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DISCLAIMER

This report was prepared as an account of work sponsored by an
agency of the United States Government. Neither the United States
Government nor any agency Thereof, nor any of their employees,
makes any warranty, express or implied, or assumes any legal
liability or responsibility for the accuracy, completeness, or
usefulness of any information, apparatus, product, or process
disclosed, or represents that its use would not infringe privately
owned rights. Reference herein to any specific commercial product,
process, or service by trade name, trademark, manufacturer, or
otherwise does not necessarily constitute or imply its endorsement,
recommendation, or favoring by the United States Government or any
agency thereof. The views and opinions of authors expressed herein
do not necessarily state or reflect those of the United States
Government or any agency thereof.
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not infringe privately owned rights.
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1.0 Introduction

This document is a portion,of'thé Prqposed‘lnstrumentatiqn

Plan (ref. SHC-1006). The intent ié'to brovide neééssafy
instrumentation for MSFC as spec%fied in theis;O;W., Paxagréph
4.3B. Full compliance to the proposed instrumentation plan,

as specified in SHC-1006, is out: of the program scope. This
plan contains a system descriptive summary and a definition of
the requested instrumentafipn. To assist in instrumentafion
definition, a schematic has been prepared showing instrumentation
locations, line size, and {low directions. A list has beeﬁ made
of all required instrumentafion,?as'éﬁecffiéd in NASA'SCH;1006,

and the system operating modes have been defined.

2.0 System Descriptive Summary

The prime element of the collection system is the flat plate
solar collector. It is capatle of beiﬁg integrated into a
sloping roof or placed on a flat roof using truss supports;

The éollector is water tight:to the outside elements and is
insulated. Solar heat from the collector is carried by a trans-
fer fluid to the thermal storage tank, where.heat transfer takes
place in a secondary heat exchanger, to.pgrmit'thermal storage
in a large, water-?illed tank. Tﬁe heated water is then pumped
thrcugh a liquid-to-air heat!exchanger to provide space héating
when required. An auxiliary electric strip heater provides heat!

when the solar storage is not available. Domestic water passes

through a hot water heat exchanger in the thermal storage tank,



prior to passing through the auxiliary electric hot water heater.

2.1 System Type

The type of sysfem that Colt will employ, ét the operational:
test sites; utilizes a flat platé callectbr with a paraffinic
liquid heat transfer loop that transports paraffiniC'oii

through a secondary heat exchanger in a water thermal storage

tank.

2.2 Collector Area

The collector measures approximately 10' x 2'. Each_collectdr
absorber surfate‘is 17.06 squafe feef.' Eéch opefakionalftesf
site is expected to have 35 collectors providing approximétely

600 square feet of absorber surface.

2.3 C(Collector Description
2.3.1. Absorber Surface
The absorber surface consists of two (2) fiéf 20—gaugé
steel plates formed together by seam welding, and
pressufe expanded to provide a flow path for the heat
transfer fluid. The surfuce of the absorber is selec-

_tively coated with bright nickel and black chrome.

2.3.2 C(Collector Frame

The collectof frame is uniquely fabricated from a single
sheet of 20-gauge steel to support the glazing, contain.
the‘back side insulation, provide a fire retardant

barrier, and house the absorber plate. The frame, in



conjunction with the glazing interface'moldings, can be
integrated into the roof between the joists of a building,

or receive support structure for placement on a flat roof.

2.4 ThermaliStoiage

Each of the two (2) operafional pest'sites<wiil have différent
'tﬁermal storage fank4configﬁratiohs. One tank will be a 1500 |
gallon concrete container-that will be insulated with Zﬁ of
urethane foam and will be buried in the ground. Heatltfansfer
from the collector thermal fluid takes place in a composite
flat plate heat exchanger assembly housed within thgbthérmél

storage tank.

The second tank is fabricated of steel with an integrél plate
coil heat exchanger forming the c&lindrical shell. This tank
will also be insulated with 2 inches of urethane foam. The
steel tank will be placed inside the operational test site

building.

2.5 Space Heéting Meﬁhod

ot water will be ﬁumped from the thermal storage ténk fhrough
a liquid-to-air heat exchangér located in_the Heating duct. An
auxiliary electric strip heater.-will :be instalfed jnAthe same
heating duct to provide heat during the absence of solar heat -
ing. A squirrel cage forced draft blower will provide air
circulation through the heat exchénger and the auxiliary

electric strip heater.



2.6 Hot Water Sub System

Liemestic water will pass throcugh a 66 gallon hot water heater
cxchanger housed in the thefmﬁl storage tank., It will then
pass to a 52 galion{clectric water?storége heater manufactured

by American Appliance Manufacturing Ccrporation.

The electric heating element provides auxiliary heat when the

water temperature drops below 125°F,

2.7 Encrgy Transport System
2.7.1 Blowers
é Colt has specified v DQyLQu furcédélefﬁ‘bidwer,:Capnbie
of ﬁoving 1800 cfm of air across the h@ating coil and
electric duct heater. This blower is a part of the heat-

ing duct.

2.7.2 Duct
The duct cress-section measures 31" by 21'" and is fabri-
cated of 26-guauge sheet metal, insulated with fiberglass,

downstream of the heat exchangers.

' 2.7.3 Pumps

'Colt has specilied two (1) types ol pumps; cast iron and
stainless steel. Both are manufactured by Grundfos Pump
Corporation. The cast iron pump will be used for the
clesed lcop system in the ccllector loop which pumps para-
ffinic oil. A stainless steel pump will be used in the

space heating loop which is an open system pumping water.



Pump specifications to be supplied later.

2.7.4 Piping

All piping shall be Type L copper tdbing, installed with
sweatéd copber fittings. fhe diameter of the piping is
‘hoted on solar system schematic piping. Length of Tun

will be as rcquired by the particular installation.

2.7.5 Fluid Type

Paratlinic oil (Dow Therm HP), has been selected for the
system heat transfer fluid. . It is‘ldwﬂcdst, noncorrosiygi
has a moderate viscosity, and a high flash point.: In.
addition, it has no ireezing or boiling-probiems, requires
only a moderate pumpfng power, ;nd contributes'go excellent
pump and valve life. The table below, Table 2.7.5-1,

describes .the physiéal properties of the paraffinic oil.

TABLE 2.7.5-1
DOW THERM HP PHYSICA[ PRCPERTIES -

Pour Point (ASTM D-97) ----- B TR == 159F
Flash Point --------- e ememmmemiesoeoeoo-eo 4200F
Fire Point s e f—---;-LQ-;---l->-¢4 ----- -~ 460°F -
| 10008 200°F
Thermal Conductivity . -

(BTU/ (HR) (FT2) (CF/FT) ----------- .078 .076
Viscosity (Centipoise) ------ ---- |  28‘ ' 4.5
Density (gm/cm3) --v---cicmnmnanann .85 .82
Specific Heat (BTU/16°F) ---------- - .47 .52



2.8'.Auxiliary Energy

For each operational test site, btoth 110 and 220 volt service
will be required. All controllers willlbo.suppiied with 110
volt power with the ‘exception of tﬁe,thermdstat that will bé
IOW'voltage. All motor controllers will be switched by'iow
voltage. The pumps and the forced draft blower will run on
110 volt power. The'aukiliary strip heater and the auxiliary

hot water heater will run on 220 volt.

2.9 Operational Control Sequence
‘I'he Colt solar heating and hot water heating system 1s most
easily described by the solar system schematic shown on'FiguTe

2.9-1.

Control of pump P-1, which pumps the heat transfer fluid
through the collector and the thermal storage tank, is accom-
plished by a differential temperature controller. This control

measures the exit water temperature of the collector and com-

pares this temperature to that of the water in  the storage tank.

When the heat transfer fluid leaving the collector is approx-
imately 8°F greater than the thermal storage tank temperature,
pump P-1 is turned on; When the heat transfer f1Qid temper-
ature decreases and apﬁroaches the therﬁal,storage téﬁk temper-
aturé, pump P-1 is turned off. Confrol syétem stability is
achieved by fhe correct temperature switch points to prévent.
thermal cycling. Depending on the system size, switching-

stability is generally achieved with a tehperature-délta‘
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setting of approximétely eight (8) degrees.

PumpiP-Z; supplying hot water to the space heating heat
exchanger, is turned on simultaneousiy with the air circulating
blower by fhe first stage of fhe room thefmostaf} Should
insufficiént solar heat be available, the second stage thermo-
stat'will turn on the auxiliary electric strip heater. With
the auxiliafy heater on, air will continﬁe to be preheated by
the solar heat exchanger with pump P-2 on, as 1ong as thé

solar hot water is above 90°F.

" Pump P-2 will cut off when the hot water drops below 90°F. . At
any time the auxiliary electric heater is on, the forced draft

blower will also be on.

2.10 Coefficient of Performance

To be supplied later.

3.0 Instrumentation Definition
3.1 Igstrumentat;pn Locations‘

. Figure 2.9-1, the System Schematic, shows the iocatioﬁ of the
instrumentation to be used on the operational test system and

all piping sizes.

3.2 Instrumentation Parts Schedule
Table 3.2-1 lists the instrumentation to be used in the oper-
ational test systems. This list is correlated to the System

Schematic and the requirements of NASA SCH-1006.



TABLE 3.2-i

INSTRUMENTATION "LIST

DESCRIPTION

'SYMBOL | RANGE MFGR. PART NO.
W100 Collector Flow 00-20GPM | Ramapo MKV-1 1/4
T100 ‘Collector/Storage Out ' 30°-200°F | Minco | SSS-FZQS
T101 Collector In 300-2200F Minco 553-F203
T102 | Collector Out 309-2200F | Minco 553-F203
T103 Collector Surface -40°-4509F Minco S34A
T104 Collector/Sterage In 300-2209F | Minco 553-F203
W10l Storage Flow o 'OB-ZdeM Rémapo MKV-1'1/4
T200 Storage Upper 300-220°F | Minco 553-F203
T201 Storage Middle 309-220°F | Minco 553-F203
T202 Storage Lower 300-2200F | Minco 553-F203
T300 Domestic Water/In Storage |30°-100° Minco 553-F203
T301 Domestic Hot Water Out 300-2200 Minco 553-F203
T302 Domestic Water/Out Storage|30°-220° Minco 553-F203
T303 Auxiliary Hot Water" | | ‘ )

Storage 30°-220° Minco 553-F203
T304 Domestic Water/In W.S.H. |30°-220° Minco 553-F203
T305 Domestic Water/Out W.S.H. |30°-220° Minco 553-F203
W300 Domestic Water Flow/ . : :

Storage In 0-20GPM Ramapo MKV-1/2
w301 Domestic Water flow/ ‘

W.S.H. Out 0-20GPM Ramapo MKV-1/2
EP300 Elect. Power W.S.H. c4 KWH Ohio

' Semitronics |PC5-XY

T400 Heat Storage/Out 300-220° Minco 553-F203




TABLE 3.2-1

INSTRUMENTATION LIST :

A-10

(continued)
SYMBOL | DESCRIPTION RANGE | MFGR. ] PART NO;
T401 | Heat Coil In |300-220° | Minco 553-F203
| T402 | Heat Coil Out 30°-220° | ‘Minco 553-F203
" T403 " | Heat/Storage In 300-220° | ‘Minco | 553-F203
T404 | Air - Heat Coil In 300-220° | Minco 553-F132
- T405 | Alr - Heat Coil Out’ 300-1509F| Mineco, ..|553-F132'
T406 | Air - Heat Duct Out 300-150%F| Minco 553-F132
EP400 | Elect. Power Control, ‘ o
~ ; P. and P, .3 KwH Ohio : :
' - |Semitronics| PC5-XY
EP401 | Elect. Power - Duct Heater 15 KWH Ohio .
‘ ) Semitronics| PCS-XX
W400 | Heat Coil Flow/In 00-20GPM| - Ramapo  |MKV 3/4
W40l | Duct Flow 0-2000’CFM|Dietrich St/ =~
) : , ¥ i, k Type 74/157A
. ‘ ) Robinson-Haflpern -
W402 | Heat Coil Flow/Out 0-20GPM | Ramapo  |MKV 3/4
T001 | T Ambient -40-150° | Minco  [553-Fi32 -
‘T001 Total Radiation Total Eppley - 8-48
T600 | Building Inside -40-150° | Minco. 553-F132
i 4



3.3 Opefating Modes
The operating nodes are described in Paragraph 2.9, and showi -
on the: System Schematic, ?igure 2.9-1, in abbreviated form. The

" flow directions are also shown on the Syétem Schematic.

A-11



SECTION B

QUALITY ASSURANCE PLAN

CONTRACT NAS8-32242

Gy Ine.
OF SOUTHERN CA!.lFORNlA'
ENERGY SYSTEMS DIVISION

NOVEMBER 24, 1976

COLT, INC. OF SOUTHERN CALIFORNIA
71-590 San Jacinto Drive
Rancho Mirage, California 92260

B-i



TABLE OF CONTENTS

Introduction
Administration
Inspection and
Controls
Metrology
Noﬁconformance

Records

"Procedurcs

Management

Test

PAGE
B-1
B-1
B-2
B-3
B-5
B-Sv
B-6

B-6



1.0 Intfoductionf'

The approach that Colt has takenmto,Qualigy'Aséurénce is té
provide an organization thaf effectively has a'voice in alll
mattefs toﬁéérning Quality. Tﬁroﬁgﬁ Qﬁglity Assurance, a
higher degree of reliability will be achieved, and thé ability
of the various components in the gyétem to meef the system ‘
désign and system specifications will bé realistically
approached. Quality Assurance will not end with hardware;

it will also be involved in all documentation that is trans-
mitted to the customer. It is the“responsibility.of:QUality
Assurance fo-iﬁsure thaf a cémmon threéd e;iéfs between hard-
ware, documentation, and thevcontrol funcfions of Quality as

they relate to configuration management.

2.0 Administration Managcment

Administration and management of the Quality Assurance function
will be the responsibility of the Quality Assurance Managef
assigned to the NASA Solar Heating and Hot Water Heating pro-
ject. The Quality Assurance Manager will report directly to
the President of Colt; Inc. regarding all functions and
responsibilities that pertain to Quality Assurance on‘the NASA
Solar Heating and Hot Water Heating Program. The Quality

- Assurance Manager for the NASA program will be Mr. Chuck
Barsamian, who has been assigned the responsibility for Quality,
Reliability and Safety. AsIQuality Assurance Manéger, Mr.
Bérsamian will have fhe responsibility to insure that ali

Quality contractural requirements are properly planned,



documented, coordinated, and implemented. He will serve as

the central contact for all Quality Assurance liaison within

the Solar Program.

3.0 Inspection and Test

The'Inspection system for the Solar Program ﬁill insure fﬁat
all articles and materials that have been‘fabriééted and pro -
cured will be inspected and/of tested tq‘inguré confqrmance to
specification and/or procurement requirements.' The inspec-
tiods will occur as required during receiving, proceséing,
fabrication, assembly, test and/or délivery of‘hardware;'as

may be appropriate,

Allzcbmponents received from butside'vendors will be cheéked
through Quality Assurance to insure that the parts comply to
the terms of the purchase order. Materials and cdmpohents that
are procured against a specification will be checked for com-
pliance to that specification u?on recéiViné. An inspection
~and'réceiving plan will be formulated that will include the
following:

Vendor Name

Part Number .

Part Name ’ o
Applicable Drawing or Specification
Applicable Revision

Inspection to be Performed

Name of Inspector .

A Quality Assurance plan will be prepared covering the process-

ing, fabrication, and assembly operations. Typical Quality

Assurance checks that will be implemented into this plan

B 2-



include such_things.as:

Assembly and pretest

Collector glazing and sealing:

Collector installation into the roof

Flushing -and purging of lines

.Cleaning and installation of vessels and tanks

Storage tank foaming

Installation of all major equlpment

System filling and venting

Protection of flow meters during system filling

Instrumentation check out
A check-off 1list of steps and functions to be witnessed will
be prepared, and Quality Assurance sign?off will be required.
Test conduction will be checked by Quality Assurance. The
primary concern of test surveillance will involve the tests
set up, determination that proper inétrumentation is being
obtained for testing, and that instrument calibrations are in
date. The following specific responsibilities relating to the
test effort will be signed and stamped off by Quality Assurance:

Test and Test Support

Leak and hydrostétic testing

Calibration of water level device

Verification of instrumentation calibration

Pretest verification of instrumentation

: operability

Verification of test data

Controls check out

Post test condltlons
All documentation that forms a part of the acceptance data pack-
age will be reviewed by Quality Assurance to insure all.con—
tractural items are present and in order prior to shipment of

deliverable systems.

4.0 Controls

| Quality Assurance will implement several forms of controls for

B-3-



the handling, packaging, and sterage of test equipment as com-
pared to deliverable end items. These controls will segregate
test equipmenf ffom delifefeblelend iteme;‘ fheisforage will
involve tagging of ali equipment as to its particular dash num-
'berland to sebérate test from deliverable equipment’as'it
relates to configuratien management. fHardwafe'fhat has been
scrapped or damaged will Be segregated in a separate area. All

‘hardware, regardless of test, and whether deliverable or defec-

tive, will be stored inside to prevent both damage and deterior-

ation. All hardware that can be cdnfused‘becéuEe of design
‘chaniges will be clearly marked with appropriate dash numbers.
Substitﬁtion of hardware will not be permitted unless within
full cempliaﬂce of the configuration managemenf program. Pro-
cesses fhat require uniform Quality Assurance, such as plating,
will require certification from the Vendor performirng the

plating operation, Welds, heat treatiﬁg, soldering, speciai

passivations, etc., arc not considered to be design critical to

‘the present design. HoweVer, should any such precess appear to
present a quality problem, certification as to its performance

will be immediately implemented into the fabrication process:

Quality Assurance sign-off will be required for the release of -
all drawings, and, at this time, the drawing will be reviewed
pertaining to critical processes or inspections‘requiring

quality inspection or certification.



S.O"Metrology

Quality Assurance will ma1nta1n a metrology system for control
of the measurement process to insure quallty conformance - This
system»w111 insure that'transducers flow meters, re51stance
temperature Sensors and weather gatherlng components are W1th1n
the calibration standards ‘recommended by the manufacturers.
Performance specifications of the instrumentation selected will
be reviewed by Quality and compared to the present statusfef

all instrumentation.

Should the calibrations be out of specification value, or out of’

date, the test equipment involved will be recalibrated,

6.0 Nonconformance

Nonconformance of hardware 'involving components or systems that
are deliverable items involving performance shall be subjectito
Material Review Board action, Hardware judged to be noncqnfcrm~,
ing to drawings and/or specificatiens shallzrequireAMaterial
Review Board action. The Material Review Board will consist of
the Program Manager, Preject Engineer,fand'Director of Quality'
Assurance. The recommendations of the Material Review Board
will be submitted to MSFC who will have final approval or dis-

approval pertaining to the Material Review Board recommendations.

The cause of each discrepancy will be traced to the source.
Affirmative action will be taken in each instance to insure that

the discrepancy is not repeated. Should the discrepancy involve

‘B‘S"



a manufacturing process, a design tolerance, or a performance
criteria that cannot be brought into the current specification
or drawing limitations, a change in specifications and/or

_drawing will ‘be initiated and approval coordinated with MSFC.

7.0 Recdrds

Pgrmanenflrecords wi11‘bé maintainéd by Qﬁaiity_Assuraﬁce of all
inspections aﬁd tests dﬁring the program. Quality Assurance

will also be responsible for preparation of the‘AcCepténCe Data
Package and maintaining a copy of the Adéeptance bata Package

in the Colt files, All'deviations:to specificatio@s-aﬁd drawings, ;
inciudiﬁg'those requiring and those not redquiring apﬁroval by.

MSFC, will be maintained in the Quality Assurance files.

Colt Wili use Quality Assurancé as a control function to insure
that the Configuration Management system is completely imple-
mented into the drawing and sﬁecifipation system- for deliverable
hafdware. To facilitate this control procedure, Quaiity
Assurance3wili méintain a complete set of drawings‘aﬁd.specifica-

tions representing the latest configuration.

8.0 . Procedures

In-house procedures will be written defining the’criteria fdr'
Quality acéeptance, or rejection, of all hardware and tests as
specified in Paragraph 3.0. For example, Quality assurance will
be present at the initiation and completion of each test to
determine such things as'calibration\dates of instrumentation,

that sufficient data is being obtained for the test, that pretest
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'éheck-dff lists were uséd, that preparatory c§nditions définéd |
iﬂ the test plén have been éccéunted for, and_thét the test
resﬁlfs afe'indicétiVe of fhe.tesp performéd. QUality Aséuf:.
ance shéli»reView all test reports and shallAsignHeach test

report, attésting'to its accuracy.
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SPECIAL INSTALLATION AND MAINTENANCE TOOLS

Part Number NAS00119-C16 .

Nomenclature .- Alignment Tool

Déscription and Use: _

This specially made tool will align three (3) collectors at
once to insure that exterior roof seals interface corréctly.
The tool, 6'0" long and 6" wide, will be fabricated from 20

gauge cold rolled sheet stock.

The function of this tool.is as follows:
To locate the collector housings in proper relation to the
supporting roof joists which in turn will provide alignment

of the collector/roof seals,

Identification of Manufacturer:
Fabrication can be accomplished by a local sheet metal

fabricator.

Reason for Equipment:
The installation is accomplished with.better alignment accuracy

requiring less skill.



 SPECIAL INSTALLATION AND MAINTENANCE TOOLS

Part Number  NAS00119-Cl7

Nomenclature - Crimping Tool

.Description-and Use:

A low cost, simple approach is required to secutre the interior

collector cap, which holds the glass in place, to the coliectbr

shell. - This tool is required only for initial coilector
buildup or to replace the collector glazing. An off-the-shelf
metal cutter will be modified by making the jaws into a crimper

rather ‘than a cutter.

Identification of Manufacturer: .
Modification by Colt of an off-the-shelf metal cutter, available

through McMaster-Carr.

Reason for Equipment:
This tool will expedite production time and eliminate the cost

of ‘alternatives such as sheet metal screws.
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1.0 Introduction

This documehf is an anaiyéis of hazardous cbﬁditions'that may
exist in the éolar hot water and space heating systems. This
analysis idehtifies extreme ;ondifioné’and discusses their
potential hazard. The hazards have been evaluated fdr all
méjor aspects of the system, inclﬁding personnel, equipment,‘

and structure.

2.0 Approach

This analysis idéntifies hazards that may be detrimental to
pergonnel,'éqﬁipment, and thé‘strﬁcture.'-A'élaSSifiEainn has
been established as to whether the hazard levelvis Major,
Minor, or None. Residual hazards have been examined aﬁd
identified, such as hardware failﬁres thatimay cause further

contribution to a hazard.

2.1 Hazard Identification
The objective in analyzing the hazards 'to personnel, edﬁipment,
and structure is to firét identify the hazard; secbndly, sub-
jectively classify the hazard risk; and fﬁird, discuss what |
corrective action or method 6f cohfrqlliﬁg'fhe'hazard;is
required.. |

2.1.1 Hazard to Personnel

There is concern for the elimination of all hazards. Of

primary concern is the elimination of hazatrds toApersohﬁeii

Possible hazards to personnel have been q¢fined as: the

D-1-



contamination of the domestic hot water, glass breakage,

hot water exceeding 160°, and the release of the collector

thermal loop relief valve.

2.1.1.1 Domestié Hot Water Cohtamination' '
A prime concern for any solar system uéing alheat”transfef
fluid other than water, is the possibility of the fluid
entering and contaminating the domestic ﬁét watér system.
Colt has chosen paraffinic oil as the‘heét tfansfer fluid
for its solar system. Paraffinic oil is 4 non-toxic,

: noufuutritiye;fluid that pertorms well ih fhe_éo}ar

collection system.

The Colt solar system has three assurances that this con-

taminatioﬁ will not occur:

1. The paraffinic oil is in a closed loop configuration
from the collector array to the heat exchanger and
back to the collectors. This loop will have been
hydfostatically tested to 100 psi priorxto filling
with paraffinic oil. |

2. The possibility of‘contamination is further minimized

| 'b§ the fact that if a'paraffinic oii leak occurred in
the storage tank, the oil would float harmlessly on
top of the storage water.

3. The possibility of paraffinic oil leaking from the
thermal storage water to the domestic water lineé or

hot water heat exchanger tank is virtually nonexistent,



because (1) the domestic water is separated from the
paraffinic oil by a second boundary, and (2) the
domestxt water is at a greater pressure ‘than the

atmospherlc pressure of the storage water.
Possible llazard - None

2.1.1.2 Glass Breakage

'The glazing specified for the solar collector is 1/8"
tempered glass. In the event of glass breakage, no hazard
:15 expected because of the way. the tempered glass breaks
.1nto small harmless.pleces ThlS is not true of normal
~strength glass, which could be very hazardous by breaklng
into large, jagged sheets; In:the:event'of a haffstorm, |
no damage is foreseeable. Tests conducted at LASL during
the last three years have experienced hailstones of 2" in

“diameter, and no damage to collector glazing has occurred.
Possible Hazard - None -° P

2.1.1.3 Fxtreme Hot Water Temperature

A hazardous condltlon to personnel may exist if the domes-
.t1c hot water temperature exceeds 160°. If this condltlon
~exists after the solar system is adjusted, Colt will install
a mixing ualve to mix eold water with the excessively hot

water prior to domestic use.

Possible Hazard - None



2.1.1.4 Release of Relief Valve

Thére exists the possibility of a haéard to personnel, if
thelré]icf valve in the collecfor th§rmalbloop 1s opened
and hot péfafflhic 0il is ejected in%o the air and possibly
onto personnel. To alleviate this possible hazard, pipihg
has been designed to discharge the p;raffinic oil into a
gravel catch basin in the event of a discharge through the

rclief valve.
Possible llazard - None

2.1.2 ﬁézards to Equipment

.Hazards to equipment afc those hazards which are judged to
cause cquipment failures and/or destruction of equipment.
Possible hazards to equipmént are generally categorized as
reéulting from overpressurc or overstressing of components.

An additional possibility exists and that is the presence of -

fungi in the thermal storage water.

2.1.2.1 Overpressure, Overstressing and Leakage

All pressure vessels will be subjected to component part
testiﬁg at the manufacturer, to a'pressure of 2.5 times
M.E.O.P. After the solar system is installed, another hydro-
static test will be performed on all pipiﬁg and pressure
vessels to insure that the system piping and joints will
withstand a pressure of 2.0 times M.E.0.P. This test virtually

eliminates any failure in any part of the fluid system.

Possible Hazard - None

.



2.1.2.2 Fungi in Storage Watér'

A warm, ﬁoist élimate is conclusive to the propégation_'
of fungi and aigae. Since the hof storage water temper-
atﬁre.is‘expecféd to be betweén 160°, énd 2000, it is |
highly unlikely that any type of organism can sustain
life at thesé temperatures. buring verification testing,
the thermal storage tank will be inspected, and if fungi ”
or algae is detected, eiiminétion will be accomplished

using chemicals familiar to the pool industry.
Possible Hazard - None -

2.1.2.3 Collector Thermal Expansion

Previous testing has shoWn that éoileétbr tempérafures‘
can go as high as 400°F. From ambient to 400°F, the
collectors will expand abproximately 0.1" in the lateral
direction and .030" in the transverse direction. This
expansion has been allowed for inlfhe design of the

collector, and no pfobiems are expécted.
Possible Hazard - None

2.1.2.4 Thermal Sforage.Tank Venting |

A 3/4" vent has been designed into the 1lid of the'storage
tank. This vent will allow for the removal of excess
water and air pressures in the storage tank. If the
'storage tank coois, the vent will allow for fresh air to

be taken in, eliminating the possibility of tank collapse.



If the float valve inside the thermal storage tank mal-
functions, excess water will flow out the Véntr_ Because
the vent is sized as 3/4" and the fill at 3/8", over-

pressure is not expected to be a problem.
Possible Hazard - None

2.1.2.5 Collector Explosion/lmﬁlosion
A possibility of collector explosion or implosion exists.
if venting is not allowed for. Three (3) one-quarter
(1/4) inch holes have been designed at the hottom of ecach
solar collector frame. Dﬁring heat up,;these holes vent
off pressure between the glézing and collector ﬁlate,
eliminating the'possibility of coliector:exblosion. At
the end Qf the heating day, the holes édmif air to the
space between the glazing and absorber glass, maintaining
the space at atmospheric pressure, to eliminate the
possibility of collector implosibn.' The holeé serve a
| secoﬁd purpose in that they also drain any condensate

forming on the underside of the glazing.

Possible Hazard - None

2.1.3 Hazard to Structure

Two possible hazards could present problems to the structure:
(1) excess collector weight on the roof of an existing

struéfure, and (2) the leakage of water tight seals.

2.1.3.1 Excess Weight on Roof

In retrofitting an existing structure to a solar collection
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system, there .exists a possibility that the structure
will not supporf the weight on the roof...A cbllector.
'arféy weighs appr&ximatély seven (7) pounds per squafe
foot; Prior to installationéof a collector array on

the roof, an assessment willgﬁe made to determine the
load-cérrying éapacity of the Toof of the structure to
be retrofitted. I reqbired, the‘load—carrying capabii-

ity of the roof structure will be increased.
Possible Hazard - None

2.1;3.2 Leakage of Weather T}ght Seals

The possibility of leakage around weather tight seals is
minimal because the normal Stgte-of-the—art roofiﬁg and
‘flashing practices will be emﬁloyed. All seals that must
move to provide thermal expansion use proven collector

installation techniques.
Possible Hazard - None

Residual Hazards

There are no residual hazards in the Colt solar system.,

Hardware Failures that Contribute to a Hazard

The solar system has been engineered so that any component

failure in the solar system will not create a hazard.

Possible Hazard - None



3.0 Conclusion

The Colt solar system does not present a hazard to personnel,

equipment, or structure.

Total System Hazard - None
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1.0 Introduction

It is the purpose of the tralnlng program to identify the

skill level required, and the tralnlng program syllabus to be
implemented,'with tradesmen local to-the operational test site.
The training program will assume that the installation con-
tractor_professes certain skills hece%sary for a contractor
involved with installation and service of heating systemé.
fhose requirements are defined in thié training program.
Special truaining which would not neceésarily be a part of any
heating contractor's background{ that is ;ypical to systems
asuch as Colt's, will be covered.in a fraining‘program éoﬁducted

by Colt in the locale of the operational test site.

2.0 Contractor Prerequisite
The contractor installing the solar system should be skilled,
experienced, and trained in all the primary disciplines of
heating and ventilation.
1. The contractor shéli havé experiepce in the theory and
practiée of heating, ventilation,.basic air distribu-
-tion, heat loads, and heating equlpment fundamentals
This background should 1nc1ude the ab111ty to follow
system schematics; to trouble shoot from the schematics;
and also understand manufacturér's catalogs, charts,

specifications, and special instructions.

2. The contractor should have a basic understanding of

alternating current, motor control, thermostats, and
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and low voltage‘wiring. The varidus control devices
gséd for.heating and hot water systems‘shouid, there-
fore, be understood by the contractor. Types of tools
for both'service and installationAof control equipment

should be first-hand knowledge of the contractor.

The contractor should understand the design and layout
of air distribution systems as they apply to space
heating. He should have an understanding of the term-
inology involved with air distribution systems as it
applies to friction calculations, duct velocity, static
pressure, and the various techniques used for balancing

air distribution systems.

The contractor should have knowledge of general sheet
metal fabrication, knowing the characteristics of

materials commonly used in sheet metal work. He should

understand the basic principles involved 'in sheet metal

pattern development. He should have experience in lay-
ing out, cutting, forming, and joining material as

required in light metal fabrication.

The contractors should have experience in the install-
ation of piping systems involving the sweating of
solder in copper fittings. He should know how to prc-

perly clean, solder, and test all piping systems.'

The contractor should be experienced in the application
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of various insulation materials on piping systems.
" This experience should include the insulation tech-
niques on corners, valves, and other perturbances

that may be 'in a solar system.

7. The contractor should have the experlence in filling
fluid systems that requ1re exactlng quantltles of

fluid and the purglng of 1ntralned air.

8. The contractor should have a general underétanding
"of heat transfer and the relatlve value of d1fferent
forms of insulation. This should 1nc1ude a worklng
knowledge of a variety of installation techniqqes

of insulation in/on air distribution ducts:

3.0 Special Lquipment
There 1s no special equipment that is not provided by Colt
for the installation of the solar heating and hot water heat-

ing system. : . | ;

4.0 Colt Training Program

The Cblt training prdgram provides ﬁhe4insta11iﬁg'contr?;tdr
with a detailed description of‘the éystem, ihétrdttiéh iﬁ sub-
system installation techniques, an exﬁlanation of the site
data acquisition system, training in check-out procedures,
instruction in condlcting routine operations of the system,
and training in~system trouble éhooting. For tﬁg contractor

exhibiting the previously defined skills and prerequisites,



and upon completion of the Colt training program, the instal-

iatiqn and operation cf the solar heating and hot water heat-

ing system will be without difficult&. The installation will
be as routine and sffaight forward as any conventional heating

system.

4.1 System Description

To be suppljed later.

4.2 Installation Techniques

To be supplied later,

4.3 Site Data Acquisition System and Instrumentation

To be supplied later.

4.4 System Check-out Procedﬁres

To be supplied later.

4.5 System Operations

To be supplied later.

4.6 System Trouble Shooting

To be supplied later.

The details of the Colt training program will be formulated
and written during the installation and system testing of the
Verification and Devélopment Test equipment being installed

in the Colt test facility.
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2. MATERIAL-20 GA. ((035IN) C.R. SHEET STLEL

( ARMCO \.f. TINC GRIP, PAIRT GRIP) OR
E QUIVALENT. CLEAN DEGREAST AND
PRIME SPRAY WITH PPG INWIBIT\VE
LPOXY PR\MEQ)UC"404&S APPROX.
7 MIL DRY THACKNESS, FLASH SOLVENTS
FOR APPROX.1D MINUTES. BAKE APPROX.
10 MM, @ 400°F, COOL, SPRAY WITH LOW
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: APPROX. 1.OMIL DRY FILM, FLASH
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MAT L SILICONE | 3LACK, HARNESS - SHORE A- 50

BAXKE FOR 2 HOURS MINIMUM AT 400°F

END PRODUCT TO BE STRAIGHT IN FREE STATE CONDITION
PART TO BE SHIPPED IN LOOSE S0' CoWwS
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MAT L:SILICONE BLACK HARDNESS-SHORE A-50
BAKE FOR 2 HOURS MINWMUM AT 400° F. )
END. PRODUCT TO BE STRAIGHT IN FREE STATE. COND.
PART TO BE SHIPPED IN LOOSE S0' COWS
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L. MATERIAL g THICK LOW |RON TEMPERED GLASS.

2. TRANSMISSIVITY " 400 -700 MILLIMICRONS 91, 5%
1050 MILLIMICRONS  871.2 %

3.INDEX OF REFRACTION: (.51,

4. COEFFICIENT OF EXPANSION: 2.2 x\o'7
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2. MATERIAL - 26 BA.(02% IN] C.R. SHEET STEEL(ARMCO I.F 7INC GRIF,

PAINT GRIP) OR EQUIVALENWT, CLEAN, DEGREASE

AND. PR.ME SPRAY WITH P.P G, INMIBITIVE EPOXY
PR\N\ER,L}C-AOASS) APPROX. .2 MIL DRY THICKNESS,
FLASH SOLVENTS FOR APPROX.|0 MIN., BAKE
APPROX . 10 MIN. € 400°F., COOL , SPRAY WITH
LOW GLASS DURACRON SUPER 600 To OBRTAIW
APPROY. LDMIL DRY FILM, FLASR SOLVENTS WIN, DF
IDMINUTES) BAKE APPROX. ID MINUTES (2 400°F.
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! 2. MATERIAL - 20 GA.( 035 IN) C.R. SHEET STEEL(ARMCO LF. ZINC

: , - GRIP, PAINT QGRIP)OR EQUIWALENT.CLEAN,DEGREASE '

i £ PRIME, SPRAY WITH P.RG. INHIBITWE EPOXY PRIMER, PRELIM‘NARYI
UC-40485, APPROX. .2ZMiL DRY THICKNESS, FLASH
SOWENTS FOR APPROX. IOMIN. BAKE APPROX.
(0 MIN. @ 400°F, COOL,SPRAY WITH LOwW Gloss
DARACRON SUPER GOO To GBTAIN APPROX.
LOMIL DRY FILM, FLASH SOLVENTS MIN. OF
IDMINYTES, BAKE APPROX. 10 MIN. @ 40OF.

|.BREAK SHARP EDGES
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2. MATERIAL-26 GA.(O22 1W) C.R. SHEET STELEL (ARMCO LF ZINC GRIP
PAINT GRIP) ‘OR EQUIWALTHT. CLEAN, DEGREASE AN
PRIML SPRAY WITH P.P.G. mHIBITIVE EPOXY PRIMER,
UC~40485, APPROX. 2MUL DRY THRICKHNESS, FLASH
SOLVENTS’ FOR  APPROX. 10 MINUTES, BAKL APPROX.
T T linetn A 1O MIN. @ A00°F. COOL, SPRAY WITH oW GLASS
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DURACRON SUPER OO TG OBTAIN APPROX. (.0 MIL
DRY FILM, FLASH SOLVENTS MIN. OF 10 MINQTEG'
BAKE APPROX. IO MINUTES @ 400° F.

1.LBREAK SHARP EDGES.
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2.MATERIAL- 20 GA.(O35 IN)C.R. SHEET STEEL (ARMCO L.F. ZINC
GRIP, PAINT GRIP) OR EQUIVALENT, CLEAN, DEGREASE
AND PRIME SPRAY WITH PPG \NWBITIVE EPOXY
PRIMER,UC-40485, APPROX. .2 MIL DRY THICKNESS,
FLASH SOLVENTS FOR APPROX. IDMIM, BAKE
APPROX. IO MIN. & 400°F, COOL,SPRAY WITH
LOW GBLOSS DURACRON SLUPER GOO To OBTAIR
.APPROX. 1.0 MIL DRY FILM FLASH SOLVENTS

MINIMOM OF 1O i,  BAKE APPROX.IDMIN @ 400°F.

1. BREAK SHARP EDGES

NOTES:
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PAINT GRIP) OR EQUIVALENT. CLEAN , DEGREASE AND
PRIME SPRAY WITH P.RG. INHIBITIVE {PoxY PRIMER,
UC-40485, APPROX. 2MIL DRY THICKNESS, FLASH
SOLVENTS FOR APPROX. IO MIN., BAKE APPROX. ] )
10 MIN. @ 400°F, | CooL smv WITH LOW GLASS ’
DURACRON SUPER GOO To OBTAIN APPROX. PRELIMINARY
1.0 MIL DRY FILM, FLASH SOLVENTS MiIN, OF . -
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%, MATERIAL- 26 GA. (022 1N.) C.R. SUEET STEEL(ARMCOLFE ZINC GRIP,
PAMWT GRIP) OR EQUIWVALERT, CLEAN, DEGREASE AND
FRIME SPRAY WITH P.P.G. INHIBITIVE EPOXRY PRIMER,
UC-40485, APPROX.. .2 MIL DRY THICKNESS, FLASH
SOLVENTS 'FOR_APPROX. IOMIN., BAKEL APPROX.
IO MIN. @ LOO°F,, COOL, SPRAY 'WITH LOWw GLASS
DURACRON SUPER oG To DBTAIN APPROX.
[0 MIL DRY FILM, FLASH SOLVENTS MIN. OF 10
MINULTES ) BAKE APPROX, 10 MINUTES & 400°F,

}. BREAK SHARP EDGES .
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