.00 - PRODUCTS

2.01 General

A. The electrical materials and components specified
~ herein shall be new and furnished in accordance with
specifications of the National Electric Manufacturer's
Association, the National Board of Fire Underwriters
and the National Electric Code.

2.02 Panelboards

A. Power panelboard shall be 120/240 volts, 1 phase, 3
wire, as noted on the drawings. Panelboards shall
meet the latest revision of the Federal Specifica-
tions W-P-115a, Type 1, Class 1, listed by the U.L.
Bus shall be copper with lugs to permit the termina-
tion of copper conductors. Circuit breakers shall
be bolt-on and shall meet the latest revision of

- Federal Specifications W-P-375a, having a minimum
interupting capacity of 10,000 RMS symmetrical
amperes. Provide neutral bus and a separate ground
bus.
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B. Panelboard provisions, where two or three pole
breakers occur, they shall have common trips, and
single operating handles. Single pole breakers
with tie-bar between handles will not be accepted.

C. Panelboard shall be furnished with flush locks and
key rings. Six keys shall be furnished.

D. Panel Schedules. A typed panel schedule of circuits
shall be mounted on the back of panel door. The
panel schedule shall have a metal frame with sheet
lucite cover.

E. Nameplate shall be furnished for panelboard. En-
graving shall be white on black bakelite indicating
the panelboard designation.

F. Padlocking bracketes and handle lock-off devices
shall be furnished for circuit breakers as indicated
on panel schedules and as required by codes.

2.03 Safety Switches

A. Safety switches shall be NEMA Standard, heavy duty,
horsepower rated of the size and voltage as indi-
cated. Fused switches shall be provided with dual
element, time delay type fuse of size indicated.
Where exposed to the weather or in damp locations,
enclosures shall be minimum NEMA 3R. Switches
shall have interlocked cover and means for locking
in the "ON" and "OFF" positions. Provide nameplate
identification for each switch.

2.04 Raceways and Fittings
A. Conduit Types

1. Rigid metal conduit shall be rigid galvanized
steel, intermediate grade, including couplings
and nipples.

2. Electrical metallic tubing, including elbows,
shall be galvanized steel.

3. Flexible metal conduit shall be steel with
twist-on type connectors. Flexible steel con-
duit shall be galvanized and with galvanized
or plated connectors. Flex may be used. for
motor connections and connections from J-Boxes
to lighting fixtures. . '
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2.05

2.06

4. Liquidtight flexible metal conduit shall consist
" of a core of flexible steel conduit with a
neoprene jacket and shall be fitted with water-
tight connectors, with provisions for grounding
conductor.

Conduit Fittings: All conduit bodies used with steel
conduit shall have a cast metal body made of a ferrous
metal of high corrosion resistance. Conduit bodies
shall be cadmium-plated or zinc-galvanized with
gasketed covers. Fittings for EMT shall be thread-
less raintight type; set screw type are not
acceptable.

Junction and Pull Boxes: For interior and non-weather-
proof use shall be constructed of galvanized steel
with ample laps, spot welded, and shall be rigid.
Weatherproof pull and junction boxes shall be

provided with watertight gaskets and shall be

complete with threaded type conduit hubs as requlred
All box hardware shall be corrosion resistant.

Outlet Boxes: In exposed work shall be pressed metal.
Exposed outlet boxes shall be fastened securely to
walls, ceilings, beams or columns.

Gutters and Wireways: Shall be fabricated from
code gauge galvanized sheet steel and shall receive
a standard factory finish.

Conductors.

Conductor Types: For systems below 600 volts, such
as lighting and power branch circuits and control
circuit wiring, conductors shall be 600 volt copper
wire listed by Underwriters' Laboratories as Type
THHN, unless otherwise indicated or specified.
Conductor sizes are American Wire Gauge (AWG).
Minimum conductor sizes shall be #12, except for
final connections to small motors and for control,
signal and communication wiring.-

Wiring Devices

Switches: Local switches shall be toggle, quiet
type, conforming to NEMA Standards, premium speci-
fication grade, U.L. Listed, 120 volt, AC, 20 ampere
rating, with completely enclosing insulation case
and brown handle. Where more than one switch is
shown at a location, switches shall be ganged in

one box, i1f of same voltage.
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2.07

2.08

Convenience outlets shall be 15 ampere, 125 volt,

2 pole, 3 wire, '"'Specification' Grade, Duplex U.L.
tested, with "U" ground. Convenience outlets shall
meet the latest revision of Federal Specification
W-C-596.

. - Twist-lock receptacles shall be single, 15 ampere,

125 volt, 2 pole, 3 wire, grounding type, NEMA
L5-15R configuration.

Device Plates: All wiring devices shall be complete
with plates. Plates shall be galvanized steel,
weather-proof, with spring type, lift cover.

Lighting Fixtures

Complete with all diffusers, fitters, pendants,
canopies, sockets, reflectors and wiring accessories
necessary for a complete installation. Fixtures

and their appurtenances shall be so designed that
the points of screws will not be inside a fixture.
Fixtures shall be installed in perfect vertical

and horizontal alignment.

Ballasts: Shall be high power factor (except where
not available for lamps specified), U.L. Listed
Class '"P" and CBM certified by ETL. Ballasts shall
be "A" sound rated in types which are so available,
and any ballasts which obviously have more noise
than expected from the "A" sound rating shall be
replaced. Ballasts shall be self-protected. Bal-
lasts shall be guaranteed for a period of Lwu years.

Lamps: Shall be furnished and installed by the Con-
tractor. Incandescent lamps shall be general-service,
130 volts, inside frosted, except as otherwise
indicated. Fluorescent lamps shall be rapid-start,
standard warm white. Lamps shall be General Electric,
Sylvania, Westinghouse or approved equal.

Fixture Manufacturers: All fixtures of each type
shall be by one manufacturer.

Nameplates

Equipment: Each major component of equipment shall
have as a minimum the manufacturer's name, address,
shop order number and catalog number, model, style,
or type of a plate securely and conspicuously
attached to the item of equipment.
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B. Nameplates shall be laminated black and white
plastic with characters cut through the black bake-
lite to the white core. Nameplate schedules shall
be furnished with panel drawings submitted for
approval. ! ’

C. Power panel shall have a nameplate bearing the panel
designation as: '"Panel LA". Nameplate shall be
mounted outside panelboard doors and attached to
the dead front.

D. Nameplates shall be furnished for: All line voltage
control panels, pilot lights, disconnect switches,
manual starting switches, and magnetic starters
which are furnished for the work.

E. Nameplates shall be attached with machine screws or
drive screws.

2.09 Motor Controls and Devices

A. Controllers and motor starters shall conform to the
National Electrical Manufacturers' Association
Standards. The size of the controller or starter
shall be as noted or as required for the particular
load. In no case shall a smaller size than No. 1
be used. The starters shall be equipped with
externally mounted reset buttons for resetting the
thermal overloads. The thermal overloads, one for
each phase, shall be rated in accordance with the
requirements of the National Electrical Code, and
shall be of the ambient compensating type. The
actual nameplate value of current for each motor
shall be used for rating of the overloads.

B. Pushbutton Stations and Control Devices: All push-
button stations, switches, pilot lights and other
control devices shall be standard heavy-duty oil-
type, unless otherwise noted.

C. Control wiring for plumbing and other miscellaneous
equipment shall be provided as shown on control
diagrams of Electrical, Mechanical and Plumbing
Drawings. The Electrical Subcontractor shall be
responsible for coordinating with Mechanical and
Plumbing Drawings.

D. It shall be the Electrical Subcontractor's respon-
sibility to coordinate with the approved control
schemes of the mechanical trades before submitting
Shop Drawings. Incomplete control diagrams shall
be returned for resubmittal.
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2.

10

Computer and Peripherals

The ODAS computer shall be ‘a Data General Micro
Nova MP/100 or equivalent with the follow1ng
characteristics:

Memory 64K bytes minimum

Address Modes Absolute, Indexed, Deferred
' Relative

Bus System Separate memory on I/0 buses
Input/Output 16-1level priority interrupt

structuge
Operating Temperature _O C to 55°C
Operating Relative

Humidity To 90% non-condehsing
AC Line Voltage " 120V AC
Mounting EIA Cabinet Mount

Unit shall be provided with the following additional
options:

Real Time Clock

Battery backup for memory and clock
IEEE-488 bus interface

Three (3) RS-232 interfaces

Disk Operating System (DOS)

FORTRAN IV & Assembler compiler
Rack mounted chassis (standard EIA cabinet)
Floppy Disk Controller

Hard Disk Controller (as required)
CRT terminal with keyboards
Standard line printer

The Floppy disk system shall be the Data General
Model 6031 or equivalent. Unit shall be compatable
with the computer selected in A above without
requiring software development. Unit shall meet or
exceed the following specifications:

Number of disk drives 1

Disk Capacity 2512 bytes

-AC line voltage 120V AC (308 watts)

Operating Temperature 50°F to 100°F

Operating Relative 20% to 80% non-
Humidity condensing

Rack mounted chassis EIA cabinet mount

The data storage medium shall be either a 9 track
magnetic tape unit or a hard, non-removable disk
system. The minimum spec1f1cat10ns of each are
provided below.
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1. Tape Controller and Drive shall meet or exceed
the following requirements:

Controller:
Interface IEEE-488 bus
Buffer Size . . 2048 characters
Compatability Any synchronous mag
‘ - tape drive using indus-
. trial standard interface
Mount EIA rack mount
Temperature (Operating) 2°¢ to 50°C
Pressure (Operating) 10% to 95%, non-condensing
Line Voltage 120V AC (125 VA max)
Tape Unit:
Reel size 7"
Data density , 9 track, 1600 BPI
Recording Mode Phase-encoded
Mounting EIA rack mount
Type specifications 0.5" wide, 1.5 mil thick
Line voltage 120V AC :

The controller and tape drive units shall be DYLON
series 1015 controller and Series 2000 tape unit or
equivalent.

2. Hard disk subsystem shall be Data General Model
6102 or equivalent. System shall be provided
as a sealed contamination free module. The
head/disc module shall have a filtered, closed-
loop air circulation system. When in operation
the head shall not contact the disc media surface.
During start and stop operations the head shall
settle gently on media surface without disturbing
- the recorded data. Unit selected shall be com-
patible with the computer and floppy disk system
in A & B above without software development

requirements.
Capécity © 210 million bytes
Line voltage - 128V AC (330 watts)
Temperature (Operating) 10°C to 32-C
- Relative Humidity '10% to 807% non-condensing
Scanner

The scanner shall be capable of scanning at least
30 channels with modular expansion capability to
120 or more channels. Unit shall be capable of
withstanding accidental connection of 120V AC
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between any two inputs without harm. Scanner shall ..
be rack- mounted in a standard EIA cabinet.. .Scanner '
shall connect directly.to,.and be computer controlled
by, the IEEE-488 bus. Scanner shall be equivalent

to Hewlett Packard 3495A Scanner with three system
option 001, ten cahnnel low thermal relay assemblies. .
The unit selected shall meet or exceed the following
additional requirements: _

Operating Temperature
Relative Humidity
Line voltage

0°C to 55°C
To 95% non-condensing
120V AC (100 watt)

Compatibility IEEE-488 bus-
Mounting ‘ETIA rack mounting
Relay type Three pole, low thermal

Relay Contact Ratings
Maximum Input Voltage

Switching time

dry reed relays per
channel

200V peak, 200 ma

230V peak between any
two terminals

10m sec maximum

2.12 Digital Multimeter
The digital multimeter shall meet or exceed the
following requirements:
Compatibility Plug into and controlled
through the IEEE-488 bus
Input Voltage Range Few MV to 20V DC
Voltage Standoff Unit shall withstand
connection to 120V AC
without damage
Output (display) D4% digit readout
(digital) Y12 bit resolution of
input
Mounting EIA cabinet mounted
Line voltage 120V AC (660 watt)
Operating Temperature 0°c to 50°C
Humidity 95% non-condensing
2.13 Resistive Temperature Device (RTD)

Resistive temperature devices (tagged T10l, T201-
T204, T401 on attached drawings) shall be Platinum
IOO-QAil% at 0°C installed with thermowglls. Active
temperature range shall be -10°C to 400°C. Equip-
ment shall be equivalent to MINCO S87p RTD mounted
with F222 Thermowell, F145 pressurefitting and
F102-3T weatherproof connection head. Thermowell
and RTD to be sized to fit the process pipe. RTD

to be procured and installed by others, electrical

to hookup to ODAS.
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2.

A. -

1

“Fluid and Steam Flow Transducer

:70il flow meter (tagged W201) shall be-RAMAPO Mark
V with 4" schedule - 40 line size with 4'"-150# ASNI
flangeg end congectlons ‘Température range shall
5°F to 650°F. Flow range 50 gpm to 500 gpm
.w1th +5£ FS water: flow calibration corrected to
“.operating fluid density. Electrical strip in
gasketed junction'box. Unit purchased and installed
by others, electrical contractor to make electrlcal
~connection.

B. -Steam flow meter (tagged W202) shall be RAMAPO

C.

15

"“Mark V with 4" schedule 40 line size, 4"-150#

~ANSI ‘flanged end. connectlong Operating temperature
‘range shall be -65°F to 650°F and flow range shall
~be 20 - to 200 pounds per minute. Electrical strip
.in gasketed junction box. Unit purchased and
‘installed by others, electrical contractor to make
-all electrical connections.

-Strain gage transmitter which supplies the DC

excitation potential to the Mark V flow meter

and amplifies the flow meter output shall be RAMAPO
SGA-8350B or equivalent. Input power requirements
are 115V AC, output signal is 0-5VDC linearly
proportional to the flow rate. Instrument is in

a weather resistant, wall-mounted enclosure according
to manufacturers specifications. Unit to be pur-
chased and installed by others but hooked up by
electrical contractor. Two units required.

Pressure Transducer

Steam pressure transducers (tagged P201 & PC201)
shall be Rosemount Model 1144 pressure transmitter
or equivalent. Unit to be procured and installed
by others. Electrical unit will require 24V DC
excitation potential and produce a 4 to 20 ma signal.
Contractor to make electrical connections in
accordance with manufacturers specifications. Two
units to be installed, one connects to the ODAS,
the second is for a control function. Electrical
to clearly lable each unit and related wiring.
Operating range shall be 0 to 300 psig for both
units.

0il pressure transducer (tagged PCl10l) shall be
Rosemount Model 1144 or equivalent. Unit will
require 24V DC excitation potential and produce a
4-20 ma signal. Electrical contractor to make
all electrical connections in accordance with
manufacturers specifications. Operating pressure
range shall be 5 to 50 psig.
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2.

2.

16

17

18

19

Lo ' o~
Flow Switch

o

The flow switch. (tagged FS)~mountééfin the oil

" return line to the field shall be Delta Controls

Corp. Model 621 or equivalent. Switch to be pro-
vided with 4" steel body with 150§ ANSI. flanged
end plates. Switch to actuate at 75 gpm and

. deactuate at 50 gpm. Switch to be.capable of o
funétioning when fluid temperatures exceed 450°F.

Switch to be procured and installed by others.’
Electrical contractor shall make all electrical
connections. ' .

. Level Switch

The level switch (tagged LS) inserted in the oil
expansion tank shall be Delta Controls Corp. type
735 level switch ox equivalent. Switch to operate
effectively to 450°F. Switch to be purchased and
installed by others. Electrical contractor to
make all electrical connections.

Phase Loss Switch

Phase failure switch (tagged PL), Taylor Electronics
Model PLVE-120 or equivalent, is to be installed

on the input lines of the pump house 120/208 39 4
wire panelboard. Electrical contractor to procure,
install and make all electrical connections in
accordance with the manufacturers specifications

and attached drawings.

Watt Transducers

Installation of two watt transducers is required.
These shall be Ohio Semitronics PCS series trans-
ducers or equivalent. Electrical contractor to
procure, install and perform electrical connection
as indicated on the drawings or otherwiese required.
Location and special requirements of each is pro-
vided below. o :

Feedwater Pump (tagged ED401): The transducer
(PC5-24E) is to be wall mounted in a NEMA enclosure
on the input to the Feedwater Pump. Transducer is
to provide a 4-20 ma signal to the ODAS.

Parasitic Power (tagged EP10l): Power to the col-
lector field tracking motors and pump house is to come
from 277/480 VAC30 power brought to the pump house and
then run into the field. A watt transducer is to be
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installed on the input to the junction box. The
transducer is to provide a 0-10 signal to the
ODAS. Signal wires to be installed as depicted

on attached drawings or otherwise described herein.

2.20 Environmental Sensors

A. Eppley Laboratories, normal incidence pyroheliomet er
. with solar tracker Model ST-1 (tagged 1I002) shall
"be provided and installed on the southeast corner
of the pump house. Tracker will require 115V AC -
19, 60 Hz power. Sensor output to be routed to the
ODAS.

B. Eppley Laboratories Precision Spectral Pyranomet er
(tagged I1001) shall be mounted, per the drawings
provided, against the east side of the pump house.
Sensor output to be routed to the ODAS. -

C. Weather measure Cup Aneometer with DC generator,
(tagged V0OOl), model W103B-3SS or equivalent, will
be installed on the east side of the pump house at
least 8 feet from the pyronometer. Sensor output
to be routed to the ODAS.

'D. Ambient temperature sensor (tagged T001) shall be
platinum 100 ohm + .1% RTD (weather measure part
number TRSS-RM-1 or equivalent) enclosed in a
radiation shield (weather measure part number IS4
or equivalent) to protect it from the sun. Sensor
output to be run to the ODAS. Unit shall be mounted
adjacent to the cup aneomometer.
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2.

22

Digital Display Meters

Digital display meters mounted on thé control panel
shall be Anologic PI-2455 measureometers, or equiva-
lent, for current loop signals. Five meters will

be mounted on the panel. One for oil flow rate

(50 to 500 gpm) tagged D-1, one for steam flow rate
(20 to 200 lb/mln) tagged D-2, one for field outlet
temperature (0°F to 600 F), tagged D-3, steam
temperature (0°F to 500°F), tagged D-4 and steam
pressure (0 to 300 psig), tagged D-5. The instru-
ments shall be powered from 115V AC. Display section

“shall be red LED or GAS PLASMA (at least .43"

segment height). Front of meter shall bear the

‘engineering units of the quantity being displayed.

Instruments will have an out of range indicator
(blinking display or alarm)._ Out of range indicator
for D-3 and 'D-5 shall be 550°F and 250 psig respec-
tively.

Signal Conditioners

RTD signal conditioner (tagged SC-1 and SC-7) shall
be Action Pak model AP4001 or equivalent. Unit

shall be mounted inside EIA cabinet tray with ball
bearing slides. Each unit shall take a three wire
RTD input. SC-1 shall produce a 0-10V output signal,
SC-7 shall produce a 4-20ma current signal. Minimum
instrument performance characteristics are:

Nominal Linearity .1% of max span

Stability .05% of span per °c
Ripple 2% of span p-p
- Common Made Rejectinn )&nndh at AN Hz
Measurement Range 0O°F to 650°F
Power Supply Voltage 24V DC

DC current and voltage transmitters shall be Action
Pak models AP4003 or equivalent. All units input
and output levels to be in accordance with the
attached drawings or otherwise defined herein.

All signal conditioners to be located in the same
tray as the RTD signal conditioner.

Nominal Linerarity " +.1% of span

Stability +0.05% of span per °c
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Common Mode Rejection
Maximum Common Mode Voltage
Input Impedance (Voltage

inputs > 500MV

>80db at 60 Hz

600V DC

200k & minimum

Voltage drop (current inputs) { 500 MV

Power Supply Voltage

24V DC

1. Signal conditioners tagged SC-3 and SC-4
shall have current inputs of 4-20 ma and full
scale voltage outputs of 10V DC. Outputs to
be routed to ODAS scanner inputs as shown in
the attached drawings and electrical schematics.

2. Signal conditioners tagged SC-5 and SC-6 shall
have voltage inputs in the range 0-5V DC and
produce a 4-20 ma current signal to drive the
master control panel displays.

Limit Alarms and Control Relays

All control relays shall be Action Pak Models AP 1000
or equivalent. Units shall be powered by 120V AC

and mounted in a NEMA enclosure adjacent to the ‘
collector field master control panel. Units.shall
have single-trip setpoint with DPDT relay. Signal
inputs shall be as described in the drawings and
below. General performance specifications are as

indicated below:

- Input Span: Voltage
Current -

Input Impedance on
Voltage Drop

Stability

Deadband

Response time

Relay Contact Rating
Relay Contact Life
Temperature

Line Power

50MV to 50DV
1IMA to 5A
100k minimum (voltage
input)
200MV drop curreng input
.05% of span per “C
.25% of span
150 MS
5A,to 120V AC (DPDT)
10 8peration
0-60-C ‘
120V AC 50-400 Hz
2 wire floating power

Unit relays shall trip off when line power fails.
Under normal operation the relay will remain energized
until the monitored process exceeds a predetermined
limit. Input and output signals and setpoint for

each control relay is provided below:

1. 1Input to the control relay tagged CR-1 shall be
a 4-20 ma current signal from pressure transducer
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PC101. NC relay closure (when actlvated) shall
be the Field Pressure Switch in .series with the
master On/Off switch. Relay shall deactivate
when the pressure exceeds 40 psig (16 ma).

2. Input to control relay tagged CR-2 shall be a
4-20 ma current signal from pressure transducer
PC201. The NC relay closure (when activated)
shall be connected in series with the master
On/Off switch as shown schematically. Relay
to deactivate (open) when pressure exceeds
250 psig (17 ma). Status light (LP1l) to be
located on front of signal conditioner panel.

3. Input to control relay CR-3 shall be a 0-10V signal
produced by closure of level switch (LS) in
expansion tank. The NC relay closure (when
activated) shall be connected in series with
the master On/Off switch. Relay shall deactivate
at 9V DC input. Panel lamp LPZ (see drawings)
shall be located on the master control panel.

Panel lamp LP3 shall be located on the front of
the signal conditioner panel.

4. Inputs to control relays CR-4 through CR-13
shall be 0-10V DC signal produced by closure
of manual control switch for the logic signal
for each of the five collector subfields.

Relay closures to be connected as indicated on
attached drawings and schematics. Manual
switches to be located on master control panel.

2.24 Power Cotditioning Power Supply
The 24V DC powet éupply shall be a Lambda LNS-W-24

or equivalent. Power supply to meet or exceed the
follow1ng spec1f1cat10ns

Regulation (11ne or.load) 40.1%

Output Ripple - £1.5mVrms
Output Voltage : 24V DC

Output Current : 5 amp

Overload Protection Current limited
Temperature Coefficient £0.03% per C
AC Input 120V AC, 60 Hz

Unit ‘to be. mounted in EIA cabinet w1th signal
condltloners

2.25 Shielded Instrumentation Cables ‘i

All instrumentation and low voltage power cables
between sen31ng devices and the ODAS master control
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2.26

-
V)

panels and/or relay panel shall be two or three or
multiconductor shielded cables as required. Cable
shall be type Beldfoil as manufactured by Belden

" Corporation or an approved equal. All cable shall

be UL listed. Cable shall be sized as spec1f1ed in
the drawings or under the electrical section of
these spec1f1cat10ns

ODAS, Signal Conditioner and Sensor Interconnects
Watt Transducers (see paragraph 2.19)

1. Water pump motor power requirements are monitored
by EP401 which produces a 4-20 ma signal. Output
of sensor is carried to a signal conditioner
SC-3 via Belden Trade & UL style number 8761.
Shielded twisted pair with drain in conduit.

Only one end of the drain wire is to be terminated,
‘drain to be terminated at signal conditioner.

The 'signal conditioner is to be Action Pak part
number AP401D-1242 or equivalent (see paragraph 2.22
for specifications) mounted in the signal con-
ditioning drawer in the pump house control room.
Signal conditioners to be supplied and mounted by
electrical contractor. Output of signal con-
ditioners to be supplied and mount ed by electrical
contractor. Output of signal conditioners are
routed to Scanner relay bank #1 relay 2 via Belden
Trade ‘& UL style number 8761, ‘shielded twisted

pair with drain wire. Drain wire to be grounded

at each end.

2. Watt transducer EP10l. produces 0-5V DC signal
which is routed directly to Relay Scanner Rank #1,
relay 1. No 31gna1 conditioners are required.
Signal cable is Belden Trade & UL style number
8761 or equlvalent

Resistive Temperature Devices (RTD): (see paragraph
2.13)

1. Three wire leads of each RTD is extended to Relay
Scanner Bank #3 using Belden Trade & UL style
8771, three conductor, shielded and with drain
wire. Drain wire to be connected at one end only.
RTD T101l is input to Relay #1, RTD's T201 through
T204. and TOO1l input to Relays 2 through 5 respec-
tively. RTD T401 input to relay #6 and RTD TOOl
is input to relay #7.
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The output of Scanner Relay Bank #3 is routed

via Belden Trade & UL type 8761 to an Action Pac
signal conditioner SC-1 (see paragraph 2.22 for
specifications). Signal conditioners are located
in the signal conditioner tray. Signal conditioner
are to be supplied and installed by the electrical
contractor.

Output of the signal conditioner is to be routed
to Scanner Relay Bank #1, relay #5, via Belden
Trade & UL type 8761 cable. Both ends of drain
wire to be grounded.

C. Flow Transducers

1.

Flow meters W20l and W202 require a 120V exci-
tation potential for proper operation. This may
be obtained from the nearest duplex convenience
outlet. Electrical contractor to supply necessary
connection cable and hook up the transducer.
Output of each transducer is a 0-5V DC signal.
Output is connected to Scanner Relay Bank #1,
relays 6 & 7 via Belden Trade & UL type 8761
cable. The drain wire to be terminated at the
ODAS end only.

The Scanner Relay Bank inputs for the flow meters
are also used to drive a display in the master
control room. This is accomplished by parallel
input of the signal into Action Pak signal
conditioners SC-5 and SC-6 (see paragraph 2.22

. for specification).. This signal conditioner

has high impedance 1nput and a 4-20 ma signal
output. The 4-20 ma s1gna1 is carried to the
display via a twisted pair in Belden Trade &

UL style 9874. This cable contains six twisted
pairs, each pair shielded and with its own drain.
Drain for each pair is to be terminated at '
scanner end only. The signal conditioners will
be located in the signal conditioner tray of the
ODAS equipment signal conditioner to be pro-
cured and-installed by electrical contractor.

The display is to be an Analogic PI-2455
measurometer, or equivalent, for 4-20 ma current
loops (see paragraph 2.21 for specification)

The display for W20l will be calibrated to read
lbs/min of steam. These displays are to be

- located in the steam plant control room. Displays

are to be purchased and installed by electrical
contractor.
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Pressure Transducers: (See paragraph 2.15)

Pressureif;ansducer tagged P201 provides a 4-20 ma
signal to signal conditioner SC-4 (see paragraph

., 2.22) and Display DOl. Signal to D-1 is via twisted,

shielded pair in Belden Trade & UL style 9874 or
equivalent. Drain to be terminated at ODAS. Do
not terminate drain at display. Output from SC-4
is 0-10V DC and connected to relay #8 of Scanner
Relay Bank #l1 via Belden Trade & UL style 8761 or
equivalent. Drain to be terminated at both ends.

Environmental Sensors: (See paragraph 2.20)

1. Wind speed aneomometer tagged V0Ol output of
500MV DC @ 50 mph wind will be routed directly
to relay #9 of Scanner Relay Bank #1. Signal
cable shall be Belden Trade and UL style 8761
(or equivalent). Drain to be terminated at
ODAS end only. '

2. Pressure transducer tagged P00l shall be provided
with 12V DC excitation potential derived
from the 24V DC power supply. Power cable shall
be Belden Trade and UL style 8761 or equivalent.
Sensor output shall be routed directly to relay
#10 of Scanner Relay Bank #1 via Belden Trade
and UL style 8761 or equivalent.

3. Eppley NIP tagged I002 output shall be routed
directly to relay #1 of Scanner Relay Bank #2.
Drain wire to be terminated at scanner only.

4., Eppley PSD tagged I001 output shall be routed
directly to relay #2 of Scanner Relay Bank #2.
Drain wire to be terminated at scanner only.

Control Relays, Status Lights and Sensor Inter-
connects (See Drawing E-4)

0il pressure transducer tagged PCl0l produces a

4-20 ma signal with a 24V DC power supply and inter-
connects with control relay CR-1 (see paragraph 2.23)
via Belden Trade & UL style 8761 or equivalent.
Connections are made in accordance with drawing E-4.

Steam pressure transducer tagged PC201 produces

4-20 ma signal with a 24V DC power supply and inter-
connects with control relay CR-2 and Display D-4.
(See paragraphs 2.23 and 2.21 respectively). D-4
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is driven by twisted pair in Belden Trade & UL
style 9874 cable or equivalent. Drain terminated
at power supply end only. Control relay CR-2 is
driven via Belden Trade and UL style 8761 or
equivalent. One NC contact (when energized) will
be in series with the master On/Off switch. The
second NO (when activated) shall turn on a status
light on the alternate control panel in the pump .
house control room. Signal cable from control panel
to contact connection shall be via Belden Trade and
UL style 8761 or equivalent. Connections to be
made in accordance with Drawing E-4.

C. Outlet Fluid Temperature sensor tagged TC201 is a
three wire RTD (see paragraph 2.13) and is connected
to signal conditioner SC-7 (see paragraph 2.22) via
Belden Trade and UL style 8771. Drain wire connected
to signal conditioner only. Output of SC-7 is a.
4-20 ma signal which drives:

1. Field Pump Spped Control Unit via Belden Trade
and UL style 8761 or equivalent. Drain to be
terminated at SC-7.

2. Control panel Display D-5 via shielded, twisted
pair in Belden Trade & UL style 9874 or
equivalent. Drain to be connected to drain
wire in 1 above.

D. Expansion tank level switch shall be interconnected
with status lights for both master control panel and
the front of the signal conditioner tray. Resistors
shown in Nrawing E-/1 to bec coplocated wlth status
lamps and CR-3. Signal cables to master control
panel to be twisted pair in Belden Trade & UL style
9874 or equivalent. Remaining cable to be Belden
Trade & UL style 8761 or equivalent. All drains tied
to common ground at signal conditioner tray.

E. Subfield manual control circuits in both the main
control panel and the alternate control panel shall
be fabricated per the attached drawings and as defined
herein. Dropping resistors to be coloated with
status light. Interconnect between panels to be
by twisted pair in Belden Trade & UL style 9874
cable or equivalent. Control relays CR4 through
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3.

3.

3.

3.08

09

10
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and smaller shall be fastened to the building with
approved pipe straps. No perforated tape shall be
used to support conduits.

Miscellaneous Iron Work

All miscellaneous iron work required to complete and
properly install the electrical work shall be fur-
nished and installed under this Section of the
Specifications.

Junction, Pull and Outlet Boxes shall be accurately
placed and accessible and where exposed in finished
areas, shall be fitted with covers matching the
device plates specified for such areas. Bolts or
screws shall be stainless steel. Junction, pull

or outlet boxes shall be installed as required and
as necessary, whether or not shown on the drawings.
Bar hangers or box braces shall be used for all
switch, receptacle and other outlets where conduit
is exposed. All boxes exposed to weather shall be
provided with gasketed weatherproof covers.

Prefabricated Equipment

Installation of all prefabricated items and equip-
ment shall conform to the requirements of the
manufacturer's specifications and installation
instruction pamphlets. Where code requirements
affect installation of materials and. equipment, the
more stringent requirements, code or manufacturer's
instructions and/or specifications, shall govern
the work. '

Grounding'

Metal raceways, metal enclosures of electrical devices,
and other equipment shall be completely grounded in

an approved manner prescribed by the National Elec-
trical Code. All necessary conduit, conductors,
clamps, . connectors, etc., for the grounding system
shall be furnished, installed and connected by the
Electrical Subcontractor.

All ground clamps used shall be of an approved type
and accessible for inspection.
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Part 3.00 -

CR13 to be located in relay rock adjacent to master
field control panel. 24V DC power in master control
panel to be supplied by 24V power cupply in power
conditioner.

EXECUTION

3.01

General

All work shall be done in strict accordance with
NEC, ESO, OSHA, and all other local codes, rules
and requirements of authorities having jurisdiction.

Prior to starting work of this section, carefully

inspect the installed work of all other trades and
verify that all such work is complete to the point
where this installation may properly commence. ‘

Verify that the work of this section can be com-
pleted in strict accordance with all pertinent
codes and regulations, the approved shop drawings
and manufacturers recommendations.

In the event of discrepancy, immediately notify the
Program Manager. Do not proceed in areas of dis-
crepancy until all such discrepancies have been
fully resolved.

Installation of ODAS and Control System Components

Install all equipment in the locations shown on
appraoved drawings or specified herein, except where
specifically otherwise approved on the job by
Project Manager. Install equipment in accordance
with manufacturers recommendation. Avoid inter-
ference with structure and work of other trades.

Workmansip

Install all equipment and devices in a neat and
workmanlike manner, properly aligned, leveled and
adjusted for satisfactory operation. Install so
that connecting and disconnecting of wiring can
be readily done, and all devices are readily
accessible for inspection, service and repair.

Inspection

Check each piece of equipment and device for defects,
verifying that all parts are properly furnished

and installed, that all items function properly, and
all adjustments have been made.
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Installation of computer and peripheral equipment
shall be under the supervision of system manufacturer's
field engineer or Program Manager..

Upon completion of the installafion, all system
components shall be tested, adjlisted and validated.

All low voltage wiring shall be installed in accor-
dance with the requirements of electrical section.

3.02 Conduit Installation

A. Rigid steel conduit shall be used where embedded
in concrete, masonry walls or where subject to
physical damage or exposed up to eight feet above
floor.

B. Green ground wire of code size shall be installed
in all branch conduit runs.

C. Electrical metallic tubing shall be used for all
conduit runs within the building except when run
in or under floor slab or when run exposed up to
8 feet above floor.

‘D, Flexible metal conduit shall be used for connection
to motors, lighting fixtures, and equipment or
where structural conditions make it necessary. Where
flexible metal conduit is exposed to moisture, it
shall have polyvinyl chloride cover.

E. Wiring systems. All wiring shall be enclosed in
rigid conduit, electrical metallic tubing, ‘or
raceways.

F. All conduits shall be rigidly supported with conduit
straps and shall be exposed unless otherwise indi-
cated. Concealed conduit shall be run in as direct
a line and with bends as long as possible. Exposed
conduit shall be run parallel to the building lines
and bends shall be made with conduit elbows or
conduit bent to not less than the same radius as
elbows. All bends shall be free from dents of
flattenlng Not more than the equivalent of four
4) 90° bends shall be used in any run between
junction or pull boxes. Boxes shall be located in
accessible locations. Joints shall be cut square,
reamed smooth and drawn up tight.

G. Conduits shall be capped during construction by
means of manufactured conduit seals or caps to
prevent entrance of water or debris, and shall
remain closed until ready for use. An 1/8" nylon

B-71




DIVISION 16 - ELECTRICAL

pull cord shall be installed in all empty conduit
left for future use or in which wiring is to be
1nstalled by other. Crushed or deformed raceways
shall not be installed. .

H. Flashing: Wherever conduit extends through roof,

' galvanized iron flashings shall be furnished and
installed. These shall consist of a preformed roof
jack and packing. Roof jack shall extend 5 inches
out on roof and up on conduit at least 8 inches.
Installation of flashing shall be coordinated w1th
roofing.

I. Terminals of all conduit shall be installed with
locknuts and non-metallic bushings. Conduit shall
have supports spaced in compliance with the Code
and shall be supported on galvanized wall brackets,
ceiling trapeze, strap hangers or pipe straps,
secured by means of toggle bolts in hollow masonry
units, expansion bolts in concrete, machine screws
on metal surfaces and wood screws for one hole
straps and nails for two hole straps on wood con-
struction. Nail and plumbers tape shall not be
used as a means of fastening boxes or conduit.

J. Conduit shall be kept at least 16" from the covering
on hot water pipes, and 18" from the covering on
flues and breachings. Use conduit unions where
union joints are necessary. Running threads will
not be permitted.

K. No conduit or cable shall be run under, on, or in
the floor of any boiler room.

L. All empty conduits shall be tagged at all exposed
ends with brass tags marked as directed by the
Program Manager's representative.

M. Where conduit passes from one type of construction
to another, or where there is a possibility of dis-
similiar movements, a suitable flex1ble or expansion
device shall be installed.

N. Conduit couplings shall be made watertight with
joint sealing compound made specifically for the
conduit materials used.

0. Outlet boxes shall be firmly fastened with screws
at two opposite sides.

P. All outlet boxes shall be accurately plumbed.
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3.03

'Conductor Installation

S Wiringﬂ“‘Wiré and cables shall be protected from

weather and damage during storage and handling and
shall be in perfect condition when installed. Con-
ductors shall be factory color coded, with a separate
color for each phase and neutral, used consistently
throughout the system. Green coding shall be used
for conductors intended solely for grounding purposes.
Conductors,. #2 and larger, shall be color coded in
the field with colored tapes securely attached.

Number of conductors: A complete system of conductors
shall be installed in the conduit systems regardless
of the number shown on the drawings. The Subcontractor
shall verify the required number of conductors and

the corresponding conduit size. Any discrepancies
shall be reported to the Architect who will issue

an addendum to all bidders. Submission of a bid

shall indicate that the Contractor has made such
verification, understands the circuiting and switching
and is prepared to install all electrical systems
complete with the required number of conductors.

Installation of Conductors: All conduits shall be
thoroughly cleaned and dried before wires are pulled.
Only pulling compounds such as manufactured by
Minerallac, Ideal or Burndy shall be used. In

.-panelboard, conductors shall be neatly fanned out

and tagged with fiber or linen tags, or stick-on
markers, which are marked with the circuit number

of usage designated. Feeders shall be tagged in
pull boxes and cabinets, to indicate clearly their
electrical characteristics, circuit number and panel
designation. .

1. Splices in conductors #6 and larger shall be made
with approved solderless compression connectors.

2. Connections to terminals shall be made with
solderless compression connectors.

_3. Terminations and splices of straded wire which

are accomplished with screw-type lugs or con-
nectors shall be retightened not less than 24
hours after being installed, preferably after
having been energized.

~ 4. All circuits and feeder wires for all systems

shall be continuous from switch to terminal or
farthest outlet. No joint shall be made except
in pull, junction or outlet boxes.
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3.04 Feeder and Branch Circuits

.A. Junction and.Pull Boxes: Shall be installed in all I
conduit runs- wherever indicated and/or where necessary
to facilitate the pulling of wires and cables. Con-
duit bodies shall not be substituted for. this purpose.

1. All junction and pull boxes shall be rigidly
fastened to the structure and shall not depend
on the conduits for support.

3.05 Supports for Fluorescent Fixtures

A. Shall have a minimum capacity of 150 pounds and all
parts of the support and the fixture and appurtenances
shall be arranged to prevent vibrating. Fixtures .
with a sheet metal backplate shall be provided with
a minimum of sic square inches of substantial sup-
porting surface inside the backplate.

B. Fixtures shall be securely attached to structural
members or to metal supports which span structural
members. Fixtures shall be fastened near each end,
and, if a fixture is more than four feet long, it
shall be fastened also at the center.

C. Fluorescent fixture stem hangers shall be suspended
from ball aligner hangers.

3.06 Equipment Connections

A. Electrical connections to equipment which is furnished
under other Sections of the Contract shall be part
of the electrical work. The work shall include
connections to equipment having internal factory
wiring as well as connections of components that do
not have factory wiring. Provide line voltage
wiring and conduit only for low voltage, mechanical
systems requiring control wiring. Provide components
necessary for the controls. Provide a stick-on
label on each end of each control wire.

B. The location of all conduit terminations to the
equipment is approximate. The exact location of
these conduit terminations shall be located and
installed as directed by the plumbing Contractor.

3.07 Electrical Supports

A. Ring or trapeze hangers shall be used to support
conduit larger than one inch. Conduit one inch
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