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G August 24, 1982

Mr, Domaid J. Kohm

Fire Protection Supervisor

Nuclezar Plant Engineering

Pennsyivanis Power & Light Corpany

Two North Ninth Street

Allentown, Pennsylyvaniz 18101 . '

Subject: SxRI Project No. 01-7163 Report No. 2
YEvaluation of Seall Conduits™

Dear Yr. %ohn:

This letter constitutes our final Teport om this portion of Project
No. 01-716%. This report includes a description of the -test materials,
test procedures and test results, .

OBJECTIVE

This fire test was conducted in accordance with Section 4.2 of the Pen-
nsylvania Power § Light (PPGL) Company Test Specification. A c¢opy of this

m specification has been provided in Report Ne. 1 “"Qualification Fire Test
of 2 Protective Envelope System.”

EXPERIMENTAL

Test conduits were I €t long and capped 3t one end. A single thurmocouple
was placed in the center of the cables and emerged throuph the wncapped
end .

Conduits were wrapped by Pemmsylvania Power § Light personnel following
the PPEL Test Specification.

Cure time and meisture content of the conduits prior to test were:

Conduit No. 1: approximately 28 days; 0-20% moisture
Conduinr No. 2: approximately_? days; $0-60% moisture
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On August 19, 1982, the conduits were placed in SwRI's horizontal furnace

“and tested for one hour according to the time/temperature curve specified

<7 .
esso’J. Beitel
Manager

in the PP§L specification.

RESULTS

‘The furnace average temperature obtained during the test is provided in

Table 1.

The internal temperature of each condult attained during the test is
provided in Table 11, ’

¥isual inspection of the 'conduits after the test showed that the Therno-
Lag 350-1 material had charred and cracked for its full depth. Cables
in both conduits showed signs of charred and cracked cable insulation.

If you have any questions or if 1 can'be of further assistance, please
do not hL51tatc to contact ne.

Sincerely,

Firc Performance Evalustions
and Fizxe Protection Systems

Enclosures
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SwR1 Project No., (1-7163
August, 24, 1982

TABLE 1.

FURNACE AVERAGE

ASTM E119 TIME/TEMPERATURE CURVE

(1 Hour: + 10%)

TIME STANDARD -10% ACTUAL +10% TIME
’ CURVE
0 70 63 81 73 4]
1 200 180 105 22 )
Z <00 60 237 340 2
3 - B00 540 475 £60 3
L] SqQ 720 765 8890 4
5 1000 200 999 1100 5
6 1100 590 1156 12}0 6
7 1156 1035 1256 12635 7
8 1200 1030 . 1305 132 8
g - -1250 1125. 1282 1375 9
10 1300 1170 1269 1430 10 ®
11 1328 1188 12835 1452 11
12 135D 1206 1324 1474 12
13 1360 1224 1567 1496, 15
+ 1350 1242, 1388 1518 14
1> - 1369 1353 1358 31539 18
it . 1413 1274 1308 1555 16
[{ﬁ 1429 1286 1417 1572 17
18 1435 1291 1436 . 1579 18
~18 *1450 1305 1453 1595 19
20 - 1362 1316 1455 1608 - 20
21 1474 13237 1473 1621 ° 21
I 1486 1357 1481 1633 22
33 1488 1348 1404 1648 23
25 T l1SOR 1350 1508 1650 24
25 1510 1359 1512 1661 25
20 1520 1368 1507 1872 26
27 1528 13735 1518 1681 27
28 1537 1385 1333 1691 28
29 1531 1587 1547 1505 29
20 1550 1385 1549 1705 30
35 1584 1426 1581 17472 35
40 1613 1352 1607 177 3
45 1630 1467 1631. 1793 45
50 1661 1485 1659 1827 50
55 1681 1513 1688 1849 53
o3 1700 1330 1791 1870 60
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TABLE LI. INTERNAL TEMPERATURES

CONDUIT. -
NO. 1
0-20%

CONDUIT
NO. 2
40-60%
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QUALIFICATION FIRE TEST OF A PROTECTIVE

ENVELOPE SYSTEM

FINAL REPORT

SwRI PROJECT NO. 01-7163

APPENDIX E

Pennsylvania Power § Light Company
Test Specification

Prepared for
Pennsylvania Power § Light Company

Two North Ninth Street
Allentown, Pennsylvania 18101

August 1982

SOUTHWEST RESEARCH INSTITUTE’
SAN ANTONIO . HOUSTON
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1.0 SCOPE

This Specification prescribes the methods and guidelines to be utilized for
the preparation of test specimen, installation of protective envelope
systems, performance of the One Hour Fire Test and documentation of Test
Results.

2.0 GENERAL INFORMATION

The objective of this test is to qualify a protective envelope system for
redundant essential cables at the Susquehanna Steam Electric Station. It
will provide documented evidence that the envelope will satisfactorily
withstand an American Society for Testing Materials (ASTM) E-119 (80) fire
exposure and provide a one hour effective barrier per American Nuclear
Insurers/Mutual Atomic Energy Reinsurance Pool acceptance rating by
maintaining circuit integrity, and continuity.

3.0 REFERENCES

pplicable provisions of the latest revisions of the following documents.

Gfbe work to be performed under this Specification shall conform to the

a. American Society for Testing Materials (ASTM) EL19.

b. American Nuclear Insurers/Mutual Atomic Energy Reinsurance pool
(ANI/MAERP) "Standard Fire Endurance Test Method to Qualify A
Protective Envelope For Class lE Electrical Circuits"

¢. 10 CFR 50 Appendix R

d. PP&L Specification F1000

e. Texas Utilities Services, Inc. "Test Procedure to Qualify a
protective Envelope System For CPSES" Rev. 0 dated 9-9-81
[Appendix A] ‘

£, Bechtel Specification 8856-E-61 Rev. 1 {Appendix B]

g. Bechtel Field Change Request E6347 [Appendix C]

h. Bechtel Special Detailed instructions for Installation of thermo
lag 330-1 [Appendix D] .

i. PP&L Operational Policy Statement (OPS-1)

If a conflict exists between any of these documents and this Specification,
the Specification shall govern.

4.0 TECHNICAL REQUIREMENTS

\: 0
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4.1 FIRE TEST

The Fire Test shall be done in accordance with Texas Utilities Services, Inc.
"Test Procedure to Qualify A Protective Envelope System for CPSES" (Rev. 0)
[Appendix A] with the following exceptions.

a.

bQ

Ce.

Delete References 4.3.5, 4.3.6, 4.3.8, 4.3.9, 4.3.10, 4.3.11,
4.3.12, 4.3.13 and 4.3.14.

Change section 5.1 and 5.2 to Pennsylvania Power and Light
Delete 5.5, 5.6, and 5.7

Section 7.1, change Comanche Peak Steam Electric Station to
Susquehanna Steam Electric Station and change Comanche Peak Project’
Engineering to Pennsylvania Power & Light

Section 7.2 is optional

Section 5.4 change 40% density to 30% density for cable trays
Delete Section 7.8

Séction 11.0 change CPPE to Pennsylvania Power and Light
Appendix 1 Replace with PP&L Appendix E to this Specification
Appendix 2 should be generally followed except

1) Cable Tray Support shall be per Figure 4.1 and 4.2 of this
Specification

2) Change 40% £i1ll to 30% £1ill for cable tra&s.

3) Drawing FDSG-D7 and FDSG D8 should be followed:except the
supports shall be per figure 4.1 and 4.2 of this Specification

4) Appendix 4 and Tables FDSG - Tl, T2, T3, and T4 shall be
deleted and replaced with Appendix E to this Specification.

5) Delete Appendix 6 Section 3 and replace with Appendix B and
Appendix C of this Specification. Preformed panels maybe be
used for a maximum of 50% of the enclosure. It is desirable to
have at least one section preformed. Preforming guidance shall
obtained from Appendix 6 Section 3, but the actual installation
of Thermo-Lag shall be per Appendix B and C of this
specification. '
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4.2 FIRE TEST OCCURRING LESS THAN 30 DAYS AFTER APPLICATION OF THERMO-LAG

If the fire test will occur less than 30 days after application of
Thermo-lag, on the main test set up, then the following shall be done in
addition to section 4.1:

N _

Q.

b.

£.

Two test conduits shall be provided. Each 1 foot long with both ends

capped, the interior shall be filled with cables.

One conduit shall be enclosed per Appendix B & C 30 days prior to
the fire test.

The other conduit shall be enclosed per Appendix B & C at the time
the test conduits and cable tray are enclosed.

Both conduits shall be provided with a thermocouple located at the
center of interior of the conduits.

Both conduits shall be attached to the fire test set-up at
approximately the same position and the temperatures recorded.

The temperature data shall be compared to determine the possible
effect of less than a 30 day curing time.

4.3 DOCUMENTATION

All records generated as a result of this specification shall be included in

the appropriate Quality Assurance Records File and SSES Records Management
System File.

5.0 TESTING AND INSPECTION

This section is not applicable for this Specification

6.0 PREPARATION FOR DELIVERY

This section is not applicable for. this Specification

7.0 QUALITY ASSURANCE PROGRAM REQUIREMENTS

7.1

INTERNAL USE

For PP&L internal use of this Specification, the Quality Assurance Program
Requirements shall be as required by the Scope of Operational Policy
Statement-1l.

“
07. 2 EXTERMAL USE
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For use external to PP&L, the Quality Assurance Program Requirements shall be
as required in the purchase documents or contracts and specifications for the
materials/services.

7.3 SOUTHWEST RESEARCH INSTITUTE QUALITY

The Southwest Research Institute Quality Program, which has been approved by

PP&L, shall apply to all activities conducted at the test facility to
include:

a) The tests be shall performed per the procedures indicated. All
instruments and devices shall be calibrated in accordance with SRI QA .
program requirements. Records of calibration shall be maintained by
SRI and shall identify the calibration standards use. The personnel
performing the tests shall be qualified in accordance with SRI QA
program requirements.

b) Testing shall be performed under SRI QA program which meets 1OCFR50

- Appendix B, Access to witness testing shall be provided for PP&L
: ﬁ personnel and any representatives of organizations designated by
PP&L.

c)- SRI Quality Control shall perform the necessary Quality Control for
the installation of the TSI protective envelope according to
Bechtel's "Special Detailed instructions for Installation of
thermo-lag 330-1" [Appendix D] and PP&l Specification F1000,

»
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Appendix A

TABLE OF CONTENTS
Scope
Test Objective
Apceptance Critaria
References
Orawings
Vendor Manuals
Documents
Responsibilities
Comanche Peak Project Engineering StafT
Vendor '
Applicator
Test{ng«Organization
Texas Utilities Generating Company Quality Assuranca
Vendor Quality Assurance/Quality Control
Applicator Quality A;surance/Qua]ity Control
Testing Organization Quality Assurance/Quality Control
Special Precautions
Precautions for Application of Pro&ucts
Pracautions for Conduct of Fire Test
Pre-Requisites
General Test Configuration Requi;ements
Traé?%i]ity Requirements
Test Configuration
Ganeral

Cable Tray Test Assemblies
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7.4
7.5
7.6
7.7
7.8
7.9
7.10
8.0
8.1
8.2
9.0
10.0
11.0
Appendix 1:

'Appendix 2:

Appendix 3:
Appendix 4:
Appendix S:

6

Appandix

Appendix 7:
Appendix 8:

Appendix 9:

Appendix 10:
Appendix 11:
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Appendix A

Conduit Test Assembly .

Air Orop Cable: Test Assemblies

Cable Loading Requirements

Cable Installation

Thermocouple Installation

. Coating of Test Assembly

Fire Seal iInstallation

Circuit Integrity Monitoring

: Pre-8urn Inspection

" Procedure

Fire Endurance Test

Hose Stream Test

" Data System ’ .
Quality Control Documentation ‘

Fire Test Report

8111 of Materials

Support Installation

Test Cénfiguration Installation
Cable Installation

Thermocouplie Installation

Product Technical Infarmation and Product Application and Repair
Procedures. )

Pre-Burn Inspection
Fire Endurance Test Procedure
Hose Stream Test Procadure

Data System
Quality Assurance and Quality Control .
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1.0

2.0

3.0
3.1

3.2

4.0
4.1
4.1.1

4.1.2
4.1.3
4.1.4
4.2
4.3
4.3.1

SCOPE

This procadure prescribes the methods and guidelines to be utilized
for the preparation of tast specimens, installation of protective
envelope systems, performance of the One Hour Fire Test and docu-
mentation of Test Results.

TEST OBJECTIVE

The objective of this test is to qualify a protective envelope
system for redundant essential cables at the Comanche Peak Steam
Electric Station. It will provide documented evidence that the
envelope will satisfactorily withstand an ASTME-119-(80) fire
exposure and provide a one hour effective barrier per American
Nuclear Insurers acceptance rating by maintaining circuit integrity,
and continuity. This test satisfies the requirements for fire test-
ing the cable raceway fire barriers as detailed in Technical Speci-
fication 2323-MS-38H.

ACCEPTANCE CRITERIA

Acceptance will be based on American Nuclear [nsurer's criteria for
succassful passage of the ASTM-E-119-(80) Fire and Hose Stream Test
as outlined in Section 8.0 of this procedure.

Criteria for successful passage of these tests are defined by Refer-
ence 4.3.2.

REFERENCES
DRAWINGS

American Nuclear Insurers Bulletin #5 (79)
Suggested Test Layout Orawing

Gibbs & Hi11 Orawing 2323-£1-1701

Pictorial Orawing of Cable Tray #SK-012979-0

Pictorial Orawing of 90° Cable Tray Riser #GF-0691-R-CP

VENDOR MANUALS

DOCUMENTS

Federal Register/Yolume 45, No. 225/Wednesday, November 19, 1980. ‘

Fire Protection Program for QOperating Muclear Power Plants 10CFR
Part 50, Appendix R.



4.3.8

4.3.9

4.3.10

4.3.11

4.3.12_
4.3.13
4.3.14
4.3.15
5.0

5.1

s.l.l

5.1.2

5.1.3

5.2

5.2.1

5.2.2

F 1001
Revision D
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Appendix A

ANI Bulletin #5 (79) July 1979, ANI/MAERP STANDARD Fire Endurance Test
Method to Qualify a Protective Envelope for Class 1E Electrical Cir- .
cuits.

ASTM-E-119-8O Standard Methods of Fire Tests of Building Construction
and Materials.

Appendix A to BTP-9.5%1l, NRC Supplemental Guidance-Nuclear Plant Fire
Protection Functional Responsibilities, Administrative Controls and
Quality Assurance.

Texas Utilities Generating Company Quality Assurance Plan.

TSI, Inc. Nuclear Quality Assurance program manual and Quality Control
operating procedures manual.

Standards and Practices for Instrumentation; S5th Edition, 1977.
Construction Procedure for Cable Installation; Brown & Root #35-1195-331-7.

Construction Procedure for Installation of "Hilti" Drilled in Bolts;
Brown & Root #35-~1195-CEI-20.

Construction Procedure for Cable Tray and Hanger Fabrication and Instal-
lation; Brown & Root #35-1195-ECP-10.

Construction Procedure for Exposed Conduit and Conduit Hanger Fabrication
and Installation; Brown & Root #35-1195-ECP-10. ’

Gibbs & Hill Specification 2323-ES-100; Electrical Erection Specification.
Gibbs & Hill Specification 2323-ES-19; Cable Tray Specification.

Unistrut - General Engineering Catalog - No. 9; @ 1930.

Steel Construction Manual (AISC) 8th Edition.

RESPONSIBILITIES

COMANCHE PEAK PROJECT ENGINEERING STAFF

Establish the criteria, guidelines, drawings, recommendations, etc, to
govern the installation of the test specimen and application of the pro-
tective envelope.

Approve the specific application procedures.

Provide materials representative of site installations per the bill of
materials, Appendix 1.

VENDOR ¢
Provide envelope system materials and application equibment, and specific

application procedures.

Provide scheduling of personnel, equipment and material necessary to per-
form the application of envelope system utilizing the appropriate proced

5.2.3 Coordinate all phases of the Fire Test preparation with the testing organ-

ization.

' 1I-8




5.3
§.3.1

5.4
5.4.1

5.4.2
5.4.3
5.5

5.5.1

5.6

'5.6.1

* 5.6.2

5.6.4

5.7

§.7.1

5.8
5.8.1
5.8.2
6.0

" 6.1

APPLICATOR

Apply protective envelope system on test assemblies and their supports
per approved vendor procedures.

TESTING ORGANIZATION

Prepare the test slab in accordance with approved drawings and appli-
cable procedures.

Conduct thé fire test in accordahce with references 4.3.2 and 4.3.3.
Document the test parameters and resuits.

TEXAS UTILITIES GENERATING COMPANY QUALITY ASSURANCE

Provide assurance that the Vendor, Applicator and Testing Organization
have QA/QC programs that are in accordance with the applicable QA re-
quirements of reference 4.3.4 as prescribed in reference 4.3.5,

VENDOR QUALITY ASSURANCE/QUALITY CONTROL

Provide documentation to assure compliance with the applicable require-

ments of reference 4.3.4 for the manufacture of the product.

Will assure necessary inspection points are included in the application
procedure.

Maintain material quality and application inspection documentation of the
envelope installation in accordance with the applicable QA requirements
of reference 4.3.4, and verify that approved procedures are utilized in
the application of the envelope system.

Perform as a liason with the testing organization and provide the testing
organization with all applicable procedures, documentation of applicable
acceptances and any other necessary items.

APPLICATOR QUALITY ASSURANCE/QUALITY CONTROL

The applicator shall operate within the quality assurance and quality
control programs of the vendor,

TESTING ORGANIZATION QUALITY ASSURANCE/QUALITY CONTROL

Inspect and document the consiruction of the test specimen.

Assure the test monitoring instrumentation is prope(1y calibratead.
SPECIAL PRECAUTIONS

PRECAUTIONS FOR APPLICATION OF PRODUCTS

While spraying products, avoid repeated inhalation due to potential



6.2

7.0
7.1

7.2

7.3
7.3.1

7.3.2

contact of products with skin. Do not take products internally
Observe special precuations as recommended by product manufactu

PRECAUTIONS FOR CONDUCT OF FIRE TEST

of lung injuries from ccmponents of coatings. Avoid prolonged ,
o

Fire Endurance tests, as outlined in Section 8.1, have potential
for producing smoke, combustion products, fumes and toxic vapors.
Proper safety precaution shall be exercised to preclude personnel
hazard from breathing the above.

PRE-REQUISITES
GENERAL TEST CONFIGURATION REQUIREMENTS

Cable tray, conduit, and instrument sensing line construction,
support, installation and loading shall be representative of the
configurations installed at the Comanche Peak Steam Electric
Station, where applicable. Deviations from representative configu-
rations and procedures shall be approved by Comanche Peak Project
Engineering.

TRACIBILITY REQUIREMENTS

To insure that the materials used in this test are representative

of those used in the plant, the materials leaving the site shall be
marked with a material identification tag. Prior to shipping th
test materials to the testing laboratory, they shall be tagged,.
and logged for tracibility purposes.

TEST CONFIGURATION

'GENERAL

A1l test assemblies shall be sufficiently secured to the top
of the test slab by the testing laboratory.

CABLE TRAY TEST ASSEMBLIES

Two types of cable trays shall be utilized in the test assembly.
(a) Solid bottom

(b) Ladder bottom

. One typical cable tray support shall be installed in each cable

tray test assembly. Refer to drawings FDSG-D2, and FDSG-D3
contained in Appendix 2 {Support Installation), for support

type and locations. Supports shall be installed in accordance with
Appendix 2.

Cable tray test assemblies shall be fabricated and installed in

accordance with Appendix 3. Refer to drawings FDSG-08 and FDSG-D9,
contained in Appendix 3, for details of fabrication and insta]‘lﬁ.

_1-10
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7.3.4

CONDUIT TEST ASSEMBLY
One five (5) inch conduit shall be usad in the test assembly.
The tynical conduit support shall be installed in the test assambiy.

Refer to drawing FOSG-02 and FDSG-04, contained in Appendix 2, show-
ing support type and location.

. The conduit test configuration shall be assembled and installed in

accordance with Appendix 3. Refer to drawings FDSG-010 and FDSG-O11,
contained in Appendix 3 for details.

AIR DROP CABLE TEST ASSeMBLIES

Cables representative of an air drop shall be incorporatsd into the
test assembly. Cables to be air dropped shall be identified in Table
FOSG-T4, contained in Appendix 4.

These cables shall drop freely through the slab penetrations (sing-
ularly, or in groups) and into a cabie tray assembly. Four different
configurations shall be testad. They are defined as follows:

(1) A 5" conduit shall be sealed in the slab, This conduit shall be
flush with the slab on the fire exposed side. Cables shall drop
through this penetration and crossover to the adjacsnt tray
(tray #3 - ladder bottom, 40% fill). Refer to drawing FDSG-D12,
contained in Appendix 3, for details of this contTiguration.

(2) A 5" conduit shall be sealed in the slab, This conduit shall ex-
tend down from the bottom of the slab, then bend to the horizontal
plane, Cables shall drop through this penetration and into the
tray (tray #1, ladder bottom, single layer fill). Refer to draw-
ing.FDSG-012, contained in Appendix 3, for details of this config-
uration.

(3) A 5" conduit shall be sealed in the slab. This conduit shall be
flush with the slab on the fire exposed side. A singlie cable shall
drop into the adjacent tray (tray #4 - solid bottom, single layer
fi11) that has been coated and cured. This arrangement simulates
a repair in the coating system, or the addition of a cable to the
already coated system. Refer to drawing FD0SG-012, contained in
Appendix 3, for details of this confiquration.

(4) A 5" conduit shall be sealed in the slab. This conduit shail en-
ter a junction box mountad on the {ire exposed side of the slab.
A 5" conduit shall drop out of the junction box. Cables shall
drop through junction box and conduit assembly and into the tray
(tray #2 - solid battem, 40% fi11). Refer to drawing FDSG-012,
contained in Appendix 3, for.details of this configuration.

The conduit assemblies as described abaove shall be installed in accor-
dance with Appendix 3, of this procedure.
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7.4

7.5

7.6

7.7

The cables shall be installed in accordance with Appendix 4 of
this procedure.

CABLE LOADING REQUIREMENTS

Cable loading requirements shall be as specified in the American
Nuclear Insurers Bulletin #5 (79). The distribution of cables
in the cable tray and conduit test assemblies shall be as follows:

33 1/3% Power Cables
33 1/3% Instrumentation Cables
33 1/3% Controi Cables

Test configurations shall be as follows:

(a) Ladder Bottom Tray
(i) 100% Design (40% density)*
(ii) Lightly loaded (one layer)

(b) Solid Bottom Tray
(i) 100% Design (40% density)*
(ii) Lightly loaded (one layer)

(¢) Conduit
(i) 40% Density~*

* Tray and conduit cable densities filled by cross-sectional area.

CABLE INSTALLATION

An itemized 1isting of cable types and quantities to be routed
in the test assemblias is provided in tables FOSG-T1, through

FDSG-T4, contained in Appendix 4.

To attach éables to solid back trays, holes shall be drilled in the
trays. Specifications for spacing of holes, and intervals for

tying cable to the trays are contained in Appendix 4. Cables shall
be installed in accordance with Appendix 4. Cable location within
tray shall be documented and included with data to be evaluated

by the testing laboratory.
THERMOCQUPLE INSTALLATION

Thermocouples shall te located in test assemblies in accordance

with reference 4.3.2.

Refer to drawing FDSG-014, contained in Appendix 5, for locations

of thermocouples in test assemblies.

COATING OF TEST ASSEMBLY

Test assemblies shall be coated with the fire retardant material in
accordance with approved procedures contained in Appendix 6 (applica-
tion of product). There shall be no differences in the application
procedures for the test and the actual installation without prior

approval.
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FIRE SEAL INSTALLATION

Upon comp1et1on of the fabr1cat1on, installation and coating of
the test configuration, penetrations shall be sealed with an
American Nuclear Insurers approved seal.

The conduit openings, where cables drop out, shall be sealed with
an American Nuclear Insurers approved seal.

As statad in referenca 4.3.2, section 3.4.4.6, failure of the fire
seal shall not necessarily constitute a fajlure of the protactive
envelope. The type of fire seal used shall be at the discretion
of the testlng laboratory.

CIRCUIT INTEGRITY MONITORING

Sufficient cables shall be energized.to monitor circuit intagrity.
They shall be energized as required to check for a circuit failure.
Circuit failure is defined as circuit to circuit (conductor to
conductor short circuits); circuit to systam (conductor continuity);
and circuit to ground (short circuits, conductors to ground).
Monitoring all of the conductors in every cable or even part of
the conductors in each cablie will be an impossible task, therefore
salected cables in each cable tray will be 1nstrumented for each
of the three parameters.
a. Two cables in each cable tray will be. connectad to a short
circuit detection circuit as shown in Figure fDSG-fF2,
contained in Appendix 4.

b. Two cables will be connected to a continuity mohitoring
circuit as shown in Figqure FDSG-F2, contained in Appendix 4.

c. Two cables will be connected to a ground short circuit
detection circuit as shown in Figure FOSG-F2, contained in
Appendix 4. This is a total of six instrumented cablies per
cable tray.

d. In addition to the six cables per tray, each air dropped-
. cable will be monitored for one of the three parameters.
(Continuity, ground short circuit, short circuit.)

e. Two cables 1in the conduit will be connectad to a short
circuit detection circuit as shown in Figure FDSG-F2,
contained in Appendix 4.

f. Two cables in the conduit will be connected to a continuity
monitoring circuit as shown in Figure FDSG-F2, contained in
Appendix 4.

g. Two cables in the conduit will be connected to a ground short

circuit detection c1rcu1t as shown in Figure FDSG-f2, contained
in Appendix 4,
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Monitored cables shall be the botiecm layer of cables in test as-
sembliies, where applicabie.

Tne monitored cables shall be scanned once each minute. Monitored

cables shall be energized until the hose stream test is completed.

Refer to reference 4.3.2 for acceptance criteria.

PRE-BURN INSPECTION

Prior to commencement of the fire endurance test, a thorough check
of the entire test assembly and associated equipment (including
data recording equipment) shall be performed and documented, by
ghe g?sting laboratory. Refer to Appendix 7 of this procedure for
etails.

PROCEDURE
FIRE ENDURANCE TEST

The protective envelope shall be exposed to the standard time-
tamperature curve, found in ASTM-E-119 (80), for one hour.

Refer to Appendix 8, contained in this procedure, for detailed
test instructions.

The third party testing organization shall strive.to adapt their .
testing.procadures to assure the fire test shall compiy with the
requirements established in reference 4.3.2 standards. Any ‘
changes, revisions or deviations required to comply with this

requirement shall be dacumented and properly justiiied and

included as a part of the final test report.

Acceptance criteria are contained in reference 4.3.2.

HOSE STREAM TEST

Immediately following the fire endurance test, accessible surfaces

of the protective envelope shall be subjected to the American

Nuclear Insurers preferrasd Hose Stream Test, as specified in references
4.3.2. The Hose Stream shall be applied for a minimum of two and
one-half (2%) minutes, without de-energizing the circuit. Proper
safety precautions shall be exercised.

Refer to Appendix 9, contained in the procedure, for detailed tast
instructions.

Acceptance criteria are contained in Reference 4.3.2.

DATA SYSTEM

Ouring the fire exposed period, the thermocouples will be scanned
at the rate of twenty channels per second, at one-minute intervals.
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10.0
10.1

11.0
11,1

211:2

11.3

The monitored cables shall be scanned once each minuts. Monitored
cables shall be energized until the Hose Stream Test is completad.

QUALITY CONTROL OOCUMENTATION

The Vendor/Applicator's Quality Control Inspection shali verify
fabrication and application and document accordingly to assure
concurrence with drawings, the Bill of Materials, and the appro-
priate application procedures. .

FIRE TEST REPORT

Testing laboratory will submit report on results of test and
thermocouple data sheets to CPPE.

The testing labofatdry will assemble the laboratory report, data
and required QC documentation into a final report for submittal
to CPPE.

The test report shall be prepared in sufficient detail to summarize
the total test activity. The report shall identify the date, loca-
tion, procedure, and personnel performing, witnessing, or supervising
the activity. The inclusion of actual test data is not mandatory,
however, the location of such data should be designated for future
reference as requ1red Test results should state the testing acti-
vity was performed in ccmpliance with the test requirements and that
the documentation is complete and accurate. Measures shall be taken
to 3§§ure permanent retention of the test report such as transmittal
to S.
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@ APPENDIX" 1
BILL OF MATERIALS
ITEM QUANTITY DESCRIPTION MAT'L SPEC
A, 4 18" width x 4" depth x 83" 1ength Solid Bottom ES-19
Cable Tray .
8. 4 18" width x 4" h*gh 90° 1ns1de Riser ET. 12" £s-19
Rad., Solid Bottom Cab1e Tray
- C. 4 18" width x 4" depth X 65" 1ength Ladder Bottom ES-19
Cable Tray . .
0. 4 18" width x 4" high x 90° inside Riser £1. 12" Es-19
Rad., Ladder Bottcm Cable Tray
E. 2 18" width x 4" depth x 40" 1ength Solid Bottom £S-19
Cable Tray (Middly Section) . :
F. 2 18" w1dth X 4" depth x 34" Iength Ladder Bottom £S-19
Cable Tray (Middle Sect1on) -
G. 1 5" @ Rigid Steel Conduit % 29&" Iength (threaded éS—23A
on both ends) ]
4 . 1 5" 9 Rigid Steel Conduit x 58" length (threaded £S-23A
A on both ends)
. I. 2 5" @ Rigid Steel Conduit x 50 374" Tength £S-23A
_ (threaded on both ends) _
Jd. 3 5" @ Rigid Steel Conduit E1. 24" Rad. (threaded ES-23A
on both ends) ]
X. 1 5" 8 Rigid Steel Conduit x 38 3/4" length ES-23A
(threaded on both ends)
L. 5 5" @ Rigid Steel Conduit Couplings ' £S~23A
M. 2 5" @ Rigid Stael Conduit x 24" length (threaded £5-23A
on both ends)
N. 2 Carbon Steel Plata 3/8" x 3" x 3" Lg. ASTM A36
0.’ 2 C5 x 8.2 x 44" Lg. (channel) ASTM A36
P. 1 C5 x 13 x 108" Lg. (channel) ASTM A6 .
qQ. 2 L6 x 6 3/4 x 1'-6" Lg. (angle) ASTM A36
R. 6 1" 9 x 12" Lg. Bolts (Hilti Kwik)
. w 1 Conduit Clamp (Unistrut - P2558-50)
T. 1 Carbon Stzel Piata %" x 6".x 6" Lg. ASTM A36
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APPENDIX 1 B : '

8ILL OF MATERIALS

I TEM QUANTITY ] OESCRIPTION MAT'L SPEC
u. 1 C4 x 7.25 x 3'-8" Lg. (channel) ASTM A36
V. 2 ' x 2 1/8" x 6" Lg. Filler Plate, ASTM A36
Car@on Steel
W. 6 . Carbon Steel Plate 3/16" x 2" x 4" Lg. ASTM A36
X. 6§ 5/8" 9 Bolts x 2" Lg. w/nut & 'std. A-325
_Hardened Washer
Y. 12 " 9 RD. HD. Bolts w/Hei. nut & std. A-325
washer x 2" Lg.
Z. 6 Bavel Washers for 5/8" @ 8o0lts Carbaon Steel A-325
A.A. 1 Junction Box 24" x 10" x IOf, ﬂema Four ES-23A

. w/mounting lugs

8.8. 2 . Channel Combinations 28" Long (Unistrut-P1001)
c.c. 6 3/8" 9 x 1" Lg. Bolts (Unistrut) ' .
D.D. 4 3/8" @ x 5" Lg. Balts (Hilti Kwik) .
- E.E. 2 " 9 x 1 Lg. Hex HD. Bolts w/Hex nut & A-325
Bevel Washers
F.F. 1 5" 9 Rigid Steel Conduit x 8" Length (threaded ES-23A
‘ on both ends)
G.G. Zék ' 3/8" - 16 x 34" Lg. Spline 8olt w/Qval Type A-307
. Phillips Slotted Heads w/Nuts and Locking Devices .
H.H. As Cables (Refer to following page for {temized €S-13
Required 1isting) IEEE-383 qualfied
I.I. As Cable Ties
Required
J.J. 32 © Splice Platas h ES-19
KK 8 L 3" x 2" x 5/16" x 4" Long ASTH A36
L.L. 1 Carbon Steel Plate %" x 6" x 1'-4" " ASTM A36
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CABLE
FUNCTION

Power
Power
Power
Power
Pawer
Power
Power
Power
Power
Power
Paower
Power -
Power

Control
ntrol
ntrol
ontrol
Control
Control
Instrumentation
Instrumentation
Instrumentation
Instrumentation
Instrumentation

Instrumentation

Instrumentation -

Instrumentation
Instrumentation
Instrumentation
Instrumentation

.

!

\‘G
b

CABLE

TYPE
W-Q08

W-709.

W-710
W-211
W-012
W-713
W-715
W-116
W-Q17
¥-220
W-221
W-123
W-124

W-141
W-045
W-046
W-047
W-048
W-850
W-061
W-062
W-263

W-264

¥-069 °

W-071
W-076

W-G31
W-372
W-058
W-067
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APPENDIX 1
BILL OF MATERIALS

TOTAL CABLES REQUIRED

CABLE -
SIZE

1/C 750 MCM
1/C 500 MCM
1/C 350 MCM
1/C 4/0 AWG
4/0 Triplex
2/0 Triplex
# 2 Triplex
2/C # 2 AWG
3/C # 4 AWG
3/C # 6 AWG
2/C # 6 AWG
3/C # 8 AKG
2/C # 8 AWG

4/C #10 AWG
12/C#12 AWG
9/C #12 AWG
7/C #12 A4G
5/C #12 ANG
3/C #12 AWG

12 Shielded twistad pairs:
" # 16 AWG
6 Shielded twistad pairs
316 AXG
' 4 Shielded twisted pairs
#1686 AWG
2 Shielded twisted pairs
#16 AWG
22/C#16 AWG with aqverall
shield
5/C #16 AWG with overall
shield
6 Twisted pair #16; 1
twisted pair #14; 2 # 18
drain wire
7 Shielded triads
1TQ #16 Shield
RG-11U Triaxial
48/C #16 Shield

I-21

QUANTITY

WH MO MNN DN P — W

12
13
13
14

N N I N - T, '

WWLWod

LENGTH

20
20
20
20
20
20
20
20
20
20
20
20
20

20
20
20
20
20
20
20
20
20
20
20
20
20
20

20
20

20

Ft.
Ft.
Ft.
Ft.
Ft.
Ft.
Ft.
Ft.
Ft.
Ft.
Ft.
Ft.
Ft.

Ft.
Ft.
Ft.
Ft.
Ft.
Ft.
Ft.
Ft‘
Ft.
Ft.
Ft.

Ft.

Ft.

Ft‘
Ft.
Ft.
Ft.

Note: ?11 vendors supplying IEZE 383 qua]1f1ed cables shall be represented in the
ira test.
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1.0

2.0

3.0

4.0

APPENDIX 2
SUPPORT INSTALLATION

CABLE TRAY SUPPORTS

1) Attach cable tray supports to the underside of the slab
as shown in drawings FDSG-02 and FDSG-D3, contained in
this Appendix.

CONDUIT SUPPORTS

1) Attach conduit support to the underside of the slab as
shown in drawing FDSG-D2 and FDSG-04 contained in this
Appendix.

JUNCTION 80X SUPPORT

1) Attach junction box support to the underside of the slab
as shown in drawing FDSG-05, contained in this Appendix.

"FIRE PROTECTIVE ENVELOPE FOR ALL SUPPQRT SYSTEMS

1) All cable tray supports, conduit supports, instrument
sensing line supports and junction box supports shall
be thermally protected with the protective envelope
system. ’

NOTE: Procedure for installation of Hilti Boits in 8rown &
Root Construction Procedure # CEI-20.
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_ TEST CONFIGURATIGN INSTALLATTON
INSTALLATION OF_éABLE TRAY SEGHMENTS

1) Fabricate cable tray test assemblies as shown in drawings
FOSG-08 and FDSG-09 contained in this Appendix.

2) Secure assemblies with typical cable ‘tray support as shown
in drawings FOSG-D2 and FDSG-03 contained in Appendix 2.

INSTALLATION OF CONDUIT

1) ‘Fabricate conduit assembly as shown in drawings FDSG-010
- and FOSG-011, contained in this Appendix.

2) Secure assambly with typical conduit support as shcwn in
drawings FDSG-D2 and FDSG-04 contained in Appendix 2.

INSTALLATION OF JUNCTION 80X ASSEMBLY

1) Install junction box and conduit assembly as shown on
drawing FOSG-012 contained in this Appendix.

Test assembly shall be sufficiently secured to the top of
the stab, The system used for this shall be at-4he'discretion
of the testing laboratory.

Upon instaliation of cables and thermocouples, all assamblies

installed herein for test and support purposes shall have the
protective envelope system applied as delineated in Appendix 6.
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CABLE INSTALLATION

PRECAUTIONS FOR CABLE INSTALLATION

(a)

(b)

(c)

(d)
(e)

Cables shall be handled with care during installation and
protected from abrasion or other damage due to pulling over
rough surfaces or obstruction with sharp edges.

Select proper cable type and quantity as specified in Tables
FDSG-T1 thru FDSG-T4, contained in this appendix.

Quality Control Personnel shall be present for cable in-
stallation.

Raceway shall be free of debris, oil and sharp edges.

-Raceway shall be adequately supported for cable pui1ing
_activity. '

CABLE INSTALLATION PROCEDURES

1)

2)

3)

o

5)

6)

Refer to. Tables FDSG-T1. through FDSG-T4 contained in this
Appendix, for types and quantities of cable to be routed.

Dri1l holes in solid bottom cable tray segments to permit
securing cables to tray. Orill holes subject to the
following limitations:

(a) Holes shall be %" diameter,

.(bg Holes shall be at a minimum spacing of 2".

(e Holes drilled shall be minimized.

Orill holes at the following intervals:

Six to eight foot intervals in horizontal trays not more
than four feet in vertical trays.

Cables shall be tied in convenient sized bundles, randomly
placed in cable trays and secured at the above specified
jntervals. Cable ties shall be nylon ties, representative
of those used at.CPSES. .

Pull cables ‘through conduit assembly in bundles of convenient
size. Cables shall be pulied through conduit randomly.

Air drop cables to be tested shall be pulled through slab
penetration, and enter the horizontal tray segment, as
detailed on drawing FDSG-012, contained in Appendix 3.

Document lacations of all cables within test ‘configurations
to be included with data to be evaluated by testing laboratory..

Monitored cables shall be the bottom layer of cables in tast assemblies,
where applicable.
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CABLE
FUNCTION

Power
Power
Power
Power
Power
Power
Power
Power
Power
Power
Power

Control
Control
Control
Control
Control
Control
Instrumentation
Instrumentation
Instrumentation
Instrumentation

Instrumentation

" Instrumentation

instrumentation

Instrumentation

Instrumentgtion

CABLE DISTRIBUTION FOR 40% FILL OF
A CABLE TRAY (18")

CABLE
TYPE '

W-008
W-710
W-211
W-713
W-715
W-116
W-017
W-220
W-221
W-123
W-124

W-141
W-045
W-046
W-047
H-048
Y-850
W-061
W-062
W-263
W-264
W-069
W-071

W-076

W-081
W-372

APPENDIX 4
TABLE FDSG-T1

CABLE
SIZE

1/C 750 MCM
1/C 350 MCM
1/C 4/0 AWG
2/0 Triplex
# 2 Triplex
2/C # 2 AWG —~
3/C # 4 AWG
3/C # 6 AWG
2/C # 6 AWG
3/C # 8 AWG
2/C # 8 AWG

4/C #10 AWG
12/C#12 AWG
9/C #12 AWG
7/C #12 AUG
5/C #12 AWG
3/C #12 AWG

12 Shielded twisted
pairs #16 AWG

6 Shielded twisted
pairs #16 AWG

4 Shielded twisted
pairs #16 AWG

2 Shielded- twisted
pairs #16 AWG

22/C#16 AWG with over-
a1l shield

5/C #16 AWG with over-
all shield

6 Twisted pair #16; 1
Twisted pair #14; 2 715
drain wire

7 Shielded twisted
triads

1TQ 216 Shield
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LENGTH.

20 Ft.
20 Ft.
20 Ft.

. 20 Ft.

20 Ft.
20 Ft.
20 Ft.
20 Ft.
20 Ft.
20 Ft.
20 Ft.

20 Ft.
20 Ft.
20 Ft.
20 Ft.
20 Ft.
20 Ft.
20 Ft.
20 Ft.
20 Ft.
20 Ft.
20 Ft.
20 Ft.

20 Ft.

20 Ft.
20 Ft.
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APPENDIX 4 .

TABLE FDSG-T2
CABLE DISTRIBUTION FOR A LIGHTLY LOADED
(SINGLE LAYER) CABLE TRAY (18")

CABLE CABLE CABLE QUANTITY LENGTH

FUNCTION - TYPE SIZE

Power W-710 1/C 350 MCM 1 20 Ft.

Power W-012 4/0 Triplex 1 20 Ft.

Power W-116 . 2/C % 2 AWG 1 20 Ft.

Power W-123 3/C # 8 AWG 1, 20 Ft.

Control W-045 12/C #12 AWG 1 20 Ft.

Control W-046 g/C #12 AWG 1 20 Ft.
_.Control. - W-047 7/C #12 AWG . 1 20 Ft.

Control W-048 * 5/C #12 AWG 1 . 20 Ft.

Control . W-850 3/C- #12 AWG 1 20 Ft.

W-372 1TQ # 16 Shield ,, '

Instrumentation  W/0S&/ [RAALY [TiakART 1 20 Ft.

Instrumentation. W-067 48/C #16 Shield ) 1 20 Ft.

Instrumentation W-263 4 ;?ieldgd twisted pairs .1 . 20 Ft. -

6 AW .
Instrumentation W-264 2 Shielded twisted pairs .1 20 Ft.
- #16 AWG
Instrumentation W-069 22/C #16 AWG with over- 1 20 Ft.
‘ all shield
Instrumentation W-081 7 Shielded twisted = 1 20 Ft.
triads . -
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- m ' APPENDIX 4
. FDSG-T3
CABLE DISTRIBUTION FOR 40% FILL .
OF A 5" CONDUIT _ ’
CABLE CABLE ; CABLE QUANTITY LENGTH
FUNCTION . TYPE SIZE .
Power W-008 1/C 750 MCM 1 20 Ft.
Power W-709 1/C 500 MCM 1 20 Ft.
Power ) W-124 ‘ 2/C # 8 AWG 1. 20 Ft.
Control W-045 ~12/C #12 AWG 3 20 Ft.
Control . W-046 9/C £#12 AWG 2 20 Ft.
Control " W-047 . 7/C #12 AWG 1 20 Ft. -
Control W-048 .. §5/C #12 AWG 1 20 Ft,
Instrumentation W-263 . 4'§h1e1ded Twisted.pairs 1 20 Ft. .
. . - . < # 16 AWG . .
Instrumentation W-058 . RG-11U Triaxial 1 20 Ft.
Instrumentation W-067 48/C #16 Shield 1 gg ;t.
1 t.

strumentation W-372 . 1TQ #16 Shield

Sl
»
~
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TABLE FDSG-T4 .
CABLES TO BE AIR OROPPED*

CABLES TO BE AIR DROPPED INTO 40% FILL LADDER -BOTTOM TRAY _

CABLE - CABLE CABLE ; © QUANTITY - - __..
- FUNCTION . TYPE SIZE o

. . | .

Power ‘ W-718 32 Triplex o

Control W-046 9/C # 12 AWG ) 1

CABLES TO BE AIR DROPPED INTO 40% FILL SOLID BOTTGM TRAY

CABLE CABLE . CABLE QUANTITY

FUNCTION' TYRE SIZE -

Power LM-123 3/C # 8 AWG o

Control W-045 - 12/C # 12 AWG 1

‘Instrumentation . W-061. 12°Shielded twisted pairs, 1

| S  #16 MG -

CABLES TQ BE AIR OROPPED INTO LIGHTLY LOADED LADDER BQTTOM TRAY ‘
CABLE ~ CABLE  CABLE QUANTITY '
FUNCTION - TYPE SIZE

Power H-116  2/C % 2 AWG 1

Control © . W-850 . 3/C # 12 WG S

Instrumentat:ion W—dB'l . Shielded twisted triads 1.

CABLES TO BE AIR DROPPED INTO LIGHTLY LOADED SOLID BOTTOM.TRAY ~
CABLE CABLE  CABLE " QUANTITY

FUNCTION TYPE  SIZE o A

Power V-ﬂ?ﬁ 5/ fﬁfl /2’4’ %ﬁﬁ/ "f ’ 1

.* THESE CABLES SHALL DROP THROUGH THE SLAB PENETRATION AND ENTER THE
HORIZONTAL SEC'I:ION OF TRAY. THESE CABLES ARE NOT IN ADDITION 70
CABLES IDENTIFIED IN TABLES FDSG-T1 and T2. THESE CABLES ARE A
PART OF THE REQUIRED FILL FOR THE CABLE TRAYS.
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. APPENDIX 5
THERMOCOUPLE INSTALLATION

b}

THERMOCOUPLE INSTALLATION
GENERAL

Prior to seal and coating instaliation, thermocouples will be
embedded into the cable bundles and coatings to provide the test
engineer with an identification of the conditions during the fire
exposure test.

TEST ASSEMBLIES

ATl test assemblies will contain one string of thermocouples
located inside the-assembly, among ‘the cables at twelve (12) inch
intervals.

Refer to drawing FDSG-D014 contained in this appendix for a
pictorial representation of thermocouple locations.
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‘APPENDIX 6
PRODUCT TECHNICAL INFORMATION
AND )

PRODUCT APPLICATION AND REPAIR PROCEDURES

SECTION 1: PRODUCT DATA SHEETS

SECTION'2: ASTM-E84 TEST DOCUMENTATION
. SECTION 3: PRODUCT APPLICATION AND REPAIR PROCEDURES

s
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SECTION 1: PRODUCT DATA SHEETS
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TECHNICAL INFORMATION
THERMO-LAG STRESS SKIN TYPE 330-69
DATA SHEET .
PRODUCT DESCRIPTION: THERMO-LAG Stress Skin type 330-69

is comprised of an open weave, self
stiffened steel mesh used to provide
an enclosure over conduits, cable trays,
and air dropped cablies and provide an

- easily accassiblie refurbishment of
surfaces which possess adequate charac-
teristics to recaive the THERMO-LAG
330-1 Subliming Material System.

THERMO-LAG Stress Skin Type 330-69 is
inherently resistant to differential -
" thermal expansion, thermal stress,
flutter, vibration and other type of
loading - potentially resultant from
earthquake conditions. -

_( ‘D PHYSICAL, PROPERTIES: THERMO-LAG Stress Skin Type 330-63

’ shall be comprised of an open weave,
self stiffened steel mesh to meet the
following characteristics:

Strand Diameter: 0.019 inches minimum
Mesh Size: 64 Holes/sq. in. minimum
Weight/Sq Yd: . 1.75 pounds/Sq. Yd. minimur
Type "V" Stiffeners dimensions:
Height: .29 + 0.04 inches
Base: . .29 + 0.04 inches
Distance Between: 6 + 1 inches
CHEMICAL PROPERTIES: THERMO-LAG Stress Skin Type 330-63

is chemically treated to provide
reliable long lasting corrosion
inhibiting environment.

I-63
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THERMO-LAG STRESS SXIN TYPE 330-69

DATA SHEET CONTINUED

BASIC USE: THERMO-LAG Stress Skin Type 330-69
) shall be installed in such a manner
as to provide a complete and continuous
wrap over all areas to receive the
THERMO-LAG 330-1 Subliming Macerial
System, with the exception of junction
boxes and structural support entities.

SURFACE, PREPARATION: Prior to use, the substracte should be-

clean, free of loose dirt, grease and .

other contaminants.

No special surface

preparation is required.

METEOD OF APPLICATION: Best results are obtained if each

. . individual length of each- individual
section does not exceed 10 feet.
Each section should overlap each pre-
ceding section by at least 6 inches:or

fastened to the precading and following

section by a flange facsimile having a -
Circumferentially,
two sections are preferred. The skin
shall be tight and all. flanges'and butt
joints properly fastened. The sectious
should be sécured to each other by using
a stapler plier equipped with a reverse
clinch. The stapler wire must have a
‘minimum thickness of 0.019 inches and a
width of 0.050 inches. The maximm
distance between staples should be:

1 inch lip, minimum,.

6 inches.
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PRODUCT DESCRIPTION:

COLOR:
FINISH:
TEMPERATURE :

PHYSICAL PROPERTIES:
PIGMENTS:

SOLVENTS:

SOLIDS by VOLUMES:

NET WEIGHT PER GALLON:

SHELF LIFE:
PACKAGED:
STORAGE:
SPREAD RATE:

APPLICATION: -

MIXING:
THINNING:

F 1001
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APPENDIX 6

* TECHNICAL INFORMATION

THERMO-LAG 351-2 WATER BASED PRIMER

DATA SHEET

THERMO-LAG 351-2 primer is specifically provided
for use in conjuction with THERMO-LAG 330-1
subliming coating. It provides the strong mechani-
cal base required for field application of the
subliming material to a steel substrate,

. Red

Matte
This product should be applied in conformance
with good painting practices. The surface

shall be dry, above 40 degrees F.and above the
dew point.

Anti-Corrosion

Water

44ty Percent

11.5 £ 1.0 1bs.

Six Months

5 Gallon Pa{1s

Keep container tightely sealed when not in use.
Store off the ground, above 32 degrees F and
below 100 degrees F.

200 Sq. ft. per gallon on smooth surfaces. Allow

. for loss due to overspray and surface irregularities.

May be applied by airless or conventional spray
brush or roller.

Mix thoroughly before starting application.

Water

I-65
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THERMO-LAG 351-2 WATER BASED PRIMER

DATA SHEET CONTINUED
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Page 71
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The ideal surface for.app]ication of THERMO-LAG 330-1 subiiming mastic is
over a steel substrate which is_clean and primed with THERMO-LAG 351-

primer., .

- Before applying the primer be sure the surface is clean, dr

hY
"

0il, rust, scale dirt and other contaminants.

2

y, free of grease,

If applying over previously painted surfaces, verify adhesion by the cross
hatch adhesion-test as per federal method 141. Zinc or other metal b
‘coatings and any other non-compatible coatings should be coated with THERMO-
LAG 351-2 as a barrier/tie‘'coating. Any decision to “"short cut" the
surface preparation shall be at the applicator's own risk. While oth
may provide satisfactory, TSI can accept no responsibility for use of products
which have not been fire tasted with THERMO-LAG 330-1.

AIRLESS SPRAY EQUIPMENT:

GUN

. NORDSON VERSA
. GRACO HYDRA SPRAY

" DEVIBISS
JGA 5026

"CLEAN UP:
SAFETY PRECAUTIONS:

FLUID AIR MATERIAL

TIP  INBOUND HOSE HOSE
ORIFICE PRESSURE ID 1D

0.015" 50 TO

70 0.020" - 70 psi 3/8" 1/4"

WATER

Proper Air masks or respirators for spray
personnel and proper ventilation should be
provided.

I-66
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w TeCHNICAL INFORMATION
TkERMO-LAG 330-1‘SUBLIMING COMPOUND
DATA SHEET

PRODUCT DESCRIPTION:

wu [STANDING FEATURES:

COMPOSITION AND PHYSICAL PROPERTIES:

Solvent ' :
Net Weight/gallon 1bs/gal
- Non volatile
Flash Point
. Consistency
Warrantad Shelf'Life.
Storage Conditions

.
t
N
.-
.

- THERMO-LAG 330-1 is a water based, fire-

proofing, thermally activated, subliming
and insulative coating. When exposed to
filame, the material volatizes at fixed
temperatures; exhibits a small volume in-
crease through formation of a mult-cellular
matrix; absorbs and blocks heat to protect
the substrate material.

THERMO-LAG 330-1 SubTiming Compound
Antique White '
Textured

Ease of Application

Excellent exterior and interior durability
No flash point or fire hazard

Chemical Resistance

No asbestos

Rugged

~ . Watar
10.5 # 0.5 .
66 Min.
None
Semi-solid, paste-like
6 Months
Above 329F and Below 10Q9F



BASIC USE:,

COATING THICKNESS:

PACKAGED:

STORAGE CONDITIONS:

v\
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APPENDIX 6

TECHNICAL INFORMATION
. THERMO-LAG 330-1 SUBLIMING COMPOUND
DATA SHEET CONTINUED'

THERMO-LAG 330-1 is applied to cable
trays, cable drop and junction box
assemblies, structural steel, support
structures, containment vessels, tank
cars, and other similar entities.
THERMO-LAG 330-1 is applied to protect

the substrate against loss of structural
strength and accessing temperatures during
exposure to fire. One and multiple hour
fire ratings can be provided as determined
by test utilizing the ASTM E-119 time -
temperature environment, hydrocarbon or
chemical fire environments.

THERMO-LAG 330-1 'Subliming Compound has
also been tested per ASTM E84 Standards
by an independent testing laboratory and
will have a:

Flame Spread 5

Fuel Contributed 0

Smoke Developed 15
The coating thickness is a function of the
specific weight of the steel to be protected.
The heavier the steel, the thinner the coating
required for a given fire endurance rating.
(Specific film thicknesses are recommended by

the architect or owner.)

55-gallon drums approximately 500 net 1bs.
THERMO-LAG 330-1 Subliming Compound is supplied
in containers bearing Underwriters Laboratories
Tabels.

Store above 32°F and below 100°F.

T=AR
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TECHNICAL INFORMATION
@ '

THERMO-LAG 330-1 SUBLIMING COMPOUND
DATA SHEET CONTINUED
SURFACE PREPARATION: 1. Surface must be clean, dry and free

from contaminants including oil,
grease and scale prior to application.

2. THERMO-LAG 351 Primer should be used
as and where required.

MIXING: ‘ ' Material should be stirred to a homogeneous
) consistency prior to application.

TEMPERATURE/HUMIDITY: THERMO-LAG 330-1 Subliming Compound shall
be applied in conformance with good painting
practices. The surface shall be dry, above
40°F and above the dew point:

( m METHOD OF APPLICATION: May be applied by airless spray or by troweling.

RECOMMENDED SPRAY - ' w

EQUIPMENT: _ For.spray application direct from the shipping
container, air-ram (45:1 compression ratio)

extrusion pump, airless spray equipment should
be used. g

CLEAN UP: Water
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" AFPENDIX 6

TEGINICAL INFORMATION

THERMO-LAG 330-70-CONFORMA@LE_CERAMIC INSULATIOR

PRODUCT - DESCRIPTION:

HYSICAL PROPERTIES:

Color: -

*Continuous Use Limit:
Melting Point:

Fiber Diameter:

Specific Heat at
1093°C(2000°F) :

Specific Gravity:

%

DATA SHEET

THERMO-LAG 330-70 Conformable Ceramic
Insulator is a strong light weighe,
flexible. ceramic blanket., It is
manufactured from long ceramic fibers.
There are no binders added to the
THERMO-LAG 330-70 Conformable Ceramic
Insulator. 1t is a highly efficient.
matéerial having low specific heat,
excellent resistance to thermal and

mechanical shock. ' “

White

1260°C(2300°F) :
1760°C(3200°F) ‘

2-3 microus(mean)

1130 J/kg°C(.27 Btu/lb/°F)
2.73 g/cm3
*The Coutinuous Use Limit is determined

by irreversible linear change critceria
not product melting point.

I-70,
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CHEMICAL PROPERTIES:

Aluminum Oxide:
Iron Oxide:

F 1001

Revision D
Page 76
Appendix A
APPENDIX 6
TECENICAL INFORMATION
TEERMO-LAG 330-7Q CONFORMABLE CERAMIC INSULATOR
DATA SHEET CONTINUED
. 48.02 Silicone Dioxide:_ 51.8%
0:04% Titanium Dioxide: 0.0027
0.01Z Calecium Qxide: 0.02Z7

Magnesium Oxide:
Sodium Oxide:
- Leachable Chlorides:

-

BASIC USE:

- . m
'
. “

SURFACE PREPARATION:

METHOD OF APPLICATION:

STORAGE:

( 4
¢

0.17
Less Than 10 ppm

THERMO-LAG 330-70 Conformable Ceramic
Insulator is used for insulacion en-
hancement of temperature sensizive
components and is designed to provide

. equal compatibiliry, efiiciency and
greater heat resistance when used in
concert with TEERMO-LAG 330-1 Subliming

Material System.

No special surface preparation is required.

-

" THERMO-LAG 330-70 Conformable Ceramic

Insulator shall be wrapped in such a
manner as to be complete and continuous
with no gaps or holes. When che application

. of the THERMO-LAG Stress Skin Type 330-69

and THERMO-LAG 330-70 Conformable Ceramic
Insulator is complete, a '"cacoon'" effect
should be present.

- THERMO-LAG 330-70 Conformable Ceramic

Insulator should be kept in its containers
sealed when not in use. Store off the ground.
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THERMO-LAG 330-71 FIBERGLASS ARMORING

PRODUCT DESCRIPTION:

PHYSICAL PROPERT;ES:
' Color: ’
Finish:
Type;
Qunce/Sq. Yd.
Thickness (Inches):
*Tens{le Strength (Lbs/In):
Yarn:
Knit:

Temperature of
Decompasition:

BASIC USE:

DATA SHEET

The Fiberglass Armoring is a
1ight weight, electrical glass
armoring fabric for use with the
THERMO-LAG 330-1 Subliming
Material System.

White

Matte

"E" Type Fiberglass Fabric .
1.9 £ 0.2

0.005 i 0.001

Warp: 75 Fill: 60

Warp: 150-1/0 Fill: 150-1/0

Weave Type

circa 1600°F

*Minimum average breazking strength,
pounds per inch (ASTM Method 579-49).

The Fibergalss Armoring is specially
provided for use in connection with

the THERMO-LAG 330-1 Subliming Material
System. It provides a strong mechanical
base or armoring as required for field
application for the intended use.
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TECHNICAL INFORMATION

THERMO-LAG 350

TWO PART WATER BASED SPILL RESISTANT TOPCOAT

PRODUCT DESCRIPTION:

PHYSICAL PROPERTIES:

®

Color:

Finish:

Solids by Volume:
Theoretical Coverage:
Mixing Ratio By Volume:
Net Weight Per Gallon:
Storage Temperature:

- Shelf Life:

Flash Point (Seta):

Pot Life:

Surface Temperature:
Thinning:.

DATA SHEET

THERMO-LAG 350 Water Based Spill
Resistant Topcoat is a Ctwo component
formulacion designed to provide
chemical and corrosion resistance to
protect against abrasion, moisture,
corrosive fumes and chemical contact.

Whice

Gloss

34.0 & 1.07 Mixed

50 Sq. Ft Per Gallon

Part A - 4 To - Part B - 1
10.93 = 0.20 lbs (Mixed)

Minimum - 35°F Maximum - 120°F
Protect from freezing. In cold
weather, store materials inside
above 60°F until use.

6 Months at recommended storage
temperatures.

Part A - above 200°F
Part B - above 135°F

10 hours at 6Q°F
8 hours at 77°F
4 hours at 100°F

Minimum - 60°F Maximum - 120°F

Use clean water. For air spray thin-.

up to 107; airless spray, brush
or roller, up to 5Z%.
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TECHNICAL 'INFORMATION _ .
THERMO-LAG 350
TWO PART WATER BASED SPILL RESISTANT TOPCOAT
DATA SHEET CONTINUED
CHEMICAL RESISTANCE:
FREQUENT CONTACT LOCCASIONAL CONTACT
Alkali Solutionms o Fresh Water Organic Acids
Alcohols . Waste Water - Mineral Acids
Aliphatic Hydrocarbons Mineral Oils Oxidizing Agents
Aromatic Hydrocarbons . Vegetable Oils Ketones
Salt Solutions . '
BASIC USE: Especially formulated to provide

compatibility when used in the
THERMO-LAG 330-1 Subliming Matceria
System. THERMO-LAG 350 Two Part
Water Based Spill Resistant Topcoat
provides excellent protection against
water flow, climatic wvariacioms,
chemical artack and physical abuse.
This material has been tested in
accord with ASTM E84 Standaxrds by
an independent testing laboratory
and will provide a:

Flame Spread: -5

Fuel Contxributed: 0
Smoke Developed: 0

PACKAGED: ) 5 Gallon KRits consisting of ome
: . short £illed 5 gallon pail of Part A
and a one gallon can of Part B.

»
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g 0 . THERMO-LAG 350

TWO PART WATER BASED SPILLED RESISTANT TOPCOAT
- DATA SHEET CONTINUED

rd

SURFACE PREPARATION: . The surtace should be clean, free of loose and
U foreign contaminants and dry: at least SOF
above the dew point. Coating will not cure
=~ 'below minimum surface temperature.

Moisture meter readings, using a Delmhorst
Meter, Model DP must be taken and readings’ of
20 or less must be obtained prior to the top-
coat being applied.

MIXING: ;‘”' Stir contents of Part A, making sure no pigment

remains on the bottem of the pail. Add Part B

' (1 gallon container) to Part A (5 gallon pail).

{ 0 , Mix with a power mixer until the two components
are thoroughly blended. Do not use mixed mater-

ial beyond potlife limits.

METHOD OF APPLICATION: . Application can be made by spray, roller or
<‘brushing.. A criss/cross application technique
is recommended to help achieve pin-hole free

coverage.
APPLICATION EQUIPMENT:
Brush: Use Nylon or synthetic bristle brushes.
Rollers: gse short nap synthetic rollers for smooth sur-
aces.

Use long nap synthetic rollers for rough sursaces.

@
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THERMO-LAG 350
TWO PART WATER BASED SPILL RESISTANT TOPCOAT
' DATA SHEET CONTINUED '

. APPLICATION EQUIPMENT: .
For Air Spray:
Air Mat'l

Fluid Air Hose Hose Atomizing Pot
Gun Tip Cap iD 1D Pressure Pressure
Devilbiss  E 2 or 5/16"  3/8" 75<100 . 10-20
MBC or JGA 78 - or . or psi - psi
orhequal ) i . - 378" 1/2" .
NOTE: Low ‘ambient temberature applications or- longer hoses

require higher pot pressure.

For Airless Soray: .

S Material Hose Manifold

. « Tip Orifice Atomizing Pressure ID Filter .
0.015" to 0.019" 2700-3000 psi 1/4" or 3/8" 60 mesh
NOTIE: ‘Use appropriate tip and atomizing pressure for equipment,

applicator technique and weather conditioums.

DRYING TIME AT 75°F: THERMO-LAG 350 Two Part Wdter Based
Spill Resistant Topeoat dries to touch
"in approximately 1 hour; to handle in
approximately 5 hours. Allow to dry for
at least seven days before exposure to
immersion service. Drying time will
vary on ambieunt temperatures and relative
bumidicy.

CLEAN UP: Clean all equipwment immediacely after
use with water, followed by a f£inal ..
washing with xylol or No. 8 Thinner. .
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SECTION 2: ASTM-£84 TE-ST DOCUMENTATION
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ASTM-E-84 TEST DOCUMENTATION

4

THERMO-LAG 330-69 STRESS SKIN

TESTED BY INDUSTRIAL TEST LABORATORIES
of St. Louis, Missouri September 9, 1981

FLAME SPREAD 0
FUEL CONTRIBUTED 0
SMOKE DEVELOPED 5
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ASTM-£-84 TEST DOCUMENTATION

THERMO-LAG 351-2 WATER BASED PRIMER

TESTED BY INDUSTRIAL TEST LABORATORIES

of St. Louis, Missouri September 9, 1981 .

FLAME SPREAD 0
FUEL CONTRIBUTED 0
SMOKE DEVELOPED 5
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ASTM-E-84 TEST DOCUMENTATION

THERMO LAG 330-1 SUBLIMING COMPQUND

UL TESTED AND LISTED JUNE 16, 1981
UL FILE NO. R6076

PROJECT NO. 81NK3238

FLAME SPREAD 5

FUEL CONTRIBUTED O
SMOKE DEVELOPED 15



~—

ASTM-E-84 TEST DOCUMENTATION

THERMO-LAG 330%70 CONFORMABLE CERAMIC INSULATOR

UL TESTED AND LISTED SEPT.~1979
UL FILE NO. R8418
- PROJECT NO. 79NK1036

FLAME SPREAD 0
FUEL CONTRIBUTED 0
SMOKE DEVELOPED . O
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ASTM-E-84: TEST DOCUMENTATION

THERMO-LAG 330-71 FIBERGLASS ARMORING

TESTED BY INDUSTRIAL, TEST LABORATORIES
91’ St. Louis, Missouri S'ep{:embér 9, 1981

FLAME SPREAD G0
FUEL -CONTRIBUTED - * 0
SMOKE DEVELOPED 0
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ASTH-E-84 TEST DCCUMENTATION

THERMO-LAG 350 TOPCOAT

UL TESTED AND LISTED APRIL 28, 1970

UL FILE NO. R6076B

PROJECT NO. 69NK4859

FLAME' SPREAD
FUEL CONTRIBUTED
'SMOKE DEVELOPED

1-84
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(“ $ . 'SE_CTION 3: PRODUCT APPLICATION AND REPAIR PROCEDURES
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TSI TECENICAL NOTE 80181

TEERMO-LAG 330-1

<
e . .

SUBLIMING COATING EHVELOPk SISTEM

o
-

-

APPLICATION PROCZDURES

8/81

REVISION I
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- TSI TECENICAL NOTE 80181
THERMO~-LAG 330-1
SUBLDMING COATING ENVELOPE STSTIM

APPLICATION PROCEDURES

INTRODUCTION

~Iu
This procedurs sets forth the sequemntial steps involved in applying
TEERMO-LAG 330-1 Subliming Coating Eavelope Systam to cable tzays,.

*“cable ‘drops, conduir, jumction box assemblies, and structural stael,

The THERMO-IAG 330-1 Subliming Pavelope System comsists of THERMO-LAG

Stress Skin Type 330-63, TEERMO-LAG 330-1 Subliming Coating, Fiberglass
Arzoring, and vhere required, TEERMD-LAG 330-70 Conformahle Caerzmic
Blapket and. TEERMO-LAG 350 Iwo Part Spill Resistant Topeoat.

PRE-APPLICATION PRACTICIS

Qualifications of Contractor

The application shall be performed by a qualified ccmntractor who has-
had prior training in applying the material and who has the equipment
required to perform the applicatiom.

Safatry Precautions

The contractor shall follow szandard industrial safety practices
egstablished for the handling of chemical coatings and shall ecuform
to applicable 0SZA and ownar safety rules in all respects.

Delivery

The coating materials shall be delivered to the job 3ite in original,
unopened containers which show the product name, batch number, color,
name of the manufactursr, the expiration data, and where applicable,
an Undexwriters' Laboratories label.
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Storags

The édating =matarials shall be storad off the ground when not in
use in an area provided for that purpose. The materials in storage
shall be procectad against freezing and from temperatures above 100°F,

Temperature and Precipitation .

The coating matarisls shall be applied cnly to'dry surfaces. The
texpaerature of the coating materdiazl and surfaces to be coated shall
be abovea 40°F during the waraxdial applicaticn and curing perioda.
The contractor shall furnish and inscall any protective covers
:equi:ed to protect the n:wly applied coating from rainfall’ or hazxd
freeze duxring its initdal curing pericd.

Protéction of Ad43cent Surfaces

The coutractor shall mask off or otherwlse protect all adjacent axeas

and .in place equipment frcm recadving any material overspray during

the coating application. Any spilled ma2terial and overspray shall be -
rexgved promptly using water, wet rags or sponges befors the materia

bhas dried. ° {'ﬂl’

FAPRICATION OF STRESS SXIX ENVZLOPE

Cable Trays (Pigures 1.0.1, 1.0.2, & 1.0.3)

Cut a plece of material large enocugh to form the bottom section frem

a roll of Streas Skin. The width of the bottom secticu ghall be equal

to the sum of the base (W) and both sides (E) of the cable tray plus |
3l inches, as shown in Pigure 1.0.1 . The leagth of the botzem piece

of materdial shall not exceed 10 feet since longer gecticns are

unwieldy and ara diffdculz o install,

Cut a square 1% inch pleca from each cormer of the bottom section of
the Stress Skin.

FPorm a "U" shaped section by making two 90° bends zlong the docted lines .
which ars located at each end of the W + k" dimension line shovn in
Figurs 1.0.1.
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FIGURE 1.0.1

TEERMO-LAG STRESS SKIN TYPE 330-69
. TYPICAL LAYOUT FOR CASLE TRAY SECTIONS

TOP SECTION

STIFFNER V" TYPE
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3.1.5

3.1.6

3.1.9

3.1.10

3.1.11
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" Form a 1%" flange om each side of the bottom section by making a 90°

bend along the dotted lines ag shown in Pigure 1.0.1.

&

Z.Cu't"a plece of material large encugh to form the top sectiocn from z

zoll of Stress Skin. The width'of the top section shall be equal 2o
the base (W) of the cable plus 2%".

For::x a 1%" flange at each ead of the top section by making 90° bends

¥ along the dotted lines ahcwn in Pigure 1.0.1.

~ -

Drill holes for fast:zning the bottom and top sections together as

.. zéquiYed in the £Iimges of both aec:ions as showvn in Figure 1.0.2.

. -'Hount: the beottom and cap secticns of "Stress Skin ca the cable tzay
aud fasten the two sections together at 2 maximum of six inch intervals

using mechanical faateners, staples or 18 ga. galvanized tie wire. 0

',A.x:tach additicnal botfom and top sacticns of Stress Skin to a previcusly o
. installed seczion by fastening them togecher at the end flanges using

mechaniczl fzzteners, staples or 18 ga. galvanized tis wira.

_Coat the bottom and top secticns of Stress Skin with THERMO-LAG 330-1
Sublim:!.ng Coating as shown in Figures l1.0.3. The coating shall he
applied with Fibexrglass Armoring in accordancs with the instructicans
glven in Secticn 4.0 of this procedurs. -

OR WEEN COATDNG PRIOR TO MOUNTING

Coat the bottom and top gectiocuns of. Strass Skin with TEERMO-LAG 330-1
Subliming Coating prior’ to mouuting cn the cable tray. The c¢oating
shall be applied with Fiberglass Armoring in accordance with instruc-
tions given in Sectiocn 4.0 of this procadura.

Drill holes for fasteaing the bottom and top secticns together as -
required in the flanges of both sections as shown in Pigure 1.0.2.
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PIGURE 1.0-2

THEIMO-LAG STRESS SXIN ‘TYZZ 330~69
IHSTALLATION SCEEMATIC PRIOR TO

THERMO-LAG 330-1 SUBLDMING COAiIRG APPLICATION
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CABLE
TRAY

YIGURE 1.0.3

CROSS SECTIONAL VIEW OF
TEZIMO-LAG 330-1 SUBLIMING COATING ENVELOPE SISTZ

APFLIED TO A TZPICAL CABLE TRAY :
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3.1.13 Mount the boctom and top sections of the precoated Stress Skin, on che
cable tray and fasgten the two secctions together at a maxizuza of six’
inch intervals using machanical fasteners, stapless or 18 ga. galvanizad
tie wira: '

3.1.14 Attach additicnal precoated botteom and top secticns of Stress Skin to a
previously installed sacticn by fastening them togethexr at the eand .
flanges using mechanical fasteners, staples or 18 ga. galvanized tie wirs.

3.1.15 Apply a coating of TEERMO~LAG 330-1 Subliming Coating in the specifiead
wet f1Im thickness to.the edges and joinzs of the precocated sections of
Stzesg Skin using a c:awel or scif‘ bristle brush to £1i11 in any gays .
or fastening hales.

.

. ) - .
oo "VETS S L 1 Kot

3.2 Conduir (Figure 1.0.4)

3.2.1 Cut two pieces of Stress Skin large encugh to form a tcp and a bottom
aection for the conduir. The width of each pilecs shall be equal to ¢Jv i
\ £ the circunmference of the conduit plus 1%, The leagth of the
iece of Strasa Skin shazll auat exceed 10 feet since lenger sacticmns
arn unwieldy and more difficult to insecall,

3.2.2 Torm a2 semi-ciwcoular saction with edge flangex f£xom each of the two
pleces by making two 90° bends at a distance of 1/2 inches frem each
edge of the vidth dimensions as shown in Figure l.0.4a.

Y4 3¢: {For sharp radius bends, the procedure delineatad in Secticn 3.0 for
2. f.. :the fabrication of Stress Skin Eavelope utilizing a design as shown
Ce_: 3,_..in Figure 1.0.2 shall apply for conduit whea sharp radius beads

”" must be coatad. o s

P:'}':- Wurs [0 b <L LD ¢4/ e !.n;,:‘ /41"'" - 0\4 /” see L7 %4 /’

3.2.3 Forzm a k" flange ¢m :he length edges of each of the two pleces, vhera
required, by making 90° beads.

3.2.4 Dzrill holas for fasteaing the bottom and top sections together at a
maximum of gix inch intarvals in che flanges ‘of both sections vhex

requizad,

A

3.2.5 |Mount the bottom and top secticns of Stress Skin cu the cénduit and
fastan the two sections togechar ag a zaxdmum of gix inch intervals
using mechanical fasteners, staples or 18 ga. galvanizad tie wire.
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3.2.11

3.2.12

F 1001
Revision
Page 105
Appendix A

Attach addizicmal bottom and top secticns of Stress Skin to a

. previcusly installed bortzom and top secticns as shown in Pigura

1.0.4b.

a) Overlapping the bottea and .::p gections by 2 maximm of
'2 s O

b) ZTastening thea together at the end flanges ngding mechanical
fasteners,’ staples or 18. ga. galvznired tis wira.

Coat the bottom and top secticas of Strass Skin wvich TEERMD-IAC 330-1
Sublining Coating. The ccatiig shall be applisd with FPibexzlasa .
Armoring in accordincs with instructions- given in Sectiom 4.0 of

this precadurs. .

.
-
-

N M AP

Coat the bottom and top secticns of Stresa Skin with TEERMO-IAG 330-1

Subliming Coating priocr to zounting ca the ccuduif. The coating
shall be applied with Xiderzglass Azacting In sccordancs with ins
ticus given in Saction 4.0 of this proceduxs.

" D411 holas for fantening the bottor and top secticans together as

raquired 4in tha flangea of doth cecticus.

¥oumt the botzZem and tops sections of the praccated Stress Skin em
the conduit and fasgten the two secticns together at a2 maxi=m of
sixz .dnch intezvals using mechmmical fasteners, staples or 18 ga.
galvanized tie wira.

-

Atzach additdional prococatad bottcm and top sectiocus of Stress Skin
to a previcusly installed ocectiocn by fastening thex togecther at the
end flanges using mechanidcal fasteners, staples or 18 ga. galvani=zed
tia wira as shown in Zigura 1.0.4b.

®

Apply 2 costing of THERMO-LAG 330-1. Sublizdng Coating in the specified
wat filz thickness to the edges and joints of the prezoared secricma
of Stress Skin using a trowel or stiff bristlae brush to £i13 in amy
gaps or fastening holes,

x
-
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FIGURE 1.0.4a ‘.
TEERMA-LAG STRESS SXIN TYPE 330-69
DNSTALLATION SCEEMATIC PRIOR TO
)

THERMO-LAG 330-1 SUBLIMDG,COATING APPLICATION - _

THERMO-LAG Stress
Skin Type 330-69

Conduit
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TIGURE 1.0.4b |

-IHéIALLAIION SCEEMATICS 70R ATTACEING ADDITIONAL SECTIONS Of
THERMO~-LAG STRESS SKIN TIPE 330-~69 TO PREVIOUSLY INSTALLFED
TEERMO-LAG STRESS SKIN TYPE 330-69

THERMO-LAG STRZSS SKIN

END FLANGES - .

. o~ .
-~
PP F X

THERMOQ-LAG STRESS SXIN

TEERMO-LAG STRESS SKIN
~
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3.3 Cable Droos (Figure 1.0.5a.) .

3.3.1 Cut a piece of Stress Skin large emocugh to wrap around the circim-
farence of a single or multiple number of cable drops. The width
of the piece should be equal to the circumference of the gingle or
group of cable drops plus an additicnal 3/4" minimun to provide for
the overlap. The langth of the plece of matarial shall not exceed
10 feat® since longer sections ars unwieldy aand xore difficut to handle.

3.3.2 Wrap the piece of Stress Skin around the single or group of cable drops
and securs at a maximu of six {nch intervals with 18 ga. galvanized
tie wires. Attach additicnal pleces of Stress Skin to a previcusly

. wrapped pilece by overlapping by 2 minimm of gix inches and secure

- with 18 ga. galvanized tie wire.

3.3.3 Cut a piece of THERMO-LAG 330-70 Conformable Ceramic Blanket large

. enough.to wrap avround the circumference of the installed Stress Skin.

. The width of the plece should be equal to the circumfersace of the
ingtalled Sztress Skin plus ¥¢' minimum to provide for a tight abutzment
of tha edges. The length of the piece of material shall not excaed
10 feat In ovder to mind=mize the handling problems during inmstallacien.

~

3.3.4 Wrap the pilece of Conformable Caramic Blanket around the installed
plece of Strass Skin and secura. at 3 maxd=um of six inch intervals
wizh 18 ga. galvanized tie wirs. Attach additional pilecss as vequired
of the Conformable Ceramic Blanket ¢o a previously installed piece by
tightly abugting the piscas together. Care should be exercised to
ensure that the wrapping of the Couformable Ceramic Blankat is
continuous with no gaps or holes in the material: surfaces, "

3.3.5 Cut two. pleces of Strass Skin large enough to form a top and a
bottem section. The width of each piece shall be equal to onme half
of the circumference of the installed Conformable Ceramic Blanker
plus 24" wminimm, The leagth of the piece of material shall not excaed:
10 feet since longer sections are wnwieldy and more difficult to handléd.

3.3.6 Form a semi-circular section with edge flanges from each of the top
pleces by making two 90° bends at a distance of 1%" minimm frem each
edge of the width dimensicm.
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cross si:cnoz{mi.‘ \\rm: OF

“

|
|
» . ) ) " ’ . .
. e PIGURE 1.9:’5a
’ THERMO-LAG '330-1 SUBLIMING. COATING ENVELOPE SYSTEM
APPLIFD TO CABLE DROPS
-,
. .\'°: v 7 ’

R A THERMO-LAG 330-1 -
2 C . FIBERGLASS ARMORING

TEERMO-LAG 330-1

THERMO-LAG - STRESS” SKIN

FASTENER
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Fora a 1%" flange on the length edges of each of the ‘two pieces,
vhea raquired, by making 50° bends.

. P .‘b\
Cut holes for fastening the bottom and top sections together at a
maximum of six inch incaxvals in the flanges of both secticas,

. \ .
Mount the botzcm and top secticns of Stress Skin on the Conforzable
Ceramic Blanket and fasten the two sactions together at a maximum of
8ix inch inzervals using mechanical fasteners, stapes or 13 ga.
galvanizeqy:ic wire. -, .

o,
» t

Atzach addicicual botton and top sections of Stress Skin to a
g;eviously instailed bottom and top secticn by fastening thex
‘Togather at the ead flanges .using mechanical fasteners, staples or
18 ga. galvanized tie wire,

Coat the bottom and top sections of Stress Skis with TEERMO-LAG 330-1

Sublining Coating as shown in Figure 1.0.5a. The coating shall be
applied with Fiberglass Armoring in accovdancsa with the instructicns
given in Section 4.0 of this procadnrc.,

Cable Drops (Fig}lre lloOosb)

Cut a piece of Stress Skin large. enough to wrap around the circum-
ference of a single or multiple number of cables. The width of
the piece should be equal to the circumference of the single or
group of cable drops plus anm additicnal 3/4" minim=m to-provide
for the overlap. The length of che plece shall not excaed

10 feer since longer sections are unwieldy and more difficult to
handle. .

I

Wrap the place of Stress Skin around the single or group of cable
drops and secura at a maximm of six inch incervals with 18 ga.
galvanized tie wira. Attach additional pieces of Stress Skin

to a praviously wrapped pileces by overlapping by a minimum of

six inches and sacura with 18 ga. galvanized tie wire.

1-105
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Coat the section of Stress Skin with THERMO-LAG 330-1
Subliming Coating as shown in: Figure 1.0.5b. The coaring
shall.be applied with Fiberzlass Armoring in accordance
with instructiocns given in Section 4.0 of this procedure,

‘ Cut a pisce of TEERMO-LAG 330-70 Conformable Ceramic Blankat

large.enqugh to wrap around the circumferesuce of the installed
Stress Skin. The width of the  piece should be equal to the
circumference of the installed Stress Skin plus %" minimm

to provide- for a tight abutment of the edges. The leagcth of
the pilece of matarial shall not exceed 10 feet in oxder to

ninimize the handling problems during installaticn.

Wrap che pilece of Conformable Ceramic Blankat around the
ingtalled.piecs of Strass Skin and secure at a maximm. of

gix inch intarvals with “18 ga. galvanizad tie wire., Attack
additional pileces as requiread of the Conformable Ceramic ‘
Blanket to 2 previocusly installed piece dy tightly abutting
the pileces togather. - Cars should be exerciged to ensura that
the wrapping of the Conformabla Caramic Blankat is~cemtinucua
with no gaps or holes in tha macerial surfaces.

Cut two pileces .of Stresa Skin large enocugh to form a top
and 2 bottom gsection. The width of each plecs shall be
equal to one- half of the circumfaranca of the installed
Conformabla. Caramic Blanketf plug 2% mindmm. The length
of the pilece of material shall not exceed 10 feet since
longer sections are unwieldy and more difficult to handle.

Porm a semi-circnlar section with edge flanges from each
of the. top pieces by making two 90° bends at a distance of
1" minimm from each edge of the width dimensidn.k
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FIGURE 1.0.5%

CROSS SECTIONAL VIEW OF

THEERMO-LAG 330-1 SUBLIMING COATING ENVELOPE STISTM

. .. ) APPLIZD T0, CABLE DROPS

L . “ ' - THERMO-LAG 330-1
FIBERGLASS ARMORTNG

TEERMQ-LAG 330-1

TEERMO~LAG STRESS SKIN

CONFORMABLE CERAMIC BLANKET
TBERMO-LAG 330-1

THERMO-LAG SIRESS SKIV

TIE WIRE
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-

Form a 1%" flange on the lemgth éﬁges of each of the two pieces,
when required, by making 90° beads. . .
P

Cut holes. fo: fastening tbe bo::om and top sectiouns together at a
naxdimm of six inch intervals‘in nhe flanges of both sections.

i

Mount the bottom and. top sections of Stress Skin.om the. Conformable |
Ceramic Blanket and fasten the two.sections together at a. pazimum of
six Inch intervals using mechanical fagteners, stapes or'1l8 ga.
galvanized tie- wire.

- .
Atzach addirional botrom and top- sections of Stress Skin to a -
previcusly installed bottom' and top secticn by fastening .them
together  at the end flanges using mechanical fasceners, staples or
18'gas-galwanizad tie wira. - . ; L

Coat the.bottom and top secticns of Stress Skin with THERMO-LAG 330-1
Subliming Coating as shownm in Figura 1..0.5b. The coating shall be' )
applied with Fiberglass Axmoring im accordacce. with the inztruczia-n" f

»

Ccnduit and Cable Droo Junetion (Fizure 1.0.6)

Apply the. THERMO-LAG 330-1 Sublimdng Coaciné Envelope System to the
conduit and the single or multiple cable drops following the
instructions' given in Sectlon 3.2 or 3.3 of this procadura.

Cut.a piace of Stress Skin of sufficient size: to wrap arcund the
circumference of the conduit. Tha width of the pieca should be

equal to the cutside circumference of the condudz plus an addiziocnal
3/4 inch to provide for an overlap. The length of the pieca shall be
12 inches minimum, »

Wrap the pilece of Stress Skin around the ocutside circumfezencs of the
conduit in such a manner that ir covers six inches of the conduiz. )
Securs- the plece of Stress Skin to the conduit with two 18 ga. gal- . .-
vanized tia wires mounted approximately 5 inches apart.

-~
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FIGURE 1o00‘§a
CR0SS SECTIONAL vizw oF

THEERMO-LAG 330~1 SUBLIMING COATING ENVELOPE SYSTEM

APPLIED 10 CONDUIT AND CABLE, DROP

.
“

(@ — s
. THERMO-LAG 330-1

BEVELED EDGZ OF

TEERMO-LAG 330-1
AND PIBERGLASS
ARMORING

THERMO-LAG STRESS SKIM
FIBERGLASS ARMORING

FIBERGLASS ARHORI'HG;
TEERMO-LAG STRESS SKIg 4

3

TEERMO-LAG 330-1
- TEERMO~LAG STRESS SKIN
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3.4.4 Cut a required number of small pieces‘of THEERMO-LAG 330-70 ° ) .
Conformable Ceramic Blanket from a roll of this material.‘:'

3.4.5 - Insert-the small pleces of Conformable Ceramic Blanke: ingide the

.t open ead of the installed pieca of Stress Skin and ‘around and between .
the cable drops in such 2 manner that the: open end. 13 relacively .
sealed. Then secure the piece of Stress Skin to the cable’ drops with
18 ga. galvandized tie wires.

Y

. 3.4.6 Coat the-installed piece of Stress Skin with TEERMO-LAG 3301
Subliming Coating as shown in Pigure 1.0.6. The cocating: shall

be' applied with Fibexglass Azmoring in accordance vi:h the instzuc-
tions given in Section 4.0 of. this p:ocedu:e. .

3/3+*< - Cable Tray and Cable”Droo Junction at Open. End of Cableiﬁkéz

LY BN R

cable tray at the single or multiple cable drops following.the
"instructions given in Secticns 3.1 and 3.3 of this pracedure.

o~~~
. Pcr lml 2r- .
3.5.2 - Cut a piece of Stress/ Skin.of sufficieng /size to wrap around the
) outside‘paranmeterg-of the cable. tray./ The width of the piece
‘should be aqual to the cutside(paTamecsdy of the cable tray plus
an additicnal 3/4™ to provide .for an overlap. The length of the
piece shall be 24 1nchcslpinimnm. ‘

3.5.1 Apply the THEEMO-LAG 330-1 Subliming Coating Envelope System to the '
Kl

. ,p ‘IMc/&f
3.5.3 wrap the piace of Strass Skin arcund the (fazameter of the cable czzy
in such a manner that it covers six. inches of the conduit. Secura the
plece of Stress Skin to the conduit with two 18 ga. galvanized-tie
vires mowmted approximately 5 inches apart.

3.5.4 Cut a required number of small pieces of the THERMO-LAG 330-70
,Canformab;a Ceramic Blankat from a roll of this material,

3.5.5 Cut slots afprczimatcly 12 inches in length at eack cormer of the
open end of thae piece of Stress Skin.
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FIGURE 1.0.6b

* CROSS SECTIONAL VIEW OF

.- THERMO-LAG 330~1 SUBLIMING COATING ENVELOPE SYSTEM

.
e

"APPLIED TO CABLE TRAY AND CASLE DROP

. ' ".'.- -~ ’
. ) t _d - Y N /
Lo R " CABLE TRAY ot s '
c.. e . - ?
/e
74

BEVELED EDGE OF THERMO-LAC 330-1 AND FIBERGLASS ARMORING
O . \P SS%

£ ‘l' * o i «
e, o 2 /7
; TEERMO-LAG 330-1 VAL
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installed piece of Stress Skin and’ around and between: the.cable drops
in such a manner thit when the ,8lit open end of the pilece of Stress ‘

i

. Insert the small ?ieces of Conformable Ceramic ‘Blanket inside .the.

Skin is tightened around the cable® ‘drops, the openr end is effectively
sealed. Then secure the piece’of Stress Skin to the cable drops
with 18 ga. galvanized tie wi:es.

Coat the installed piece of Stress Skin with THERMO-LAG 330-1
Subliming Coating in the raquired thickness. The coating shall be
applied with Fiberglass Armoring in accordance with the instructions !

o

Cabie Tray and,Cabie'Droo'Junccion-at Too or Bottom of Cable Trav B ) ‘

Apply the TEERMO-LAG‘330-1,Su$liming Caatiné Envelope>$ystem :o-the=_.‘.g?\
cable tray and the single or multiple cable drops following the: cT
instructions given in Section. 3.1 §nd 3.3. D

\

",

Cut a plece of Stzess Skin of sufficient size to form a,truncatad.
cone shape which has one end that is equal to the circumfarence

of the cable drops plus 3/4 inch to provide for overlaps. The
other end should be approximately four times the circumfereace of
the cable drops plus 3/4 inch to provide for overlaps. The leagth
of the pilece § uld be 6 inches minimum.

Eécd

Form a 1" flange at tha large end of -the piecea of Stress Skin by -
making 2. 90° bend along a line which is 1" up and parallel to the

large end. Drill holes for fastening the flange to the cable tray

as required in the flange.

Cut. a required number of small pileces of THERMO-LAG 330-70 Coaformable
Ceramic Blanket from a roll of this material.

Forn.a come out of the.piece of Strass Skin taking care to overlap
the sides by 3/4 inch.

-

e
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Insert the small pieces of Conformable Ceramic Blanket inside the
small end of the cone in such a-manner that the small end is sealed
when it Is wrapped around the cable drops. Then secure the small
end of the pilece of Stress Skin to the cable drops wi:h 18 ga.
galvanized tis wires.

Secure the flanged end of the piece of Stress Skin to the gable
txay using mechanical fasceners, snaples or 18 ga. galvanized
tie vires.

.Coat the inscalled piece of SCress Sxin with TEERMO-LAG 330-1

Subliming ‘Coating. The coacing 'shall be applied with Fiberglass
Armaring in accordance with the inssructions glven in Secticm 4.0
of, t@#g.ptcceduxet. -

Cable Tray or Conduit Junction With Fire Wall

Attach the Stress Skin Envelope of the cable tray or condui: at
each junecrion with a fire wall by fastening the butt flange of
the Stress Skin to the fire wall using mechanical fascteners.

Apply the THERMO-LAG 330-1 Subliming Coating ta the butt flanges,
overlapping the flange joints with the coating by a minizmum of

3 inches. THe coating shall be applied with Fiberglass Armoring
in accordance with the Instructions given in Sectiom 4.0 of this
procedura.

Junction Box Assembly (Figure 1.0.7)

Cut two pieces of Stress Skin large encugh to form the top and bottom
sections of the main assembly section of the junction box assaxmbly
a3 shown in Figure 1.0.7. The width of each piece of material shall
be equal to the width of the junction box plusg 5 inches and the
length of each piece shall be equal to the depth of the junczien box
plus 3 inches. The additional 5 inches provides for 1X" flanges and
1%" clearance from the side edges of the jumetion box. The
additional 3 inches provides for 1%" flanges and‘fEﬁﬂ:learance
along the sides of the junctionm box. i/h )
/
4
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~ CROSS SECTIONAL VIEW.OF .
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" APPLIED TO A JUNCTION BOX ASSEMBLY
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e FIBERGLASS ARMORING
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Cut any raquired holes for cable drops in the top and bottem sectioms.

Fora a l&"'flange on each of the four sides of the top and bottem
section of Stress Skin by making the required number of 90° bends. ;

Drill holes for fas:éning the top and bottom sections at a maximum of
6 inch intexvals in the flanges as shown in Figure 1.0.7.

Cut two pieces of Stress Skin large encugh to form the two sidas
sections of the wmain assembly 3qp:ion. The width of each plece of
Stress Skin shall be equal £o the height of the juactien box plus.

5 inches and the leagth of. each pieca shall be equal to the depth of
the junction box plus 3 inches. ' The additional 5 inches provides for .
I’ £langes and 1%"'~clearances from the top and bottom edges of cthe'
Jjunction box. The addirional 3 inches provides for 1k" flanges, and. .

" clearance along the sides of the junction box.

Drill any required holes for cable drops in the two side seckibns.

» ~

Form a 1%" flange om each of the four sides of the two side sections
of Stress Skin by making the raquired aumber of 90° bends.

Drill holes for fastening the two- side sections at a maxi=um of 6,
inch interxvals in the flanges as :shown in Figure 1.0.7.

Cut a plece of Stress Skin large enough to form thes front plate
section. The width of the'front plate section shall be equal to the
width of the top and bottom sections plus 2%" required to cover the
flanges. The length of the front plate section shall be equal to the
hedighet of the side sections plus 24" required to cover the flanges.

Drill holes for fastening the fronc plate section to the main assexbly
section as shown in Figure 1.0.7.

¥ount the main assembly section arcund the junction box by ceonnecting
the top and botrom sactions to the two side sections and atzaching
the main assembly section to the wall on which the Juncticn box is
nounted using nechanical fasceners, staples or 18 ga. galvanized

tie wiras. )
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{
Mount the front plate section cn the main assembly section using .
mechanical fasteners, staples or 18 ga. galvanized tie wire. »

*Coat the dssembled front place an& main assembly sections of Stress

Skdn with THERMO-LAG 330-1 Subliming Coating. The coating shall be
applied with Fiberglass Armoring in accordance with the instructicns

.

given in Section 4.0 of this procedure. °

Structural Stael Supvorts

. .
See Appendix' C of this procedure for application instruccions.

. ? -
z ws

(COATING” APPLICATTON TECRNIQUES: “ -

.« . M P s 4 -

Spray Apolication

Apply the TIEERMO-LAG 330-1 Subliming: Coating over a prope&ly prepar {

" surfacs., Make sura that the surface to be coated is clean, dry, ab

40°F and free from. scale, rust or other contaminants.

-

Apply the material in as many passes as required to provide the requirad
film build of coating thickness, taking care to avoid slumping ox

sagging of the coating., Normally,. a required 0.500 inch dzy coating |
thickness 13  accomplished by applying three wet coats of 0.225 inches. [
However, the thickness which can be safely applied in a single pass

vill depend on the temperature, humidity, and other factors that are - |
best determined. on the job site. ‘

-

Apply the material in smooth even passes, taking care to keep the spray
gun fan pattern at 2 90° angle whenever possible. Reaching with a
spray gun Will cause the spray pattern to vary:from the 90° angle and
will result in a rougher surface than normal,

Take frequent wet thickness measurements during the applicacion using a
penetration measuring device such as those shown in Appendix A to ensure .
that the coating is being applied uniformly and at the required wat F{ip ov
thickness. These wet thickness checks shall be made every five square

feet ot every two running feet of coated surface area. (Nocte: When

taking measurements allow for a shrinkage rate of 257 between the wet )
and the desired dry ££5x coating thickness.

L)
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Remove excess build up of coating material at edges and joints by
brushing or rolling the surface’with a damp sponge roller.

Spray edges of the substrate from each side to cause the material to
wrap around the edge. If the edge coating 1s not completely closed,
use a wet roller or trowel to seal ‘the edge surface. ’

Apply Fiberglass Armoring to the wet surface after the final pass and
use a roller to flatten ‘ocut amny wrinkles and to embed the fiberglass
securely. Then apply sufficient material to cover the embedded
fibexglass. . .

-
«

‘Removeall runs,;ﬁagg, drips or other surface imperfections beforas the

materizl cures using wet sponge rollers, brushes or hand ctrowels.

Eﬁnd Apoliéacions

Trowel the material to a uniform thickness using moderate pressure
and avoild overworking the material. The trowel should be wersed
with water when a smooth finish is required. .

Glove the material to cables and small pipe using standard work
gloves. Work small areas and keep the gloves wec to insure a

" relatively uniform thicknass.

Coalizs
Dry. Film' Thickness Maasurements

letfs o .
Take dzyﬁfiiéb:hickness measurements after the applied material has
cuxad. Measuremeats shall be made using electrical, penetrating or
aagnetic measuring ianstrucments.

~N
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Repair Procedure - Damage

Remove damaged and loose material us1ng a knife and scrapper Cut
back until 'sound adher1ng material 1s reached.

The edge should be undercut to form a beveled edge as in p]aster
repair. ;

Remove all‘foreign matter- from the substrate using a wire brush.

Spray or trowel THERMO-LAG 330-1 onto patch area. Seve;gl\coats
of the material can be applied to' achieve the desired fmlm th1ck-

ness. Cvx. r
. . ’ /

Cable Replacement - Repair

Locate and define that section of the material system where the
electrical repair_ procedure such as’ cable replacement or add1tion
is to be instxtuted - . = e L

By use of the cutt1ng tool such as a kn1fe, mechanical scr1be, or
similiar dévice, cut along the boundaries located and defined

in 4. Sdl to isolate the section of the material, systems to be
remove ..

Remove the material section by cutting ayay the pertia11y exposed
stress skinalong the defined boundaries. Continuous care must
be exercised not to damage the cable or other sensitive items
beneath. The use of such hand operated. too]s such as cutt1ng .
shears or snips is authorized.- o

If larger sections have to be removed, accomplish this by cutting’
away material at the side and butt flanges.

Remove fasteners from flanges and carefully remove coated seactions.

After work is completed, reattach envelope system using mechan1ca1

. fasteners, staples-or # .18 gage galvan1zed tie wires.

Apply a coating of THERMO-LAG 330-1 subl1m1ng coating in the
specified wet thickness where required, including the edges and
joints of the reinstalled sections. Use a trowel or caulking
gun or stiff bristle brush to fill in any uncoated areas,

~N
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TOPCOAT APPLICATION

Soray Aoclicaticn

Pour Part B inco Part A and thoroughly mix using a mechanical mixer.
Mix a minimum .of 5 ninutes and allow a "sweat iIn" period of 20 .
oinutes beforé commencing the applicatien.

Insure that the area to be topcoated is free from loose and foreign
matcer. ., .

1)
3

Take molsture meter readings of tﬁe applied subliming ccated surface
using:-# Delmhorst™Moiszure Mater (Model DP) or equivalent, Obtain a
reading of 20 or less before applying the topeoat.

Place mixed material inco spray rig.

Apply topcoat in a smooth even pattern, making sure to e¢riss-cross
:he area in a continuous f£ilm.

Hand Apvlication

Apply a full smooth coat of topcoating using a long nap mohair éoller.
Avoid'excessive buildup of topcoat in cormers and always work to a we:

.edge of applied topeoac,

POST APPLICATION PRACTICES

A clean and orderly condition shall be maintained in the application
area., TFollowing the application, a2ll overspray, debris and equipment
shall be removed and the area left in a conditicm acceptable to the
owner.
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‘

.

?
’
.

"Airless spray equipmenc is rgc&mﬁended'fo: use in spraying larger

EQUIFMENT SUGGESTIONS y

.« °
v

. AR
The most economical and satiéfacgbiy method of applying THERMO-LAG
330~1 Subliming Coating is by eicher airles or ailr type spray
equipment. .

Airacype=s§ray'equipment is recommended for use in spraying cable
drops and counduit in order to minimize overspray.

hd ~

sections such as cable trays and large I beams.

. -
o "% ¢ o
N .

Suggested complement of spray equipment for both types are shown

In Appendix B.
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veos APPENDIX A

SCHEMATIC OF SUGGESTED PENETRATING

( w . . MEASURING DEVICES
o
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APPENDIX A

SCHEMATIC OF SUGGZSTED PENETRATING

MEASURING DEVICES
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o —
\/ | e A-H

%

A

s

"A" {5 equal to the desired thickness of the coating.

On measurement - the pin portion of the gauge must sink ccmplecely
into the layer of the applied coating. Take several readings for

each thickness. Fill the hole created by the gauge after measurement

is completed.
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APPENDIX B

SUGGESTED CCMPLEMENT OF REQUIRED SPRAY
EQUIPMENT FOR THERMO-LAG 330-1 SUBLIMING

J
(Qw : COATING APPLICATION ' |
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APPENDIX B
. SUGGESTED COMPLEMENT OF REQUIRED SPRAY EZQUIPMENT |
. TOR THERMO-LAG 330-1 SUBLIMING COATING APPLICATION
AIRLESS SPRAY-EQUIPMENT

QUANTITY - ~DESCRIPTION OF EQUIPMENT

1 Each ] Hydra,h Spray Pump 45:1

1 Each Alx Powered Ram
( m 1 Each Bydra Mastic Spray Gun
<,." 1 Each Special Duxp Valve

2 Each BAC III with 0.55 Tips

1 Each Air Agitater

A

1l Each Aix Regulator Kit

1 Each Air Regulator Only with Gauge

1 Each Alr Line Filter

1 Each Alr Line Lubricator

5 Each . Pump Repair Parts Rics

6 Each Extra Tips with Seals

100 Feet 1 Inch I.D. B4 Prassure Fluid Hose

IS Feet 1/2 Inch I.D. BHi Pressure Fluid Hose

25 Feet 3/8. Inch I.D. Hi 2ressure Fluid Hose
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,
| . , A.PPDID'IX/.B‘
| . ' " (CONTTNUED)
| . _'{ N .
Y AIR TYPE SPRAY EQUIPMENT
QUANTITY ' ) : DESCRIPTION OF EQUIPMENT .
_i.Fiqh - o . ;9;1 Presi#e;c»Spray Pump
1 fach . .-:-" : _ Air Powered Ram
1 Each . Béavy Mastic Spray Gun
\ 1 Each . ‘ Special Dump Valve
2 Each o : _ 1/4 Inch or”1/4 Inch,"E" Spray Tip
1 Each . Adlr Agitator
1 Each : Alr Reéulacor Rie
" 1 Each . AT Regulator Only with Gauge
1 Each ] . Alr Line’ Lubricator
1 Each " Afr Lice Filter
5 Each Pump Repair Pares Ki;s
75 Feet ; 1/2 Inch I.D. Hi-Pressure Fluid Hose
25 Feet 3/8 Inch: I.D. Hi-Pressure Fluid Hesa
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APPENDIX C

) APPLICATION PROCEDURES
m : . STRUCTURAL STEEL ENTITIES

N
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APPENDIX C

APPLICATION PROCEDURES

STRUCTURAL STEEL ENTITIES

INTRODUCTION

This procedure sets for the sequential steps involved in applying
TEERMO=LAG 330~1 Subliming Coating System to structural steel

Eenti:ies and steel scorage tanks.

The TEERMO-LAG 330-1 Subl.ming Coacing Sysctem consists of
TEERMO-LAG Primer, THERMO-LAG 330-1 Subliming Coating, and whers
applicable, TEERMO-LAG Topcoat.

SURFACE PREPARATION

All surfaces to be coated are to bé clean, dry, above 40°F, and
fzee from scale, rust and other contaminancs.

Prepare non-compatible surfaces for coating by applying a barrier
coat of THERMO-LAG 351 or THERMO-LAG 351-2 Primer. Never apply
the primer directly over a surface previously primed with a zinc
based primer without installing a barrier coat. WNever apply che
primer directly over any hard or glossy paint without roughening
the surface in accordance with standard, good paincing, practice
procedures and make sure that the cleaned substrate is compatible
with the THERMO-LAG 330-1 Subliming Coating by making cross hacch
adhesion tests.

Blast clean doubtful surfaces to an SSPC-SP6 finish and reprize
immediately.
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o

b} ‘(|
/ .
PRIMER APPLICATION, . - s ‘
- [\

kY

Apply the primer to 2 properly prepared steel surface in one
continous coat using spray- equipment.or- a roller. The minimum
acceptable dry primer thickness should be 0.002 inches which is
noraally achieved by applying at a rate of '200 square feet per
gallon. ’

»

Ueasure primer chickness using an. approved magnetic di:ec:

~reading-gauge.

. *

Make:rcross hatch adhesion tests, as per Federal: Standazd 1414,
on the primed surface’ to assure proper. adhesion between the
primer. and the steel substrate prior: to proceeding with the
applicaction of the THERMO-LAG 330-1 Subliming Coating.

Make at least one cross ‘hatch adhésion tesc. avery tweanty (20)
square feet of primed surface area. Any primed surface area

. which fails che cross hatch adhesion test shall be sandblastad

£o- an SSPC~SPCS commercizl blast f£inish and then shall be
zeprimed with THERMO-LAG 351 or THERMO-LAG 351-2 Primer.

THERMO-LAG 330-1 SUBLIMING COATING

Apply the material in as many pssses as required to provide the
required £41m build or thickness, taking card to avoid slumping
or sagging of the coazting. The thickness which can be safely
applied in a single pass will depend upon the temperature,
humidity, applicazion techaique, and other factors and should be
deterained at the job site.

@

Apply the material in smooth even passes, taking care ta keep the

spray gun fan pacterm.at. 2 90° angle whenever: possible. Reaching
with a spray gun will cause the spray pattern to vary from the §0°
angle and will result in a2 rougher surface than normal.
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Take frequent wet thickness rceasurements during the application
using a penetraclon measuring device such as those shown in
Appendix A to ensure that the coating is being applied uniforzly
and ar the required wet -film thickness. These wet thickness
checks shall be made very five square feet or every two running
feet of coated surface area. (Note:  Wnen. taking measuremeats
allow for a shrinkage rate of 25%° be:ween uhe wet and the desired
dry film coating thickness.

~

Remove excess build up of coatihg material ac edges and joincs by
brushing or rolling the surface with a damp sponge roller.

P g

[ ..

Spray edges of the substrate from each side to cause the material
to wrap around the edge. If the edge coating is not cowpletely
closed, use a wet roller or trowel to seal the edge surface.

Apply Fiberzlass Armoring, where required, to the wet surface
afrer the £inal pass and usa a roller to flagtem ocut any wrinkles
and to embed the fibherglass securely. Then apply su:ficient:
coating material to cover the embedded fibergzlass.

Remove all runs, sags, drips or other surface impeifecticns befora

the material curss using wect sponge rollers, brushes or hand trowels.

Taka dry £1lm thickness measursments after the applied matarial has
cured., Measurements shall be made using electrical, peaetrating or
magnatic measuring instruments.

g

TOPCOAT APPLICATION

Insurae that the area to be topcoacted is free from loose and foreizgn
zmatges.

Take moisture meter readings of the applied subliming coated surface

using a Delahorst Moisture Mecer (Model DP) or equivalent. Obtain
a reading of 20 or less before applying the zopcoat.
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{
. |

Place mixed material into spray rig.

Apply topcoat in two continuous coats at a minimum spread rate of

50 square feet per gallon in a smooth even pattern, making sure
to criss—cross the area in a continuous film. .

CLEAN UP ng

A clean and’ orde:ly condigd on shall be main:ained in che applicacion
area. ,.Following the applicacion, all overspray, debris and equipment

. shall be removed and the area left in a condicion accep:able to :he

owner.

-
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E TYPICAL APPLICATION DETAILS
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‘ I APPENDIX D
4 ’ TYPICAL APPLICATION DETAILS
TABLE OF CONTENTS
DETAIL n j " _DESCRIPTION
1. ) ' CaLfe.air drop from tray.into wall or

floor sleeves.

2. --éab]e air drop froé.conduit into tray.
3. Zéaéle air drop between trays.

4. :gcbhduft embedded into wall or floor.
5. . Juqétion Boxes.

(s
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TEXAS UTILITIES SZRVICES, INC.
C.RS.E.S. GLEM ROSE, TEXAS
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FIRE PROTECTION CA¥z, FOR COMDUITS, CABLE
TRAYS,INSTRUMEMTATION TUSING, 8 SUPPORTS

R TeATION oETaiLs ST NONE
DATE: |OWN: ~|CX0 [ AED TISSUED FOR  TOMGNO. |
Sla/a| KLA | QK 7Oy leoustaucTion | 1oF | _
LABLE AIR DROP FROM TRAY INTO WALL OR FL.OOR SLEEVE
SCALE : UCME
NN\ N\ STAINLESS STEEL BAMD
\\ K -

LAELES

LNE@ATED CZ’ELE 7724}’:? .

L

=

_z.l THERMO LAG 220 =70
ﬁ;&f TRAY
/ 11H 330~

J—-T Are Z | APPL/%.D

- - 7 o '. N v“
o

i
STRESS SKIN 220-69

U —THERMO-LAG 520~

STRESS SKIN

STRESS SKIN

T~ STRESS SKIW TYPE 32044

A
WITH FENETRATION 4
SEALS. (SEE NOTE )
waLL —-/ )
OR . ,
. FLOOR CROSS-SECTICN OF LAYERING
I
FIBERGLASS ARMORING
STESS SKIN TYEE 330 L4 a8 )
THERMO- LA =
320-1 % { oz ;
WITH &
FIBERGLASS -
ARMCRING i
SECTION A-4

NOTE: FENETRATICN SEALS EY OTHEKS.

TAPCON GR APFROVED FASTNIER
42 MIN, EDGE DISTANCE " Tvp
|- (%4 EMREDMENT
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TEXAS UTILITIES SERVICES, l?;lC.
C.ERS.ES. - GLEN ROSE, TEXAS

FIRE PROTECTION OWa. FOR COMDUITS, CABLE
TRAYS, INSTRUMEMTATION TUSING. & SUF PORTS

OWG TITLE: TYP[C/_‘.L SCALE:
APCLICATION DETAILS NQUE

DATE: [OWN: |CicD [AFF'Q |ISSUED FOR Ov/G HC.
Shgfr] KLA | KJC ,213 CONSTRUCTION | 11, 2

F 1001
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- CABLE AIRDROP BETWEEM CONDUIT « TRAY . .

, . COrLUYIT™-
STRESS SKIN TYPE 320 -é:q_] '

TRAY SECTICN :
t - W/f?/ 33C~1 INSTALLED

. .
. tVame S o _". : -

STAPLE {TYR)
TAPE

AR DROP AND COMNDLIIT CCATED
WITH THERMO-LLG Z20-]
LMD FIBERGLASS ARMOPING

- CONFORMABLE CERA
" INSLILATOR

77 AN AP SHOWN 208
+ JLLUSTRATION PURFOSES
oMLY,

FEATHER [NTO H?E'//OUS",
320-1 APPLICATION.
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TEXAS UTILITIES SERVICES, INC. ' Appendix A
C.RS.E.S. GLEN ROSE, TEXAS

FIRE PROTECTIONM C¥G. FOR CONDUITS, CABLE
TRAYS,INSTRUMENTATICON TUSING, 8 SUPPORTS

OWG TITLE: | YAl SCALE:
APCLICATION” CETAILS NONE

DAJE: |Owtls  |CKO | AFA'D |ISSUZD FOR GWG lO
Yufa] KLA Vv 2,8 CONSTRUCTION |lcfi * 5

l FREARRE ADJICENT TRAY SECTIONS LEAVIAC

CRRING FOR A/R DROP CALLES. LURAP COMAETELY
WITH STRESS SKIN TYPE 330 -¢11.

—= Yo ™

STRESS SKIN TYFE 33049 7);; b /
'
I8

—:a———\ IR DROLPED (23LES

A

-y
{?
[

.
- ,we g o~

2. JTTALL TRIERHO-LAL: (OMFDRIUELE CERIMIL INSULATOR
BETWEEA THE TRAY SECTICNS COMPLETELY ENCLOSIG THE
AIR DROPEED CARLES. COVER WITH STRESS-SKIN TYEE 33044,

e, .
Sy s "557:@555 SKIN AFELED .
: / N\ OVER CERAMIC INSULATOR
: == .

STRESS SKIN TO CCMFLETELY WRAR

CABLE AIRDROP BETWEEN TRAYS

S CoAr WITH FLaG 320-1 OND HAND FINISH TO
HAIE WITH PREVICUR 220-1 APCUICATICAL

J L THEGMO LAG 320-1 AKD
= N FIEERGLASS ZRHORKG.

d. COVER MWITH THERMO-LLG 320 TOPCLTAT
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| TEXAS UTILITIES SERVICES, INC: u
| - CRS.ES. GLEN ROSE, TEXAS . | ' . |

| FIRE PROTECTION CG. FOR CONCUITS, CABLE
| ) TRAYS, INSTRUMENTATION TUBING, & SUPPORIS

ewe TTLE:s | rPICAL SCALE: B
AL ICATION, BETAIL NGNE !
OATE: OWN: CX'D A 3 A .
S| KLA [T |25 |coveamucnon |SHS -4

‘ - : AN
| ' .. ' CONDUIT EMBELCDED INTO WALL OR FLOOR

o co ) THERMO-LLG. QR?{G(
Siveb s e EASTHER - WITH ABERGLASS R |
. (ra. TAPCON )" N\ 4

—LABLE TY-RAP.

- CDNDZ‘ 1
b » .. aw ' _ \ 3 ’
. s s i
SEENOTE 2. .-"/’ . f?, . \_—TLIE‘:LMO LAG
. L TuerMO-Lag 07!
o STRESS SKIN
N - 33040
\ ‘ W —t :
A afbe | AlHEL -
\ //
| »* /,-“ .
| 2]
‘ o AIOTES
‘ ‘ /. TYPE OF FASTNER AT
. LAORICATORS GPTION
. . SLEELT 10 MULEFTING
BY TUSI ENGINEEING.

2. FASTUER PLACEYENT :
/=] Yakt ENBEDHENT T Typ
1¥27 MIN, EDGE DISTANCE)

(]
.
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TEXAS UTILITIES SERVICES, INC.
C.BS.E.S. GLEN ROSE, TEXAS
FiIRE FROTECTION OW3. FOR CONDUITS, CABLE
TRAYS,INSTRUMENTATION TUBING, 8. SUPPORTS
CWG TLE: | YPICAL SCALE: NONE .
APPUCATION OETAIL, _ | ’
%ﬁlsl'al OWEA %‘;.?\!-' ";‘.'99 Esci}f;?aﬁggou 0;' fcgo' 4.
SECTION 4-4
FIGLURE TAS- 4 (76.1)
VeeeEse e (pa/o;qm THERMO-LLL 330~ COAT. )
CLTFAnAY VIEW ’ \
— LERLMIC BLANKET
STRESS SKIN -
AAOROVED FASTMER
(4. SHOWR )

|
I
' ‘ — FLAT WASHER (TY2)
THERMO-LAG 3320/
(APFLIED TD CoNCUIT) - THERMO-4AG 320-64
: STRESS SKIM

& viEw.

MITES

. STRESS SKIN CONEICURATICN
AGAINET WALL NEED NCT
BE FCUND 45 DRAIWN

Z FASTAIER PLACEMENT:
17~ [Ya* EMBEDHENT
172*
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TEXAS UTILITIES SERVICES, INC.
C.E SIE.S. GLEN ROS&, TEXAS

FIRE PROTECTION DWG. FOR CONDUITS,. CABLE

TRAYS, INSTRUME NTATION TUBING, & °LPPOR|S'

OViG TITLEs  TTPICAL SCALS:
APDLICATION  DETAIL . NONE

&5/e1] KLA |rv\e S |Constauction |0} e 2

QATE: |OwiN: ) A ISSUED FOR OWG HO :-)

JIMCTION BOXES

SHEET M.

SCES 7'79} 5

ST
e
" \

D

St

U

L

s /

LIP

JUNCTION EOX
. (TYPIEAL)

SEE SHIEET 2

Sl f\_.._v WITH FIBERGLISS

) canpuIT n
R, -'zyseﬁowa_.iﬁ

" sTmess sxmi——_7

THERMCLLG 330~/
A?MO/?A@ y

N

PR ) —————ih)) L

CONDUIT

STRESS SKIM 33

THERMO. LAG 320~/
WITH FIBERGLASS ARMOR!MC.

-7

~
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TEXAS UTILITIES SZRVICES, INC.
C.RS:E.S. GLEN ROSE, TEXAS

FIRE FROTEZCTION CW&. FOR CONDUITS, CABLE
TRAYS, INSTRUMENTATION TUBING, 8 SUPPORTS

owe TLE: _ 7T YFICAL SCALE:
ASCUCATION CETAIL NONE

CATE: |OWM: |CXD | APP'D |ISSUSD FOR CYIG HO.
/et | KLA ¥ 1/;-,{0 CONSTRUCTION | 2of2

JUNCTION BOXES

[%“ MIN. EDGE DISTANCE (TrACAL)

. ~, " _ |33
P 1~ | 343 EMEEDMENT (TYPICAL)
THERMO-LA% 5aomﬂ. T
fpee o =K .:\—-;!F}—WVE)FZSWER ( ie. TARCON )
TRESS SKIN FLNGED :{ | ELLO IND. (e
i ;m’ « JUMCTION EOX MOUNTED ON
l LNISTRUT TTRE SUEFORT,

iiﬂ

77-/£A’MG LG 330~ — a

HITH FIEERGLASS ARMCRING H\-—

T
#h l‘-ﬁ_—‘) . l.
€ . H ’_.
e —1 <
= ~——! JUMCTION BOX MOUNTED FLUSH
] ON THE WALL.
é
A
4 .
A . .
2 L_—_F——:—"—s O 3.4
j ;'.. .'\ . .
e
FLONGE 1 7
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APPENDIX E

FIRE PROOFENG COATING THICKNESSES REQUIRED
FOR VARIQUS STRUCTURAL STEEL MEMBERS

-~ ™
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ENGINEZRING REPORT
ON
THE THERMO-LA& 330-1 FIREPROOFING COATING THICXNESSES
REQUIRED FOR
1 AND 2 HOUR FIRE. RATINGS FOR VARIOUS STRbbTURAL STEEL
MEMZIRS USED BY TEXAS UTILITIES SERVICES, INC.

Prepared

} . for
0 ‘ TSI, INC.
3260 Brannou Avenue

St. Louis, MO 63139

By
Wesson and Associates, Ine.

'P. 0. Box 1082
Norman, Oklakcma 73070

VWessox aND Asse~mar  “Nc

" T=1/0
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SNCINZZ23NG RSP'ORT
on
TEE THZRC~-LAG J3C-1 FIRZPRICFING CTATING THICKNEZSSZ
REQUIRED FOR .
1 AND 3 HCUR FIRZ RATINGS FCR VRPICJS STRUCTURAL SI==L
MEMITAS USZD 3Y T=EXAS CTILITIES S.-..?.VIC..S, INC.

INTECDUCTION

The purpose of this rzport is to presant and susmarize the calculated Thers
.Lag 330-1 Firaproofing Coating thicknesses for the varicus struczural steel nem-
bers that are used by Taexas Utilities Sexvices, Inc.

The fireprcofing coating thicknesses have been calculated for two fire expo-
e tines; a cne (1) hour fire exposure and a three (3) hous fire exsosure per-.
ied. As discussed in detail in Section III of this repors, the fire exposure is
the comasnly acceptad ASTM - E - 119 Tast Method. Using this Test Methed, the
integrated avaeracas Inczden: Heat Flux for a one (1) hour fire exposure is equal
ta 24,530 BTU/hr-£t2, and the three’(3)' hour Incident Heat Flux is equal to
42,000 BTU/hr-£82, . .
In the Tﬁe =o-Lag 330-1 Firszrocfing Coating thicknesses presanted herain, the
"fo1leul ing structural zte=2l mesber sizas and shages, .as well 2s the noted structural
Steel tamz e:atu:e liniss weze ccnsidered in the azplicable heat transfer analses:

STRUTITRAL MEMITR MIAXIMUM SURFACE
TSUSIRATURE = ©F
Square Structural Tubing 1000
Rectangular Structural Tubing 1000
Angles _ .1000 .
Channels 1000 i
. Wide Flanges i 100q )
Unistzut Sections-all Types . 1000

It should be recocgnized chat the thickness of a given st:uc:;ral steel cember
significancly affects the required fireproofing coating thickness, regardless of
the.type of fizepreofing ccating used, for 2 given ineident heat flux ané fire
exgosure pericd. Hence, the thicknesses required for a Three (3) Heur Fire Rating

, are subs:an.;ally greater than those reguized for a Cae (1) Heuw Fire Rating.

“ ) "1" 1

Wzsson anD AssoctaTss, Ivc.

The calcalated firezrcofing cesating thicknesses reported t.erein are derived
frem 3asic Zngineering Data Corzelaticns that we have developed for the Thermo-
Lag 330-1 rireproofing Coating. The exgeriz=ental data sourcas incluce the results
of fire tasting conducted by the Underwritars' Lakcratories, Factory Mutual Re-~
saarch, US Dazart=ent ¢f Transportation/Tedaral Railroad Adainistration, Yshkil 0id |
Corporaticn, Sritish Gas Cocrporation, 2rzizish Petzcleum Csmpany, Shell Internmational, | |

and oursalves.
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IX. FTREPRCOTTING .COATING MATERIAL TEST DATA CORRELATIONS-STRUCTUPAL STISL MEMSERS

The thermal-performance characteristics of'fireprcofing matexials such a (
Thermo-Lag 330-~1, Thermo-Lag 290, Chartek 59, Xoxotherm and Pyrocrete 102 h

been found to corralate as:.
t = A Function of (T,AT,W¥, and F) (1)
whers - & = fire/flames exposure tizme, minutes

T = fireproofing material thickness, inches
Ar = allowable maxirum temperature rise of the protected
substrata, degress "F"

W = effective heat capacity of the protected substrate, 1lbs
per square foot of protected surface area

P = total-incident.heat flux (radiative;plné convective),
thousands of BTU/HR~-FTZ. .

Experimental engineering test data expressing the fire/flames exposure time
as. a2 function of the. fireproofing material coating thickness, the temperature rise
~of the thermally protectesd substrate, tha weight of the protected substrate and the

* "Eotal incident heat flux have been develored for the Thermo-Lag 330-Y.Sublining
Compound Fireproofing Material applied to ceaventional concrete, Pre-stressed con-
'qrete,"flat steel plates, largs diamoksr stcel! plates, nines and structural 7.3~
and Angles. The range of total incident heat fluxes in these testing pregrams h‘
varied from a low of 10,000 BTU/HR-FT2 to a high of 100,000 BTU/HR-FT2. The The
Lag 330-1 dry film thicknesses have varied frxcam a low of 0.125 inches to a high of |
1.250 inches. . . )

e

" In this Engineeking Report we ave ccncerned only with the requizements for the
"fireproofing coating Jaterials that are applied to stxuctural staal members. :
The fire testing data accumulated on the Thermo-Lag 330-1 fireprocofing materials

applied to stxuctural I-Beams is presented in Figure 1 in the form of,
t = A Function of (T) (AT) W7/ (M), . (2)-

As also shown by Figure 1, theé Equation for the prediction of the required fireprcof-
ing_material thickne§s applied to structural I-3eams is given as,

£ =151 [ (An @t/ @] 272 ' (3
_ whers (W) is expressed in pounds per foot of length of the protected I-seam.
3 similar engineering tast data correlation }o: the Thexrmo-Lzg 330-1 fireprocofing

material applied to steel flat plates and piges is presented in Figure 2. The eguation
for the prediction of the required fireproofing material thickness is given as, )

where (W) i3 expressed in pounds per sg-ft for the flat plates. As noted on E‘igu.
-2‘

Wesson ++n Asscciates, Inc
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PERFORMANCE . CHARACTERISTICS

14
1efess s pmonm o

-
csmae bomrrdt fthbodbod
®omoniden

sfsodgfeanafecee] o

Pefofrels

— e

ph b Qsefazingrenifeie

]

[

ed 3]s

-}

Tese

() AT

X8

e of 3

g

H

Qs

tlesfores

eptana”

«eo easfe
0o s e

ode

-

Soepfeace)ee
LA N
LT e

.

ey G vy

F :

OF THE TUERMC-LAG 330-1 FIRSPRCOFING COATING APPLIED

CORRELATION OF THE THERM
TO STRUCTURAL STEZEL COLUMNS .. °

[9}
2]
ol’
vi.o.—: 18 ]
-2 1%
= +Q) ¢ O Y
el o 1o
RS RE : o
”ﬁﬂT%m_au. ~af; ==
- n.H._m.“.H“nﬁ . .m. pt
i B € R B
FaLl. g
i oy o o
| R l.l. lu..ll.u.mua eetngm ¢ ame] mame oo o] &
p=teet o a-. . O

FIGURE 1:

:[Yowrag-

P03 POUTY Fpre I, §
:

Co

(W39 Col

10W49,

R LTy e £
f E sty b bl B Sttt

Alfe

D el ]
rnmwe fen st ma

7 0 liirds

:
. 1 ]

:
3§

T et it st se g mrscresiese

e D oty fumy- et Dot
oo Te T e e e cmpea
st goemmtme g0 weamsle

106

.I-153




\ .t -y IR SRR i Jiut | = oo fememraategofoefun | bl TN )
Pl\ . el bont tyo | =] =e Pt 4 . ¢
YU i B P EON L g e X
Gt et H A S H EA R HE
> TENES SRSl (e i
. {Eon et H b ol e e e e ] EE e i b N
R e et &
3 P et B 5 o 20 ] HEo] [ o] ety Bt B #.3 . A B
ﬂ m 4 - e oLl g, | bt muJu p
B o« v - = PR T e R kS SiLures ........._..n.u..«m EHE nm.,"a EERE
g o Ha == tHeE 2 8 s
5AR G y — A5 B R EEE i TE FY ol s
AT > = 4 5 ~w.n i e szl irosp=s
S40f T e P H R B s “
Sdod 9, = =t et o T FE e B R Ty
"iga 23 2l== =z ol 5 5ogid
el m H P N L .qmn.O-.t.. VSN PYpe- ol Y p
C e e Rt L 7 SHp b
- prd 1)
& o B e B e e i
2o i mum Sealaie=—=12 9
s i O PeE 1 by (s g o
& Z ey it -
nﬂuv. [N Nm .m._lt%l.Sl ‘1 R R -
I ”ump . ) aﬂ.-.o:..p. ceedfl 3
! o R LAER .
u . iy -l A SN k] T LU
o 4 o RN A Tl e ARiasd :
. AR RTINS [E7) B DT THEI e e ge ] s o ~
M Ha Lwniw o i RO H H Y R e B : 1y
S eE. fred* Bt Bres By R R Py prn T ped bt b g
n—m -t L RIS % B [ PO) PP . -B M ofd cmvoems .
SR o ...u........ R R B B Rt e w
Eal | s R AN R Ea i M
- 9o m B i M.l.m =t = .n.n..nh..,,M_..‘ ey b E
: = U H e 2 e B e P! L Tt pt s ] Py et
- & m ' ‘fegemgees .4.-. En-g. ——as o aef o - : by ~ J
; wvm B H A B e e R et O o o i s ot e 1 o S=El== el
u vl wefensfonnfooce 'l"-'lll' esmnf emaus | St ' - fenod wme
: S O*IO. s rd : : 3
= i o . e 8 S e FR [ = <
2y, :!!l-“ﬂ_uﬁﬁﬁ. ] HEN KLY Koo £ b S : -~
B0 ......l.lrﬁr...ri.r.rlnm‘mr”... .._" q.w. e : + =
‘m . 000 ! : : 0@ B
W_ m-.m m .- .f...f»l LY RIIST Cone) EOtegas teanarvumny hup (o Mot Sme paryy werie qrfe NL ~
b E S Tyl — ] P ot ooy jou == :
o t EVIITR S ICUF § I IO DRPUN DONGON Ropsung I ol 0wy Dt oy .
‘lnl L]
m o m. - .hnl-l I.ow FEVYY pe .tlnluiul- e fond e
el ot T ERR T ST R EL -
1 w..mn mmm-p Mm I et nu cm.. lﬂ iae
o L4
& O O Y BT EI R IR KT I
R E ) ey e B -._ : menla=nt )t -
2] o === T
o] e ot bt
2 = "
) ' O Tt T ot Eope

e Goemny owae
forttbomeary it b ] Pt re g
--—'Cll St s+ 02 €0 ¢ 2@ o ot mome =
ose e

“~
== | o Fetd e
X e o
- —yemam. '

. », - 2 J 8 Jaess -~
- .
£e grorx v v o n ~ - 0O
H
*f ' .

I-154




~

F 1001
Revision 0
Page 160
Appendix A

for the fireprcofing thickness reguirements for various stzuctural steel Channeis,
Angles, Flat Plates and Unistruts, as currently utilized by the Texas Utilitles
Services, Inc., that ara exposed to ‘heating conditions on 'Both Sides', the factor
(W) is exprassed in terms,of pcunds per square fcot of surface area using one-~
. half the plate, section thickness, or angle thickness for calculation of the mem-
ber weight per squate fcot per linear foot of length. .
<. The regort reader is cautioned that the .Thermo-iLag 330-1 fireprcofing coating
, thicknesses reported herein are probably the 'minimum' fireprcofing coating thick-
‘nasses that are available fzcm the 'passive thermal ccatings' which have been
° ccmmercially approvéd. Hence, if the coating thicknesses reported herein are used,
they 'will not! be applicable to other types of fireprcofing coating materials.
If othar materials-: are considexed, the recuired' thickness could vdry frcm moderate
increases over the thicknesses presented herein to very large thickness inczeasas,
depending upon thq spec}fic material being considered.

-
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IZZ. CETERMINATICH OF TIUE PECUIRED FIRSPRCOFING CONTING THICKIESS. AS A FUNCTION OF Ve
THE FIRE EXPCSURE TIME PERICD Lo

As discussed in the INTRCOUCTION to this repor®, both the ASTM = E = 119
Test Methed and the total incident heat fluxes.resulting from actual flammable |
liquid spill fires are widely used for the determination of the required fira-
proofing coating thicknesses for varicus structt=al steel membexrs. Each ‘
of these two methods are-discussed saparately below. . |

A. ASTM = E - 119 Test Mathod

‘NOTE: For ease of raferenca, Appendix (E) presents a copy of tha
ASTM = E =~ 119 Test Meathod.

" The ASTM -~ E - 119 Test. Method utilizes a spedific Tixe-Temperature Ra=-
lationship for testing of the fire resistive capabilities of the variocus fira-
proofing coating materials. This Time-Temperature Relationship is presented in
Figure 3. as shown, the Test .Set-up Internal Air Temparature starts at thae :
prevailing ambient air temperatures, reaches a_temperature of 1700 °r at the end
of the first houxr of exposure, a tsmperatura. of 1gso F at the end of the second
hour of exposure and a temperatuza of about 1950 F at the 2nd of the third hour

,0f exposuxra. As such, this Time-Tamperature History COES MOT fairly represeant the
Tine-Temperature Relationship for a typical flarmable liquid hydrecarkon spill
fira wherein the teaperatuze‘withinothe flames zone may very quickly (within a
‘faw SECONDS) reach a value of 2200 °F or rmoze degending on the specific fuel.
Thus, as such the ASTM - E =119 Test Method does not provide a uniform target .
incident heat flux, as would a typical hydrocarbon spill fire., FSor this rease "
many Insuwance Underwriters' require a long term (up to three hours) Firs: Rat

when applying the ASTM - = - 119 Test ¥athod to hydrocarzben Processing Facilitio®

However, using accapted engireering practices, the Figurs L Time~Temperaturs
Relatiocaship can be convartad to a Baat fluc-Time Relationship. Such a relatcion-
- ship for the.ASTM - E'~ 119 Test Mcthod is orasented in Figure 4. * As shown, the
Time Averaged Heat Flix for the'first hour of exposura is esqual to 24,500 BTU/HR-FT°,
the Tizme Averaged In:ldcn% tleat Flux for the first two lhiours of fire exposure is
equal to’24,500 3TU/HR-TT® and tha Tize Averaged Total Incident Heat Flux for the
first three hours of fira exsosure is equal to about 42,000 3TU/dR~FT", Using this
basis of Time Averaged Incident Haat Flux; ‘the fire resistive capabilitias cf a
given fireprcofing material ‘to an equivalent hyd;oca:bon spill firas can be cbtained.

« Ba Hydrocarkon Pcol Pira Total Heat FTluxes:

It MUST be ecphasized that all hydrocarbon liquid spill fires DO NCT”
liberate the same total heating effects. As shown by Table I, different liquid
hydrocazben spill fires have very different hcating effects. For example, a spill
tire'invo%vinq Methanol will only yield a total incident heat flux of akout lz,goo
8TU/HR-FT", while a spill fire involving L2G could yield up to 40,000 STU/HR-S
for large diameter spill fizes (fire diameters in excess of 10 maters),. ’

Since the Total (leat Flux, "F® apgears as a linzar term in Equgzlcns (3
and (4), it is very imgoztant to know the type of flammable liquid hydrocarken
spill fire for the determination of the reguired firsgroofing material thickness.

. et T=156 L
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@ o
- ' | TABLE 1

SUMMARY OF TOTAL CONTACT HEAT FLUXES FOR VARIOUS TY?E
. HYDROCARBON FLAMES

TYPE OF FUEL MAXIMUM HEAT TRAhSFEQ TO A COLD TARGET
(BTU/HR SQ-FT)

- ! . -. ° . -RADIANT ~ CONVECTIVE TOTAL
Methanol - - . ) 5,000 . 7,000 .12,000.-
Acatone 10,000 " - 7,000 17,000
Hexane . 22,500 7,000 29,500
Cyclohexane . 31,000. . ~ 7,000 38,000

JP-4:Small Fires . 23,700 ' . 7,000 30,700
JP-4:Large Fixes * 31,000 10,000 41,000
Benzol ) 39,000 "~ 7,000 . 46,000
LPG:Impinging . _ o
Type Fires cmm—a— w=m=w=' _Avz, 64,850
; LPG:Small Spills 25,500 7,000 32,500
REFERENCES:

1, Atallah, S. and Allen, D.S.,; "Safe Separation Distances from
Liquid Fuel Fires", Fire Technolosy, 1, 47 (1971).

2. Law, M., "Structural Fire Protection in the Process Industry",
Building, 86-90 (18 July 1969).

3, Neill,.D;T., Welker, J.M., and Sliepcevich C.M., "Dizect .
Cancact Beat Transfer from Buoyant Diffusicn Flames'", J. Fire
& Flammability, 1, .289 (1970). .

. 4. Rasbash, D.J., Rogowski Z.E., and Stark, G.W.V. "Properties

" of Fires and Liquids", Fuel, 35, (1958).

5. Bader, B.E., "Heat Transfer in Liquid hydrccarbon Fuel Fires“,
Proceedings, International Symposium for Packaging and Trans-
portaticer of Radioactive Materials, Sandid-Corporaticm and
U.S, Atomic Energy Ccmmission, SC-RR—GS 98 Albuqnerque, N
(12-15 January 1965).

6. Anderson, C., Townsend W. Mnrkland R., and Zook J., "Ccm-
- pazison.of Variocus Thermal Systems for the P~o~eccion of Rait
Cars Tested at ‘the FRA/BRL Torching Facilicty', BRL Interim
Memorandum Report No. 459 (December 1975), Funded under Fed- '
eral Railroad Adﬂinis:*ation, DCN AR 30026/Req. 731231 :
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C. Incident Heat Fluxes For Taxas utilities Serv*"ces, Inc.: ) . . £

In accoxdance with the d;:ec.;ons frem TSI, Inc., we hava used the follcw~
ing Incident Heat Fluxes fcr the fi:eprcof;ng eoating thickness requirements
as reported hexein' .

.. One (1) Hour Fire Rating:’ The One (1) Hour Fire Rating has been hased
) " upon the Incident - 'Heat Flux Level associated
with a one (1) hour exposure %o the ASTM-E-119
Test Method, as shewn by Figure 1. As shown,
- the integrated incident heat flux for one (1)
: - houxr's exposura to the AST 4-;-119 Test Methed
. equates. to 24,500 BTU/hr-tt .

-+ Three (3) Hour Fire Rating: The Three (3) -Hour Fire Rating has also been
. . * based upon the Incident Heat: Flux Lavel assoc- *
) iated with a three (3) hour exposure to the
*.+ + ASTM-E-119 Test Method, as also shown in Figure ~
) 1. As shown, the integrated incident heat flux
for. three (3) houx's exposuzre to the ASTM-E=- .
- . 19 Test Mathod ecuatas to 42, ooo BTU/hr-ftz

h J . . ]

Wesson AnD Associar=s, | =
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IV, STRUCTURAL STEZZL MEMBZR REQUIRED .TIRSIRCOFING CCATING THICXIESSES.

/a A complete listing of the calculated Thermo-Lag 330-1 fireprcofing coating

P thicknesses for each of the struczural steel members as specified in the letter
from Texas Utilities Services, Inc. to 7SI, Inc., datad 9 July 1981, i3 pre-

" sented in Appendix (A) to this report. .

One (1) and Three (3) Hour Tire Rating thicknesses Zfor Square Structural
Tubing, Rectangular Structural Tubing, Angles, Channels, Wide Flange Z2eams and
a wide variety of. Unistzuts are gresentaed. Tha shysical progerties for the Uni-~
strut Members was taken directly frcz "UMISTRUT, General Engineering Cataleg, MNo.
9" forwarded to TSI, Inc. by Texas Utilities Services, Inc., and reforwarded to
us by TSI, Inc. .

It should be emphasized that the Appendix (A) calculated Thermo-Lag 330-1
fireprcofing coating material thicknessas do NOT inclucde a 10 percent aging and
weathering allowance in accordance with the long term Znvironmental Test Prograns
conducted by Underwriters’ Laboratcries, U.S. Armay Ballistics Research Labe-
‘oratories and commercial users in the Hydrocarbon *(Cil.and Gas) Processing
Industries. To provide 2ging and weather allowance, coating thicknesses of

Appendix (A) s.aouid be increased by 10 gercent.

Prepared 3y:

S N

Dr. B. R. Wessomw, PE
- . Presidant
. . : Wesson & Asscciates, Inc.

Wese~~- axp Associatss, Inc
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APPENDIX (A)
CALCUTATED THESRMO-1AG 330-1 SIRIDPRCOFING COATING THICKMESSES FOR TSI/TuSI
STRUCTURAL' STEZL MEMIAEZRS
1 Hr. & 3 Hr. ASTM 119 Fireratings for Structural Steel

1 Hr. exposure: F = 24,500 Btu/ﬁrftz (time-averaged)
3 Hr. exposure: ¥ * 42,000 Btu/mrft® (time-averaged)

. APPLICABLE CORRELATICNS FOR COATING THICQIESS:

1. -Structural Bea;:':s: . 1/1.72
U —t_
T wmmoes ]
2. Pipe, Tubing, Plata: _
. r ) . ’1/1.335‘6
T= 0.7 0.5 ¢ i g
(AT) (W) 23.002
I. sqcm;s STRUCTURAL TGSING: AT = 1000 - 70 = 930°F . .
2 . Coating thickness (in.y
Size 1b/f% $8ec/fe W(lb/£fx) 1-hour 3~hour .
2%2x3/16" 4.31 0.66 6.47 0.165 0.642
x1/4 S.40 0.66 8.10 0.147 0.574
) 0 3x3x3/16° 6.86 1.00 6.86 0.160 0.623
4x4x3/16 9.3% 1.33 © 6.98 0.158 0.618
x1/4 . 12.02 1.33 9.02 0.139 0.544
x3/8 16.84 1.33 12.63 0.117  0.460
6x6x1/4 18.82 2.00 9.41 - 0.136 0.533 |
%x5/16 23.02 * 2.00 11.51 0.123 0.481
x3/8 27.04 . 2.00 13.52 0.114 0.445
8x8x3/8 36.83 2.66 13.82 0.113 0.440
x1/2 47.35 2.66 17.76 . 0.100 0.388
x5/8 . 79.28 . 3.33 23.78 0.086 0,335
‘IT. RSCTANGULAR STRUCTURAL TUBING: AT =1000 =-70 = 930°F -
MR : - . - . Coating thickness- (in.)
Siza * 1n/fs . ftz/ft W{lb/£x) l-hour = 3-hour
<. 8xdx5/16  23.02 . 2.00 11.51. 0.123 0:482
: - * 13/8 . 27¢°4'- '2000 ' 13052 ' 0.115 0.444
6x4x3/8 21.94 . 1.66 - 13.16 . 0.115 0.450
xl/z 27.68 T 1.66 16..61\' 0.103 0\400
I-163
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Note: exgosura’ to both surfaces assuned ‘
Coating thickness -(in.)

III. AUGLES: AT = 1000 - 70 = 930°F
pl thk (in.) ., AT = 930°F
Size (508 legq) W(lk/fe™) l-hour 3-hour
3x3x3/8 3/16 7.€5 0.151 0.590
34x34x3/8 3/16 7.65 0.151 0.590 y .
x1/2 1/4 10.20 0.131 0.511 .
4x4x3/8 3/16 7.65 0.151 0.590
x1l/2 1/4 . 10.20 0.131 0.511
$x5x3/4 3/8 1s.30 Q.107 0.47 .-
x 1 1/2 . 20.40 0.092 . 0.361
6x6x3/4 3/8 15.30 0.131 0.417
x1 ) 1/2. *20.20 0.092 0.361
8x6x1/2 C.1/4 10.20 0.131 -  0.511
| T x 1 1/2 20.40 0.092 © 0.361
| 6x4x3/8 3/16 . 7.65 0.151 0.590
Tox1/2 1/4- 10.20 - 0.131 . 0,511 - - .
x 1 . 1/2 '20:40 .- 0.092 0.361
| - —p
| ‘Iv° M . : ’ Coating thickness (in.) ' 4
‘ w(lb/t?) AT = 930°F .
Size web thk {in.) (5C% wek thk) l-hour 3-hour
| MC 3x7.1 0.321 6.543 0.164 0.638
| C 3x4.1 0.170 . 3.468 0.225 0.817 ..
.C 4x5.4 . 0.180 3.672 0.218 0.852 ..
x7.25 0.320 6.528 0.164 0.539
C 6x8.2 0.200 4.080 0.207 0.808"
: x10.S 0.314 6.406 0.165 - 0.646
C 8xll.5 0.220 4.488 0.197 0.771 .-
Cloxl5.3 - 0.240 i 4.896 0.189 0.738 .
V. WIDE FTLANGES: AT = 10C0 - 70 = 930°F :
. Coating thickness (izn.)
Size 'W{lb/fe) . l-=hour - 3-kour
| W 4x13 13 0.169 0.739 . :
; W Sxl6 16 . 0.152 0.666 N
| %.8.5 18.5 0,141 0.619
| W 6x8.8 8.5 0.209 - 0.913
. %x1S5,.5 15.5 0.155 0.676
W 8x10 10 0.192 0.842
<15 1S 0.157 0.688
W 10x11.5 1.5 0.179 0.785 1‘ >
x15 1S 0.157 0.688 ,
x=a . 29 0.113 0.495
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AT = 1000 - 70 = 930°F

L}

Coating thickness (in.)

W(b/ee?) AT = 930°F
pl_thk (SO\ ol thk) 1-hour 3-hour
0.105 . 0.288 0.283 1.104
0.10s 0.288 0.283 1.104
C3 0.105 Q.288 0.283 1.104
A 0.105 0.288 0.283 1.104
0.108 0.288 0.283 1.104
0.10s 0.288 0.283 1.104
0.105 0.288 0.283° 1.104
0.108 0.288 0.283 1.104
b
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APPENDIX 7
PRE-BURN INSPECTION

FURNACE PREPARATION

Day berore test date:

d.

.b.

c.

Test)

a.
b.
TEST

The furnace interior will be cleaned of any residual materials
from previous tests. The furnace Tining will be checked for
¢racks, etc. .
The calibration status of the furnace temperature thermocouples
(thermowells) will be checked and recalibrated if the calibration
period has expired. This check will include verification of
individual continuity and assuring that they are all connected

in parallel for recording the furnace average temperature.

The burners are always checked to insure that all air regulators

are free and unobstructed and that the gas supply and igniters
are in order.

date: . )
A final 9heck is made of the burners, gas supply and igniters.
The Test Engineer is advised of furnace ready status.

SLAB SET UP

Day before test date:

a.

d.
Test

a.

b.

The test slab will be moved from the laboratory and placed on
top of the furnace. The furnace/slab interface will be sealed
with caramic fiber blanket such as Kaowool,

If differential pressure is to be applied, the vacuum enclosure
will be installed over the tast slab and slab/enclosure inter-
face sealed. The vacuum blower system procedures will then be
followed. '

If differential pressure is-not to be applied, the windbreak
protective housing will be placed over the test slab and fur-
nace.

The snubber stack will then be attached to the furnace flue.
date (Vacuum system only)

The blower is started and the required pressure differential
is eatablished and indicated on the manemeters.

A final check for leaks is made from both inside and outside
the furnace. .

The Test Engineer is advised of the vacuum system ready status.
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3.0, DATA SYSTEM SET UP

3.1 Day before test date:

The thermocoupie 1ead§ from the furnace average fhermocouples and
the test siab and the cable-integrity monitoring leads are connected

kN
\

to the data system input panel.i
The fire exposure data acquisition program loading will be verified.

The calibrated thermocouple simulator will be set to 4000F (or
any temperature calibration point as required by the sponsor)and
the compensation aqd linearization program verified.

At least one scan of all data channels will be performed to verify
proper functioning of all channels.

-
-s

3.2 Test Date:

a.

b.

c.

”
33

Steps 3.1b, ¢, and d above are repeated. .

The data system clock will be' reset and. the Test.énginee?
advised of the data system . ready status.” =

Data system will be placed on auto scan upon ignition of the
burners and start signal from the Test Engineer.

I-170
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FIRE ENDURANCE TEST PROCEDURE
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APPENDIX 8
FIRE ENDURANCE TEST

REQUIREMENTS.

Fire endurance tests shall be performed in compliance with the
following standards and guidelines:

1) ASTM E-119(80) .
2) American Nuclear Insurers Bulletin #5 (79)

GENERAL T

The fire exposure will be conducted under the supervision of a
Senior Research Engineer designated as the Test Engineer. Once
he has been advised of the ready status of the furnace and the
data system, he will make a final check of the test slab and
furnace prior to directing the furnace and data system technicians
to ignite the burners and. initiate the data acquisition.

TEMPERATURE CONTROL

Furnace temperature is normally cdntrol1ed by manually adjusting
the gas flow to the burners. The furnace temperature will be
monitored continuously to insure tracking of the ASTM E119(80)
time/temperature curve. ;

0BSERVATIONS '

The unexposed surface of the test slab will be observed for

* penetration by flame or hot gases and the data, which is

updated at one minute intervals will be monitored o keep abreast
of the condition of the penetration seals, coatings and cables.

DOCUMENTATION

In addition to the thermocouple and cable integrity data recorded
by the data system, the.Test Engineer's observations and record

of events as they .occur will be documented with the use of a
minfature tape recorder which the Test Engineer carries throughout
the fire exposure period.

I-173
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HOSE STREAM TEST PROCEDURE
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APPENDIX 9
HOSE STREAM TEST

REQUIREMENTS

Hose stream test shall be pertormed in comp1i€nce with the
following standards of guidelines:

1) ASTM E-119-80
2) American Nuclear Insurers Bulletin #5 (79)

PRE-REQUISITES

1) The cables shall remain energized, and circuits shall
continue to be monitored for the duration of the Hose
Stream Test.

2) Acceptance criteria per reference 4.3.2 (maintain cir-

’ %u1§.integr1ty and continuity) app1y to Hose Stream
est.

EQUIPMENT

Actual fire fighting equipment will be used to perform the hose
stream tests. An International/Howe 500 gpm pumper provides a
controiled water stream. A Bourdon tube type pressure gage,
installed at the base of the nozzle, is used to set the nozzle
pressure and a Rockwell Type SR utilities type flowmeter is
used to monitor the stream fiow rate.

PROCEDURE

I. Immediately prior to applying the hose stream to the test
assembly, the water stream will be adjusted for the required
nozzle -pressure and flow rate. It will then be directed to
the exposed side of the test assembly which has just been
removed from the test furnace. The hose stream is normaily
directed Tirst at the canter of the test assembly, then grad-
uvally working outwards to uniformly cover the entire test
assembly.Hose stream application time shall be 2% minutes.
One of the following stream configurations shall be used.

(1) The stream shall be delivered through a two and one-half
(2%) inch national standard playpipe, equipped with one
and one-eighth (1 1/8) inch tip, nozzle pressure of
thirty (30? pounds per square inch, located twenty (20)
feat from the system.

(2) The stream shall be delivered through a one and one-half
(13) inch nozzle, set at a discharge angle of thirty (30)
degreas, with a nozzle pressure of saventy-five (75) pounds
per square inch, and a minimum discharge of seventy-five
(75) ga11ons per minute with the tip of the nozzle a max-
imum of five (5) fTeet from the system.

(3) The stream shall be delivered through a one and one-half
“(1%) inch nozzle set at a discharge angle of fiTteen (15)

. I=177
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)

(3) (Con‘'t)

-~ degrees with a nozzle pressure of seventy-five (75)
gallons per square inch, and a minimum discharge of
seventy-five (75) gallons per minute with the tip of
the nozzle a maximum of ten (10) feet from the system,

7

NOTE: #(1) is"the “prefer?ed{test per ANI 8ulletin 35 (79)
» N

\\
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APPENDIX 10
DATA SYSTEM

SYSTEM COMPONENTS

1)

2)

DATA
1)

DATA
1)

2)

A 200 channel microcomputer controlled digital data acquisi-

tion system as shown in the block diagram FDSG-F1l, contained

in this Appendix will be used to record the thermocouple data
from the tast penetrations, the furnace temperature, and the

cable integrity.

This system is comprised of a B8&F Instruments Model SY256 Data
Logger integrated withaCromenco Systam III Microcomputer, a
TEC Model 1440 Terminal, and a Cromenco Model HDD Disc Memory
with a 10 megabyte capacity. Redundant data storage’is pro-
vided by a memodyne Model 3738 Cassette Recorder.

A Ooric Model 403 A407E Thermocoupie Simulator/Calibrator shall
be Used to insure accuracy of the data and provide data system
calibration traceable to NBS. The calibration unit is con-
nected to the thermocouple inpgt panel and serves to provide
a reference tenperature ot 400°F to the microcomputer can

then correct for any drift of the data logger as it processes
the data for storage.

ACQUISITION

During the fire exposure period, the thermocouples wiil be
scanned at the rate of 20 channels per second at one minute
intervals. The millivolt signals from the SY256 will be
linearized and compensated by the microcomputer, displayed
on the terminal's CRT, and recorded in disc memory and the
cassatte recorder for subsequent analysis and plotting.

PROCESSING

Upon completion of testing, the data will be transmitted via

a hardwire line to the Testing Laboratory Central Computer
Faciiity where a CDC Cyber ‘171 will process the data and place
it on a COC 844-41 mass storage hard disc for permanent
storage. The data will then be retrieved and transmitted to a
Tektronix Model 4054 Graphic Computing System where it will

be converted to graphic formatting commands and output to a
Tektronix Model 4662 digital X-Y Plotter which will produce

an individual graph for each of the test penetrations.

The Cyber 171 will also format the data for tabular print
Tistings and transmit it to the Division remote batch
facility for printout on a CDC Model 1827-30 line printer.
These graphs and tubular data will then be included in the
test reports.
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‘QUALITY CONTROL
QUALITY ASSURANCE

ps . PROCEDURES FOR PRODUCT MANUFACTURE
AND PRODUCT APPLICATION FURNISHED
FOR REVIEW UPON REQUEST
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*  REFERENCES

TABLE OF CONTENTS

GENERAL
PURPQSE

SCOPE
RESPONSIBILITY
DEFINITIONS

PROCEDURE
INSTALLATION
Locating Bolts
Orilling HFoles
Marking Bolts
Setting Bolts
Repair of Broken Concrete and Abandoned Ho1es
Modification

Rework of Bolts in 2-inch Concrete Tooping Areas
INSPECTION

ATTACHMENTS -

Minimum Spacing Between Hilti Expansion Bolts |
Minimum Bolt Clearances . ]
Minimum Clearances to Embedded Plates’ '
Length Identification System " . ‘
REFERENCES

B&R Construction Procedure 35-1195-CCP-12, Concrete Patching,
Finishing and Preparation of Construction Joints®

IM-13966, "Hi1ti Kwik-Bolt Testing Program".
TUF-4593, (May 22, 1978)

B&R Quality Assurance Procedure CP-QAP-16.1, "Controi of
Nonconforming Items".
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BROWN & ROOT, INC. NUMBER REVISION DATE PAGE
CPSES
.J0B 35-1195 CEI-20 . 7 é/11/81 20f 9

1.5 * TUSI Procedure No. CPP-EP-1, “Prbcedure,for Preparation of Design

Changes". . . C

\\

1.6 35-1195-1E1-13, B&R Instructién “Calibration of Micrometer Torque

Wrenches”, .
1.7 CP-QP-11.2, TUGCO Procedure, "Surveillance and Inspection of

Concrete Anchor Bolt Installatjons®.
1.8 - QI-QpP~11.2-1, TUGCO Instruction, "Concrete Anchor Bolt Installation.”
1.9 . QI-qP-11.2-3, TUGCO Instructfon,*"Tbnguing of Concrete Anchor Bolts":
1.10 ; gg;QP;11.2-4, TUGCO Instructica, "Insbection of 'Hil1ti" Super Kwik -

ts®. . . .
é.o GENERAL
2.1 PURPOSE '
2.1.1 The purpose of this instruction is to describe the methods to be ‘ s
" .followed. ir the field installation of HiTti drilled-in expansion :

anchors. . -
2.2 SCOPE ,
2.2,1 . This instruction covers the lacation and ‘preparation of expansifon |

bolt holes, installation of the expansion bolts, and the permanent
marking of bolts for identification both prior to and after their
installation. The provisions of this instruction apply to both
Hi1t] Kwik-Bolts and Hilt{ Super Kwik-Bolts that are used for

. installation of safety-related equipment, and for the installation
of non-safety-related equipment located in-safety-related structures.
Deviations from this instruction are permitted provided they are
properly approved by the Engineer.. .

2.3 RESPONSIBILITY

2.3.1 Establishment of control points and lines for use in layout of
bolt Tocations shall be the responsibility of the 8&R Field Engi-
neering Superintendent. Determination and marking of bolt hole
location shall be performed by the craft which prepares the holes
and installs the bolts; and the superintendent of that craft
shall be responsible for this layout work and for preparation of
holes and bolt installation. )
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IHSTRUCTION

CPSES
J0B 35-1195 3 of 9

2.4 -
2.4.1

-CEI-20 7 2/11/81
DEFINITIONS '

*Drilled-in Expansion Bolts" are boits having expansion wedges so
arranged that, when placed in a drilled hole and the nut tightened,
the wedges are expanded and the bolt is securely anchored, all

as manufactured by Hil1ti Fastening Systems, Inc.

;231t1“ is ﬁ}lti Fastening Systems; Inc., supplier of the expansion
1ts. . .

"Bolt Length” is the total averall length of the bolt. This is
the length dimension shown in the Bill of Material on the appro-
priate drawings. - ©

:QSetting"'a bolt means positioning the bolt and tightening the
‘nut to the extent required to complete the expansion of the wedges.

~Embedment Length" is the length of bolt extending below the sur-
face of the 4000 psi (28-day strength) structural concrete prior
to setting (tightening). Where not shown on the pipe/instrument
.support design drawings, the minimum embedment length shall be as

follows: | o . |
"' "BOLT DIAMETER MINIMUM EMBEOMENT
e Kwik-8olts Super Kwik Bolts
O 11/8 ' B
0L s 158 - L =
' 1/2 2-1/4 _ ' : 31/4
5/8 . 23/4 . S
s 3 1/4 _ -
) 1 ' 4 1/2 61/2
: 1 1/4 51/2 81/8

Dimensions are in inches, they are according to recommendations
by Hil1ti and correspond to the minimums shown in Abbot A. Hanks,
Inc. Test Report No. 8783R on Kwik-Bolts and Test Report No. 8786
on Super Kwik-Bolts, as published in Hilti “Architects and Engi-
neers Anchor and Fastener Design Manual. .
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3.0

3.1
3.1.1
3.1.%L1

The above minimum embedment lengths are into structural concrete.
"On floors where 2-inch thick concrete topping (and thicker on

roof slabs built up to-slope to drain) has been placed separately,
bolts shall be of sufficient length to provide embedment length

or overall length at least equal to the thickness of the topping

in additijon to the Tength- shown on the drawings. For floor mounted
pipe supports only, the engineer shall evaluate the support for
sufficient embedment length on a case-by-case basis. The areas

. where this topping occurs are shown on the following drawings:

- Drawing No. - -i"Sheet No.

" FSC-00421

FSC-Q0421
FSC-00422
FSC-Q0422.
FSC-00422
FSC-00422

" FSC-00422

FSC-00423

FSC-00423.

FSC-00423
FSC-00423

_ FSC-00423
FSC-00423 -

FSC-00423
FSC-00423

" FSC-00423

FSC-00424
FSC-00424
FSC-00424
FSC-00424
FSC-00424
FSC-00424
FSC-00426
FSC-00425
FSC-00425
FSC-00425

PROCEDURE

INSTALLATION
Locating Bolts .

Bolt' locations shall be determined by the installing craftsmen
using the control points and 1ines established by the Field ‘
Engineering Department; and, as an aid in locations where rein-

forcing steel integrity is considered to be critical, utiliza-

. -
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3.1.2
3.1.2.1

q 3.1.2.2 -

3.1.2.3

3.1.2.4

3.1.3
3.1.3.1

. tioh of reinforcing steel placement drawings-and suitable rein-
* and/or clearance for expansion bolfs shall be provided as in-

2 .otherwise by the Engineer using appropriate design documents.

' masonary bits of the same nominal size as the bolt and which are

" Engineer, Drillco water cooled carbide/diamond bits or equal shall

forcement detection equipment may be used. The minimum spacing

dicited'in Attachments 1, 2 and 3 unless specifically approved

DriTiing Holes

Expansion bolt holes shall not be drilled into structural rein- |
forcing steel unless approved by the design engineer or his repre-
sentative. Holes for the expansion bolts shall be drilled into
concrete by the use of suitable power drills using "hilti" carbide

desidned and recommended by the Hilti Corp. specifically for this .
purpose, or an approved equal. The holes shall be drilled to depths
at. least one-half inch greater than the embedment length of the '
bo1t, This is in order that any unusable bolts can be cut off and
driven. deeper into the hole and the top covered with grout or other
suitable filler to close the hole.

Holes- shall normally be drilled as near the perpendicular to the
concreta surface as feasible. In no case shall the long axis of
installed bolts be more than 6 degrees from this perpendicular
gi§$?¥ion. Excess dust should be cleaned from the hole after

r ng. .

Where cutting of structural reinforcing steel is permitted by the

be used. Once-the structural reinforcing steel is cut, the remainder
of the hole shall be drilled with a "Hi1ti" carbide masonary bit per
3.1.2.1. Bolt bits shall be of the same nominal diameter as the

bolt to be installed. ‘

In Timited access areas it may be difficult to dri11 holes for
expansion bolts using equipment as required by 3.1.2.1. For this
situation, a flexible drive drill with diri1l press/vacuum base
and Orillco water cooled carbide/diamond bit or approved equal
my be used. Caution shall be used when drilling to avoid the
cutting of structural reinforcing steel. In no case shall struc-
tural reinforcing steel be cut without prior approval of the
Engineer. '

Marking Bolts ~

‘The threaded end of bolts shall bear permanent markings which indicatel :

the bolt length.
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3.1.3.2 ° These markings shall be made by the manufacturer by die-stamping
a Tetter or a number on the top end of the bolt. This stamping
shall indicate.the bolt length in accordance with the "Length
Identification System" (Attachment 4). Bolts may also be marked
on-site by the same system if verified and documented by B&R qQc.

3.1.3.3 Hi1t1 Super Kwik Bolts shall be additionally marked with a "star®
on the end which will remain exposed upon instailation. This
marking will be performed by the craft in a manner which does
not obliterate the length marking. The stamp shall be controlled
by the cognizant QC Inspector, . T )

f -

3.1.4 Setting Bolts K6 | "o . -~:;,- e

3.1.4.1 In' no case shall bolts be set in concrete having strength less
.. than the 28-day-old-design strength. Inserting bolts may be

accomplished ejther by use of a mandrel or double nuts. In using
double nits, they shall be placed on the bolt so as to protect
the -bolt end and. thredads. The bolt shall be driven into the hole
the embedment length by blows on the mandrel or nut. Projection <:
of the bolt should be such that,. after final tightening, the end N
of the bolt is not Tower than flush with the top of the nut. Its w
projection abave the top of the nut is not limited although its
change in projection during tightening shall be within the 1imit
specified below. The mandrel, if used, is then replaced by a nut,
or the top double nut {s removed and the bolt is "set". The

. setting will -be accomplished by tightening the nut against the
fixture being installed. At that time, the nut will be drawn down -
and the bolt pulled to set the wedges by the use of a torque
wrench, attaining at least the respective final values shown in -
the following table unless otherwise shown on the drawings. During -
tightening the nut, the change in bolt projection shall not exceed
gne nut height unless otherwise approved By the engineer. Where
5/8" diameter bolts are used in erecting Uni-Strut members in such
a way that the bearing surface under the nut, used with a flat
washer, bears against the open side of the Uni-Strut, the nut -
shall be tightened to 80-foot-pounds torque.

11/4

BOLT SIZE - TORQUE (Ft.-Lbs)
Y : 17 -
1/2 2 70 70FFT T
5/8 I 120
3/4 150
1 z

230 XIOFF7T ‘ C

S ,al‘;,\_,'mw’:- JE-4t02Z (.
guwd 5705

T —
.__ééig__ - : e
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3.1.4.2

wéa.l.s

“:‘ 301.5.1

~ 3.1.5.2

These values were.determined by field tests conducted by Hilti

at the CPSES site which yielded ultimate pull-out strengths equal
to or greater than those originally suggested by Gibbs & H3i11, Inc.
The complete report on those tests is filed in the B&R QC Depart-
ment. (Ref. CPPA-7240 or B&R IM-13966). .

Bolts which. cannot be torqued to the above minimum values shall be
cut off, driven desper into the hole, and patched per Reference 1.1.
Torque wrenches used in this operation shall be calibrated and
periodically recalibrated in accordance with Engineering Instruction
35-1195-1EI-13, "Calibration of Micrometer Torque Wrenches",
Reference 1.6. - . )

For Hilti expansion bolts that slip, loosen or pull out, the bolt .
shall be removed and replaced with a bolt that has an embedment depth
increased by at least 4% bolt diameter for Hilti Kwik-Bolts and

6% bolt diameter for Hilti Super Kwik-8alts unless otherwise
diricted'by the Engineer. QC shall be notified prior to commencing
work. . '

Repair of Broken Concrete and Abandoned Holes

Structural concrete that is broken or spalled as a result of bolt
installation but is structurally sound shall be cleaned up and may
be cosmetically repaired efther in accordance with Construction
Procedure CCP-12, or by the use of "NUTEC" #11S as manufactured

by and according to the recommendations of Southern Imperial
Coating, Inc. Spalling of structural concrete to depths greater
than those 1isted below shall be causa for rejection of the hole
and redrilling will be necessary.

Max. Acceptable

Hole Size - ~Spall Depth
5/8" and under . 1/2¢
3/4" to 1 1/4" (Incl.) 3/4"

Spalling of the 2" topping in areas described in Section 2.4.5
shall be cleaned up and repaijred in accordance with Construction
Procedure CCP-12 using material described in Section 4.1.2.7 of
LCP-12. Maximum spall depth is not to exceed depth of topping.

Abandoned holes shall be fjlled and patched prior to coating the .
concrete. This repair.shall be in accordance with provisions of
B&R Construction Procedure 35-1195-CCP-12 for filling "Tie Holes™
by the use of patching mortar prepared as described in paragraph
4.1.1.2 of that procedure. However, abandoned QVERHEAD holes,
originally drilled for Hilti expansion bolts, which will be comp-
pletely covered by the base plates or angles of dttached fixtures

= .
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and which are farther than four bolt diameters (center to center)
from an active Hilti bolt, may be filled with "Silpruf” water-
proofing sealant or "GE 1300", both as manufactured by General
Electric, Inc. Holes located at a distance of four bolt diameters
and closer, measured center-to-center, from Hilti bolts shall be
filled' and patched according to Procedure 35-1195-CCP-12 described
above prior to torquing. '

3.1.5.3 Unuééd Richmond Screw Anchers which have been plugged by Richmond
screw-in plugs may be used for permanent anchorage only after
specific approval. by the G&H Engineer or his designee.

3.1.6 Modification

"3.1.6.1 When it is necessary, as the result of reinforcing stesl inter-
ference or on-site unavailability-of correct -length bolts or for
other reason,.Hilt{ bolts may be modified, with proper QC :dtnessing,|=
on-site by shortening, rethreading, and stamping the new length .
designation. This shall be done only on a case-by-case basis upon ’
approval of the design engineer responsible for the fixture or it he
involved and upon completion of a Component Modification Card
(CMC) or by revising the FSE. Final bolt length shall be sufficient
to satisfy the design requirament. . : )

3.1.6.2 Substitution of a Hi!t% bolt of the next larger size is -acceptable,
. provided all spacing and embedment requirements are met or exceeded
for size Hi1ti bolt sub§titﬂted. .

3.1.7 Rework of Bolts in 2-inch Concrete Tooping Areas ..

3.1.7.1 For areas. in which the requirements of Section 2.4.5 cannot be met, ]
the following action shall be taken:

3.1.7.1.1 Expansion bolts which afte} settiﬁg have less than the below indi-
cat$d1$mbedment length into the structural conérete shall be reworked
as follows:

Bolt Type ) Embedment After Setting

Kwik-Bolt ‘ 3 bolt diameters
Super Kwik-Bolt 84 bolt diameters

#
' |
e
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3.1.7.1.2

3.2-
3.2.1

a. Existing location

.b. Relocation - Abandon existing expansion anchor bolts and re-

1. Bolt Removal - The removal of in-place expansion bolts
shall be completed with care so as not to damge the
‘concrate, thereby impairing its jntegrity. - A hollow
core hydraulic ram placed directly over an appropriately
sized baseplate which is centered on the bolt may be used
to apply direct tension to pull the bolt through the ex-
pansion wedges. The baseplate should beé a )% inch thick
square plate of a minimum of 16 expansion bolt diameters |
in width, bearing directly against the concrete surface.

2. Onca thé bolt {is removed, use a high speed drill and bit
to drill through thie wedges remaining in the side of the

hole. Remove any loose wedges.in the hole. . .;

3. Using appropriate equipment, re-drill existing expansion
bolt hole so that the new embedment depth is a minimum of
43¢ bolt diameters for Hilti Kwik-Bolt or 6% bolt diameters .
for Hilti Super-Kwik Bolt greater than the previous existing
enbedment depth, whichever is greater unless otherwise
_ directed by the Engineer by appropriate design documents.

4, Reinstall the appropriate sized expansion anchor to meet
the required embedment depth. :

Tocate. support structure. Abandoned bolts shall
be cut off, driven desper into the hole, and )
patched per Reference l.1. )

Expansion bolts which have less than the specified designed em-
bedment depth into structural concrete but greater than the values
indfcated above in 3.1.7.1.1 shall be evaulated by the responsible
design engineer. If found to be acceptable "as-is", appropriate
design change documents shall be issued. If found to be unacceptable,
the eﬁpansion bolt shall be reworked in accordance with 3.1.7.1.1

a or b.

INSPECTION N _
Inspection of Hilti bolt installation shall be performed in

accordance with References 1.6, 1.7, 1.8, 1.9 and 1.10 and other,
appiicable QA/QC procedures and instructions.

T T —
== —
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) ATTACHMENT 1:
* MINIMUM SPACING BETWEEN HILTL EXPANSION BOLTS

Balt' CENTER TO CENTER SPACT |
Size i
4 2yz 38 334 438 s 61/4  71/2
516 21316 3716 41716 41116 5516 69/16-  713/16
38 31/8 334, 43/8 5 55/8 6 78 818
/2. 334 43/8 5 558 614 712 da
5/8 438 5 558 614 67/8 81/8 938
3/4 5 55/8 61/4 67/8 7TV2 83/4 10 ‘
78 558 61/4 67/8 712 818 938 1058
1 614 67/8 712 818 834 10 1 1/4
114 712 8Yys 834 938 10 NIE 1212

Dimension in inches,

* The minimum spacing outlined in the above chart applies to ,
Hilti bolts detailed on separate adjacent fixtures. Vielation
of minimum spacing by the installation of two separate adjacent
fixtures will be approved only by issuance of design’ change
documents by the CPPE design groups.

HiT1ti bolts detailed on an individual fixture drawing may have

less than the minimum spacing tabulated above. Such fixtures

have been derated by engineering justification and are the l
responsibility of the organization issuing the respective fixture
drawing. Installation in this case shall proceed in accordance

with the fixture drawing. ' I
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—
o e T

-
g —

— -, =

-

.= . MINIMUM BOLT CLEARANCES *
(INCHES)

MINIMUM DISTANCE TO

RIchmond Abandoned Fi1t7 Bolts oF .
Hil1t1 Bolt Size Screw Anchors* Concrete Edge* Holes and Embedded Anchor
1-inch 1%-inch Bolts that are Cut Off**
« b =--1/4 — -75/8- 121/4 11/4 172
el 3/8 -0 8 1/845.. 12 7/8 17/8 3/4
e M = .8 7/8 .. 131/2 . 21/2 1
—t -—-5/8: - 91/2 .. 14 1/8 3 1/8 11/4
. ...3/4 . .. . 101/8 14 3/4 3 3/4 1172
1 L 11.3/8 16 5 2
11/4 12 5/8 17 1/4 6 1/4 21/2
() — —
*  Measured Center to Center of bolts and bolt center to edge of concrete in
{nches. g .
** Minimum spacing between holes covered by this column shall be measured center-

@

‘Locations nearer than the above distances shall be used only upon approval of

to-canter and based on size of hole being drilled.

(e.g. Pilot hole spacing
is based on pilot bit size.) . ,

the design engineer or his representative.

HiTti Bolts may be installed as close as practical to unused Richmond Screw
Anch?rs yhich have been plugged (i.e., grouted or occupied by Richmond screw-
in plugs). .

Unused Richmond Screw Anchors located nearer to Hilti Bolts than the respec-
tive distances shown above may be used temporarily for construction purposes
when the applied load is:

(2) For 1" Richmond Anchors, less than 8,000 pounds minus the
actual load supported by the Hilti Bolt; or
(b) For 1%" Richmond Anchors, less than 20,000 pounds minus
the actual load supported by the Hilti Bolt.
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ATTACHMENT 3 '
MINIMUM CLEARANCES TO EMBEDDED PLATES

1. Where embedded steel plates are unoccupied by attachments for a m1n1mum |
distance of 12 inches on both sides of a proposed Hilti Bolt location )
as shown below, the center of the bolt may be.a minimum of 2 inches
from the edge of the plate

X 2w ! /2 Wi
kS ‘L,g; z - 3 fm:ea’dea’
: 8 3 Loy ios?
b g Sl il Sod ,’7’@5 '
. . 8 Yo e
g : A\ .
x I ot )-3: : ..
. 4 ' \x . .
S p7z]3 amfmd ,’cﬂgr-z; 2ap3 = - Jie o

2 Hhere the embedded steel plates are accupied by attachments within

minimum distances shown above, the minimum clearance to Hilti Anchors ]
shall be as follows: .o, 4
Hi1t{ Anchor Nelson- Stud Edge of plate . ’

Size . to- Hi1ti Anchor to Hi1ti Anchor

174 51/4 3 3/4

3/8 . . 0 . 57/8 . 4 3/8 .

172 - 6 1/2 5

5/8 ) 71/8 ¢ 5 5/8

3/4 7 3/4 6 1/4
1 9 71/2 --
11/4 ) o 101/4 8 3/4

Dimensions are 1n dnches. .
Distance measured with referance -to center of boTts and studs..

Where location of the nearest Nelson Stud can be determined from
the "S" stamps on the embedded steel plate, the minimum center-
to-center clearance to the Hilti Anchor as shown above shall
govern. Where location of the nearest Nelson Stud cannot be so
determined, the minimum clearance to Edge of Plate" as shown
above shall govern.

U
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ATTACHEMENT 4
LENGTH IDENTIFICATION SYSTEM
Stamp On _Length of Anchor (Inches)
Anchor * “From Up to (Not including)
A 1172 2
B 2 21/2
c 21/2 3
D 3 31/2
E 31/2 4
F 4 4 1/2
G 4 1/2 5
H 5 51/2
I 51/2 8§
Jd 6 6 1/2
X 6172 7
L. 7 71/2
M 71/2 8
N 8 8 1/2
1] 8 1/2 9
P 9 9172
Q 91/2 10 .
R 10 11
S 11 12
T 12 13
u 13 14
v 14 15
W 15 - 16
X 16 - 17
Y 17 . 18
Z 18 19
NOTE: 1. Stamped letters shall be on top (threaded) end of

bolt.

2. Bolts of 19-inch 1ength and greater sha11 be stamped
with numbers corresponding to the bolt length in
inches in the same manner but 1nstead of the stamped
1etters as listed above.
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Specification 8856-E-61
Revision 1

FOR
ELECTRICAL RACEWAY
FIRE INSULATICN BARRIER
MATERIALS

1.0 SCOPE

1.1 This specification desctibes the requirements for raceway insulation
materials for the Susquehanna Nuclear Power Station Unit 1 and
Unit 2 in accordance with the perfommance, design and’' test
criteria requirements described herein.

1.2 1It is not the intent to specify herein all details of design
and construction. It shall be the responsibility of the Seller
to insure that the materials have been desicned and fabricated
in canpliance with this specification and with all documents
referred to herein as well as in accordance with good engineering
practice.

1.3 'In the event of an apparent conflict between requirements of
the specification and those of the Purchase Documents, or any
of the attached specifications, the Seller must bring the
conflict to Buyer's attention for resoluticn.

l.4 All materials shall be suitable for the specified sexvice and
shall be subject to the approval.of the Buyer. Substitutions
for articles or materials shall not be made without the specific
written consent of the Buyer.

1.5 The Seller shall have full responsibility for compliance with
the requirements of these specifications.

1.6 Fire stops, in walls ard flcors at cable tray ard conduit
penetrations, are not part of this specification.

2.0 WORK INCLUDED

Furnish all the necessary insulating materials r installation details,
tools, equipment and services required for insulation of. electrical
raceway for the following:

i. Fire breaks
2. Exposure fire barriers
3. Separation barriers as described in this specification.

3.0 WORK NOT "INCLUDED

3.1 The Buyer shall install all materials specified.

3.2 Unloading and storage of all materials specified.

P-156/3-3 . -3-
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. Appendix B
The materials specified herein shall conform in all respects PP
with applicable federal, state, and local laws, and regulations
of U.S. Department of Labor Occupational Safety.& Health
Administration, The Commonwealth' of Pennsylvania, and other

- . local regulatory bodies having junsdz.ctlon over, such mater:.als,

in effect at the time of award.

4.1.1 In the event of any confl:.ct of codes or standards, the
following priority sequence shall ke follcwed

4.1.1.1 Nuclear Regulatory Camissidn Reg. Gu:uies
and american Nuclear Insurers .(ANI).

4.1.1.2 U. S. Dept of Labor—Occupat:.onal Safety and
.Health Standards. .

4.1.1.3 Commonwealth of Pems'ylvar}ia Regulations.

4.1.1.4 Bechtel Spec:.f:.cat:.on )

Seller shall contact: the Buyer for. resolut::.on of all conflicts.
Note: ’

Latest issue of specifications, standards and codes

means the issue (including latest addenda) in force at

the date of purchase order. Adoption.of.any case

rulings or mterpretatlons or amy subsequent addenda

issues shall be subject to Buyer's approval prior to
their use.

5.0 CONDITIONS OF-SERVICE (outside contaimment only)

5.1

5.2

Normal Envircmments:

Ambient 'I'emperature 40° to 105°F w:Lth occasional J.ncreases to
120°F. .

Envirommental Radiation:

Shall be. capable 'of continuous cperatiocn under the conditions
stated above and shall be gble to withstand an integrated
radiation dose of 5.3 x 10° rads gamma radiation over a 40-year
pericd without failure. Radiation damege shall be construed to
mean a detrimental change in the functicnal properties of the
material or devices. Any exceptions must be aporoved by the Buyer.

6.0 DESIGN AND-CONSTRUCTION

6.1

P-156/3-4

Fire Break Desian

6.1.1 The purpose of Fire Breaks is to stop upward propagation

of fire in vertical and horizontal covered cable trays.
-4 -
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covered tray.

6.'1.3 Fire Breaks shall be made frem a Insulation Blanket and
mastlc ooating, or an approved equal, see Sect. 6.7.

Fire Break Construction (Typical For Insulation Blanket Material Only)

6.2.1 Fire Breaks'shall completely encapsulate the cable tray
for six to eight inches (ncminal Min. DJ.mens:Lon).

6.2.2 I the cable tray is not covered and is not completely:
filled with cables, Insulation Blanket, the same width as
the cable tray shall be inserted over the cables in

sufficient layers to bring the outer surface of the
Insulation -Blanket even with the top of the tray sides.

6.2.3 One layer of Insulation Blanket will then be wranped

: completely around the cable tray,.with'a minimum of 3
inches of overlap of adjacent blankets and blanket:
ends, The blanket shall be secured with stamless
steel straps on 12 inch centers. o

6.2.4 The open.ends of the Fire Break shall be packed with
' Bulk Insulation Fiber and sprayed with Mastic Coating
to a 1/2 inch wet thickness so as to completely seal
the cable tray/cable/Insulation Blanket interface.

Exposure Fire.Barrier Design

6.3.1 Exposure Fire Barriers shall be installed on electrical
* cable trays, ccnduits and junction/terminal boxes at
locations specified per Fire Protection Review drawmgs
(10 CFR 50 Append. R).

6.3.2 Exposure Fire Barriers shall be made by encasirg the cable
trays, conduits and junction/terminal boxes in one hour
rated barrier. system consisting of Insulation Blanket, or
an approved equal, see sect. 6.7.

6.3.3 The purpose of Exrosure Fire Bartiers is to prevent
damage, during a 1 hour complete engulfment fire, to
electrical cables serving one division of equipment
required for safe shutdown of the plant,

Exposure Fire:Barrier:Construction' (Typical For Insulation Blanket

Material Only)

6.4.1 Exposure Fire-Barriers shall completely encapsulate-the
indicated cable tray or conduit for the entire length specified.

6.4.2 If the cable tray is not' covered and is not completely

filled with cables, Insulation Blanket, the same width

as the cable tray, shall be inserted over the cables in
sufficient layers to bring the cuter surface of the |
Insulation Blanket even with-th2 top of the tray sides. i
|

fm 8
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The intérior layer of the Insulation Blanket shall wrap  Appendix B
completely around the perimeter of the cable tray with

the ends of the blanket overlapping a minimum of 3 inches.

2djacent blankets shall be placed tightly together so as

to prevent any gaps in the butt joints' between blankets.

This layer shall be held in place by High Performance

Filament Tape spaced not more than 14 inches apart and not

less than 4 inches from butt joints.

The exterior layer of Insulation Blanket shall wrap como— |
letely around the perimeter of the interior layer and must |
also have a minimum 3 inch overlap. The overlap of the
exterior layer shall be offset from the overlap of the
interior layer but still remain on the top of the tray.
The exterior layer' blankets shall be installed such that
the butt’ joints between adjacent exterior blankets are
offset at least 12 inches from the butt joints between
interior blankets.

The exterior blankets shall be secured in place by stainless _
steel straps installed not more than 14 inches apart and

not less than 4 inches from exterior butt joints. The
tensioning of the straps shall be sufficient to hold the
blanket snugly in place without causing any sufficient
cutting of, or damage to, the blanket material.

A protective outer wrap of Aluminized Zetex is to be secured
independently of the Kacwcol blanket with Polyken 237 tape. |
This outer wrap whall be installe of ter the stainlees |
steel straps. The-blanket shall have a minimum 3 inch .
overlap. The overlaps in the ocuter wrap shall be offset |
from the overlaps in the previous layer but still remain )

on top of the tray. A smgle layer of Polyken 237 tape

will be made over all joints (The above is typical for all

barriers constructed with Insulation Blanket Material

Kacwool)

vhere adjoining cable tray or conduit or-tray support members
attached to, or come into contact with, the tray to be pro-

tected, the attaching or contacting member shall also be

wrapced with two layers of Insulation Blanket as necessary

to ensure complete coverage of the protected tray. No
gaps or openings shall be allowed. o

Corduits mounted on- exf_:osed unistrut shall be insulated in
the same manner as cable trays, except that no filler

blanket is required.

Corduits mounted on embedded unistrut, flush to a wall,
shall be covered with two layers of Insulation Blanket.

The blanket shall extend a minimum of two inches onto the
surface of the wall. The edges of the blanket shall be

secured to the wall by steel strips and concrete expansion
anchors or an approved equivalent fastening methed. .

-§ -
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6.4.10 Exposed, non-~supported cable transitions (air-lined)

from conduit to tray or from tray to tray shall be
wrapped in two layers of Blanket. Each layer shall
wrap around the cables with an end overlap of not less
than 3 inches. The blankets shall be secured by tying
with Woven Tape at 14 inch maximum intervals.
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ocations where the protected tray or conduit penetrates

l e barrier in a ceiling, flcor or wall, both the

interior and exterior layers of Insulatiocn Blanket
shall be cut and installed such that the blankets will
fit snug-against the firestop. The juncture will then

<tE sealed with mastic coating—The mestic will be

sprayed or troweled completely around the Insulation
Blanket to not less than 1/4 inch thickness, and shall
extend not less than 8 inches onto the exterior of the
blanket and the surface of the f:.re barrier and ceiling,
floor or wall.

6.5 Seoarat:.on Barrier Design

6.6

6.5.1°

6.5.2

The purpose of Separation Barners is to reduce the
exposure Class TE electrical caples serving redundant
systems to damage from fire in a proximate raceway.

Separation Barriers shall be made by either/or the

followmg methods per drawing E-49 (Reg. Guide 1.75)
Installation of galvamzed steel covers and/or bottoms
on trays

* Installation of Insulation Blanket material ok

an approved equal, see Sect. 6.7,. for conduit and tray.

* Installation of rigid board between redurdant raceway.
(Sect 6.7)

Separation Barrier Constructlon (Typical For Insulation Blanket

6.6.1

6.6.2

P~156/3-7

Material Only)

Separa’cion Barriers shall be applied to the indicated
cable trays or conduit for the entire length where
minimum separation can not be maintained.:

In open éable trays, one layer of Insulation Blanket
shall be laid on top of the cables. The blanket shall
be tucked arourd the cables at the edge of the tray

‘where possible. In vertical or inclined tray sections,

Woven Tape shall be used to tie the blanket to the tray
at 14 inch maximum intervals.

6.6.2.1 Cable tray and conduit shall be wrapped |
completely around the perimeter with one
layer of Insulation Blanket. End joints and
joints between adjacent blanket will ke
secured in place with stainless steel straps
installed at each overlapped butt joint and at
14 inch maximum intervals along the blanket.

-7-
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6.6.2.2 Where adjoining cable tray or conduit or tray Page 216
support members attach to, or come into Appendix B
contact with, the tray or conduit to be
protected, the attaching or contacting member
shall ,also be wrapped w:.th one layer of
Insulation Blanket.

Exposed, ncn-supported cable transition (air-
lined) from:conduit to tray or fram tray to
tray shall be wrapped w1th one layer of
Insulation Blanket.

6.7 Blanket- Insulation/Ba.rrier-Board, Banding, 7Tape'and Mastic Materials
(Fire Breaks, Separaticn Barriers and Exposure Barriers)_

6.7.1 Insulation/Blanket consisting of interlaced ceramic/glass
fibers, one inch thick, 8 lb. per cu.’'ft., width and
lengths are required, Babcock and Wilcox, Kaoweol or

‘approvedequal

6.7.2 Ebnned barrier board consn.st:.ng ceramic fibers ard
binders; thickness and size as required, Babcock and

* Wilcox, Kaowool M Board or approved equall (Juncticn/
Terminal box covers.)

2 mils thick, mfg. by Kendall Corp., Polyken Div. or
an approved equal.

6.7.4 Aluminized protective outer wrap. consisting of glass
. cloth, Babcock and Wilcox, Zetex Style 800, or approved-

equal,

6.7.5 High Performance Filament Tape for securing Insulation
. ’ blanket on electrical cable tray and conduit shall be 1
A } inch w:.de, 3M Campany Tape Number 89 or approved equal.

6.7.6 Woven Tape for securing Insulation blanket in electncal
cable tray shall be a refactory silica product, 1 inch
wide by by 0.125 inch nominal’ thickness with selvaged
edges, ‘Haveg Industries, Inc. Siltemp Code
Number WI65-1 or approved

@ 6.7.3 Protective outer wrap joint tape, Polyken 237, 2".wide,

6.7.7 Mastic Coating for fire protection applications shall
be Intumastic 285, manufactured by Carbtoline Fire
Proofing Products Division, or an approved equal.

6.7.8 Galvanized steel strips and conc;:ete expansion anchors,
or approved equivalent fastening methed, for attached
Insulation blanket to walls.

pP-156/3-8 -8 -
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6.7.10 Straps for securing Insulation blanket on electrical Appendix B

" cable tray and conduit shall be 3/4 inch width by .020
inch thick Type 304 stamless steel. .

6.7.10 Bolts, nuts, washers and other fasteners shall be
. electro-galvanized or cadmium plated.

6.7.11 "Approved equal" barrier system, subl.unmg campound,
Thermo~lag 330-1, water based spray coating, mfg.
by TSI, Inc. consisting of Themmo—lag 351 primer and
Thermo~-lag 350-2000 top coat for use on raceway ard
junction/teminal boxes.

6.7.12 "Approved equal® Fire Barrier System, Intumescent
laminated wrap material, mfg. by Quelcor, Inc. Quelpyre
two~step system for-use on conduit only.

INSPECTICN AND TESTS

General

The Seller shall conduct and be responsible for the tests called for in
the applicable ccdes and standards, and shall furnish verification of
all test data.

DELIVERY AND-DRAWING

8.1 Seller shall be gquided by the following schedules:

8.1.1 ~ All material is required at the jobsite as stated in
the Purchase Order. .

8.1.2 The number of dfawings to be furnisehd is listed in the -

"Drawings and Data Requirements”. Form G-321-C ard
8856-Qa-1.
SHIPPING

9.1 All material shall be arranged and fabricated to provide
convenient shipping packages. Each shipping package and all
parts contained therein shall be prcperly protected against
weather and mecham.cal damage dur:.ng transit and storage.

PRCDUCT ASSURANCE REQUIREMENTS

10.1 This specification covers items and services that have safety
related functions in a nuclear power plant, The Seller shall
meet the specific requirements defined herein. These requirements
shall be implemented by the Seller for the items and sexrvices
covered by the technical specification. The requlrements
specified herein do not delete or revise other recun:ements of
the procurement document. °

n-ie2/0 R R
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* 11.0 WARRANTIES ~ Appendix B

The Seller shall warrant that the material furnished under this
specification and requisition will be suitable for the regquired
sexrvice specified herein and will conform to all applicable codes and
requlations. . oo

If the material furnished by the Seller fails to meet the requiranex:its

of this Specification and Requisition, the Seller shall bear all
expenses necessary to meet the requirements.

The Seller shall state his standard warranty included with his proposal.

The Seller shall also state the additional cost, if any, of extending
the warranty for a periocd-of one (1) year from initial commercial
operation. Initial commercial operation is as defined by Specification
8856-G-1. -

P156/3~10 ' -10- -
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BILL OF MATERIALS

‘ SECTION I
ITEM QUANTITY . DESCRIPTION ' " ™ ° et oty MAT'L ' SPEC -

A. 4 18" width x 4" depth x65" length Solid Bottom E-132
Cable Tray

B. 4 18" width x 4" high 90° inside Riser El. 12" E-132

, Rad., Solid Bottom Cable Tray

c. 4 18" width x 4" depth x 65" length Ladder Bottom E-132
Cable Tray .

D. 2 18" width x 4" high x 90° insider Riser El. 12" E-132
Rad., Ladder Bottom Cable Tray ’
18" width =x 4" high x 45° inside Riser 12"
Rad., Ladder Bottom Cable Tray .

E. 4 18" width x 4" depth x 40" length Solid Bottom E-132

., Cable Tray (Middly Section)

F. 2 18" width x 4" depth x 34" length Ladder Bottom E-132

Cable Tray (Middle Section)
( 1 5" ¢ Rigid Steel Conduit x 29%" length (threaded

on both ends) '

H. 1 5" @ Rigid Steel Conduit x 58" length (threaded
on both ends) ’

I. 2 5" ¢ Rigid Steel Conduit x 50 3/4" length
(threaded on both ends)

J. 3 5" ¢ Rigid Steel Conduit El. 24" Rad. (threaded
on both ends)

K. 1 5" ¢ Rigid Steel Conduit x 38 3/4" length
(threaded on both ends) .

L.. 5 5" ¢ Rigid Steel Conduit Couplings

M., 2 5" @ Rigid Steel Conduit x 24" length (threaded
on both ends)

0. 3 4 x 4 Tube Steel 44" ASTM A36

P. 1 4 x 4 Tube Steel 108" ASTM A36
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BILL OF MATERIALS . .
SECTION I
ITEM QUANTITY DESCRIPTION "~ ° ’ o e "MAT 'L SPEC .
Q. 2 ASTM A36
R. 6 3/4" ¢ x 12" Lg. Bolts (Hilti Kwik)
S. 1 Conduit Clamp (Unistrut - P1123)
T. 1 Carbon Steel Plate %" x 6" x 12" Lg. ) ASTM A36
A.A. 1 Junction Box 24" x-8" x 8", Nema Four
w/mounting lugs :
* B.B. 1 Channel 108" Long (Unistrut.P1000) ' A
1 Channel 1-1/4" Long (Unistrut P1000)
D.D. 4 1/2 ¢ x 5" Lg. Bolts (Hilti Kwik)
2 ~ P1068 Clips
( G 1 5" ¢ Rigid Steel Conduit x 8" Length (threaded
on both ends)- ~
G.G. 288 3/8" - 16x 34" Lg. Spline Bolt w/Oval Type E-132
Phillips Slotted Heads w/ths.and Locking Devices
H.H. As Cables (Refer to following page for itemized listing)
Required IEEE-383 qualified
I.I. As Cable Ties
Required
J.J. 36 Splice Plates . E-132
4 1/2" x 1-1/2" Button Head Bolt
4 Flat Plate Fitting (P1964)
4 Husky Burnoy BKSA-L
8 Unistrut 1/2" Spring Nut P3010
C 2 5" Rigid Steel Conduit x 12" in Length
¢ .

1/2" x 1-1/2" P1010
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,
a BILL OF MATERIAL
SECTION II
FUNC. TYPE SIZE ) QUANTITY “' """ *"" LENGTH-_
PWR R75 1-75QMCM A~ 8 20
PWR R50 1-500MCM A- 5 20
PWR R35 1-350MCM A- 4 20 .
PWR RO4 1-4/0 A- 4 20
PWR D42 2/c #4 Cu 6 20
PWR D63 3/c #6 Cu 1 20
PWR D62 2/C #6 Cu 8 20
PWR D83 3/C #8 Cu 4 20
PWR Z83 3/C #8 Cu 4 20
4 ont D14 4/C #10 Cu 5, 20

C 'L12 12/C #14 Cu 7 20
Cont LO7 7/C #14 Cu 7 20
Cont Z07 7/C #14 Cu 4 i} 20
Cont LO5 5/c #14 Cu 5 20
Cont L.03 3/Cc #14 Cu 5. 20
Inst Q27 7 Indiv. Shld PR {16 7. 20
Inst Q26 3 Indiv. Shld PR #16 ‘1 20
Inst Q25 2 Indiv. Shld Pr #16 5 20
Inst Q16 5/C #20 Overall Shld 4 20
Inst Q12 48/C #20 Overall Shld 5 20
Inst Q41 RG-11U Triax 4 20
Inst N12 12/C #16 Overall Shld 1 20




F 1001
Revision O

Page 230
) BILL OF MATERIAL Appendix E
\(0 SECTION II
FUNC. 'I;YPE SIZE . QUANTITY LENGTH
PWR R50 1-500MCM 2 1
D63 3/C #6 2 1
PWR/Cont D14 4/C #10 2 1
Cont L12 12/C #14 2 1
Cont L07 7/C #14 2 1
Cont L05 5/c #14 2 1
Cont 103 3/c #14 2 1
Inst N12 12/C #16 Overall Shld 2 1
Q27 7 Inidv Shld Prs #16 2 1
Q26 3 Indiv Shld Prs #16 2 1
( 0 Q25 2 Indiv Shld Prs #16 2 1
| qQl2 48/C #20 Overall Shld 2 1
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> TABLE Tl
CABLE DISf FOR 30% FILL OF CABLE TRAYS
FUNC. CABLE TYPE CAéLE SIZE QUANITY LENGTH
PUR R75 1-750MCM . 3 - 20
PWR RS0 1-500MCHM S 1 20
PWR R35 1-350MCM 1 20
PUR RO4 1-4/0 ' 1 20
PWR D42 2/c #4 1 20
PWR D62 2/c #6 .3 20
PWR D83 3/C #8 1 20
PWR 283 3/c #8 1 20
PWR/Cont D14 4/c #10 1 20
(;” .L12 12/c #14 2 20
Cont LO7 7/C #14 2 20
Cont z07 7/C #14 - 1 20
Cont LO5 5/C #14 1 20
Cont 103 3/Cc #14 1 20
Inst Q27 7 Indiv Shld Pr #16 2 20
Inst Q25 2 Indiv Shld P;!#lﬁ 1 20
Inst qQlé6 5/C ##20 Over Shld 1 20
Inst‘ Q12 48/C #20 Overall Shld 1 20
Inst Q41 RG-11U Triax 1 20
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e ” TABLE T2 Appendix E
o LIGHTLY LOADED TRY (1 Layer)
FUNC. CABLE TYPE CABLE SIZE QUANTITY LENGTH
PWR R75 1-750MCM 1 20
PWR R50 1-500MCM 1 20
PWR R35 1-350MCM - 1 20
PWR RO4 1-4/0 1 20
PWR D42 2/c #4 1 20
PWR D62 2/c #6 1 20
PWR D83 3/c #8 1 20
PWR Z83 3/c #8 . 1 20
PWR/Corit D14 4/Cc #10 1 20
( *G L12 12/C #14 1 20
‘Cont 107 7/C #14 1 20
Cont 207 7/C #14 1 20
Cont 105 5/c #14 1 20
Cont 103 3/c #14 1 20
Inst Q27 7 Indiv Shld Pr #16 1 20
Inst Q25 2-Indiv Shid Pr i#l6 1 20
Inst Q16 5/C #20 Overall Shld 1 20
Inst Q12 48/C #20 Overall Shld 1 20
Inst Q41 RG-11U Triax 1 20
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TABLE 13 Appendix E
‘ a CABLE DIST FOR 40% FILL OF 5!' CONDUIT
FUNC CABLE TYPE CABLE . SIZE - QUANTITY LENGTH
PWR R50 1~500MCM 1 20
PWR D42 2/c #4 l ‘ 2 20
PWR D63 3/c 6 1 20
PWR/Cont D14 4/C #10 1 20
Cont . L12 12/C #14 1 20
Cont 107 7/C #14 1 20
Cont L0S 5/C #14 ) 1 20
Cont 103 3/C #14 1 20
Inst N12 12/C #16 Overall Shld 1 20
Igst Q27 7 Indiv Shld Prs #16 1 20
( é ' Q26 3 Indiv Shld Prs #16 1 20 .
Inst Q25 2 Indiv Shid Prs #16 1 20
Inst Q12 48/C #20 Overall Shld 1 20
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Appendix E
- TABLE T4

@ ‘

* CABLES O BE AIRDROPPER . . - . o o SETRTTI
TRAY 1 R ST A0 DA SO T L
ciste Fuve. HBLE TR OLS SIE. . Lo QUETITL
Power D42 2/c #4 1
Control LO7 7/Cc #14 1
Inst. Q25 2 Indiv Shld Pr #16 1
TRAY 2
Power D83 3/c #8 1
Contzol L12 12/C 14 1
Inst. Q27 7 Indiv Shld Pr {16 1

S 2 |

” Power D62 2/c #6 1-

Control LOS 5/C #14 1
Inst Q12 48/C #20 Overall Shid 1
TRAY 4

Inst Qle 5/C #20..0verall Shld 1

-
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TABLE T5 Appendix E

/. 0 CABLE INSTALLED IN EACH 1 FT SAMPLE CONDUIT 32% FULL

FUNC. CABLE fYPE CABLE SIZE QUANTITY LENGTH
PWR RS0 1-500MCM ’ 1 1
PWR D63 3/c ’#‘6 3 1 1
PWI;/Cont D14 4/c #10 1 1
Cont L12 12/C #14 1 1
Cont LO7 7/C #14 1 1
Cont L05 5/C #14 1 1
Cont 103 3/c #14 1 1
Inst Ni2 12/C #16 Overall Shld 1 1
Inst Q27 7 Indiv Shld Prs #16 1 1
Inst Q26 3 Indiv‘Shld Prs #16 1 1
(-. @ Q25 2 Indiv Shld Prs #1A6 1! 1
Inst ) Ql2 48/C #20 Overall Shld 1 1
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TABLE V-1

Recorder

THERMOCOUPLE CHANNEL ASSIGNMENT

Thermocouple Function Data

Number Type Channel Channel

Fil, F2, F3 Manual Entry Avg., Temp, 12" above 00
cable trays
F4,F5,F6,F7 Manual Entry Avg., Temp, 12" below o1
) cable trays
F1-F7 Average Manual Entry Overall Furnace 02
Average

Tl-1 Digi-1 2 Cable Tray 1 Data ~ 06
T1l-2 " 3 " 07
T1-3 " 4 " 08
Tl-4 " 5 " 09
Tl-5 " 6 " 10
T1-6 " 7 " 11
Tl-7 " 8 " 12
T1-8 " 9 " 13
( ‘D T1-9 L 10 " 14
T1-10 " 11 " 15
Tl-11 " 12 " 16
© Tl.12 " 13 " 17
T1-13 " 14 " 18
Tl-14 " 15 " 19
T1l-15 Digi-2 2 " 20
T2-1 Digi-2 3 Cable Tray 2 Data 21
T2-2 " 4 " 22
T2-3 " 5 " 23
T2-4 " 6 " 24
T2-5 " 7 " 25
T2-6 " 8 " 26
T2_7 " 9 ", 27
T2-8 " 10 " 28
T2-9 " 11 " 29
T2-10 " 12 " 30
T2-11 " 13 " 31
T2-12 " 14 " 32
T2-13 " 15 " 33
T2-14 Westronics 2000 1 " 34
11} 2 n 35

\ m T2-15

V-3



Table V-1 - Continued
Thermocouple Recorder F . Data
Number: Type Channel unction Channel
T3.1 Westronics 2000 3 Cable Tray 3 Data 36
T3-2, i 4 " 37
T3-3 " 5 " 38
T3-4 " 6 " 39
T3-5 1 7 ' 40
T3-6 ' 8 " 4]
T3-7 n 9 " 42
T3-8 I 10 ° i 43
T3-9 n 11 1" 44
T3-10 " 12 " 45
T3-11 " 13 " 46
T3-12 " 14 " 47
T3-13 " 15 " 48
T3-14 " 16 " 49
T3-15 " 17 " 50
T4-1 Westronics 2000 18 Cable Tray 4 Data 51
T4-2 " 19 " 52
T4-3 " 20 " 53
T4-4 " 21 " 54
T4-5 " 22 " 55
T4-6 1" 23 " 56
T4-7 " 24 " 57
T4-8 Westronics 3597 1 " 58
T4-9 n 2 11 59
T4-10 " 3 " 60
T4-11 " 4 " 61
T4-12 " 5 " 62
T4-13 " 6 " 63
T4-14 " 7 " 64
T4-15 " 8 " 65
ADI1-1 Westronics 3597 9 e ol 66
AD1-2 " 10 " 67
AD1-3 " 11 " 68
ADl -4 n 12 " 69
ADl-5 " 13 " 70
AD1-6 " 14 " 71




,‘0 Table V-1 -« Continued

Thermocouple * Recorder F , > Data
Number Type Channel unction Channel
AD2-1 Westronics 3597 15 Air Drop 2 Data 72
AD2-2 " 16 1" 73
AD2-3 " 17 " 74
AD2-4 " 18 " 75
AD2-5 " 19 " 76
AD2-6 " 20 " 77
aD2-7 " 21 . " 78
AD2-8 " 22 " 79
AD2-9 " 23 " 80
AD3-1 Westronics 3597 24 Air Drop 3 Data 81
AD3-2 Westronics 2733 1 " 82
AD3.3 " 2 " 83
AD3-4 " 3 " 84
AD3.5 " 4 " 85
AD3-6 " 5 " 86

‘@
\

AD4.} Westronics 2733 6 é"/& p,f_o.f’t/ 87
AD4-2 i 7 " 88
AD4-3 " 8 " 89
AD4-4 " 9 " 90
AD4-5 - " 10 " 91
AD4-6 i 11 t 92
Cl-1 Westronies 1727 1 5'" Conduit Data 93
Cl-2 " Y 1 94
Cl-3 " 3 T 95
Cl-4 I 4 1 96
Cl-5 " 5 1 97
Cl-6 n 6 1" 98
Cl-7 n 7 1 99
Cl-8 " 8 " 100
Cl-9 " 9 " 101
Cl-10 1" 10 " 102
Cl-11 " 11 " 103
Cl-12 u 12 " 104
Cl-13 " 13 " 105
Cl-14 n 14 n 106
e & i
Cl-16 " 16 " 108
Cl-17 n 17 . n 109



THERMOCOQUPLE LOCATIONS

(DRAWINGS)



Cable Tray No. l: 13" Ladder Back
' with one layer of cable
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Data Thermocouples located on center cable (W-047)
at 12 o' clock position at | ft intervals, per Drawing
FDSG-Dl4.

Figure V-1. Thermocouple Locations Cable Tray No. 1



Cable Tray No. 2: 18" Solid Back
40% Cable Loading
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Data Thermocouples located on center cable (W-141)
at 12 o'clock position at 1 ft intervals, per Drawing
FDSG- D14,

Figure V-2. Thermocouple Locations, Cable Tray No. 2
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Cable Tray No. 3: 18" Ladder Back
40% Cable Loading
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Data Thermocouples located on center cable (W-124)
at 12 o'clock position at 1 ft intervals, per Drawing
FDSG-Dl4,

Figure V-3. Thermocouple Locations, Cable Tray No. 3 ° '
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Cable Tray No. 4: 18' Solid Bacl with

one layer of cable
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Data Thermocouples located on center cable (W-047)
, at 12 o'clock position at 1l ft intervals, per Drawing
FDSG-Dl4,

Figure V-4. Thermocouple Locations, Cable Tray No. 4



5" Conduit '
Data Thermocouples located in center of 1=
R cable bundle per Drawing FDSG-Dl14. U
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Figure V-5. Thermocouple Locations, 5'" Conduit




Air Drop 1 Air Drop 2 Air Drop 3 Air Drop4
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Figure V-6. Thermocouple Locations, Air Drop Cables
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1.0 SCOPE
1.1 DESCRIPTION

This specification describes the requirements for raceway exposure fire
barriers and fire stops for the Susquehanna Steam Electric Station Unit 1
and Unit 2 in accordance with the performance, design and test criteria
requirements described herein.

1.2 GENERAL

It is not the intent to specify herein all details of design and
construction. It shall be the responsibility of the Seller to insure that
the materials have been designed and fabricated in compliance with this
specification and with all documents referred to herein as well as in
accordance with good engineering practice.

1.3 WORK INCLUDED
Furnish all the necessary insulating materials, installation details,

tools, equipment .and services required for insulation of electrical
raceway for the following:

1.3.1 Fire breaks
1.3.2 Exposure' fire barriers ~
1.3.3 PP&L shall install-all materials specified.

1.4 WORK NOT INCLUDED

1.4.1 - ©Unloading and storage of all materials specified.

2.0 APPLICABLE CODES, STANDARDS, AND OTHER DOCUMENTS

The work to be performed under this specification shall conform to the
applicable provisions of the latest revisions of the following documents.
If a conflict exists between any of these documents and this
specification, the specification shall govern..

a. NRC Branch Technical Position 9.5.1, Appendix A

b. American Nuclear Insurers/Mutual Atomic Energy Reinsurance Pool
(ANI/MAERP) Standards

c. Susquehanna Fire Protection Review Report

d. Nuclear Department Instruction - QA-8.2.3, Quality Assurance
Requirements for Fire Protection and Related Systems.

e. Operational Policy Statement (OPS) - 1
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3.0 TECHNICAL REQUIREMENTS

3.1 FIRE BREAK DESIGN

3.1.1 The purpose of Fire Breaks is to stop propagation of

fire in vertical and horizontal cable trays.

3.1.2 Fire Breaks shall be installed in vertical cable trays and in

covered trays every 15 ft. Fire barrier penetration seals provide a fire
break where they are installed.

) 3.1.3 Fire Breaks shall be made from an Insulation Blanket and mastic

coating, or PP&L Engineering approved equal, see Section 3.5.

3.2 TFIRE BREAK CONSTRUCTION (Typical For Insulation Blanket Material
Only)

3.2.1 Fire Breaks shall completely encapsulate the cable tray for six
to eight inches (nominal Min. Dimension).

3.2.2 If the cable tray is not completely filled with cables,
Insulation Blanket, the same width as the cable tray shall be inserted
over the cables in sufficient layers to bring the outer surface of the
Insulation Blanket even with the' top of the tray sides and completely £i1l
all void spaces.

3.2.3 One layer of Insulation Blanket will then be wrapped completely
around the cable tray. The blanket shall be secured with stainless steel
_straps.

3.2.4 The open ends of the Fire Break shall be packed with Bulk

Insulation Fiber and sprayed with Mastic Coating to a 1/2 inch wet
thickness so as to completely seal the cable tray/cable/Insulation Blanket
interface.

3.3 EXPOSURE FIRE BARRIER DESIGN
3.3.1 Exposure Fire Barriers shall be installed on electrical cable

trays, conduits and junction/terminal boxes at locations specified per
Susquehanna Fire Protection Review Report Appendix "A".

3.3.2 Exposure Fire Barriers shall be made by encasing the cable
trays, conduits and junction/terminal boxes in one hour rated barrier
system.

3.3,3 The purpose of Exposure Fire Barriers is to prevent damage,
during a 1 hour complete engulfment fire, to electrical cables serving one
division of equipment required for safe shutdown of the plant when
redundant safe shutdown divisions occupy the same fire area.

e
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3.3.4 The Exposure Fire Barrier construction system shall also encase
all raceway support steel within 18 inches of the protected raceway.

3.4 EXPOSURE FIRE BARRIER CONSTRUCTION (Typical For Insulation Blanket
Material Only) g

3.4.1 Exposure Fire Barriers shall completely encapsulate the
indicated cable tray or conduit for the entire length specified.

3.4.2 If the cable tray is not covered and is not completely filled
with cables, Insulation Blanket, the same width as the cable tray, shall
be inserted over the cables in sufficient layers to bring the outet
surface of the Insulation Blanket even with the top of the tray sides.

'3.4.3 The first (interior) layer of the Insulation Blanket shall wrap

completely around the perimeter of the cable tray with the ends of the
blanket overlapping a minimum of 3 inches. Adjacent blankets shall be
placed tightly together so as to prevent any gaps in the butt joints
between blankets. This layer shall be held in place by High Performance
Filament Tape spaced not more than 14 inches apart and not less than 4
inches from butt joints.

3.4.4 The second (exterior) layer of Insulation Blanket shall wrap
completely around the perimeter of the interior layer and must also have a
ninimum 3 inch overlap. The overlap of the exterior layer shall be offset
from the overlap of the interior layer but still remain on the top of the
tray. The exterior layer blankets shall be installed such that the butt
joints between adjacent exterior blankets are offset at least 12 inches
from the butt joints between interior blankets.

3.4.5 The exterior blankets shall be secured in place by stainless
steel straps installed not more than 14 inches apart and not less than 4§
inches from exterior butt joints. The tensioning of the straps shall be
sufficient to hold the blanket snugly in place without causing any
sufficient cutting of, or damage to, the blanket material.

3.4.6 A protective outer wrap of Aluminized Zetex is to be secured
independently of the Kaowool blanket with Polyken 237 tape. This outer
wrap shall be installed after the stainless steel straps. The "zetex"
shall have a minimum 3 inch overlap. The overlaps in the outer wrap shall
be offset from the overlaps in the previous layer but still remain on top
of the tray. A single layer of Polyken 237 tape will be made over all
joints. (The above is typical for all barriers constructed with
Insulation Blanket Material Kaowool.)

3.4,7 Where adjoining cable tray or conduit or tray support members
attached to, or come into contact with, the tray to be protected, the
attaching or contacting member shall also be wrapped with two layers of
Insulation Blanket as necessary to ensure complete coverage of the
protected tray. No gaps or openings shall be allowed.
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3.4.8 Conduits mounted on exposed unistrut shall be insulated in the
same manner as cable trays, except that no filler blanket is required.

3.4.9 Conduits mounted on embedded unistrut, flush to a wall, shall be
covered with two layers of Insulation Blanket. The blanket shall extend a
minimum of two inches onto the surface of the wall. The edges of the
blanket shall be secured to the wall by steel strips and concrete
expansion anchors or an equivalent fastening method approved by the
Nuclear Plant Engineering (NPE) Civil Group Supervisor or his designee.

3.4.10 Exposed, non-supported cable transitions (air-lined) from

. conduit to tray or from tray to tray shall be wrapped in two layers of

Blanket. Each layer shall wrap around the cables with an end overlap of
not- less than 3 inches. The blankets shall be secured by tying 'with Woven
Tape at 14 inch maximum intervals.

3.4.11 At locations where the protected tray or conduit penetrates a
fire barrier in a ceiling, floor or wall, both the interior and exterior
layers of Insulation Blanket shall be cut and installed such that the
blankets will fit snug against the firestop. The juncture will then be
sealed with mastic coating. The mastic will be sprayed or troweled
completely around the Insulation Blanket to not less than 1/4 inch
thickness, and shall extend not less than 8 inches onto the exterior of
the blanket and the surface of the fire barrier and ceiling, floor or
wall.

3.5 BLANKET INSULATION/BARRIER BOARD, BANDING, TAPE AND MASTIC MATERIALS
(Fire: Breaks, Separation Barriers and Exposure Barriers)

"3.5.1 Insulation/Blanket consisting of interlaced ceramic/glass

fibers, one inch thick, 8 1lb. per cu. ft., width and lengths are required,
Babcock and Wilcox, Kaowool or PP&L Engineering approved equal.

3.5.2 Formed barrier board consisting of ceramic fibers and binders,
thickness and size as required, Babcock and Wilcox, Kaowool M Board or
PP&L Engineering approved equal. (Junction/Terminal box covers.)

3.5.3 Protective outer wrap joint tape, Polyken 237, 2" wide, 2 mils
thick, mfg. by Kendall Corp., Polyken Div. or PP&L Engineering approved
equal. ’

3.5.4 Aluminized protective outer wrap consisting of glass cloth,
Babcock and Wilcox, Zetex Style 800; or PP&L Engineering approved equal.

3.5.5 High Performance Filament Tape for securing Insulation Blanket
on electrical cable tray and conduit shall be 1 inch wide, 3M Company Tape
Number 89 or PP&L Engineering approved equal.

3.5.6 Woven Tape for securing Insulation Blanket in electrical cable
tray shall be a refactory silica product, 1 inch wide by 0.125 inch
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nominal thickness with selvaged edges, Haveg Industries, Inc. Siltemp Code
Number WI65-1 or PP&L Engineering approved.

3.5.7 Mastic Coating for fire protection applications shall be
Intumastic 285, manufactured by Carboline Fire Proofing Products Division,
or PP&L Engineering approved equal.

3.5.8 Galvanized steel strips and concrete expansion anchors, or
equivalent fastening method approved by the NPE Civil Group Supervisor or
his designee, for attached Insulation Blanket to walls.

3.5.9 Straps for securing Insulation Blanket on electrical cable tray
and conduit shall be 3/4 inch width by .020 inch thick Type 304 stainless
steel.

3.5.10 Bolts, nuts, washers and other fasteners shall be
lectro—galvanized or cadmium plated.

3.6 EXPOSURE FIRE BARRIER CONSTRUCTION (iypical For TSI Inc. Material)

3.6.1 “"Approved Equal" barrier system, subliming compound, Thermo-Ldg
330-1, water based spray coating, mfg. by TSI, Inc. consisting of
Thermo-Lag 351 Primer, or Thermo-Lag Stress Skin Type 330-69 and
Thermo-Lag 351 Primer, plus Thermo-Lag 330-1 Subliming Compound, for use
on raceway, junction/terminal boxes and support steel.

3.6.2 The Thermo-Lag Stress Skin Type 330-69 shall be installed as
follows:

a) Secure with the raceway or support steel.
b) The stress skin primer intact.

c) Free of foreign substances p}ior to application of
Thermo-Lag 330~1 Subliming Compound.

d) Completely encasing the raceway or support steel.

3.6.3 The Thermo-Lag 330-1 Subliming Compound shall be applied by
spraying or troweling to the Stress Skin.

3.6.4 The final dry film thickness of Thermo-Lag 330-1 material shall
be one-half inch (1/2 in.) minimum and three-fourths inch (3/4 in.)
maximum. The finish shall be free of texture irregularities (i.e. blis-
ters, spalling, fissures, separations, etc.).

3.6.5 The repair of any surface textural irregularities shall have all
damaged and loose material removed back to sound adhering material. A
knife or scrapper is acceptable. The edge should be undercut to form a
beveled edge as in plaster repair. All foreign matter should be removed
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from the substrate using a wire brush. Thermo-Lag 330~1 Subliming
Compound shall be added to achieve the required dry £ilm thickness.

3.6.6 Surface temperature 8f the substrate to receive Thermo-Lag 330-1
Subliming Compound shall be 40 F or higher prior to application of
Thermo-Lag 330-1 Subliming Compound.

3.6.7 Prior to applying additional coats or layers, a surface reading
of 20 or less shall be obtained using a Delmhorst Moisture Meter (Model
DP) or PP&L Engineering approved equal.

. 3.7 TSI INC. MATERIALS
3.7.1 The material supplied shall be accompanied by a certificate of

conformance by the manufacturer that the material is as.specified on the
purchase order, or bear the Underwriter Laboratories (U.L.) label.

3.7.2 Thermo~Lag 330-69 Stress Skin with Thermo~Lag 351 Primer.
3.7.3 Thermo~Lag 351 Primer.
3.7.4 Thermo~Lag 330-1 water based subliming coating compound.

( “ 3.8 DOCUMENTATION

All records generated as a result of this specification shall be included
in the appropriate Quality Assurance Records File and SSES Records
Management System File.

4.0 TESTING AND INSPECTION REQUIREMENTS

4,1 Quality Control shall check that all fire stops are installed in
accordance with this specification.

4,2 Quality Control shall check that all Blanket Type Exposure Barriers
are installed in accordance with this specification, and that each blanket
"layer completely encompasses the raceway.

4.3 Quality Control shall check that all TSI Inc. Type Exposure Barriers
are installed in accordance with this specification. .

4,4 The following additional requirement shall be checked for the TSI
Inc. type installation: (Commercial quality measuring devigces are
acceptable for use.)

a) Proper installation of the Thermo-Lag Stress Skin or 351 Primer.

b) Proper temperature (above 40°F) of the substrate to which
Thermo-Lag 330-1 is to be applied.

\'\
» c¢) Proper Dry Film Thickness prior to recoat.
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d) Proper dryness between coats.

e) Inspection for surface blemishes in final surface.

£) Proper methods for repair work.
5.0 PREPARATION FOR DELIVERY
This section is not applicable to this specification.
6.0 GENERAL INFORMATION
This specification specifies the technical requirements for Exposure Fire
Barriers and Fire Stops which are intended to meet the various criteria as
outlined in the NRC Branch Technical Position 9.5.1.Appendix A, and the
American Nuclear Insurers/Mutual Atomic Energy Reinsurance Pool
(ANI/MAERP) Standards. The Susquehanna Fire Protection Review Report
commits to these Fire Stops and Exposure Fire Barriers.
6.1 DEFINITION
PP&L Engineering-NPE Civil Group Superxvisor or his designee.
7.0 QUALITY ASSURANCE PROGRAM

7.1 Nuclear Department Instruction - QA-8.2.3 shall apply to the
activities of this specification.

7.2 Materials used for this specification are not unique to the Nuclear
Industry and are commercially available.

7.3 For PP&L internal use of this specification, the Quality Assurance
Program Requirements shall be as required by the scope of Operational
Policy Statement ~ 1.

7.4 For use external to PP&L, the Quality Assurance Program Requirements

shall be as required in the purchase documents or contracts and
specifications for the material/services.

K~09/cak
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I. OBJECTIVE
The objective of this program was to evaluate a fire-proofing
material for use as a fire-protective covering for redundant electrical
systems. The test specifications under which this program was performed
were: -
A. American Nuclear Insurers/Mutual Atomic Energy Reinsurance
Pool (ANI/MAERP) ''Standard Fire Endurance Test Method to Qualify
a Protective Envelope for Class 1E Electrical Circuits;" and,
B. Pennsylvania Power § Light Company "Technical Specification
for Fire Qualification Test of a Protective Envelope System,"
Specification No. F1001.
A copy of specification A is provided in Appendix A. Specification

B, Pennsylvania Power § Light Test Specification, is provided separately.



II. EXPERIMENTAL
A. Test Slab

A floor section test slab, 10 x 12 x 1 ft thick, was constructed
of a 12-in. steel channel with a double mat of l-in. rebar on nominal
10-in. centers. Two 10-in. x 10-ft blockouts, six 8-in. pipe sleeves and
seven l-in. pipe sleeves were cast into the test slab. Slab dimensions
and reinforcement détails are shown in Figures 1 and 2.

The concrete (FS = 3,000 psi) was cured for approximately
10 months prior to test.

B. Test Trays and Conduits

An overall sketch of the test arrangement is provided in
Figure 3.

Bechtel construction pérsonnel, under the supervision of
Pennsylvania Power and Light (PP§L) personnel, using PP&L furnished
materials as listed in the Bill of Materials, Appendix E of PP§L Test
Specification, assembled the cable trays, conduits and associated sup-
ports. General details of the installation are provided in Appendix A
of PPGL specifications. Several deviations from the specifications in
Appendix A of the PP§L specification did occur and details of these
changes are shown in Figures 4, 5, 6, and 7.

Cables were installed in trays, conduits and air drops as
described in Table I and Figures 8, 9, and 10.

C. Protective Envelope Installation

Installation of the protective envelope materials (Thermo-

Lag 330-1) was perfdrmed by Bechtel construction personnel under the

supervision of PP§L personnel according to procedures provided in
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TABLE I
CABLE DISTRIBUTION
PENETRAT ION FUNC. « CABLE TYPE CABLE SIZE QUANTITY
Tray #2 § 3 PWR R75 1-750MCM 3
(30% Loading) PWR RS0 1-500MCM 1
PWR R3S .. 1-350MCM 1
PWR RO4 1-4/0 1
PWR D42 2/C #4 1
PWR D62 2/C #6 3
PWR D83 3/C #8 1
PWR 83 3/C #8 1 -
PWR/Cont D14 4/C #10 1
Cont L12 12/C #14 2 .
Cont LO7 7/C #14 2 '
Cont 207 7/C #14 1
Cont LOS 5/C #14 1
Cont L03 3/C #14 1
Inst Q27. 7 Indiv Shild 2
Pr #16
Inst Q25 2 Indiv Shld 1
Pr #16
Inst - Q16 5/C #20 Over Shld 1
Inst Q12 48/C #20 Overall 1
Shld i
Inst Q1 RG-11U Triax 1
Tray #1 § 4 PWR R75 *1-750MCM 1
(single layer) PWR RS0 1-500MCM 1
< PWR R3S 1-350MCM 1
PWR . RO4 1-4/0 1
PWR D42 2/C #4 1
PWR D62 2/C #6 1
PWR D83 3/C #8 1
PWR 283 3/C #8 1
PWR/Cont D14 4/C #10 1
Cont L12 12/C #14 1
Cont LO07 7/C #14 "1
Cont 207 7/C #14 1
Cont LOS 5/C #14 1
Cont L03 3/C #14 1
Inst Q27 7 Indiv Shld 1
Pr #16
Inst Q25 2 Indiv Shld 1
Pr #16
Inst Q16 §/C #20 Overall 1
Shid
Inst Q12 48/C #20 Overall 1
Shid
Inst Q41 RG-11U Triax 1



TABLE I (Cont'd)
CABLE DISTRIBUTION

11

PENETRATION FUNC. CABLE TYPE . CABLE SIZE QUANTITY
Conduit PWR RS0 1-500MCM 1
(40% Fill) PWR D42 2/C #4 2
PWR D63 3/C #6 1
PWR/Cont D14 4/C #10 1
Cont L12 12/C #14 1
Cont LO7 7/C #14 1
Cont LOS S/C #14 1
Cont LO03 3/C #14 1
Inst N12 12/C #16 Overall 1 .
Shld
Inst Q27 7 Indiv Shld 1
Prs #16
Inst Q26 3 Indiv Shld 1
Prs #16
Inst Q25 2 Indiv Shld 1
‘Prs #16
Inst Q12 48/C #20 Overall 1
Shld
Air Drop #1 PWR - D42 2/C #4 1
Cont L07 7/C #14 1
Inst Q25 2 Indiv Shld 1
Prs #16
Air Drop #2 PWR D83 3/C #8 1
. Cont L12 12/C #14 1
Inst Q27 7 Indiv Shld 1
) Prs #16
Air Drop #4 PWR D62 2/C #6 1
Cont LO5 5/C #14 1
Inst Q12 48/C #20 Overall .1
Shid
Air Drop #3 Inst Q16 5/C #20 Overall 1

Shld

" ar———————. voasal. - .
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m TRAY 3 (LADDER BACK, 30% FILL)

, =
) x N & & D oo &
o2 PP E A
820 & & 9
c{o/c%/({ ololele)

I FIIIIS IS

TRAY 4 (SOLID BACK, 1 LAYER)

2y Y Ve PSS ITILHEDo 2SN YS B

AIR DROP3 AIR DROP 4
- TOTRAY 4 TO TRAY 3

‘m Figure 9. Cable Distribution



CABLE ARRANGEMENT

5" CONDUIT (40% FULL)

Figure 10.

Cable Distribution

14






15

Appendices B, C, and D of the PP§L test specification. QA/QC surveillance
of the installation of these materials was provided by SwRI personnel.
Surveillance reports by SwRI personnel are provided in Appendix B. Cure
time of the protective envelope materials prior to test was 13 days.
Sealing of the areas around the trays and conduits was accom-
plished by PP&L personnel using silicone foam.
On the exposed side of the test slab, at the interface of the
silicone seals and the Thermo-Lag 330-1 material, several interface
treatments were performed. These were:
1. North side trays 1 § 2: interface caulked with Dow
Corning 732 caulk;

2. North side trays 3 § 4: interface caulked with Dow
Corning 790 caulk;

3. South side tray 1: 1-in. M-board with Kaowool;

4. South side tray 2: 1-in. M-board, with Kaowool and
Dow Corning 790 caulk;

5. South side tray 3: 1-in. M-board with Kaowool and
Thermo~Lag 330-1 applied with ca&lking gun;

6. South side tray 4: 1-in. M-board with Kaowool and
Dow Corning 732 caulk; and,

7. Conduit: interface caulked with Dow Corning 790 caulk.
Figure 11 provides a photograph of the completed test slab.

D. Instrumentation
Cables in the cable trays and the 5-in. conduit were selected

and wired for cable integrity monitoring as outlined in the PP§L test
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specification. A listing of the cables instrumented for short circuit

and continuity monitoring is provided in Table II.

A total of 120 thermocouples were installed in the cable trays,

conduits, air drops and supports in compliance with the PP&L test speci-
fication. Thermocouple identification and locations are provided in
Table III and Figures 12, 13, 14, 15, 16, 17, 18 and 19.

E. Test Procedures

The protective envelope fire resistance test was conducted
using a horizontal furnace with a sleeve having an open area of 8 ft x
10 ft. Dimensions of the basic furnace are shown in Figure 20. A flue
gas opening was provided on the west side of the furnace. Eight Maxon
self-aspirating natural gas burners were mounted on the sides of the
furnace. Six of the burners were used for the test.

On August 9, 1982, the prepared test assembly was moved to the
furnace area and placed on the top of the furnace. The slab/furnace
interface was sealed with thermal insulating wool and the pre-burn inspec-
tion, as outlined in the PP§L test specification, was performed.

On August 10, 1982, the test was conducted. All gas flow to
the burners was controlled manually and the furnace temperature was
monitored by the average of seven thermocouples. Three of these thermo-
couples were located 12 in. above the cable trays and four were located
12 in. below the cable trays. The furnace average thermocuples were
connected to an Acromag multi-channel digital temperature indicator and
the data acquisition system.

The thermocouples monitoring the temperatures of the cables,

cable trays, air drops, etc. were comnected to Kaye Ramp Scanners and



TABLE II
CABLE INTEGRITY MONITORING CIRCUITS

INTEGRITY

PENETRATION Short Short
NO. FUNCTION TYPE SIZE C-~G C - C Continuity
Tl PWR R3S 1/C 350MCM X
Tl PWR D83 3/C %8 X
Tl Cont L12 12/C #14 X
Tl Cont LOS S/C #14 X
T1 inst Q27 7 Pr 116 X
Tl Inst qQlé S/C #20 X
T2 PHR R75 1/C 750MCM X
T2 ‘ PWR D83 3/C #8 X
T2 PWR/Cont D14 4/C 410 X .
T2 Cont LO3 3/C N4 X
T2 Inst Q25 2 Pr #16 X
T2 Inst Ql6 S/C #20 X
T3 PWR R75 1/C 750MCM X
T3 PWR p83 3/C #8 X
T3 PWR/Cont D14 4/C 110 X
T3 Cont L03 3/C 814 X
T3 Inst Q25 2 Pr #16 X
T3 Inst Q16 5/C %20 . X
T4 PWR R3S 1/C 3soMeM X
T4 PWR D83 3/C #8 X
T4 Cont L12 12/C #14 X
T4 Cont Los S/C #14 X
T4 Inst Q27 7 Pr #16 X
T4 Inst qQ2s 2 Pr #16 X
Cl PWR RS0 1/C So0MCM X
Cl PWR D42 2/C 24 X
Ci Cont Lo7 7/C 114 X
cl Cont LOS S/C #14 X
cl Inst Q27 7 Pr %16 X
1 Inst Q26 3 Pr #16 X
AD1 PWR D42 2/C 14 X
AD1 Cont L07 7/C M4 X
AD1 Inst Q25 2 Pr #16 X
AD2 PWR D83 3/C #8 X
AD2 Cont L12 12/C »14 X
AD2 Inst Q27 7 Pr #16 X
AD3 Inst qQlé6 5/C #20 X
AD4 PWR D62 2/C 46 X
AD4 Cont LOS S/C M4 X
AD4 Inst Q12 48/C *#20 X
LEGEND:
Short Cto G = Short Circuit Monitoring, Conductor to Ground
Short Cto C = Short Circuit Monitoring, Conductor to Conductor
Continuity = Continuity Monitoring, Circuit to System .
T1, T2, T3, T4 = Cable Trays 1, 2, 3 and 4, respectively
Ccl = S" Conduit
AdDL, 2, 3,4 = Air Drop Cables



TC NO. PENETRATION NO.
Tl1-1 Cable Tray 1
T1-2 Cable Tray 1
T1-3 Cable Tray 1
T1-4 Cable Tray 1
T1-5 Cable Tray 1
T1-6 Cable Tray 1
T1-7 Cable Tray 1
T1-8 Cable Tray 1
T1-9 Cable Tray 1
T1-10 Cable Tray 1
T1-11 Cable Tray 1
T1-12 Cable Tray 1
T1-13 Cable Tray 1
Ti-14 Cable Tray 1
T1-15 Cable Tray 1
T1-16 Cable Tray 1
T3-1 - Cable Tray 3
3-2 Cablé Tray 3
3-3 Cable Tray 3
T3-4 Cable Tray 3
T3-5 Cable Tray 3
T3-6 Cable Tray 3
T3-7 Cable Tray 3
T3-8 Cable Tray 3
T3-9 Cable Tray 3
T3-10 Cable Tray 3
T3-11 Cable Tray 3
T3-12 Cable Tray 3
T3-13 Cable Tray 3
T3-14 Cable Tray 3
T3-15 Cable Tray 3
AD1-1 Air Drop 1
AD1-2 Air Drop 1
AD1-3 Air Drop 1
AD1-4 Air Drop 1
AD1-5S Air Drop 1
AD1-6 Air Drop 1

TABLE III
THERMOCOUPLE ASSIGNMENTS

TC NO.

PENETRATION NO.

T2-1
T2-2
T2-3
T2-4
T2-5
T2-6
T2-7
T2-8
T2-9
T2-10
T2-11
T2-12
T2-13.
‘T2-14
T2-15

- ' T4-1
T4-2
T4-3
T4-4
T4~5
T4-6
T4-7
T4-8
T4-9
T4-10
T4-11
T4-12

T4-13 "
T4-14

T4-15
T4-16

AD2-]
AD2-2
AD2-3
AD2-4
AD2-5
AD2-6
AD2-7
AD2-8
AD2-9

Cable Tray
Cable Tray
Cable Tray
Cable Tray
Cable Tray
Cable Tray
Cable Tray
Cable Tray
Cable Tray
Cable Tray
Cable Tray
Cable Tray
Cable Tray
Cable Tray
Cable Tray

Cable Tray
Cable Tray
Cable Tray
Cable Tray
Cable Tray
Cable Tray
Cable Tray
Cable Tray
Cable Tray

NNV DNDNON

o

Cable Tray 4
Cable Tray 4
Cable Tray 4
Cable Tray 4
Cable Tray 4
Cable Tray 4
Cable Tray 4

Air
Alir
Air
Air
Air
Air
Air
Air
Air

Drop
Drop
Drop
Drop
Drop
Drop
Drop
Drop
Drop

NN DNNDNN



PENETRATION NO.

TABLE III (Cont'd)
THERMOCOUPLE ASSIGNMENTS

TC NO.

Cc1-1
Cl1-2
C1-3
Cl-4
C1-5
C1-6
Cl1-7
C1-8
C1-9
C1-10
Cl1-11
C1-12

1-13
1-14
Cl-15

Cl-16
Cl1-17

Air Drop 3
Air Drop 3
Air Drop 3
Air Drop 3
Air Drop 3
Air Drop 3

Conduit-5"
Conduit-5"
Conduit-5"
Conduit-5"
Conduit-5"
Conduit-5"
Conduit-5"
Conduit-5"

Conduit-5" °

Conduit-5"
Conduit-5"

.. Conduit-5"

Conduit-5"
Conduit-5"
Conduit-5"
Conduit-5"
Conduit-5"

PENETRATION NO.

AD4-1
AD4-2
AD4-3
AD4-4
AD4-5
AD4-6

El1-2
E2-4
E3-3
E4-4
E5-3.
E6-2
E7-1
E8-3
E9-1
ES-3
ES-5

Air Drop 4
Air Drop 4
Air Drop 4
Aixr Drop 4
Air Drop 4
Air Drop 4

Engineering,
Engineering,
Engineering,
Engineering,
Engineering,
Engineering,
Engineering,
Engineering,
Engineering,
Engineering,

Engineering,

Tray 1 -
Tray 2

Tray 3

Tray 4
Conduit
Tray 1

Tray 2

Tray 3
Tray 4

Tray Support

Conduit Support

- an




Cable Tray No.
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Cable Tray No. 2: 18" Solid Back
30% Cable Loading
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Data Thermocouples located on center cable (W-141)
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Figure 13. Thermocouple Locations - Cable Tray No. 2
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Cable Tray No. 3: 18" Ladder Back
30% Cable Loading
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Cable Tray No. 4: 18" Solid Back with.
. one layer of cable

- e T4‘1
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Data Thermocouples located on center cable (W-047)
at 12 o'clock position at 1 ft intervals,

Figure 15. Thermocouple Locations - Cable Tray No. 4
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Figure 20. Test Furnace




recorded on a Wang computer system. A scan time of approximately 3 minutes
was utilized.
The cable integrity circuits were monitored during the fire

exposure period, and during the hose stream test.

At the end of the one-hour fire exposure period, the fuel gas

was shut off and the test slab was lifted from and swung clear of the
furnace. The protective envelope system was then subjected to a hose
stream delivered through a 1-1/2-in. nozzle set at a discharge angle of
15°, located 10 ft from the system at a nozzle pressure of 75 psi and a

minimum discharge of 75 gallons per minute.




III. TEST RESULTS

A. Temperature Data

The temperature data obtained during the test is provided in
Appendix C.

Internal temperatures of over 450°F were noted in Tray 1,

Tray 3, Tray 4, ADl, AD2, AD3 and AD4.

The temperature data for Tray Nos. 1, 2, 3, and 4 show several
anomolies such as temperature on the unexposed portion of the tray being
higher than those in the exposed area of the tray. As far as possible,
thermocouple verification has been done and no satisfactory explanation
for this occurrence can be found. It is believed, however, that some of
these thermocouples may have absorbed moisture during the application of
the pfotective envelope material” and, therefore, gave the erroneous readings.

B. Circuit Integrity

Continuity integrity data that was obtained during the fire
and hose stream tests is provided in Appendix D.

Circuit integrity of all monitored cables remained intact
throughout the fire endurance test. There were no short circuits, either
conductor to conductor or conductor to ground, and there was no loss of
continuity in any of the circuit-to-system monitored cables.

During the hose stream test, circuit-to-circuit integrity
was lost on three monitored cables. These cables were:

Cable Q16 - Air Drop 3

Cable Q12 - Air Drop 4
Cable Q16 - Tray 1
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Figure 21 provides a diagram of the location of these cables.

No circuit-to-ground shorts were noted in any of the monitored cables.
Also, there was no loss of continuity in any of the circuit-to-system
monitored cables.

C. Post-Test Examination

Post-test examination immediately after the hose stream test
showed that the majority of the Thermo-Lag 330-1 material had charred and
was dislodged by the hose stream. In the areas where the Thermo-Lag 330-1
did remain, it was noted that the exposed surface was charred but the
material below the char was intact and appeared to be in good condition.
Figures 22 and 23 provided post-test photographs of the test article.

After a cool-down period of approximately 15 hours, the protec-
tive envelope material was removed from the trays and air drops and exami-
nation of the cables w;s performed.

Cables in Tray 2, AD2 and the conduit showed little signs of
heat damage.

Cables in Tray 3 and AD1 showed that the outer jacket of the
cable insulation had sof;ened and cracked. Insulation on individual con-
ductors appeared to be intact.

Cables in Tray 1, Tray 4, and AD4 showed signs of insulation
charring, cracked insulation and softening of the cable insulation.

The cable in AD3 was in good condition from the lower surface
of the slab to the entrance in Cable Tray 4. The cable from AD3 inside
Tray 4 showed signs of charred and cracked insulation.

A verification check of short circuits (circuit to ground) was
performed on all cables in the test slab. Of the 113 total cables checked,

five circuit-to-ground faults were found. These are shown in Figure 24,



m TRAY 1 (LADDER BACK 1 LAYER)
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AIR DROP3 AIR DROP 4

TOTRAY 4 TO TRAY 3
|
i
|

® = (Cable with Circuit to Circuit Short

Figure 21. . Damaged Cable
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TRAY 1 (LADDER BACK 1 LAYER)

AIR DROP 3 AIR DROP 4
TO TRAY 4 TO TRAY 3

(::) = (Cable with Circuit to Ground Short

Figure 24, Daméged Cable
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w ANI/MAERP TEST SPECIFICATION

"Standard Fire Endurance Test Method to Qualify
a Protective Envelope for Class 1lE Electrical Circuits"
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BULLETIN TO AGENTS/BROKERS, INSURANCE MANAGERS & ARCHITECT ENGINEERS

Attached is the "ANI/MAERP Standard Fire Endurance Test Method
to Qualify a Protective Envelope for Class IE Electrical Circuits". This
Standard has been through several drafts and has benefited from suggestions
from vendors, utilities and architect engineers.

This Standard is meant to meet a current need for qualifying a
protective envelope for redundant safety circuits located in the same
fire area. Although we don't envision industry-wide application of the .
‘D protective envelope concept, we believe that it may provide a practical
retrofit solution for a significant number of existing operating plants
and some plants currently under construction.

If you have any questions, please contact Project Manager Don Slater
or the Fire/Al11-Risk Administrative Engineer servicing the Utility in

question.
Sincerely,
““%
John J. Carn
Vice Pres1dent - Property Eng1neer1ng
39C/jims JULY, 1979
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BURT C.PROOM, CPCU

President

\/]EHICAN PROPERTY ENGINEERING DEPARTMENT
UCLEAR LSS oo
SURERS

ANI/MAERP STANDARD FIRE ENDURANCE TEST METHOD TO QUALIFY
A PROTECTIVE ENVELOPE FOR CLASS 1E ELECTRICAL CIRCUITS

1.0 INTRODUCTION

The ANI/MAERP "Basic Fire Protection Guidelines" (April, 1976) recommend
that redundant safety circuits be cut-off from each other by standard fire
walls and floors (Item I, E-6). It has been our experience, that in new
designs, this feature is "built-in". However, for operating plants, and
some plants nearing completion, the provision of standard, rated, fire
barriers may not be practical. When this condition exists, the options are
to relocate the vital circuit to another fire area, or protect them in place.
"Protecting-in-place" is defined as the ability to maintain the circuit's
function during a standard exposure fire by use of a Protective Envelope.

In an effort to provide, for insurance purposes only, a reasonable and re-
1iable means of "protecting-in-place" these vital circuits, without Timiting
our Insureds to conventional methods, and giving them the option of using
products/materials not normally seen in this type of application, we have
developed this test method. In this manner evaluations of different products/
materials can be made, using a standard test approach.

In developing this Standard Test Method, the need to maintain circuit integ-
rity during a standard "temperature-time" fire exposure was the prime con-
sideration. In addition, the ability of the Protective Envelope to contain
an internal fire exposure, was also considered important.

It should be emphasized that this Standard Test Method in no way decreases
our requirements for fixed automatic fire suppression systems nor will it be
considered the equivalent of rated fire barriers, where required. Its intent
is to provide a means for "protecting-in-place" redundant cable systems in
existing plants, or unusual situations in new designs.

The Exchonga, Sute 245 270 Farmingron Avenwe . Farmington. Cencecticut 6032 1209677-73CS s Eng. Deot. (203)677-7715 1 TLX.No. 643-029



@.1 SCOPE & PURPOSE

2.1

The purpose of this test is to qualify'for insurance purposes a

Protective Envelope for Redundant Class 1E Cables in Nuclear Power
Plants when located in the same fire area. (A fire area 1s defined
as..that portion of a building that is encompassed by rated fire walls,
ceilings and floors.) The mainteénance of circuit integrity in these

Class 1E safety circuits during a postulated fire is of prime importance.

The intent of this Test Method is to establish a protective envelope that
maintains circuit integrity for safety circuits when:

---Redundant safety circuits, located in the same fire area, are exposed
to a fire outside of the cable system, or

---Redundant safety circuits, located in the same fire area, are
exposed by a fire originating in an adjacent "protected-in-place”
cable system, or

---Redundant safety circuits, located in the same fire area, are
subjected to mechanical impact damage as simulated by a hose
stream, or other impact test. .

ACCEPTANCE CRITERIA

ANI/MAERP Acceptance will be based on the completion and review of all
of the following:

3.1

3.2

3.3

-

Successful passage of fire tests, as outlined in Section 3.4 of this test
method, and submittal of necessary test documentation as prepared by a
recognized testing laboratory or consultant.

A Quality Control/Quality Assurance Program for the system/design

- should be submitted for review. Complete details covering installation

procedures, physical characteristics, identification methods, sample
forms for third party sign-off, etc. should be included.

The QC/QA Program is considered an integral bart of the acceptance
process and variations between the QC/QA Program for the test and the
program developed for the actual installation will not be acceptable.

A11 materials and components in the completed system, with the excep-
tion of the cable, shall be rated as non-combustible i.e., Flame Spread,
Fuel Contributed, and Smoke Developed ratings of 25 or less.

Materials or components that are combustible or hazardous during the
installation phase, should have a material hazard analysis performed
with procedures developed for quantities on hand, storage practices,
and precautions to be taken during installation.
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3.4 The Cable Protective Envelope shall be exposed to the following fire
endurance and hose stream tests. Test configuration and details should
be submitted for review'and comment prior to test.

3.4.1

3.4.2

3.4.3

3.4.4

Test I - Exposure Fire - The Protective Envelope shall be exposed
to the standard temperature-time curve found in ASTM E-119-76
(ANSI A2.1) for a minimum of one hour. Sketch # 1-outlines a
suggested test configuration.

Hose Stream Test - Immediately following Test I, accessible sur-
faces of the Protective Envelope shall be subjected to one of the
following hose stream tests. The hose stream shall be applied

for a minimum of 2 1/2 minutes, without de-energizing the circuits.
PROPER SAFETY PRECAUTIONS SHALL BE EXERCISED. One of the follow-
ing tests shall be used: .

1. The stream shall be delivered through a 2 1/2 inch
national standard playpipe equipped with 1 1/8 inch
tip, nozzle pressure of 30 psi, located 20 feet from
the system. . ' ‘

or

2. The stream shall be delivered through a 1 1/2 inch
nozzle set at a discharge angle of 30° with a nozzle
pressure of 75 psi and a minimum discharge of 75 gpm
with the tip of the nozzle a maximum of 5 ft. from
the system.

or -

3. The stream shall be delivered through a 1 1/2 inch
nozzle set at a discharge angle of 15° with a nozzle
pressure of 75 psi and a minimum discharge of 75 gpm
with the tip of the nozzle a maximum of 10 ft. from
the system. . - :

NOTE: #1 is the preferred test.

Test II - Internal Fire - For systems/designs that require heat
to activate the Protective Envelope, the system shall also be
subjected to Test II - Internal Fire. Sketch #2 outlines a
suggested test configuration.

Cable Construction & Test Details

3.4.4.1 Cables shall be energized for circuit monitoring
during Test Method I. For the purpose of this test
geg?od, "energized" means sufficient current to monitor
ailure.
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3.4.4.2 Cable constructions shall be representative of cable
used at the 'site. Cable tray loadings shall be in acc-
ordance with suggested test layouts.

3.4.4.3 1In both test methods, cable tray construction shall be
representative of actual site conditions, where applicable.

3.4.4.4 Cable system supports shall be those currently found in
nuclear power plants and follow accepted installation
procedures. Care should be exercised in using only
supports that are necessary for the test. Supports that
are used for the Protective Envelope shall be part of the
final installed design.

Thermocouples shall be located strategically on the
surface and at one foot intervals in the cable system
and temperatures recorded throughout the test.

3.4.4.6 Fire stops or breaks, if used, shall be acceptable to
American Nuclear Insurers. Failure of the fire stop
or break shall not necessarily constitute a failure of the
the Protective Envelope.

3.5 The tests shall be constituted a failure if any of the following occur:

1. Circuits fail or fault during the fire test as required
in Test I or fail during the hose stream test.

2. Cotton waste in Test II ignites during the test period.
3.6 The minimum fire endurance rating acceptable for Test I shall be one
hour. If longer ratings are desired, they shall be in one hour
increments, such as 2 hr. and 3 hr. ratings.

FINAL ACCEPTANCE

Prior to any installation at plants insured by American Nuclear Insurers,
or Mutual Atomic Energy Reinsurance Pool, complete plans outlining system

to be installed, location, etc. shall be submitted for review and acceptance.

JuLy, 1979




SUGGESTED TEST LAYOUT - TEST METHOD 1
EXPOSURE FIRE TEST

CABLE PROTECTIVE ENVELOPE (Note 1.

NOTE 1:

NOTE 2:

/ \ ﬂhm STOP
I~ FIRE STOP. : rEsT - )
21
2 . . OVEN—"" |
ot }
2 : N
& |
= _ HORIZONTAL RUN >
FRONT VIEW "END VIEW

(NO SCALE)

TWO PROTECTIVE ENVELOPES TO BE TESTED. ONE LOADED TO MAXIMUM (40%)
DESIGN AND ONE LIGHTLY LOADED.(ONE LAYER).

SUFFICIENT CIRCUITS TO BE MONITORED TO DETECT FAILURE; CIRCUIT TO
CIRCUIT, CIRCUIT TO SYSTEM, OR CIRCUIT TO GROUND.

VARIOUS TYPES OF CABLE; SUCH AS POWER, CONTROL AND INSTRUMENTATION.
CABLE SHOULD NOT EXTEND MORE THAN THREE FEET OUTSIDE THE TEST OVEN.

DUE TO FURNACE DESIGN, IT MAY BE NECESSARY TO ENTER AND EXIT THE
FURNACE ON THE TOP OR THE SIDE.



COTTON
WASTE

NOTE 1:

NOTE 2:

SUGGESTED TEST LAYOUT - TEST METHOD 2
INTERNAL FIRE TEST

(OPEN AT BOTH ENDS)

N
6"

6 FT.

COTTON WASTE SHALL BE PLACED OVER TﬁE ENTIRE TOP SURFACE
OF THE TEST. SYSTEM AND A SAMPLE SYSTEM 6 INCHES BELOW
THE TEST SYSTEM.

THE CABLES USED IN THE TEST SHALL BE REPRESENTATIVE OF
THE CABLE USED AT THE SITE. LOADINGS SHOULD BE 20% FILL
WITH RANDOM LAY.

THE CABLES IN THE TRAY SHALL BE IGNITED USING THE "QIL
SOAKED BURLAP" METHOD AS OUTLINED IN IEEE/ICC/WG 12-32,
DATED 6/27/73, OR OTHER ACCEPTABLE "FLAME SOURCE",
DEPENDING ON DESIGN AND OPERATING CONDITIONS OF THE
COATING. THE FLAME SOURCE SHALL BE LOCATED AT THE MID-
POINT OF THE CABLE SYSTEM. THE INTENT BEING TO PROVIDE
AN IGNITION/FLAME SOURCE THAT IS DESIGNED TO LAST APPROXI-
MATELY 20 MINUTES AND ACTIVATE THE PROTECTIVE ENVELOPE.

OBSERVATIONS AND THERMOCOUPLE READINGS SHALL BE MAINTAINED
FOR ONE HOUR FROM THE POINT OF IGNITION OF THE “FLAME
SOURCE".

CABLE PROTECTIVE ENVELOPE
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A

Assorted Hand Tools /)’]" 3 Chal@.ine and Square

Rubber Gloves and Goggles . 2 Slings

1 Silicone Foam Machine Assorted Hilti Drills
2 10 to 1 Grayco Pumps 10 Sets of SF-20 Foam
Spare Machine Parts R 5 Sets of Elastomer

3 Binks Spray Gums . v . 7 Sheets of M-Board

2 5/8" Drills

4 Jiffy Mixers ¢

Chicken Buckets

Garbage Bags

foll of Plastic

6 Rolls of White Tape -
2 Boxes of Resp;rlators

2 Boxes of Stainless Steel Wire
2 §Gallon Buckets of Instumastic
2 Boxes of Kao-Wool

i Air Hoses

1 Moisture Meter and Batteries
Caulking

Empty 5 Gallon Buckets

Stress Skin

1 Hilgl Drild

50 Foot of Rope

2 Lugalls
13 8" Gonduit

W 60 Mige BEleat YA’TS
‘ 13 3 (L)\QRGL i

2 Gondui™ SUPPORTS
1- BarreL FTRes’s KW

\- CaRie ~Thay Asse'Y.
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/ {(UJ“; BILL OF MATERIALS
g yﬂ’/‘ . T0TAL CABLES REQUIRED
(I
@p LE CABLE CABLE
FUNCTION TYPE SIZE _
4 . .
Power - H-008 1/C 750 MCH 3 © - 20 Ft.
Power | H-709 1/C 500 1CH 1 . o0 Ft,
Power H.210 1/C 350 €M s 4 . ' Q0 Ft.
Power Y211 * 1/C 4/0 ANG - 2 20 Ft.
Poer H-012 470 Triplex e 20 Ft.
Power H-713 ° 270 Triplex 2 20 Ft,
Power ¥-715 # 2 Triplex ¢ 20 Ft.
Power ¥-116 2/C # 2 fda 4 20 Ft.
Power H-017 3/C.¢ 4 AUG Al 20 Ft.,
Power > =220 - 3/C 56 AG el 20 Ft.
Power H=-221 2/C 2 6 NG 2 0 e,
Povrer H-123 3/C § 8 AT - 4 - 20 Fe.
Power H-124 2/C ¢ 8 AMG 3 20 Ft.
Control H-141 4/C 510 RMG '8 20 Ft.
. tontrol : _ H-p45 12/C612 MG 15 %0 Ft.
- Control -H-040 9/C £12 AUG 12 20 Ft.
. L Contro) He047 7/C £12 AWG 13 20 Ft.
Gonirol Un048 5/C M12 NG 13 20 F¢. .
ontrol © . H=B850 3/C 12 &g 14 20 Ft.
Instrumentation H-06) 12 gh{'g]ge'd twistad pafrs 4 . &0 Ft.
) ‘\G .
Instrumentation H-062 6 _S?{g‘lie}g twisted pairs 2 20 F¢.
» . ‘ 3 . L
Instrumentation We263 4 g){éel‘ded fwisted pairs 5. 20 Ft.
16
Instrumentation 11264 4 g%\ge}\ggd twisted pairs 4 20 Ft.
Instrumentation w-06e8 &/Cﬁ]‘&,gwa with overall 4 20 Ft.
~ shie .
Instrumentation W-071 - 5/¢C ﬁ}s\!«%{Gwith overall . 2 @ 20 Ft.
. shield - L
Instrunentation H~076 6 Twisted pair #16; 1 - 4 20 Ft.
twisted pair £14; 2 ¢ 16 .
drafn wire
~Instrumentation H-081. 7 Shielded triads 6 20 Ft.
Ingtrumentation Ha372 17Q #16 Shield 3 20 Ft.
Linstrymentation H-058 | RG~11U Triaxial 3 20 Ft.
Iustrumentation W-067 ~ 48/C £16 Shield 3 20 Ft.
Hote: ?}1 v%ndors supplying 1EEE 383 qualified cables shall be 'repz'esentcd {n the
. " fira test.
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-4 APPENDTX 1 . @ . |
BILL OF MATERIALS r ,
. L 4
1TEH QUANT1TY DESCRIPTION ' MAT. SPEC
( 1 C4 % 7.25 x 3'<8" Lg. (chamnel) ASTY 436
v. 2 K" x 2 1/8" x 6" Lg, Filler Plate, ~* - ¢ ASTH Ads
£ arbon Steel ,
H. 6 Carben Steel Plate 3/16" x 2" x 4" Ly, - ASTH A36
X. 6 5/6"  Bolts x 25" Lg. w/nut & stdy, e A-325
‘ Hardened Yasher
Y. 12 5% B RD., HD. Bolts w/Hex. nut & std. A-325
. vmﬂwer"Lg ) ) .
2, N Bevel Washers for 5/8% ¢ Bo1ts Caann Steel A-325
AN, 1 Junction Box 24" x 18 x 10", Nema Four £S-23A
_ w/mounting Tugs v
8.8, ? ¢hannel Combinations 28" Long (Unistrut-P1001)
c.C. 6 . 3/8" 9 x 1% Lg, Bolts (Unistrut)
L0 4 318" 9 x 5* Lg. Bolts (KT Kwik) '
.E. 2 K" B x 1% Lg. Hex HD. Bolts w/Hex nut & A-325
Beve) Vashers
F.F. 1 5" 9 Rigid Stee'l Gondutt x 8" Length (threaded. £§.234
on both ends)
G.G.{ 256 3/8% - 16 x,a " Lg. Spline 861t w/Oval Type A-307
ot Phillips Slotied Heads w/Nuts and Locking Deviccs
H.H. As Csbles (Refer to fo)lowing nage for {temized ES-13
Reguired 19s¢ing) IEEE~383 qualfied .
1.1. As Cable Tics o ot
Required -
J.d. 32 © $plice Plates £S+19
K.K. 6 L 3" x 23" x 5/16" x 4" Long K ASTH K
1 ASTH &

L.L.

garbon Steel Plate K" x 6" x 1'-4"
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. M -¢ BILL OF MATERIAL? :
1TER QUANTITY DESCRIPTION * HAT'L 53¢
A 4 . 18" width x 4" depth X 65" length SoTid Bottem ES-19
' Cable Tray
e 4 . 18" width x 4* high 90° inside Riser E1. 12" £3-19
. Rad,, Solid Bottom Cable Tray :
C, 4 . 18" width x 6° depth x 65" length Laddar Bottom ES-19
Cable Tray A . ’
D. 4 - 18% yidth x 4" high x 90° ins{de Riser E1, 12" £S-18
_ Rad.,” Ladder Botten Cabie Troy X
E. V4 . 18" widgh x 4* depth % 40" length Solid -Botior E5-10
: Cable Tray (mddly Section) e
Fa 2 -18" width x 4" depth » 34" length Ladder Bottom £s-18
. Cable Tray (Middle SGctwn) %
G. 3 §% ¢ Rigid Steel Conduft x 20%" length (threadad £5~234
on both ends)
H 1 E" g-Rigid Steol Conduit x 58" length (threoded.  ES-23A
( : on both ends) ) |
1. 4 5" § Rigid Steel Conduit x 50 3/4" length . ES-23A
(threaded on both ends)
0 3 8% § Rigid Steel Conduit el 26" Pad. (threaded ES-234
- on both ends) :
K. 1 5% p Rigid Steel Condult x 38 34" Tength | ES-23A
(threaded on both ends) '
L. . s 5% B Rigid Steel Conduit Couplings ES~23A
M, 2 5 § Rigid Steel Condult, x 24" Tength (thveaded ES234
on both ends) ‘
K. 2 Carbon Steel Plate 3/8" x 3" x 3 !.g. ) ASTH A3
0. 2 6 x 8.2 x 44" Ly, (channel) ASTH A3:
p. 1 ¢ x 13 x 108" Lg. (channel) _ - ASTH A2
Q. 2 6 x 6 3/4 % 1'-6" Lg. (angle) ASTH 43:
R. 6 1" P % 12" Lg. Bolts (Hi1t] Kwik)
.\ . 1 "Condutt Clamp (Unistrut - P2558-50)
T. 1 Carbon Steel Plate %" x 6° x 6" Lg. ASTH 23
I 19
i T T T S T T WI T V7™ FIT ORIV TP T I
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CERTIFICATE OF CONFORMANCE

)

PRODUCT DESCRIPTION UANTITY BATCH NUMBER

THERMO-LAG STRESS SKIN '
TYPE 330-69 4,000 Sq.Ft. T-32-21682~F-2

This will certify that the THERMO-LAG Material, as listed
above, shipped to Bechtel Power Corporation, Agents for
G Pennsylvania Power & Light Co., Susquehanna Steam Electric
Station, 5 Miles N.E. of Berwick, PA. on Route 11, North
Purchase Order Number 8856-F-56718 REV. 2, meets TSI's
manufacturing and written quality control specifications,

(o “Tbicpe,
Allen Thorpe B
Manager of Quality Control

DATE: 8 April 1982
Bill of lLading No: 12013

Mode of Transportation: Trans Con Truck Lines

‘ TS',‘INC. ¢ 3260 BRANNON AVE. * ST, LOUIS, MO. 63139 ¢ (314) 352.8422 ' ¢ Telox: 44-2384
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CERTIFICATE OF CONFORMANCE

PRCOUCT DESCRIPTION QUANTITY ,  Lor NUMBER
THERMO~LAG STRESS SKIN 126 pieces 3'x8! A-006
TYPE 330-69 Total; 3,024 Sq.Ft.

This will certify that the THERMO-LAG Materials listed above

and shipped to Bechtel Power Corporation, Agents for Pemnsylvania
‘ Power & Light Company, Susquehanna Steam Electric Station, 5 miles

N.E. Of Berwick, PA. on Route ll North, Under Bechtel's Purchase.

Orxder No. 8856-F-56718, Revision 1, meets TSI's manufacturing and

written quality control specifications.

s
' 0 //gu rlé?,m}/nj
ALLEN THORPE
MANAGER OF QUALITY CONTROL

\"
. -~

DATE:  February 22, 1982
TSI B/L No: 11962
AIR FREIGHT CARRIER: EMERY AIR FREIGUHT

EMERY AIR FREIGHT NO: STL 12998

181, INC, * 3260 BRANNON AVE. * ST, LOUIS, MO, 63137 * (314) 352.8422 + Tolex: 44.2304
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CERTIFICATE OF CONFORMANCE

PRODUCT DESCRIPTION UANTITY LOT NUMBER
THERMO-LAG STRESS SKIN 42 pieces 3'x8'\ A-006
TYPE 330-69 Total: 1,008 Sq. Ft.

L4

This will certify that the THERMO-~LAG Material listed above and shipped to
Bechtel Power Corporation, Agents for Pennsylvania Power & Light Company,
Susquehanna Steam Electric Station, 5 Miles —ofBerwick, PA on Route 11
North, under Bechtel's Purchase Order #8856-F-56718, Revision 1, meets
IS1's manufacturing and written quality control Speécifications,

%V‘) 07;4/,("\?3#@
ALLEN THORPE

MANAGER OF QUALITY CONTROL

DATE: 12 Fcbruary 1982 -
TSI B/L NO: 11853
AIR FREIGHT CARRIER: EMERY AIR FREIGHT

EMERY AWB NO: 12996

fSl, INC. o 8‘260 BRANNON AVE, * ST, LOUIS, MO. 63139 * 1{314) 352.8422 * Tolex: 44.2384
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Report No.  GA-02:
{.-‘ Project No. O/ - 7/62 Date: __ Ay Jou by L.
) e i . 'Page: of
. m . SURVEILLANCE REPORT
Surveillancs Scope: YAV ec7eDd GAEZEJ‘://X’A /S

F)

Refersnce Documents: PPLrL SPEc [~ Loos jleyv O //ﬂﬁZAQ/J‘L.&‘

Starting Date: 29 July 2o Ending Daze: 1..'0/\7'04;/? z_
B 7 . v .
' Conducted 3y : )?%A&L/
Persons Contacted: JeRR S Coc /X

Qelated. Recard Nuzbers:

o’ .0 00s memm—

Attachments: .

¥ .

Satisfactory Findings:
CARLE Gll In BeecoRPafyc. e iy l~h 481V,
. -:{I/o'e- (3

2 23 sepgelirturep £oR 2D PY pet Iurpy L,

» . . ’» - . .

Unsatisfactory Findings:

Love,,

Recormendazions/Aczions

SO L, ) -

015»--buc:cn. Original - Manager of go&:m M
Copias - Q.-g"'zator| ADD VCdC‘%~
~ Inspection c'xg:'...e:- .§ ct) Manager oz
Projecz Managerd. (Q Qualizy Assurance
) : P,  QASGE CT|_

‘ Person(s) Resaonsmle Zor .
Cor=sczive Aczion ,u)Ps
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Report No. _J-035

e Project No. .o/ - F/C % Dame: 28 Jolby &
ox

) . -Page.
@ : " SURVEILLANCE REPORT

Surveillancs Scope: WP hes e [Lowith AL £Qcemd CoaT~ of
‘ ;"ﬁonmo-dﬁj 330~/ ;

Refexence Documents: LPPyL sPec, £F-f006 267

Starting Dats: 4.4 J’u Ly 22 Ending Daze: LS JTotyy v
Conduczad 3y : R ARD
Persons Contactead: Tepny Htoe /11, Lo b '/‘/lefé &, LRIl Evrid

Qela.ted. Record Numbers.

Attachments :

\ Satisfactory Findings:
' fateprp by Therpa-LtAg 230=/ wilh (UL LAGEL Aup
: centrfremre of Gonformance. Bateh Zs2376y
Zert pefod ture. i GRS £ SN usED = Acromace LA Lihpaten.
i 206 APRILIL =~ Do 2( 0cT.8T
) MassFope Meten owsen: Detmioacl Mopel DP S /758

Unsatisfactory Findings:

A Moistupe Reapriy of Fo Jt /;Le_l.#t_i usepd [fRelweepr
ceafis. JELY 1S pe? penr PPL spo6 £2000 Reto 34,7
,{ﬂec. Rends 20O

Reccmmendazions/Actions

- I1 '/
Disz=ibuticn: Original - Manager of EA EmM ) .
- . Copies - Qriginator o) — poroveds
- Inspection Engineezd. Sehu i A1{0)) Manpger oz
°-oJ-c- Menagerd , (A ‘bd,& Quality Assurance
) - ve, QasaiECEL :

?erson (s) Responsidle Zor
Corraczive Action



SOUTHWEST RESEARCH INSTITUTE

DEVIATION AND NONCONFORMANCE REPORT
PAGE | OF _/

SE ORD/E? NS, PROJECT 1N9. JOB REQUEST.N2. DNR N2,
A/ A 0/-7/€3 /‘ﬂ gz-078
ITEM NAME OR ACTIVITY - - MFG./ PERFORMED BY
LPLI FIRC TesT™ /’/od‘L’/-rW/"’/

ITEM DESCRIPTION (S/N, MODEL, WELD, SITE, NAME, ETC.)

MOISTIRL Aeapong LBoetwepn can?s R LAyels

of Subtrimirvg cond D eviD

DESCRIPTION OF DEVIATION OR NONCONFORMANCE:
A Reaprivqg of 8o or tess s1 400y wsep —

P LPLL SPEC., F /000 Revd 3.L.7 J264D 2.0 oR Less

PROBABLE CAUSE OF DEVIATION OR NONCONFORMANCE:

v M K N A

ORIGINATOR (NAME) DATE :

“rm SR ol 25 ulby fz
IPTION OF CORRECTIVE ACTION:
78 o Py . o .
daé AM 44’4ij% - 7-,%1'_0 . A A

CORRECTIVE ACTION TO BE TAKEN BY (NAME) :|TARGET DATE FOR INITIATION

OR COMPLETION

EPT  REWORK SCRAP RETURN TO VENDOR ~ HOLD  OTHER (SPECIFY)

0

DISPOSITION :
_ AGE

BASIS FOR DECISION AND NOTES:

M"t’—'—c;'—d /.JA’V.?:Z 7044;74‘}( C22 stz Aaﬂ 2z Zr)

LIST OF ATTACHMENTS ) , STATUS:
ﬁcu.osso

. O oreN
PROJEGT MANAGER (SIGNATURE) 075 DISTRIBUTION: :
; £ MANAGER OF Q A
/K ‘ hla ORIGINATOR

GER -OF QA (SIGNATUY DATE PROJECT MANAGER { PROJECT FILES) '
> F PERSON RESPONSIBLE FOR CORRECTIVE ACTION
/> .

SwRX FORM QA 20-4

-t *



& @P‘mjecz Yo. o /-7/G3 ate:

82,030

Renort No.

ZC Juty & e

)

Surveillancs Scope:

Page: of

SURVEILLANCE REPORT

ZAEL L e 7""0:5 cA ggg,‘ 4:(,‘91029_"7"
f' -

Refarsnce Socuments:

Pl spee, £ reos /?ez';z' A0 a2 sy E

Starting Data:

Eading Date: ___2¢§ July £

Conduczad 3y :

Z C\rully 52

Persons Contacsad:

[}

ﬁ,/m)} frlaK

tzz.ﬂ.a.t:ed. Record. .‘lumbers :

Attac.‘ments :

Sa:.tis Jactory Findings:

Je.of‘e«.g CArLe Lo sar £ cander T

AN D AL ou D ASJQJ/L :/_sewﬁwr-»a;u Mme. Z 3

-

.
"

.

H
S

* Unsatisfactory Findings:

e e .
Recorzendations/Action:
- PSOprRA
- -
i
Oistrituzien: Original - Manager of %A E{Em W
A omvcd;\ /4,, ‘

Copies

®

- Originator

Inspection Engineer I, Schulicy (¢ Manzges oz
Bt ) (e~ g

Project Manager o f Cen) Qualizy Assuwancs

vP, QASGECEL
Person(s) Responsidle Zor
Corzaczive Aczion MJA

-

2 aw



Report No. .{3‘03/7

’~0 Project No. 0/'7?/43 - Daze: 27\7“‘:’./?2-

) ~ ,Page: ] of |
SURVEILLANCE REPORT

Surveillancs Scope: W rvescen SR 2 s Fons Lfork A/ZLA/“: 7 on

o f Ahront D c.o,d7“oi‘ J’Ui//M//vc cormon.

Refer:;lca Pocuments: T PPAL . s'pcc. /060 3,C (..7

Starting Date: 27 J’ul’y g 2 Ending Date. 27 Joly £

Conduczad 3y : /?.C/‘/Wb ’
Persons Contaczed: 72&/}// /7 /oo/(,, BebMapsree. , L el £ R

Related Recard Numbers:

Attachnments:

. Satisfactory Findings:

, fﬁpe/zn)“uﬂe. - _cg° CAadove est)
B AMositone. [eapigs ewr?sty Pelmbogcl Do MeleR
'\m Beto e Fo - f,;/la. Yo, co, 26, ¥o 6 73,

Unsatisfactory Findings:

NONMNE, .

Recommendatzans/Ac ion;

A/OIVQ/; -

’

Distribution: Original - M nag‘er of %ch

Covies -~ Originator Approved:

~ Inspeczion Evv.g'"'e:‘-"j J(o1) Manager oz
9voject Menagerd Jheitel (0() ‘Qualizy Assurance
VP QaSaE CL L,

Person(s) Responsidble Zor
Corzeczive Action lﬂ-



Report No. 879—’0‘/ o
/Am Projecz No. Q/~7/63-00 2 Date: fﬂuq £z
) Page: . / of /-
. : SURVEILLANCE REPORT
Surle'illanc: Scope: W, P ves L2 corp lefow of SARCSS SN
gXsTrllatiow _on  Buck ©o U w2 |

Re'fera:'xce Documents: PLIrL spCC. F ro0d 1,.6.2. Rev. 6 i :
Starting Data: b ,40? T Ending Date: F do g v ) ;
Conductsd 3y : £ VU/A@ . - ,f 1
Persons Contacted: ,é,zrc'y Gllowll, Bob flarfile Lrell Lpona

‘Zelatcd. Record \lumbe*s :

Att achnments: .

Sa.tis.ac:ory Findings: __ ., ¢recc 7t 5//zc.r: .S/;’uu Z»e/o/)_ e As 7 A////@fr‘w 5
of .fbé/;M/:&g GEMPpOGmMD  SHRCSS .Sff//v Fouvnd 7 H@, ed.ggsz.g . ' |

N XY-Y1Y foa zge.ggg,cé L ap e h ﬂ/z//won. canta CL

Unsatisftactory Findings:

- e

Recomenda :.ons/ Actions

A ONS,

Dist=ibution: Original - Manager of Oi\ pem "
. . Covies - Criginator ,.\n-orove
—— 3

Inspeczion -:xg-:...e W Manager o=
) @ Project Mana (o0 Qualizy Assurancs

¥YP, QASGEC
Person(s) Responsi‘ale for

|
MOMR, L
Correczive Aczion }F’l



Reporz No. &0 -0N39
-’@ Project No. O/- Z/6.3- 06 2~ Date: P dug £

.

Page: / of [ A

SURVEILLANCE REPORT

Surveillance Scope: _ g, Fwosred DRy Gim  Thiek areys L1 AT AL MORTS
ot fﬁe/lNc—lAg kAT

-he

Refersnce Documents: PPyl SpPec. £ sooco RevO 36.?

Starting Dats: ? Juvq TZ Eading Datea: 9 Aulq, 2
Conducted 3y et . :
Perscons Contacted: /?j.c./f ' y- V/A.IA

'{el ated Record. Nucbers:

Att achpents:

Sa.tis:actory Findings:
MeAror s es?s weRre Folerw or ALl rfexz'yi_ganwze-,
PREPS , ToheZrton BoX Au> Goypor7” &0_Moarogerren7s,

m ALLC w;/‘é—y}/ _s:ge.o:f‘/éAfra'kJ‘ (A. -'/y)

. Unsatisfactory findings:

A0 AR

Recorzendations/Aczions:

raae

H

Oistibuticn: Original - Manager of gf cem .
Copies - Originator Aporove .

Inspecsion Zagin .ee.f Sc}-u..!i»\:r o,‘) Manager of

: Projecz Mana e*T- Qualizy Assurancs

) VP, QASSE
Person{s) Qesaonsxale for

Corzsczive Aczion O /er l







Repoxrt No. a"zfﬁ‘//
- Date: o Aee F U

Project No. o/~ 7/¢€ 3 ~00L /
) w Page: / of /

SURVEILLANCE REPORT

Surveillancs Scope: )’V; fwesced o e LNVNDURANCe Tos7™

Reference Documents: __P/fA L spoc F/00/ 2evO App A [0~ 0

Starting Dazs: /0 Aoy UL Ending Date: /0 Auvop o

Conducted By : Nirvary

Persons Contacted: Do /foﬁzkaé/my Lok, Beb MAr :ﬂe. Lot [W/m,
Ak /"A/‘(e:c,j,tt Evuu:. Tesse, e, lel

llelzu:ed. Record Nuzbers:

A:ta.chmcnts :

Sat-sfaczozy Findings: _/ne £mDoL’.Auc.c. (1hR.) 7es " ways /.mopnel/

cempoLted p-O/L VY YVE N -;2'-&'2264*"& Awtg/lgg é'gg,ggu.

., fcM/)cn.al"uno: W efa. adepr;Tadep o A Rotay D;qrf’Al. 2XST R~
‘ pieat Sh Fro7//, catioeares g,quq Pe. FrRe gaposume pAta

'_ A Reco e, A Th UIA N vten Hray 94 Two HAyve,
‘D Scmw/enr, =y 12888 o3 cAl}éeAch CAug 2.
Y2 s2RRR/c93¢  calibrafey 5 Avg bz -
Unsatisfaczory Findings:

NMAA L.

Recommendations/Action;

AoNMNE .

/

7
I

Distribution: Original - Manager of QA : ’
Copies - 0ri g:.'xator . Annmm

Inspection Engineer Manager 0%
' \‘D Project Manager © Quality Assurancs
) VP, QASGE
Person(s) Responsidle for
Corrective Action

-~



=t DEVIATION AND NOHCOMFORMANCE REFORT ,
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"Gs ORGSR ®E. | PROJEGT Y. “|So8 REGNERT #E, DRA HE
A f P & r- 2ol L  BE-p BT
{TEY HAME QR AGTRATY ‘ 89, / PERFOSHED ? ' ‘
Frle Rtk rEsr FRFL (et

ITES DESCRIPTION (97, ROGEL, WELD, BITE, RAGE, EI5. ) -

DESCAPTION OF SEVIATIOR QR HONGCONFORMAMNCE . _
Aere oo 2 ;s;/’,fd’f‘? f‘C SR i Bt Bt Pt s skl s otrr ol T
& AL mz-_z{':ﬁ.ai-"":ﬁw. I FEL . P8 et et pometials

PROUBABLE CAUSE OF DEVIATION OR HONUOHFORMAHQCE:

S e L e . 7 _...-.;,,._..-;é ;./-,tt-‘.&mz—- .

1 =

ORIGINATOR (NABE] ‘ DATE 1

Y-S -7 1:-' &, """)/?'}“

-'I?Tlcﬁ OF CQORRECTIVE ACTION« ' .
St el e it e TES A LA o

CORRECTIVE afTug TQ 8L TANAK AY {NAME) :|TARGEY QATE FOR ITIATION

T e | _ Of COMPLETION __ 9 /48 f2 2 "
- IGLONITION : i :
ACEERT  REWCRX 3CRAP  RETURM TO VERDOR  HOLD - OTHEH [SPEGIFY)

~

BAIIZ FOR DECIBION AND #OTEY:

LIST OF ATTAGHHEHTS ) "~ STAT U%; :
pE 8
ANoats [Foses [ cLosan

PROJEGT MARAZER LHGNATUGE) | DATE CIETRIGUTIoN - ,
S | e e Sy

r
v »

» &ff_ﬂ GF GA f‘gssenmuaax DATE %ﬁﬁ:gﬁg&mﬁw FLES ) B2 ﬂ‘&'{m 3
S - . PERBON RE FOR CORRPCTIVG ACT] *
M_& M*.ﬁ’:: 2 ‘3;//5/?2 g L : . .ésg;""‘:?g FQ;; ’
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'SQUTHWEST RESEARCH INSTITUTE

CORRECTIVE ACTION TO BE TAKEXR 8Y {BAME]: DHR KHO.:

. JEss °'i‘,/‘:":;21.i?éi,’ + b -ox7

DEVIATION AND NONCONFORMANCE REPORT - = -
‘= CLOSE ouT BAGE ‘Qg —
THIS PAGE 1S #QT TO B8E USED UNLESS QDRR;WVE ACTiON FDLLDWUP is NECESSARY B
e - - N R o “...__; . e ) |
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HUNSERS, ETC., 48 APPLICABLE):
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.eq;évd' fm,o[z (aﬂ:)ar;z a//ﬂ' 4"‘"45”4""-22 o...t :
a%ff/m. R T SR Sryeeey
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{PROVIDE DATE, HAMES, RELATED RECGRQ

.

qga : e
.

tF CORREC‘TWE ACTION 1S NROT THE SAHE ‘A% QRIGINALLY SPECIF!ED EXPLNN HERE' )
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> APPENDIX C

m TEMPERATURE DATA




PAGE

TIHE

1

HIN SEC

wh o

12

18
el
24
27
30

26
9
a2
45
48
51
54
57
60
&2
€
€9
72

F F & L
TEST 1
DATE OF TEST...10 AUG 82 PROJECT NO. :..01-7163-001
DATA FILE......PP&L3 DISK.......... JB-3

T1-4 712 712 T1-4 15 T1-6 Ti-7 T-8 T1-9 Ti-10 Ti-1f Ti-12 T1-13 Ti-14 TI1-15 Ti-16
80 19 81 81 82 83 97 82 86 92 105 80 31 80 82 85
81 80 82 83 83 83 97 83 86 92 105 80 82 81 83 86
50 84 8 88 87 8 98 88 85 90 105 a3 87 88 85 52
113 99 104 105 105 85 58 106 84 89 106 100 110 108 88 112
153 3 137 128 134 91 99 136 87 89 106 154 177 126 19 is2
126 150 152 157 1 115 99 178 82 88 106 213 241 156 117 196
145 152 179 176 151 152 100. 187 84 64 105 184 240 176 141 200
160 171 184 189 185 176 100 188 86 52 106 81 2 194 174 202
174 186 200 195 202 183 100 155 86 57 106 88 2 204 192 203
184 195 206 189 202 187 100 193 87 70 106 205 224 208 205 219
192 . 199 209 200 202 187 100 204 87 75 105 218 219 211 215 226
200 206 216 204 206 188 101 214 88 76 106 285 218 391 178 339
222 @23 23 208 210 186 102 221 50 89 105 285 218 318 200 241
240 258 287 211 216 184 101 242 %4 98 105 224 215 247 23k 241
est 285 @0 222 232 183 102 288, 92 98 105 220 23 27 257 233
308 3?44 25z 254 185 104 2w 93 102 107 232 265 305 283 258
334 /O 365 273 2N 185 105 300 86 102 107 257 2% 331 315 294
345 389 418 289 289 186 106 321 94 104 108 272 318 355 354 308
372 466 428 @6 303 189 107 346 %2 104 108 283 340 406 409 356
401 527 455 |1 314 191 108 365 92 104 108 2% ... 28 453 400
444 592 465 280 330 192 108 402 91 105 107 20 - 429 AR 427
481 662 511 412 244 192 108 424 89 103 166 ¥ 367 462 500 460
208 229 186 388 351 156 109 341 61 74 107 327 363 14y 2w 262
200 152 149 60 389 198 110 215 62 e8 105 203 344 174 194 21

209 140 137 241 315 191 111 206 78 104 104 291 3A 209 11

243

-t
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TEST 44
DATE OF TEST...10 AUG 82 PROJECT NO.:..01-7163-001
DATA FILE......PPFBL3 DISK....0e0...JB-3

TINE )

HIN SEC T’-1 T2 -T2~ Te-4 . Te-5 T2-6 T2-7 T2-8 2-9 T12-10 T2-11 T12-12 Te-13 12-14 T2-15
0 0 93 90 82 81 L] 7 78 78 79 78 18 80 79 83 90
315 52 90 82 23 S ] 80 78 78 Fe) 78 78 81 80 83 920
6 0 93 91 g2 84 80 81 78 78 i) 7 81 85 86 84 50
9 14 94 91 82 94 89 84 FE) 79 81 79 88 103 113 85 90

2 0 9N 92 84 114 107 94 81 83 87. 84 103 128 143 110 90
15 13 93 91 90 146 164 104 88 80 87 84 117 134 168 128 )
18 o 94 951 101 174 160 133 50 87 90 88 129 159 17 145 o1
2l 13 94 %2 ia2 192 182 143 90 87 % 92 146 173 184 156 o1
24 0 94 92 144 199 192 159 101 92 99 o8 159 178 189 163 92
a7 @ 95 93 152 244 190 1 i 105 108 104 168 188 136 165 93
30 16 94 93 171 201 198 185 121 116 118 108 17 197 208 173 94
= 0 52 93 i 203 195 187 128 119 128 113 182 215 216 176 55
36 13 90 o 15 205 200 192 134 185 137 117 188 216 239 180 56
3’ 0 93 %4 176 210 200 195 145 146 141 123 191 235 253 180 57
42 14 953 94 177 227 204 195 . 153 |, 156 148 131 157 264 267 181 9
45 0 95 96 180 245 220 200 1e2 166 156 129 205 280 282 183 102
48 14 95 o8 181 262 239 211 170 176 164 146 214 256 297 184 104
51 ¢ 93 o8 182 275 261 227 176 184 i 182 232 309 312 185 105
54 14 95 58 184 291 290 267 186 194 178 160 26l 26 30 190 107
51 0 94 98 186 304 319 298 196 203 185 167 273 240 344 200 108
60 14 53 98 188 321 357 334 211 214 193 175 295 358 360 214 109
63 0 91 98 190 338 385 367 226 223 201 183 307 373 375 221 111 -
€6 14 89 9% 183 358 410 404 248 232 211 19z 292 396 . 297 227 112
69 0 94 100 197 337 376 227 267 242 218 202 252 287 402 237 114

O
=

95 102 155 215 245 241 276 246 226 212 248 360 388 250 116

mia
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TIME

HIN SEC

0

3

6

9
12
15
18
21
24
27
30
33
36
39
42
45
48
51
54
57
60
63
66
69
72

0
15
0
14
0
13
0
13
0
3
16
0
13
0
14
0
14
0
14
0
14
0
14
0
14

Ft

F-

& L

TEST 1

DATE OF TEST...10 AUG 82

PROJECT NO.:..01-71563-001

DATA FILE......PPBL3 DISK.eeeraon..JB=3
T3-1 T13-2 T2-3 T34 35 13-6 137 T13-8 139 T3-10 T13-i1 T3-i2
51 90 82 9 79 ki 78 78 78 78 78 78
%2 91 82 80 79 77 78 78 78 78 78 78
52 91 8z 81 80 77 80 78 79 80 79 83
94 93 83 96 89 n 90 84 95 93 84 110
94 93 83 134 99 Iy 83 90 99 92 e 145
93 92 85 174 145 85 (= o8 104 91 118 1
93 92 90 186 167 1 112 106 110 125 147 183
94 97 98 194 181 71 148 113 146 153 165 188
9 93 107 196 189 77 167 140 164 170 177 191
94 94 115 197 192 77 176 159 178 182 184 196
94 94 122 197 194 ki ig2 170 185 188 188 204
%4 94 125 198 193 ki 165 176 150 206 151 211
93 96 121 202 194 69 187 i81 196 222 204 232
o3 95 136 210 196 (i 185 187 203 205 211 257
92 95 139 219 204 76 213 . 196 222 222 23z 281
94 96 144 244 226 79 262 211 253 251 249 301
95 98 143 267 248 80 285 234 27 23 267 322
95 98 12 285 264 80 297 255 293 292 283 341
94 98 158 215 282 80 319 2 317 318 202 364
93 98 165 323 297 80 345 299 340 340 32l 380
%2 o8 175 333 318 79 463 32 3N 369 345 358
92 98 i83 346 335 (] 505 364 395 2394 368 413
93 97 189 34 361 80 494 397 210 211 392 441
%2 94 191 384 374 80 210 197 188 210 2308 4e7
53 o8 124 384 385 79 172 251 203 201 379 405
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F F & L
TEST
DATE OF TEST...10 AUG 82 PROJECT NO.:..01-7163-001
DATA FILE......PPBL3 1) £:1, PR, ..JB-3

TA-1 T4-2 T4-3 TA-4 T4-5 TA-6 T4-7 T4-8 T4-9 T4-10 TA-11 T4-12 T4-13 T4-14 T4-15 T4-16
78 88 81 7 78 78 78 953 78 78 78 78 79 82 96 Fi)
78 88 81 9 78 78 78 94 78 79 79 80 79 82 97 19
79 88 81 83 78 82 82 94 81 81 81 88 84 & 97 84
95 88 93 108 83 85 58 96 96 96 93 114 105 B84 58 109
109 89 117 134 92 118 112 e 101 114 117 144 133 i 99 155
118 89 146 168 115 139 115 S5 126 118 147 173 175 107 100 168
131 89 163 186 144 163 120 55 13 147 180 152 186 ies 100 174
iNn 90 176 193 i7e 181 162 96 143 176 192 197 189 142 100 187
174 90 181 198 181 189 182 96 168 189 196 200 193 154 113 198
191 91 187 182 194 195 192 97 185 197 195 202 197 162 101 210
198 o2 1ge  aoe 198 200 195 97 189 200 201 204 200 167 101 227
201 52 187 203 201 @222 214 56 191 210 209 215 201 169 101 240
199 92 186 208 203 242 228 96 198 218 221 284 186 171 106 261
197 94 187 213 206 249 @37 97 204 226 237  2%e 204 173 102 2719
204 94 185 229 216 2%4 264 9% 221 240 300 313 219 174 102 301
213 97 188  2t5e 234 300 286 97 248 213 3 345 26l 177 104 25
234 58 194 27 855 229 213 99 266 301 31 38 287 179 106 382
258 99 204 2% 23 37 339 59 284 324 408 416 304 184 106 3%
264 100 207 309 298 392 365 98 306 3B0 466 465 323 187 107 401
307 104 222 386 328 421 397 97 337 319 484 479 340 189 108 427
332 104 246 3/BE 262 458 434 97 381 416 513 480 265 191 108 456
360 102 2€4 274 391 4 470 6 435 463 544 4%6 388 1% 108 482
388 103 274 404 433 536 530 97 481 518 567 54 A47 197 109 519
208 103 283 423 453 54 464 53 401 455 574 547 467 204 i A01
204 103 295 437 460 502 428 93 399 460 578 S60 477 209 112 365
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57
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63
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TEST 41 -
DATE OF TEST...10 AUG 82 PROJECT NOD.:..01-7163-001
DATA FILE...... PPELI DISK.eaeaans ..JB-3
ADL~1 aDi-2 AD1-3 AD1-4 #D1-5 AD1-6
80 80 82 82 83 87
101 84 83 84 84 87
114 50 84 97 %2 87
149 112 126 127 11 88
in 143 172 151 126 88
192 171 211 186 146 88
210 152 225 -’ 215 165 89
209 197 23R 243 1 90
212 189 229 238 186 o1
236 205 226 247 196 92
264 els 229 269 193 93
241 226 231 278 231 81
312 251 240 308 242 86
329 281 252 312 259 98
352 307 265 327 213 55
3 226 281 343 288 103
294 341 301 361 202 106
418 380 319 an 215 108
450 416 338 396 231 i1
an 434 352 411 344 113
4596 458 3713 429 359 116
518 476 390 443 KT} 118
466 492 407 430 284 121
408 AT 255 285 385 126
366 450 303 313 301 131

«
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HIMN SEC

N WO

12

18
21
24
ai
30

36
29
42
a5
48
51
54
57
60
63
66
69
72
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TEST 1

DATE OF TEST...10 AUG 82
DATA FILE......PP&L3

PROJECT NO.:..01-7163-001

DISK.eeoaneeeaJB-3

% .

AD2-1 aba-2 aD2-3 AD2~4 AD2-5 AD2-6 AD2-7 AD2-8 aD2-9
80 81 82 81 81 85 97 97
82 83 84 g2 81 85 98 98 96
85 9 92 91 82 85 99 100 96
91 140 113 120 83 85 101 101 97
103 174 136 148 86 86 100 100 97
127 207 178 169 94 86 97 97 97
140 210 192 182 107 87 98 o8 84
159 207 199 151 121 88 99 99 58
146 209 205 199 131 89 101 100 97
181 215 208 207 141 o1 101 101 98
186 228 212 218 161 93 97 o8 119
189 236 213 245 151 96 98 98 57
227 247 214 204 143 7 61 75 116
196 261 217 298 162 100 96 9 95
208 275 226 326 164 101 85 99 - 96
223 292 246 350 169 105 97 87 97
250 315 278 377 174 107 97 98 98
272 242 297 395 178 109 97 97 97
295 376 315 418 184 111 9 96 97
315 410 332 441 192 113 5 95 96
251 452 353 463 201 114 95 94 55
368 487 3an 481 211 116 94 92 93
370 260 394 501 228 119 a1 89 91
322 203 229 479 237 124 91 87 89
305 159 248 442 233 128 93 89 91

-bh
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F P & L
TEST 1
DATE OF TEST...10 AUG 82 PROJECT NO.:..01-7163~001
DATA FILE...... PP&LZ DISK...vveessaJB=3
TIME
HIN SEC AD3-1 #D3-2 AD3-3 AD3-4 AD3-5 AD3-6
0 0 9 80 81 80 79 81
3 15 9 80 81 80 9 81
6 0 80 82 85 85 86 81
9 14 87 32 - 133 124 143 82
12 0 127 187 199 184 186 86
15 13 188 197 208 208 205 101
18 o0 202 203 208 208 206 122
21 13 206 202 207 208 204 144
24 o0 202 201 205 210 202 160 '
g1 3 159 193 200 208 - 202 176
30 16 194 185 196 204 245" 198
33 0 194 18 195 202 204 213
26 13 189 175 202 212 278 216
d» 0 190 180 221 221 218 185
42 14 186 228 es?. 246 231 195
45 0 185 a2 293 280 255 197
48 14 191 =21 337 318 as? 197
51 ¢ 205 362 375 350 317 196
54 14 225 410 422 387 354 197
5 0 253 AS5% 467 419 387 197
60 14 289 506 524 460 429 195
63 0 321 552 571 499 469 203
66 14 362 599 633 548 516 231
&9 0 389 €25 670 590 . 360 255
727 1 409 654 682 575 272 2713
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HIN SEC

OhNnWo
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24
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36
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45
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51
54
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60
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€6
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F F & L
TEST 1
DATE OF TEST...10 AUG 82 PROJECT NO.:..01-7163~001
DATA FILE...... PPALS DISKeeeeeooren iB-2

AD4-1 AD4-2 AD4-3 AD4-4 ADA-5 ADA-6
yES 79 80 7 9 81
83 80 85 80 84 g2
109 91 128 84 121 98
202 179 199 115 177 155
204 193 201 139 189 186
198 189 198 159 193 196
196 189 204 175 198 200
213 155 231 191 206 199
asy 202 285 204 210 202
289 216 333 224 219 212
314 256 374 254 226 2826
334 288 410 280 234 247
295 455 497 214 258 251
390 356 490 243 351 280
419 397 550 379 380 301
446 479 606 A12 392 318
479 509 661 451 416 339
510 536 12 485 440 354
551 593 794 524 466 377
617 720 857 551 495 285
675 785 892 576 534 403
728 an 939 604 560 426
678" 809 823 657 599 452
511 648 710 687 623 460
425 572 605 648 623 452



PAGE ;s 6 a

F F & L
TEST 1

DATE OF TEST...10 AUG 82 PROJECT NO::..01-7163-001
DATA FILE.-.--.PP&LS DISK--..:--..-JB-B

TIHE
HIN SEC €i-1 €12 C1-3 Cl-4 Ci-5 C1-6 Ci1-7 C1-8. Ci-9 C1-10 C€i-ii Ci-12 C1-13 C1-14 Ci-15 €1-16 Cl1-17

0 o0 50 84 79 9 78 78 78 78 78 9 78 78 78 K{ I i) 82 87

3 15 o1 85 80 19 78 78 78 K 78 79 78 78 78 78 79 82 87

6 0 o1 85 80 7 78 78 18 78 18 79 78 78 78 (£ 80 82 a7

9 14 92 85 81 79 78 78 i) 80 79 9 78 78 79 80 a2 82 88
2 0 92 85 8 79 78 78 80 83 80 80 79 78 82 83 86 a2 88
15 13 92 85 84 70 9 19 83 89 83 81 81 79 88 89 91 83 83
18 0 91 85 86 80 79 81 88 95 88 57 85 81 L 95 92 84 89
21 13 9% 85 89 81 79 84 93 104 55 86 89 84 103 104 105 85 g0
24 0 952 86 91 82 80 88 98 111 102 89 94 88 111 111 112 87 50
27 3 o1 86 85 85 82 93 103 118 109 94 99 92 117 119 120 89 90
30 16 20 -86 98 87 84 58 120 124 115 100 104 98 123 185 127 91 3
;w0 90 86 126 50 86 116 113 130 121 105 108 103 127 131 134 93 91
36 13 87 7 105 92 90 105 119 128 128 112 102 11¢ 131 142 140 85 90
I 0 90 87 107 97 % 111 124 143 133 117 119 115 139 145 150 o8 92
2 13 89 87 110 100 96 116 130 150 140 123 125 121 146 153 159 101 92
45 0 89 90 117 106 101 122 138 160 © 149 132 133 120 154 162 169 105 94
48 14 90 91 122 111 106 129 146 170 157 140 141 136 162 172 180 110 S5
51 0 89 %2 129 117 110 135 153 179 164 148 147 143 i71 181 189 114 95
54 14 87 93 137 122 115 142 161 189 172 157 155 i51 181 191 198 120 95
57 0 86 95 144 128 120 151 169 199 179 164 163 1E8 189 200 208 124 97
60 14 86 97 155 137 125 160 178 210 187 16 12 166 200 212 214 151 98
63 0 85 58 165 145 129 168 186 215 195 187 180 i74 210 222 2zt 137 o8
66 14 88 101 116 157 137 1 196 233 205 195 190 185 223 234 231 146 100
6 0 88 104 181 163 1AL 181 203 240 210 202 197 190 230 242 238 52 162
72 14 86 107 186 169 148 185 209 246 214 210 205 195 236 248 251 159 102
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MIN SEC
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Eolbio
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21
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66
69
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TEST 1
DATE OF TEST...10 AUG 82 PROJECT NO.:..01-7163-001
DATA FILE...... PPBL3 1) 31, (P IB-2

E1-2 E2-4 E3-3 E4-4 E5-3 E6-2 E7-1 E8-3 ES-1 ES-3 £5-5
79 18 78 79 76 81 79 80 Fi:] 80 77
80 80 78 79 111 82 80 81 o2 88 155
90 g7 79 86 158 91 88 90 127 117 243
12z 99 94 117 201 126 118 139 161 146 403
158 112 116 177 258 1% 152 197 195 178 593
161 117 116 189 <3 164 164 190 179 192 865
165 135 128 190 490 168 165 186 181 199 1122
185 148 151 201 685 171 171 18 185 210 1468
197 163 168 201 FES 189 174 186 192 213 1558
202 176 181 200 667 214 182 205 196 242 1516
213 188 186 207 606 238 188 232 199 270 1411
264 199 190 aae 567 255 188 253 206 289 1363
311 211 198 350 513 276 190 273 286 204 1339
245 221 205 419 | 485 300 195 295 317 323 1324
381 229 225 526 468 325 198 219 362 344 1315
408 257 242 597 454 349 201 338 A29 263 1275
430 276 258 €56 A33 276 204 359 478 420 12e3
485 295 2t 697 426 398 220 299 514 462 1303
551 211 303 751 417 426 3 461 556 511 1307
601 225 334 792 418 452 519 514 593 547 1382
658 240 387 861 425 485 €54 570 635 582 1352
694 ‘L AL7 886 A33 515 677 602 681 585 1341
152 2k2 210 847 124 246 169 582 136 570 396
131 387 182 734 303 262 212 198 626 499 168
120 289 174 649 256 219 205 1 551 412 197



DATE OF TEST...10 AUG 82
DATA FILE......PP&L3

TIHE
HIN SEC
0 0
3 15
6 0
9 |
12 0
15 13
8 0
21 13
24 0
gr 3
30 16
3z 0
3% 13
3 0
42 14
45 0
48 14
51 0
54 14
51 0
60 14
63 0
66 14
6 o0
2 14

F F & L

TEST 1

FROJECT MNO.:..01-7163-001
DIK..veeeeeeJB-3

TOP AVG BOT AYG OVERALLAVG
88 79 79
91 425 551
92 878 1180
o3 11285 1387
94 1174 1413
92 1188 1403
92 1224 1447
94 1259 1472
95 1208 1498

1425 1326 1530
1449 1366 1561
1472 1410 1586
1569 1436 1589
1549 1481 1609
1572 1521 1631
1586 1551 1640
1607 1578 1655
1624 1585 1663
1644 1595 1673
1657 1622 1696
1677 1652 1706

0 0 0

0 0 0

0 0 0

0 0 0




TEMPERATURE (F .)

PP &L TEST 1

+ DVERALL AYERAGE 2 E119 STD CURVE
¥ E119 + 1694 : v E119 - 1¢%

| | | |- | i {
| ] | ] | | ]

20 30 40 o) 60

TIME (MINUTES)

TEST DATE: 19 AUG 82 PROJECT MO.: @1-71iB3-@01

wba




TEMPERATURE (F.)

PP &L . TEST 1

* T1-1 ¥ T1-3
700 __ & T1-2 s Tl—4
600 L P
£ o
500 L
. /.-S/_...,..—%'
400 | /ﬁ/ "
. !f""/ -“'-""’f,_.r’“‘
3[:]0 i ?/j;jé“;"ﬂ# s
- e
2()0 — "’M,_,- . — W—-‘"
4 N T /’{%M
100 L o
e
_ ) i i i i i i i i E i i !
0 10 20 50 40 50 A1
TIME (MINUTES? .
TEST DATE: 16 AUG 82 PROJECT MNO.: 91-7iES3-0i1



TEMPERATURE (F.)

TEST DATE: 14 AUG 82

8
-
e «-F"‘Mf
A ——""_H-—t—---—"’_’ﬁ ol
A 1_?.___..—:&_ - A Se——
¥ — - ¥ A
| { | | I | { |
1 i H 1 ! ! !
30 41) 50 60
TIME (MINUTES) v
PROJECT NO.: @1-7152-9@1



TEMPERATURE (F .2

PP &L TEST 1

+ T1-9 v Tl—ll
700 __ b T1~10 s T1-12
600 L
. 500 L
400 L
300 —fe _’__’_'_‘——d_ d_'__,_.a—'-""e
T - o
W00 e e e
P w
0 3 i I i I 5 % { i i ! {
0 10 .20 30 40 50 G
TIME (MINUTES)
TEST DATE: 18 aAUG 82 PROJECT MO.: ¢1-7183-g61



TEMPERATURE (F.)

P P & L .
+ T1-13 ¥ T1-15
700 __ & T1-14 s T1-18
600 |
500 1|
400 1 ik
+ . e
300.._ //\\\ N éﬁjf#j;;ﬁff’
T TN N
200 s * == e S
1 p — -
tan 1 p
00 L ,,,3»://;"}
! "t |
0 10 20 30 40 50 40

TEST DATE: 1@ AUG 82

TIME (MINUTES)
PROJECT MO.: @1-7163-8¢1



TEMPERATURE (F.)

500 -
400:
300 S
200

100 4

PP &L TEST 1

¥ Te-3
5 Te-4

S = - Y S SR WS— S YRR e S
! | | | [ | i i | i |
] | | | { | 1 H i | 1
10 20 30 40 50
TIME (MINUTES)
TEST DATE: 16 AUG 82 PROJECT NMO.: @1-7153-¢@1

T



TEMPERATURE (F.)

500 -

400 4
300 -
200

100 -

P P & L TEST 1
+ T2-5 v T2-7
» T2 s T2-3

|
\
4

i——b
L)
™J
3
(N
S
N
)
i
{=oe)
i
o—

TIME (MINUTES)

TEST DATE: 18 AUG 82 PROJECT ND.: @1-7153-@@1



TEMPERATURE (F.)

200 . o

200 L . I
i N )

100L e e

TIME (MINUTES)
TEST DATE: 18 AUG 82 PROJTECT NO.: @1-7163-@¢1




TEMPERATURE (F.)

TEST DATE: 1@ AUG 82

PP &L, TEST 1
SO0 _ e Te-13 & TE-14 | ¥ Te-15
400 |-
300 | _—
200 1 /’__ﬁ/:/_:__ R
100 :;_#4/4; R —
0 | —t
0 10 20 30 40 50 80

TIME (MINUTES)



TEMPERATURE (F.)

PP &L TEST 1
o0 e e
500 |
400 L
300 - P
200 | . — B
100 L, //_;f:*——“’*;‘_‘“:w .;
T
0 10 20 30 40 5 50

TEST DATE: 1@ AUG 82

TIME (MINUTES)

PROJECT MOD.: @1-7163-¢d1

-t



TEMPERATURE (F.)

600 —

500 |

400 1

300

NN

MY Y

100

PP & L. TEST 1
+ T3-5 ¥ 1T3-7
2 T3-6 a T3-5
/
/
1 /
u v,_,-f/v,f"’fa
// M”M
A e;igﬁwf
W
- ,/wf”j:::::zég:::;:;-—”il = -
= ‘%”:‘:W & e . . "
| | | | | | | § | { J
| | ] 1 | | ! 1 | | |
0 10 20 30 40} 0{ &1
TIME (MINUTES)
TEST DATE: 19 AUG 82 PROJTECT WO.: @1-7163-@g1



TEMPERATURE (F.)

200 1 .
300 | ”"’J;’j
T -
1 / "Mﬁ )
20{) — Mwﬂ
1 ;_,_/—P/,_’—")"S‘P-—_
w0l e
- Jmmm —
0 i i i i i i i i % i % %
0 10 20 7 40 50 60

TEST DATE: 19 AUG 22

TIME (MINUTES)

PROJECT MO.: g1-71B3-0@1



TEMPERATURE (F.)

600 __ ¢ T3-13 & T3-14 ¥ T3-15
500 L
400 1 :
300 1
200 |- e i
e
ol e . —
0 | i i | | i ! % % 1 B
0 10 20 30 40 50 €0
TIME (MINUTES?
TEST DATE: 1@ AUb 82 PROJTECT MO.: @1-7163-Gg1

e




b
/

TEMPERATURE (F .

P P & L TEST 1
+ T4-1 T T4-3
£00 __ & T4-2 8 Td—4

TEST DATE: 19 AUS 82

TIME (MINUTESS.

PROJECT NO.:

G1-7163-dd1




TEMPERATURE (F.)

PP &L TEST 1

+ T4-5 ¥ T4-7

600 __ 2 T4-6 5 T4-8
500 L
400 | T

300 |- f"f/// ’

200 L ' i

]- 00 :;—§ ——. ’Jf_\ﬁ—ﬁ*ﬁs—— = = = n— n—. 3
o
0 10 20 30 40 50 &0

TIME (MINUTES)
TEST DATE: 10 AUG 22 PROJECT MD.: #1-7183-@@1




TEMPERATURE (F.)

’ -

P P & L TEST 1
+ T4-9 ¥ T4-11
2 T4-10 s T4-12

TEST DATE: 1¢ AUG 82

e
wﬂ’ﬁ/
s &
;”/f// xf”#iiﬁ
J#a#”fjﬁﬁgk;,f’ a«“”///&
. iqéﬁilﬁiii;ffﬂ
P
aﬁcﬂﬂig‘ﬁﬁrﬁJ
i i i % i I i % i %
10 20 30 40 50 61

TIME (MINUTES)
PROJECT NO.: §1-7163-0@1




TEMPERATURE (F.>

.

PP &L TEST 1

* T4-13 ¥ T4-15

600 & T4-14 T T4-16
500 |
400 L /f.f
200 | /:f,.,,-w
1 _,;efa#wﬂ#’*Arfﬁﬁf ’/ff#f )
200 e .
e /7%—-_&____‘_*_ be— —tr— -
100 4 P L — — .
i N e e
0 10 20 30 40 50 60

TIME (MINUTES?
TEST DATE: 16 AUG 82 PROJECT NO.: @1-7183-Gd1



TEMPERATURE (F.)

600 _
500 _
400 _
300 -
200 _

100 _

TIME (MINUTES)

TEST DATE: 16 AUG 82 PROJECT NO.: @1-71i63-ggl




TEMPERATURE (F.)

PP &L

+ All-4

TEST 1

& AD1-5 ¥ AD1-E&

0

TEST DATE: 1@ AUG 82

TIME (MINUTES)
PROJECT MD.: 91-7163-2@1




TEMPERATURE (F.)

PP &L TEST 1

600 __ ¢ AD2-1 4 ADE-2 ¥ ADE-3
500
+ A
100 L P ]
300 1 /K///::fﬁ,f;?-
—— i .-‘?“ _F—’_r, -~
200 —t— ﬁ/‘ ‘-..“.7/
100 4+ =
0+ttt
0 10 20 30 40 50 40

TIME ((MINUTES)
TEST DATE: 19 AUG 82 PROTECT MO.: @i-7163-¢g1




TEMPERATURE (F.)

P P & L TEST 1
600 __ + ADE-4 & AD2-5 ¥ ADE-5
500 |
1 f’_.,f-'*
400 L
300 |
200 //,,/\ —
| e if‘“—w/’_'—k-———ﬁa—’_‘—p
100 -+ __,.--"”'-¢ é{f — \4/’—_—'_4—_ —F —
0 —
0 10 20 30 40 50 60

TEST DATE: 1@ AUG 82

TIME (MINUTES)

PROJECT tO.:

@1-71653-Ud1




TEMPERATURE (F.)

200 1

~

PP &L TEST 1

600 + 4027
500 -
400 L
300 |

100 :=““4*——“”‘=W=“——*—&=:ﬁ:==*—¢ﬂ==-*4::::h-w’##““~
g

4 ADZ-8 ¥ ADE-3

TEET DATE: 19 AUG 82

TIME (MIMNUTES)

PROJECT ND.: @1-7163-¢@i1




TEMPERATURE (F.)

P P & L TEST
700 __ ¢ AD3-1 & AD3-2 ¥ AD3-3
600 1
500 L A
i ,_,,/.?!
400 L / |
300 L o ’
. _d__.zr"'f-_
200 1 //_7,-*7_ T ﬁ?“_“’——k—/ﬁf
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DATE OF TEST...10 AUG 82
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TEST 1

PROJECT ND.:..01-7163-001
DISK--------.-JB-S

Ti-CC-DB3  Ti-CC-016 T1-C6-Li2  Ti-CG-R35° T1-CON-LOS T1-CON-Q27
599999 999999 999999 999959 999999 999999
999599 §59599 999999 599999 959559 599999
999959 999999 999999 999999 599539 599999
999999 999999 999999 599999 999999 999999
599999 559559 959939 999999 959939 995999
559999 999999 999999 999999 999999 999999
959999 959999 959999 599999 999939 999999
599999 599999 999999 599989 595959 999999
999599 995999 599999 999999 999999 955999
559999 959999 999999 - 999999 599999 599999
959999 999999 599999 999999 559999 599999
559999 999999 999999 999999 959999 959999
999999 999999 599999 599999 999999 999999
555999 599999 999999 999999 595959 999999
959999 995599 999999 999999 599999 959999
999999 999999 599999 999999 599999 599999
959999 999999 ©59999 959999 599999 999999
999999 999999 999999 599999 999999 999999
995999 999999 999599 999959 559999 999999
999999 999999 999999 595999 999999 -999999
999999 999999 999999 959959 959999 955959
559999 995959 999999 999599 599999 595999
599999 0 599999 999999 999999 959999
999999 0 999999 955959 599999 599999

0 .0 0 599999 599999 999959
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Te-cC-D83 T2-C6-750 T2-C6-D14 T2-CON-LO3 T2-CON-Q16
999999 999999 999999 995999 599999 999599
599999 999999 999999 959999 999999 599999
955999 9959999 999999 §99999 595999 959959
595599 599995 959999 599999 999999 999999
999599 999599 999999 999999 999999 999999
999999 999999 999999 §99999 955999 599999
595999 999999 999999 999999 599999 955999
9399999 999999 999999 599999 999999 595999
599995 995999 998999 959959 999999 959999
559599 599999 599999 999999 959999 599999
999999 999999 959999 999999 999999 999999
959999 999999 999999 999995 959999 - 995999
999959 599999 999959 999999 959999 959999
999999 955559 999999 999959 599999 999999
999999 959999 599999 959999 999999 999999
599999 999999 999599 555999 999999 9959999
999999 999999 599999 999999 999999 955999
999999 999999 999999 995999 999999 999999
959999 599999 999959 999999 999999 599999
599999 955999 999999 999999 995999 9959999
599999 9999599 999999 999999 ° 999999 999999
999939 999959 - 9999399 999959 599999 599999
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999999 999999 999559 959999 599999 999999
599999 599995 999999 999999 959999 999999
959999 995599 999999 ° 999999 999999 999999
955539 995999 995999 599999 955999 999999
959999 999999 959999 999999 959959 995999
999999 599999 999999 599999 999999 599999
999999 599959 5959559 599999 599999 999999
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TA-CC-DB3  T4-CC-025 T4-C6-350 TA-CG-L12 TA-CON-LOS T4-CON-027
995999 995559 999999 595999 999599 995999
959999 955559 959999 999959 9399259 599999
959999 999559 999999 995999 599999 959999
599999 995959 9593995 999999 999555 595999
959999 599999 999599 999999 999599 939999
999999 995859 999999 9959999 999999 995959
999998. 959999 999999 599999 999999 955999
999999 999999 999999 999999 999999 995999
999999 $99999 599999 999999 999999 955999
5959999 959939 599999 999999 999599 999959
599999 599999 999999 595599 995999 999999
995999 999959 999999 999999 555999 9995999
595999 999559 955599 559999 959559 995599
599999 955999 995999 999999 599999 599999
559999 999999 959999 959559 999999 999999
999999 595999 599999 599999 999999 999999
593599 999999 959999 999999 959999 995559
999999 999999 935999 999999 999999 999999
959559 599999 599999 959999 999999 959999
999999 ©999559 599999 999999 999999 999939
955959 995559 555999 999599 599999 595999
599999 599539 9559999 999999 999999 995999
859999 999955 955959 995599 555999 959999
999999 599599 959999 999999 999999 999999
599999 999959 999999 999999 5595389 995999
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599999 995999 999599
959999 959999 599999
595999 999959 999959
999539 999999 599999
585999 999999 999999
599999 995599 999999
989999 959559 599999
999999 959999 599999
559999 995539 959999
999999 999999 999999
999999 999959 999999
599999 959999 559999
999599 959999 9985999
995599 999599 999999
599999 999999 999999
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TEST 1
DATE OF TEST...10 AUG 82 PROJECT NO.:..01-7163-001
DATA FILE......PP&L3 DISK.eeeeasessJB-3
TIME :
MIN SEC AD4-CCO12 ADA-CGD62 ADA-CONLOS
0 0 555999 999999 999939
3 15 999999 599999 - 999999
6 0 995999 999999 999999
9 14 599999 999999 999999
2 0 999999 9999595 599999 - - : -
15 13 999999 999999 999999 . 7.
8 0 999999 999999 699999 )
21 13 995999 999999 999999
24 0 599999 999999 999999
27 3 595999 999999 999999
30 16 999999 959999 599599
3 0 599999 995999 999999 -
36 13 599999 599999 599999
3?0 999999 999999 999999
42 14 599999 999999 999959
4B 0 959999 599999 959999
48 14 999999 999995 559999
51 0 999999 599999 999999
54 14 599999 959559 999999 -
} 57 0 559999 599999 999999
| 60 14 995599 999959 599999
63 0 995599 999999 999999
66 14 0 995959 999999
65 0 0 959559 999999 ’

7 14

0 959955 995599
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TEST 41

DATE OF TEST...10 AUG 82 PROJECT NOD.:..01-7163-001
DAT“ FILE---.--PP&L3 DIS’(......---.JB‘S

TIHE .
MIN SEC  CON-CCDA2 CON-CCO27 CON-C6500 CON-CCLOS CON-CONLO? CON-CONG26

0 0 999999 999599 999999 999999 599959 999999
3 IS 999999 995599 599999 999999 599999 999999
6 0 999999 999999 959959 999939 959999 999999
9 14 995555 999959 599999 999999 999999 599999
2 0 995999 999999 999599 599999 999999 - 999999
15 13 599999 999999 999999 995599 959999 995999
is o 999999 9935999 999599 599999 595999 959999
2l 13 999999 999999 999999 999999 999999 999999 N
24 0 995999 959959 995999 999999 . 559999 959999
27 3 999999 999999 999999 959999 999999 . 999999
30 16 959999 955999 999999 959999 995959 999599
‘ 3 0 959999 599599 599999 999999 599999 599999
| 36 13 559999 999999 995959 999999 999599 599959
‘ IO 599999 999599 999995 999999 999599 999999
| 42 14 999999 999599 599999 999999 999999 959999
‘ 45 0 999999 959999 999559 599999 999999 595999
48 14 999999 999999 999999 995999 999959 599999 ’
51 0 959999 959999 599999 999999 . 999999 999999
54 14 595999 959999 995999 999999 999599 - 999539
51 0 959999 559999 559999 599999 599999 999999
60 14 999999 995999 959999 959599 999959 599999
63 0 559999 999999 595999 999999 999999 999999
66 14 999999 999999 999999 599999 9959999 595999
6 0 999999 599999 999999 999999 999959 . 959999
7 14 599999 999595 999999 959599 999999 995599

Hoa



