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SUMMARY 

On May 10, 1978 eight cable tray and conduit pipe penetrations 

designed by Duke Power Company were exposed to a three-hour fire endurance 

qualification test following the ASTM E-119 time/temperature curve.  

The purpose of this test was to obtain a three-hour fire rating 

for referenced seal designs which utilized a base layer of four (4) inches 

of cementitious foam, covered with six (6) inches of Chemtrol Corporation's 

Firewall .50. The test was conducted in accordance with ASTM E-119 time/ 

temperature requirements and a cold side negative pressure of one (1) inch 

of water. In addition, a hose stream test as described in Appendix VI, 

Section 4.3.12 of IEEE P634/D4 was to be applied.  

Witnessing the' test for Duke Power Company: 

Mr..Larry Johnston 

Conducting the test project: 

Mr. Michael D. Pish, Project Manager 

Mr. Jesse J. Beitel, Test Engineer 

Mr. Reed McClintock, Research Analyst
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DESCRIPTION 

A series of eight (8) penetration openings were cast into the test 

slab. These consisted of six (6) conduit pipe openings and two (2) consisted 

of large cable tray openings. The conduit pipe openings were four (4) inches 

and twelve (12) inches in diameter. The cable tray openings were nine (9) 

sq ft and 23 sq ft. (See Figures 1 and 2) 

All penetrations were cast into an 8 ft x 10 ft x 12 in. thick 

concrete slab.  

For a listing of.penetration loading see Figures 3 and 4, and 

Table 1. For a listing of cable identification see Tables 2 and 3.  

The test slab was placed on a horizontal furnace and exposed to 

the standard ASTM E-119 time/temperature curve. After three hours of 

exposure, the test slab was lifed in a horizontal position for the hose 

stream test and then moved to an area adjacent to the furnace where it was 

put on blocks to cool and view.
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TABLE 1 

PENETRATION LOCATION AND DESCRIPTION 

Penetration Area/Tray No. Fill 

BI Bl-l 
Bl-2 
Bl-3 20% Instrument & Control 
Bl-4 50% Instrument & Control 
Bl-5 100% Instrument & Control 
Bl-6 20% Instrument & Control 
Bl-7 50% Instrument & Control 
Bl-8 100% Instrument & Control 

B2 B2-1 
B2-2 
B2-3 

B3 B3 1-500 MCM Power Cable 

B4 B4 1-1/0 Power Cable 

B5 B5 20% Instrument & Control 

B6 B6 100% Instrument & Control 

B7 B7 3-500 MCM Power Cable 

B8 B8 100% Instrument & Control



SLAB #4 CABLE LISTING 

Group Cable's Number of each Cable Cable Cable Number of 
jArea Tray L to R Grou Total Cable Color - Group Color Shield Size Conductors 

i1 1 1 2 1 Black Solid 1" 3 
Bl 1 2 1 1 Black Solid 1" 3 
B1 1 3 2 1 Black Solid 1" 3 
Bl 1 4 1 1 Black Solid 1" 3 
B1 1 5 2 1 Black Solid -- 3" 12 
Bl 2 6 1 1 Black Solid 3" 12 
Bl 2 7 1 1 Black Solid 3" 12 
Bl 2 8 1 1 Black Solid 3" 12 
B1 2 9 1 1 Black Solid 3" 12 
Bl 3 10 6 5 Orange Stranded 3/4" 4 

1 Yellow Solid 3/4" 8 
3 11 10 4 Yellow . Stranded 3/4" 8 

4 Gray Stranded 3/4" 12.  
1 Black Stranded 3/4" 6 
1 Yellow Stranded 1/2" 3 

Bl 3 12 5 4 Orange Solid 1" 14 
1 Gray Stranded 3/4" 12 

E1 3 13 14 8 Black Solid 1/2" 3 
6 Yellow Stranded 1/2" 1 

Bl 4 14 4 2 Orange Solid .1" 14 
2 Yellow Solid 3/4" 8 

Bl 4 15 10 2 Black Solid 1" 3 
3 Black Solid 1" Mul Pair 
1 Orange Solid 1" 14 
4 Black Stranded 3/4" 6 

B1 4 16 11 5 Gray -- Stranded 3/4" 12 
2 Yellow Stranded 3/4". 8 
2 Black Solid . 3/4" 9 
2 Black Stranded 3/4" Mul Pair 

31 4 17 16 3 Yellow Stranded 3/4" 8 
7 Black Stranded -3/4" 6 
4 Yellow Sirai4ed i/2" 2 
1 Black Stranded 3/4u 9 
1 Gray Stranded 3/4" 12 

00



SLAB #4 CABLE LISTING (Continued) 

Group Cable's Number of each Cable Cable Cable Number of 

Area Tray L to R Group Total Cable Color - Group Color Shield Size Conductors 

B. 4 18 15 . 4 Orange Solid 3/4" 4 
2 Black Solid 3/4" 9 
9 Yellow Stranded 1/2" 1 

31 5 19 12 5 Orange Solid 1" 14 
6 Black Solid 3/4" Mul Pair 

Black Stranded 1 1/2" 6 

Bl 5 20 4 Orange Solid 1" 14 

3 Yellow Solid 3/4" 8 
6 Gray Stranded 1/2" 
1 Black Solid 1" 3 
1 Black Solid 3/4" Mul Pair 

Bl 5 21 3 Orange Solid 14 

4 Black Solid 1" 3 

6 Gray Stranded 1/2" 12 
1 Yellow Stranded 3/4" 8 
1 Black Solid 1/2" Mul Pair 

Bl 5 22 7 Orange Solid. 1" 14 

5 Black Stranded 1/2" Mul Pair 

8 Gray Stranded 3/4" Mul Pair 

1 Yellow Solid 3/4" 8 
31 5 23 Gray Stranded 3/4" 12 

Black Stranded 1/2" 6 

31 6 24 15 1 Orange Solid 3/4" 4 
1 Black Solid 1" 3 

2 Yellow Solid 3/4" 8 
1 Black Stranded 1/2" 6 
1 Black Solid 3/4" Mul Pair 
9 Yellow Stranded 1/2" 1 

31 6 25 9 Orange Solid 1" 14 
Orange Solid 3/4" 4 
Yellow Stranded 3/4" 8 

Bl 6 26 9 1 Black Stranded 3/41" 6 

31 7 27 19 9 Solid 3/4" 4 
1 Solid 3/4" 8 
3 Black Solid 1" 8 

L. A



SLAB #4 -CABLE LISTING (Continued) 

Group Cable's Number of each Cable Cable Cable Number of 
Area Tray L to R Group Total Cable Color - Crouo Color Shield Size Conductors 

3 Black Stranded 3/4" 6 
3 Black Stranded 3/4" Mul Pair 

Bl 7! 28 16 4 Orange Solid 3/4" 4 

3 Orange .Solid 1" 14 1 Yellow Stranded 3/4" 8 
6 Gray Stranded 3/4" 12 
1 Black Stranded 3/4" 6 
1 Black Solid 1" 8 

BI 7 29 12 4. Orange Solid 1" 14 
2 Black Solid 1" 3 
4 . Yellow Stranded 3/4" 8 
2 Yellow Standed 1/2" 1 

Bl 8 30 Orange Solid 1" 14 

Gray Stranded 3/4" 12 
Black None 3/4" 9 

B1 8 31 24 4 Orange i Solid 1" 14 
4 Gray Stranded 3/4" 12 
4 Black Solid 1" 3 
6 Orange Solid 3/4" 4 
5 Yellow Stranded 1/2" 1 
1 Yellow Solid 3/4" 8 

31 8 32 24 3 Orange Solid 1" 14 
3 Black Solid 1" 3 
8 Yellow Solid 3/4" 8 
7 Yellow Stranded 1/2" 1 
3 Orange i Solid 3/4" 4 

B1 8 33 39 21 Orange Solid 3/4" 4 
2 Yellow Solid 3/4" 8 

16 Black Stranded 3/4" 6 
33 34 4 4 Black Stranded 3/4" 6 

B4 35 8 3 Black Stranded 3/4" 6 
2 Yellow Solid 3/4" 12 

3Orang Solid 3/ 4"11 
35 36 12 12 Black Stranded 3/4" 6 
B6 37 15 13 Black . Stranded 3/41 6 

1 Gray Stranded 3/4" 12 

. .... ... .. 0



SLAB #4 CABLE LISTING 'Continued) 

Group Cable's Number of each Cable Cable Cable Number of 
Area Tray L to R Group Total Cable Color - Group Color Shield Size Conductors 

1 Black None 1/2" 3 
B7 38 24 4 Orange Solid 1" 14 

5 Orange Solid 3/4" 4 
7 Black. Stranded 3/4" 6 
8 Yellow Stranded 1/2" 1 

839 49 15 Orange Solid 1" 14 
17 Orange Solid 3/4" 4 
15 Black Stranded 3/4" 6 
2 Yellow Solid- 3/4"' 8 

B2 1 4 Black Solid 3" 12 
2 

t 3
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TABLE 3 

CABLE IDENTIFICATION 

Cable I.D. Description 

61SXJ16G.3 RED 61 conductor #16 AWG tinned copper conductor 
Ethylene Propylene rubber insulation; mylar 
asbestos binder tape; 5 MIL copper shield 
tape; Polyvinyl chloride jacket; galvanized 
steel interlocked armor; Polyvinyl chloride 
jacket.  

3XJ12G1 3, 8, 12, 19, & 37 conductor #10 or 12 AWG 
8XJ12G1 tinned copper conductor; Neoprene Filled 
19XJ12G1 cotton binder tape; Galvanized steel inter
12XJ12G1 locked armor.  
37XJ12G1 
3XJ10G1 

1SPA16G.3 1, 2, 4, & 20 pair #16 AWG tinned copper con
2SPA16G.3 ductor; Polyvinyl Chloride insulation; copper 
4SPA16G.3 drain wire; aluminum - mylar drain wire, 
20SPA16G.3 mylar binder tape; Polyvinyl chloride jacket; 

served wire armor; polyvinyl chloride jacket.  

20PSA2OG.3 20 pair #20 AWG tinned copper conductor; 
polyvinyl chloride insulation; mylar tape 
aluminum mylar tape shield; polyvinyl chlor
ide jacket; served wire armor polyvinyl 
chloride jacket overall.  

RG62/U Standard RG62/U, copper conductor poly
ethylene insulation; braided copper shield; 
polyvinyl chloride jacket.
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TEST SPECIMENS 

A. CONSTRUCTION 

A floor section form (8 ft x 10 ft x 12 in. thick) was constructed 

of twelve-inch steel channel with a double mat of No. 8 rebar on 10-inch 

centers. A series of eight (8) penetration openings were cast into the 

slab. Six (6) were conduit pipe openings, 4 inches and 12 inches in 

diameter, and two (2) were cable tray openings, 9 sq ft and 23 sq ft.  

The concrete (f = 3000 psi) was poured on January 30, 1978 and 
c 

cured for one week at 400 F, using an enclosure constructed for this pur

pose. After the concrete had cured, the cable trays and pipe supports 

were welded to the basic framework.  

Details of steel framing appear in Figure 5.  

B. PENETRATION LOADING 

Cable Tray Loading 

Of the eleven (11) cable trays, all were the standard gal

vanized steel ladder back. These were installed and welded to the basic 

support framework. The assembled and loaded cable trays were installed in 

openings that were identified as penetrations Bl and B2. (See Figures 6 and 

7).  

Cable Loading in Pipe Sleeves 

Six pipe sleeves with various cable loadings were evaluated.  

The size of the.pipe sleeves were 4 1/2 inches and 12 inches, varying in 

loading size from 20 to 100 percent. Details of each penetration appear 

in Figures 8 through 13.
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C. SEALING OF PENETRATION 

All cable trays and pipe penetrations were filled by Chemtrol 

Corporation personnel using the materials identified by Duke Power as 

Monokote and Firewall 50.  

A detailed listing of installation procedures used during the pre

paration appears in Appendix I. Photographs of the cable loading and pene

tration seals are in Appendix II. Details of the quality control for the 

penetrations are in Appendix III. Drawings of penetration assemblies appear 

in Figures 6 through 13.  

During the installation of the penetration seal assemblies, a problem 

was encountered in the Monokote application. After installation, the 

Monokote retained high levels of moisture (above 30%) for almost two 

months, despite the efforts to maintain an elevated temperature in the 

slab preparation building. To cure the Monokote , a procedure was form

ulated and tested in a lab-scale test. This procedure involved soaking the 

Monokote with anhydrous methyl alcohol to strip away the trapped water 

and then to elevate the building temperature to vaporize the trapped 

methyl alcohol. This procedure proved successful with no effects on the 

Monokote integrity and the moisture level was reduced below 10% in.less 

than two days. This allowed for completion of the penetration seal assemblies.  

Eleven days after cure 6 inches of Firewall 50 were applied to the pene

tration seals.
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TEST FACILITY 

The floor penetration assembly fire resistance test was conducted 

using a horizontal furnace with an open area 9 ft x 6 ft (See Figure 14).  

A flue gas opening was provided on one end. Eight (8) Maxon self-aspirating 

burners were mounted in the.sides of the furnace. Eight (8) furnace temp

erature thermocouples were located 2 1/2 ft inside each side wall at 2-ft 

centers with the first pair of thermocouples 1 1/2 ft from the flue end of 

the furnace at the 24-inch elevation. Twenty-four (24) thermocouples 

on the unexposed side were connected to a multipoint temperature recorder 

with a range of 0 - 2,000 0F and a digital printout of 60 points per minute.  

(See Appendix IV and V). All gas flow to the burners was controlled manually 

as indicated by the average of six furnace temperature thermocouple readings 

taken at 12 inches from the exposed specimen surface. These were monitored 

continuously.. These average temperatures are shown in Figure 15 and Table 4.  

The temperatures on the unexposed side are shown in Appendix IV.  

To develop the desired differential pressure, a vacuum enclosure 

had been pre-calibrated using a Dayton 341 blower capable of delivering 

2,500 cmf with pressure equivalent to 14 inches of water when applied to the 

unexposed side of the slab. This pressure was applied to the enclosure and 

throttled until the desired differential was achieved. Periodic readings 

of furnace pressure were to be taken to ensure that specified pressure was 

maintained. (See Table 4 and Appendix VI) 

Since the tests were conducted out-of-doors, a building was erected 

around the furnace to meet ASTM E-119 standards. This structure was ade

quate to prevent excessive air currents over the unexposed surface. The 

0 temperature of the slab at the start of the test was approximately 75 F to 00 
85 F. The final assembly of vacuum enclosure, test slab, extension sleeve and 

furnace is shown in Figure 16.
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TABLE 4 

SLAB #4 (B1-B8) 

TIME FURNACE TEMPERATURE REMARKS PRESSURE 

ectual Hr:Mins Actual Required AP.L A P.R.  

7:20 -5 790F 

1 7:25 0 79 0 F Smoke from inside 1.2 1.3 

7:30 5 1445 0F 10000F OK 1.1 1.3 

7:35 10 12430 F 1300 0F OK . 1.2 1.3 

7:40 15 1370 0F 1399 0F OK 1.1 1.3 

7:45 20 1440 0F 1462 0F Smoke clearing 1.1 1.3 

7:50 25 1519 0F 1510 0 F OK 1.1 1.3 

7:55 30 1545 0F 1550 0 F OK 1.1 1.3 

8:00 35 15830 F 1584 0F OK 1.1 1.3 

8:05 40 1610 0 F 1613 0F OK 1.1 1.3 

8:10 45 1632 0F 1638 0F OK 1.0 1.3 

8:15 50 1655 0F 16610F OK 1.0 1.2 

8:20 55 1680aF 1681 0 F OK 1.0 1.2 

8:25 1:00 1692 0F 17000F OK 0.95 1.15 

8:30 1:05 1717 0F 1718 0 F OK 0.95 1.15 

8:35 1:10 1739 0F 1735 0F OK 0.95 1.15 

8:40 1:15 17.43 0F 1750 0 F OK 0.95 1.15 

8:45 1:20 1759 0F 1765 0F OK 0.90 1.15 

8:50 1:25 1769 0F 1779 0F Adjustment of AP.L. 1.0 1.3 

8:55 1:30 1790 0 F 1792 0F OK 1.0 1.3 

9:00 1:35 1800aF 18040 F OK 1.0 1.2 

9:05 1:40 18110 F 1815 0F OK 1.0 1.2 

9:10 1:45 1822 0F 1826 0F OK 1.0 1.2 

9:15 1:50 1836 0F 1835 0F OK 1.0 1.2 

9:20 .1:55 1845 0F 1 8 4 3 0 F OK 1.0 1.2 

9:25 2:00 1846 0F 1850 0 F OK 1.0 1.2 

9:30 2:05 1848 0F 18560F OK 1.0 1.2 

9:35 2:10 1859 0F 1862 0F OK 0.95 1.15 

9:40 2:15 1862 0F 1868 0F OK 0.95 1.15 

9:45 2:20 1876 0F 1875 0F OK .0.95 1.15 

9:50 2:25 18800 F 1881 0F OK. 0.95 1.15 

9:55. 2:30 18840F 1888 0 F OK 0.95 1.10 

10:00 2:35 1895 0F 1894 0F OK 0.95 1.10 

10:05 2:40 19000 F 19000 F OK 0.95 1.10 

10:10 2:45 1908 0F 19.06 0F OK 0.95 1.10 

10:15 .2:50 1912 0F 19120 F OK 0.95 1.10 

10:20 2:55 19060F 19180 F OK 0.95 1.10 

10:25 3:00 1940 0F 1925 0F OK 0.95. 1.10 

II
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TEST PROCEDURES 

The prepared floor penetration slab with fire stop materials in 

place was placed in position on top of the furnace. The vacuum enclosure 

was installed next. The blower was started and allowed to reach steady 

state for five minutes. The temperature multipoint recorder was turned on, 

natural gas was fed to the burners, ignited, and the test clock was started.  

The unexposed surface was continually observed for penetration by flame or 

hot gases and its temperature monitored, by using the multipoint recorder.  

At the end of the three-hour exposure period, the fuel gas was shut off 

and, as quickly as possible, the vacuum enclosure was removed and the floor 

panel was lifted from the furnace, remaining horizontal.* A spray stream 

o 
from a 1 1/2-inch hose line with a 30 tip and 75 psi nozzle pressure was 

then directed at the floor penetration fire stops from a distance of 10 feet 

as prescribed in the hose stream test. The required hose stream application 

time for a 9 x 6 ft exposed area was 90 seconds. The time/temperature 

record of the test is shown in Figure 15 and Table 4. Figure 16 shows an 

exploded view of the test set-up.
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TEST RESULTS 

A fire stop shall be considered as meeting the requirements for 

acceptable performance when it remains in the opening during the fire en

durance test and hose stream test within the following limitations: 

1. The fire stop shall have withstood the fire endurance test with

out permitting passage of flame, or the occurrence of flaming on any 

element of the unexposed surface of the assembly for a period equal to the 

hourly classification for the fire stop.  

2. The fire stop shall have withstood the fire endurance test and 

hose stream test without developing an opening that would permit a projection 

of water from the stream beyond the unexposed surface.  

3. The transmission of heat through the fire stop during the fire 

endurance test shall not raise any recorded temperature on its unexposed 

surface more than 700 0F above its initial temperature.  

Accordingly, the following shows the performance of the penetrations 

for the test period of three hours: 

Penetration Condition Remarks 

Number 1 2 3 

Bl Passed Passed Passed 
B2 Passed Passed Passed 
B3 Passed Passed Passed 
B4 Passed Passed Passed 
B5 Passed Passed Passed 
B6 Passed Passed Passed 
B7 Passed Passed Passed 
B8 Passed Passed Passed 

All penetrations successfully met the test requirements as stated.
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DUKE POWERi, COMPANY 
TELEPHONE: AREA 704 

P. 0. BOx 2 178 GENERAL OFFICE-S 373.4011 

422 SOUTH CHURCH STREET 

C(HARLOT'E, N. C. 2242 

January 27, 1978 

Mr. H. Russell, Vice President Operations 

Chemtrol Corporation 

530 North Belt East, Suites 105/112 

Houston, Texas 77060 

SUBJECT: Southwest Research institute Fire Tests 

File No. EGS-F-1.3, EGS-C-13.9, 0S-72 

Dear Mr. Russell: 

Attached are the procedures used 
for monokote type cable penetration 

firestops to be tested at Southwest Research Institute week of.  

February .6 and 15, 1978. We plan. to test the slab with openings 
B9-B15 

first, then the slab with openings B1-B8.For 
your information each 

opening should be prepared in accordance 
with the attached specification 

as.follows: 

OPENING NUMBER UNEXPOSED SIDE EXPOSED SIDE 

NOTE: Interior of opening is filled with 
four inches 

of monokote.  

B9 Monokote 4 inches Armstrong Armaflex No. 6416 

8o ic e(7/8") with Armstrong Adhesive.  

No. 520 and GE Silicone Sealant 

No. 1203.  

.B10 Armstrong Armaflex Armstrong Armaflex No. 6416 

No. 6416 with (7/8") with Armstrong Adhesive 

Armstrong Adhesive No. 520 and GE Silicone Sealant 

No. 520 and GE Silicone No. 1203.  

Sealant No. 1203 

Bll . 2 inches Chemtrol 2 inches Chemtrol Firewall 

Firewall over monokote over monokote 

21/8" Glastic over 1/8" Glastic with Dtmeal as 

monokote sealant over monokote 

B13 7/8" Armaflex No. Armaflex No. 6416 (7/8")with 

6416 with Armstrong Armstrong Adhesive No. 520 and 

Adhesive No. 520 and G.E. Silicone Sealant No. 1203 

GE Silicone Sealant 
No.. 1203.
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Mr. H. Russell 
January 27, 1978 
Page 2 

OPENING NUMBER UNEXPOSED SIDE EXPOSED SIDE 

814 & B15 Monokote Wire Mesh Asbestos 
Cloth and monokote 

SLAB NO. 2: 

NOTE: If SLAB 1 fails modifications will be required for Slab No. 2.  

B1 Armaflex No. 6416 Armaflex No. 6416 (7/8") 
with Armstrong with Armstrong Adhesive 

Adhesive No. 520 and No. 520 and GE Silicone 

GE Silicone Sealant Sealant No. 1203.  
No. 1203.  

B2 Monokote 1/8" glastic bottom held 
in place with metal strips.  
Monokote applied over glastic.  

B3 - B8 Monokote Wire Mesh Asbestos 
Cloth and monokote 

The monokote design to be used for this test will be installed i.n accbrdance with 

the manufacturer's instructions. The material was trowelled in-place for the 

actual installation. No procedures are available. A thickness of four (4) inches 

should be used since this is the minimum specified in the attached specification..  

Materials used in the openings are as follows: 

1.. Zonolite Monokote - 5 - Data .Sheet No. MK-138, effective October 1, 1973 

used after 19 74.  

2. Armstrong Armaflex - No. 6416 - 7/8 inches thick 

3. Armstrong Adhesive - No. 520.  

4. GE Silicone Sealant - No. 1203 

5. 1/8 inch Glastic sheets 

6. Dseal to seal around glastic 

7. Dow Corning RTV 732 - packed around cables for air seal.  

8. Asbestos Cloth 

9. Chemtrol Firewall 50
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Mr. H. Russell 
January 27, 1978 
Page 3 

Should you have questions or need further information, please contact 

me at (704) 373-8414.  

Yours truly, 

C. J. Wylie, Chief. Engineer 
Electrical Division 

BY: R. A. Pace 
Design Engineer 

CJW/RAP/kkm 

cc: L. R. Johnston



April l1, 1975 

TITL~ 
MEMO TO: C. J. Wylie 

SUBJECT: Oconee Nuclear Station (OS-72) 
Cable Installation Fire Stops 

Attached is a copy of a sketch of how it is planned to provide fire stops 
for cable trays and cable at floor, wall or ceiling penetration at 
Oconee Nuclear Station.  

It is planned to use "Armsfelt" or gla tic as the air seal on one side 
and "Monokote Five" as the firestop.  

We are planning on doing the auxiliary-turbine building walls first 
and then have John Scanlan (Marsh & McLennon) to check this plus the 
other part of the plant before we do the other walls ie auxiliary to 
control building.  

By .J . K '-ck 
Design Engineer 

AJK/jfe 

cc: G. M. Bostian 
C. L. Sansbury
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March 28, 1975 

Memo to File 

Re: Oconee Nuclear Station 
Vacuum Seals for Cable Trays 

A test was performed on March 26, 1975 on matertals used. in constructing 
vacuum seals around cables and tray in the Auxiltary Building. The mate
rials tested were: 

Armstrong Armaflex - No. 6416 
Armstrong Adhesive No. 520 
GE Silicone Sealant - No. 1203 

The test was conducted as follows: 

Two (2) pieces of Armaflex were bonded together by the above adhesive and 
allowed to cure. A tube of silicone sealant was opened to cure. After a 
curing time of approximately 45 minutes, the materials were subjected to 
an open flame. The armaflex and adhesive showed no visible flame, although 
the affected area did deteriorate. The sealant burned with a smoldering effect 
with a very low flame, although it did not ignite. After the torch was re
moved, the flame went out. A small propane torch was used for the test.  

The above materials show no Indication of contributing to a fire.  

JN Turner 
Mechanical Inspector 

JNT/ow



DUKE POWER COMPANY 
CONSTRUCTION DEPARTMENT 

OCONEE NUCLEAR 1-3 

P. 0. BOX 1SA SENECA. S. C. 29678 TLKPION3 ARKA aos 

April 21, 1975 

Mr R L Dick 

Re: Oconee 13 
NML 

Enclosed is a description, specification sheets, and sketches we 
propose to use to meet the NML requirements for protectton of penetra 
tions through. fire walls. John Scanlon, Fire Protection Consultant, 
has requested we present our proposal to him. We are presently In
stalling penetration plugs by the enclosed methods. Please review and 
comment.  

J Moore 
Project Manager 

JWD/ow 

Enclosure 

cc C J Wylie W/Encl 
S K Blackley W/Encl 
J Ed Smith W/Encl 
John C Scanlon W/Encl
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Fire Wall and Ceiling Seals 

The methods and sketches listed below are proposed ways to seal fire walls 
and cetlings between: (a) Turbine Building to Auxiliary Building, (b) elect
rical equtpment room walls, (c) electrical equipment room celling to cable 
room, (d) cable room walls, and (e) cable room ceiling to control room. Any 
method may be used for protectton from fire or vacuum control. The Glastic 
and Armaflex are for vacuum seal.  

1. Cable trays penetrating walls - Use Armaflex or 1/8" Glastic as air seal 
and use 4" minimum of Monokote for fire protection.  

2. Empty pipe sleeves in floors or walls 1/4" steel plate tacked two (2) 
places for.later removal if required.  

3. Pipe sleeves with cable, piping or instrument Itnes - 4" minTmum of 
Monokote held in place by wire and steel supports. Certain pipe sleeves 
will have a 2" or 2V' condutt ins-talled for temporary instrumentation 
cables. These wil be provided with asbestos cloth, as packing.  

4. Cable shafts will be plugged using 1/8" Glastic to seal and hold the 
Monokote in place. This only includes small shafts between cable room 
and control room. The main cable shafts will not be plugged.  

5. Safety related control cables crossing power cable trays were sprayed 
with Flamemastic.  

d J W Davis 
Field Engineer 

A J Kuck 
Field Project Coordinator 

JWD/AJK/ow
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DUKE POIfEPwR CoXAHY 
OCONiE NUCLEA1R STATIO> 

RETAIR OR REPLACENENT OF "FIRE STOPS"I AND VACUUI CONTROL 

1.0 PurosC 

The purpose of this procedure is to maintain Fire Stops on cable trays 

and penetrations to the original spceifications. This.proccdure applies 

to any work order that removes or alters an existing 
fire stop.  

2.0 References 

N/A 

. 3.0 Personnel Requirements 

Men 

Hours-_ 

4.0 Safety_ Considcration 

4.1 Health rhysics consideration. All work to be pr!rformd in J er a 

radiation work pernit as required.  

5.0 Unit Status 

5.1 Turbina Building - N/A 

5.2 Auxiliary Building - N/A 

5.3 Reactor Building - Unit at cold shutdown 

6.0 Prerequisite 

. 6.1 Obtain RWIP from Health Physics as required.  

6.2 Contact Shift Supervisor prior to beginning work.  

3 Contact Operations QA prior to beginning work.  

record locationi of Fire Stop.i 

7.0 Rerair P r ts 

7.1 1/8" thick Clastic, 1/." thic . Artnaflax, Motokotg-5, Fla-emastic.  

*------------L- -.- tbacr ]5, 19 
1500/03 
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9.0 Acc n irmonts.  

9.1 Pecctration or cable tray sealed and. fireproofed.  

10).0 }tri 

N/A 

11.0 Procedure 

1 1.1 For cable trays penetrating walls install a b naflex or 1 f8" 
thick Clastic as an air seal, apply 4" minitum thickness of 

Monokote against the 1/8" thick Glastic for fire protection.  

/-11~.2 For blank pipe sleeves in floors 
or walls, tack weld in (2) 

places a 1/4" steel plate 
over pipe sleeves.  

.3 ripe sleeves with cable1 piping or instrument lines; install 

steel wire or steel suprorts ar. required, then apply 4" mn-.  

imum thickness of monokote. Certain pipe sleeves with 2" 

or 2 !" conduit installed for temporary 
instrumentation 

cables will be packed with asbestos 
cloth as packing.  

111i.4 Cable shafts between cable room and control room will 
be 

plugged using 1/8" thick Clastic 
to seal and hold the mono-

'kote in place. 4" minimum thickness nonokote will be in

stalled against 1/8" Glastic. 
The main cable shafts.will 

not be plugged.  

115 fet 1V avI o n t r laure&s croSsil g p wer cable o;A 
11l .5 Safety 2 1 Fe onrCc e rlos etc t 

will be sprayed with Flamesmastic.  

11.6 QA inspection complete.  

12.0 Restor tion 

12.1 Contact Shift Supervisor that work is complete.  

13.0 Enclosures 

13.1 Comment Sheet 

13.2 Sketch showing application methods 

13.3 Fire Barrier Test for cable wall penetrations.  

13.4 Specification Sheet on Clastic material 

13.5 Specification sheet for Monokote - 5 

ek 
. . v 

-.. . . . . . . . .. . . . . . . . .. . .. . . . . .
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Preliminary Report 

FIRE BARRIER TEST FOR CABLE WALL PENETRATIONS 

Conducted by 

FIRE RESEARCH LABORATORY, UNIVERSITY OF GHENT, BELGIUM 

Professor Herpol, Director 

TEST REPORT NO. 835/1 

Test Date: April 23, 1970 

PURPOSE: To determine the effectiveness of a fire barrier material, FLAMEMASTIC 71A 

Mastic, for cable wall penetrations.  

PLACE: Fire Research Laboratory, University of Ghent, Belgium 

WITNESSES: Professor Herpol - University of Ghent 

Professor Minne - University of Ghent 

Mr. Antoine - N.V. Applicom S.A.  

Mr. Minnebo - N.V. Applicom S.A.  

Mr. Vogt - Chemische Fabrik Gruenau GmbH 

Mr. Eiermann - The Dyna-Therm Corporation 

MATERIALS 
USED IN TEST: Section of closed-bottom sheet metal cable tray, 160 mm x 40 mm, 2 mm 

gauge with two welded angle flanges.  

One set of short length of cable, comprising the following sizes and types: 

2 - *VFVB (NBN 529) - 4 x 4 mm2 

3- VFVB (NBN 529) - 4 x 6 mm2 

I - VFVB (NBN 529) - 4 x 16 mm2 

One quantity of fiberglass insulating-wool_

One quantity of FLAMEMASTIC 71A Mastic 

ARRANGEMENT 
OF TEST ITEMS: As per drawing, two sections of cable tray, with the above-described cables, 

were placed through two openings in a four-inch thick firebrick wall. The 

cavity between the cable surface and the top of the wall was then stuffed 

with fiberglass insulating wool, to which FLAMEMASTIC 71A Mastic was 

applied on both sides at a thickness of approximately one-half inch. The ex

posed cables on both sides were then brush-coated with FLAMEMASTIC 71A.  

Page 1 of 2
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t Report No. 835/1 (Cont.) 

;T METHOD: The test method is described in Standard NBN 213.020 and follows in 

principle American Standard ASTM E-110. The fire wall is placed in front 

ofcthe furnace. As per NBN 213 and ASTM E-119, multiple thermocouples 

are attached to the outside surface of the test specimen; in this case the out

side of the FLAMEMASTIC coating, and to the cables themselves. The heat 

is then turned on and follows the time-temperature curve of ASTM E-119.  

The test was discontinued at the customer's request after 120 minutes.  

During the test, the following observations were made: 

18 min. Small smoke development appears through the mortar. (Not 

FLAMEMASTIC) 

60 min. One of the thermocouples shows a maximum temperature of 680C..  

70 mi. On the exposed ends of the LfMvM-* ated cables on the 

outside of the furnace, some softening of the insulation is 

noticeable.  

90 min. Hottest spot at one point on the exterior is 115 0 C.  

102 min. A thermocouple attached to one conductor of the cables on the 

outside registers 1400 C.  

112 min. Some of the cable insulation on the outside (under the 

FLAMEMASTIC coating) begins to melt.  

118 min. Some discoloration on the outside of the FLAMEMASTIC is 

noticeable.  

I120 min. As the test is stopped, melted cable insulation is dripping from the 

exposed ends of the cables, but there has been no smoke or flame 

penetration to the exterior and the temperature of the thermo

couples had not reached on average of 1800C.  

RESULTS: For the two-hour testing period, the FLAMEMASTIC flame barrier proved an 

effective means to contain a fire within a given area. The FLAMEMASTIC 

flame barrier, on the exterior side of the wall, was still physically intact 

at the end of the test.  

VFVB is a multicore power cable consisting of PVC insulation steel tape armorage 2 of 2 

*Pg 
28.. of



ZONOLITE® MONOKOTE'-5 Dai'S"* '" 

Suversed".K4 Fireproofing "" 

Spray-Applied Plaster (Cementitious) Structural Fire Protection 

FIRE RATINGS MONOKOTE-5 FIREPROOFING 
The Monokote-5 fireproofing thickness required to achieve a Monokote-5 fireproofing Is the trade name for a fire 
particular fire rating will depend upon local requirements. protection material developed by Zorolite Construction 
For the reasons described herein under "Fire Resistance," Products Division, YW. R. Grace & Co.. specifically for fast 
contact your nearest office of the Zonolite Construction application, high tire resistance, and low cost The ma
Products Division, W. R. Grace & Co., or processing toral Is spray-applied by any one of several plastering 
distributor for specific Monokote-5 fireproofing thicknesses machines. Monokote-5 fireproofing is a cementitious 
and local fire resistance criteria. (plaster), mill-mixed material, requiring only the addition'of 

water at the job. It Is applied directly to steel, concrete and 
other surfaces requiring fire protection.  

Monokote-5 fireproofing meets the requiremennt and Is In 
compliance with the U.S. Environmental Protection (EPA) 

Monokat"- Regulation. 40 C.F.R., Chapter 1, Subsection 61. 22, 
fireproofing thickness promulgated by EPA on April 8, 1973.  

contour of the beam Monokote- fireproofing thickness TECHNICAL DATA 
following the contour 

ofFIRE RESISTANCE 
Monokot. fireproofing has been fire tested and rated by SUndrwriter Laboratories, Inc., in accordance with test 
method ASTM E119. Fire ratings up to 4 hours have been 
achieved. Each bag of material bears the U label verifying 

mcompliance with UL's quality control Inspection program and 
ethe appropriate fire resistance rting.  

2 Required Beam Thicknesa The 1973 revision to ASTM test method Efor In general ().  
r_ H. Retaie Uetrie Thes thicknesse" are baued an introduces a now systemn for rating the hourly performance of 

- (ASThI E119 tinieeprature assemblies and structural memnbers and (2) provides fair two 2 4 1 VA d criteria ot 1100 F average an 
1300 F maximum, Contact the ratings from the same fire test The Underwriters' Labor&.  
nearest Zonoite representative tories Index of Fire Resistance Ratng refem to two ratings 

S2 7A- for thickness requirements un
der criteria other than 1100 - one based. on t11me-temperature perfoymance (unre

.46 /i .,100F strained) and the ether basud on a combination of strucbzrsJ 
and lesser time.4emporature peuformmnce criteria 

Required (restrained). Because local building coda may not yet hawe 
fire Resistance Rating. Floor and Roof Thicknesse" adopted the E119-73 criteria, contact the jurisdictional 

Because the complexities of floor municipal authority for verification.  
and roof assemblies and the vari* 
eties of steel floor configurations Monokote-fireproofing has been tested for other properties 

4. 3. 2 or 1 hr. are too great to list, and because such as adhesion, corrosion resistance, deflection. bond
the 1973 ASTM E119 require both 
restrained and unrestrained ratings, Impact. surface hardness, air erosion resistance, damage
contact the nearest Zonolite repre- ability resislance, e. The test results Comply With, and In 
sentative far thickness requirements.  aenttiv fo thcknss equremntL Most instances exceed, General Services Administration 

(GSA) requirements.  

:.-... ~FIRE HAZARD' 
Tested and reported In accordance with ASTM, E-84 by 

. .Underwriters' Laboratories, Inc, Flame Spread 10, Fuel 
Mon kote-5 J . column Contributed-, Smoke Developed-O.  

fireproofing thickness -4 
following the . DRY DENSITY 

contour of the column Approximately 18-20 pcf. Underwritere Laboratories, Inc.  
t lists 18 pcf as minimum density.  

SPECIFICATION (SHORT FORM) 
* ~...Sprayed fireproofing material shall be Monokote-5 fire.  

proofing as manufactured by Zonolite Construction Products 

Fire Resistance Rating Required Column Thickness Division, W. R. Grace &,Co, or Its processing distributor. I! 
shall be applied by machine to the thickness required by 

4 hr. 2W local codes and in the areas shown on the drawings. The 
3 hr. 1%"8 7/"1t 

2 hr. 1 1% %It 

I ''~"meodts iing andR Galcatio. sallfically witr fast 

otesmanufacturees recommendations.  
MFor columns W14 f 228 and larger.  

copinewtIheUS niomnalPaeto EA



Data Sheet No. MK-141 

Supercede 11l11 previOUS 
Yiel~d Data Sheets.  wFire proofing 

Yield 
Ii -place yield i; gover ned by two fIctors: 

1. The condition of the mix as it enters the pump 
2. The nozzle settings at the moment of application.  

Adjusting the Mix 
MONOKOTE is formulated to pump and produce desired yield, when a mixer density of 
50-52 pcf is obtained. Overmixing causes poor pumping and undermixing lowers in

place yield. Water should be added until 5/8" of material can be applied in one pass 
on a vertical surface without sliding. A water meter aids in producing maximum yield on 

a repeatable basis. Once proper water content is determined, mixing time should be 

adjusted to give a thoroughly blended product in the density range of 50-52 pct.  

Adjusting the Nozzle 
Proper nozzle adjustments are essential to obtain maximum product yield. Consistent 
with a workable nozzle pattern and an acceptable surface texture: (a) the orifice should 
be as large as possible, 9/16" to 5/8", (b) the air stem should be pulled back, and (c) 
the air pressure adjusted to the lowest possible level. A high pitched sound indicates 

improper adjustment. The system is properly adjusted when a dull "buzz" can be 
heard. With.a small amount of practice, most plasterers can learn to properly hang a 
moderately textured surface. Nozzle adjustment can account for as much as a 20% 
change in yield.  

Calculating Yield 
Yield is determined by dividing the total weight of a batch (MONOKOTE + water) 
by the nozzle density.  
EXAMPLE: 

Total Weight 
3 bags MK (45 lbs net) .- 135 lbs 
36 gallons water (8.34 lbs/gal) = 300 lbs 

Total Weight 435 lbs 

Nozzle Density (also applicable for mixer density) 
Net weight of full 5 oz Dixie cup X 0.415 = Nozzle Density lbs/cu ft 

Net weight of full 5 oz Dixie cup 138 grams 
138 grams X 0.415 57 lbs/cu ft 
Net weight of full 10 quart pail X 3 Nozzle Density lbs/cu ft 

Net weight of full 10 quart pail - 19 lbs 
19 lbs X 3 = 57 lbs/cu ft 

Board Foot Yield 
Cubic feet/batch 

Total Weight 435.lbs 
7.63 cu ft per batch 

Nozzle Density - 57 lbs/cu ft 
Cubic feet/bag 
Cubic feet per batch 7.63 cu ft/batch 2.54 cu ft per bag 
MK bags per batch - 3 bags/batch 
Board foot/bag 

f ,Cubic feet per bag X 12 bd ft per cubic foot 
2.54 cu it/bay X 12 bd fl/cu ft = 30.48 bd ft/bag 

Copyiriight 1974 Zoolto and Monokote are rnihtered tradamarks of Construction Pioducts Division, W. R. Grace & Co.. 62 

Whrinumo Ave.. CamoridIge, Mar.s. 02140. We hope the information given here will be helpful. It is based on our best 
eknowlei), and we bhove it to be trre and accurate. Pirase read all statements, rconmmendations or suggestions herein 

n rnortion wth ow odrrnsn of rnlrn whtsih rrpl" to ait gords suppl-d by us. We asrume no responsibilily for the use 

Vo(lliJ11010 PRODUCIS of tniru satlrieents. recon o atiors or suggestions. nor do we internd ther as a recommendation for any use which would 
noilrrf any paernt wt copyright.  

MK-141 Trinted in u.S A 2/14
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4.A Scope 
b) Water shall beclean, fresh, machine-applied material 
suitable for domestic similar to that which can be 

c consumption, and free from expected on the project. The air I j. : such amiounts of mineral or velocity shall be not, less than 
~~7' *.~ organic substance as would ______feet per minute, 

affect the set of the fireproofing and the duration of the test shall 
material, be at least ohours.  

) soped 3. Acc ineptance and Note to Specifier: 
accorIdanclmes Performance Criteria Recommended Quality Criteria 
equipment required for a) The sprayed fireproofing shall acd the ar wi select complete installation of all have been tested by andinener win sprayed ireproofing and related Underwriters Laboratories in ineent. t estn work as shown on the drawings accordance with the procedures labraty tdnyo f sampen 
orspecified herein, and in of ASTM E19. Thestructural 
accordance with all applicable steel members shall be direct-to steel fireproof ing as 
requirements of the Contract protected with proper aplied. The UL Fire 
Documents. fireproofing thicknesses at Resistance Directory (1977) 

staes MDnstiersowama 

b) WorkNot Included densities to provide the bereptanedo ofig r on a 
1. Structural steel encased in following fire resistance ratings: leastt6inch squremscIns 
concrete. Steel columns -Hours randomly selected from the 
2. Trowelled plaster as Primary steel building, subjecting them to 
specified under appropriate members (Girders) --__ Hours 120 F in an oven to constant 

Division . Gracet&aCo.,do 

secton.(Resraied) weight: usually 24 to 48 hours, 

its procesig itiors AIIHur 

cedrestrained) followed by accurate dsurfaces to receive sprayed Secondary steel weighing, measuring, and 
fireproof ing. members (Beams) -Hours calculation of the density in (Restrained) ip o por and 2. Material ____Hours lbpecuf" 

a) The sprayed fireproofing (Unrestrained) (ii) Contractor shall control 

ratings.edfiepooin 

material shall be MONOKOTE bkpth dryed fire ly, thickness, utilizing a 
fireproof ing as manufactured by boeethrth dreasly workable depth guage to meet 
.the Construction Products to te~ihrpryminimum thickness as 
Division, W.R. Grace & Co., or proportioned concrete fill above required. He shall cooperate 
its processing distributors. All the metal decking shall provide with the owner's inspector in 
manufactured material shall be a hour (restrained/unrestrained) firefunsigamlsortt.  delivered in original, unopened 
packages bearing the name'of rsbstantiatedb afel tesi 4. Installation 

cover and aa y rom se atian gs btnitdbyafr eti 

athe a uae erirnd accordance with the procedures a) Application of sprayed 
anpto lae ifying of ASTM E119, arid performed fireproofing shall be in 

compiacred witc ULs qualit 

control inspection program and by Underwriters Laboratories or accordance with the printed 
the appropriate fire resistance other such recognized testing instructions of the material 
ratings. agency. manufacturer and the fire test 

Thematrias sallbe eptdry c) The f ireproof ing material shall report information.  

Tb) Wateral shall be clean fresh 

until ready for use. The not be subject to losses from. b) All surfaces to which sprayed 
packagesof material shall be the finished application by fireproofing will be applied shall 
kept off the g .round, tinder sifting, flaking or dusting. This be free of oil, grease, dirt, loose 
cover, and away from sweating performance shall be measured paint, mill scale or any other 
walls and other damip surfaces by the results of a test for matter which would impair 
Material that has been exposed erosion resistance when bond. Painted steel surfaces 

S to water before actual use shall subjected to high velocity air may require a test application of , 
*be discarded. Stock is to be flow across the surface of dried the sprayed fireproofing to 

rotated and used before its samples. determine that the paint 
expiration date. The samples thus tested must formulation will not impair 

.be representative of adhesion.  

a)oouciO ThD sVISTON 
oAS E19G.c CTr.u 

steelmembrs shll b
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7.14 /Gra 
c) Application of sprayed Specification (short form) 
fireproofing to the underside of 
the roof deck assemblies shall Sprayed fireproofing material code specifications and as 
occur only after roofing shall be MONOKOTE Indicated on all drawings. The 
application is complete and roof fireproofing as manufactured by method of mixing and 
traffic has ceased. the Construction Products application shall comply with 

Division, W.R. Grace & Co., or temnfcue' d) AlI clips, hangers, supports, temnfcue' s)lle cls han g ers suppormets, its processing distributor. It recommendations as set forthin sleeves oher ata es shall be applied by machine to current literature.  
to the fireproof ing substrates, thticnsreuedbloa 
as covercd under other sections thticnsreuedbloa 
of the specifications, arS to be 
placed -by others prior to the 
application of the fireproofing 
material, where these 
attachments can be anticipated 
in advance..  
e) All patching and repairing of 
sprayed firaproofing, due to 

cutting by other trades, shall be performed under this section 
and .paid for by bhe trade(s) that 

theome thiknes rquied y lca 

571emperature 
and Ventilationspecfication 

When the outdoor temperature 
at the building site is less than 
40 F, an air and substrate 

ftemperature to 40 F shall be 
maintained for 24 hours before 
and 24 hours after application of 
fireproofing material. Provisions 
shall be made for natural 
ventilation to properly dry the 
fireproofing during and 
subsequent to its application. In 
enclosed areas or buildings t 
lacking openings fornatural 
ventilation, Interiorairshall be 
circulated and exhausted to the 
outside by use of temporary 
circulators, exhaust fans, or the 
air-conditioning system.  
6.Cenhup 
After completion of fireproofing 
work, equipment shall be 
removedand all exposed wall and floorareas cleaned of 
deposits of sprayed fireproofing 
materials.  6. Cleon-up" 

A m o p 

7
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.Approval-_-; Date 

SRC Review 

DUKE POER COMPANY 
OCONEE NUCLEAR STATION 

REPAIR OR REPLACEIENT OF "FIRE STOPS" AND VACUUM CONTROL 

1.0 Purpose 

The purpose of this procedure is to maintain Fire 
Stops on cable trays 

and penetrations to the original specifications. 
This procedure applies 

to any work order that removes or alters an existing 
fire stop.  

2.0 References 

N/A 

3.0 Personnel Requirements 

Men 

Hours_ 

4.0 Safety Consideration 

4.1 Health Physics consideration. All work to be erformed under a 

radiation work permit as * ra 0: 

5.0 Unit Status 

5.1 Turbine Building -N/A 

5.2 Auxiliary Building N/A 

5.3 Reactor Building - Unit at cold shutdown 

6.0 Prerequisite 

6.1 Obtain RWP from Health Physics 0. q 

6.2 Contact Shift Supervisor prior 
to beginning work.  

7.0 lRepair Part L F + , oc DM 

7.1 1/8" thic lastic, 1/8" thick Armaflex, Monokote -5, Flamemastic.  

8.0 Special Tools 

N/A 

9.0 Acceptance Reqtirements 

9.1 Penetration or cable tray 
sealed and fireproofed.
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j.0 Interference Items 

9 N/A 

11.0 Procedure 

11.1 For cable trays penetrating walls install armaflex 
or 1/8" 

thick Glastic as an air seal, apply 4" minimum 
thickness of.  

Monokote against the 1/8" thick Glastic for 
fire protection.  

11.2 For blank pipe sleeves in floors or walls, tack weld 
in (2) 

places a 1/4" steel plate over pipe 
sleeves.  

11.3 Pipe sleeves with cable, piping or instrument 
lines; install 

steel wire or steel supports as required, 
then apply min

imum thickness of monokote. Certain pipe sleeves with 2" 

or 2 " conduit installed for temporary instrumentation 
cables will be packed with asbestos cloth as packing.  

11.4 Cable shafts between cable room and 
control room will be 

plugged using 1/8" thick Glastic to 
seal and hold the mono

kote in place. 4" minimum thickness monokote will be in

stalled against 1/8" Glastic. The main cable shafts will 

not be plugged.  

11.5 Safety related control cables crossing 
power cable trays 

will be sprayed vith Flamemastic.  

12.0 Restoration 

12.1 Contact Shift Supervisor that work is complete.  

13.0 Enclosures 

13.1 Comment Sheet 

13.2 Sketch showing application methods 

13.3 Fire Barrier Test for cable wall penetrations 

13.4 Specification Sheet on Glastic material 

13.5 Specification sheet for Monokote - 5
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-11!& Armstiong 520 Adhesive is an air gasket Seals to metal, plastic.  

drying contact adhesive that is ex- wood surfaces; leather or fabric 
cellent for joining seams and butt backed vinyl roll goods to wood, 

joints of Armaflex" Pipe and Sheet metal, plastic, or composition bases; 
Insulations for line temperatures up thin gauge metal-to-metal or other 

to 20 F Theadhsiv mayals be rigid bases; fibrous glass, cork, felt, to 220 F. The adhesive may also be tolt 
used to apply Armaflex Sheet Insu- or urethane foam insula 
lation to flat or curved metal surfaces metal surfaces.  
that will operate at temperatures up This all-purpose adhesive is mois
to 180 F. In addition, 520 Adhesive ture resistant, and it increases in 

ARM 'TRONG ~may be used for bonding a wide strength and resistanceto deterora
variety of materials to many clean, tion as it ages. 520 Adhesive meets 

dry surfaces. Military Specification MIL-A-24179A 
and Amend-i as Type 11, Class 12 

OTHER USES 520 Adhesive also meets flamra

ADHESIVE 520 Adhesive is excellent for sealing bility classification requirements not 

laps of vapor-barrier jackets on pipe to txceed 25 for flame spread and 

insulation. It can also be used for 50 for smoke developed by ASTM 
bonding rubber or plastic extruded E84 method of test.  

r~~, 77, 777-777 

metal plsio opoiinbss 

44 

rii-ass iro sgasc r, fet 

41-1 

525 heh2esive 
DANGER w 

VAPRTAAY CAUSE FLASH Fl.. - ~ *~'i'

-- - ~, -NET ENTS16FL 01 O' 

biiycasfctonrqieiet o 

to xced25 orflme pradan 
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PROPER lIES APPLICATION INSTRUCTIONS 

Color DANGER-Extremely flammable Where lines and tanks that are in

Liyt anmixture, vapors may cause flash sulated will operate at hot tempera" 
Light tai ay ignite explosively; ures. 520 Adhesive must cure a 
Nlet Weight prevent buildup of vapors-open all minimum of 36 hours at room tern

6.9 lb per gallon windows and doors-use only with perature to attain heat resistance for 

Composition cross ventilation; keep away from insulated pipe to 220 F and insulated 

Synthetic rubber base with synthetic heat, sparks, and open flame; do tanks and C(lipment to 180 F.  

resins and fillers added; hydrocarbon- not smoke, extinguish all flames 

and ketone-type solvents and pilot lights, and turn off stoves., Arae ie Iuon m us cr 

Solids Content heaters, electric motors, and other 

Approximately 25% by weight sourccs of ignition'during use and 
unti allvapos ae goe; cose on- plied. Where the insulation is installed .  

Coverage 
200 sq ft per gallon max, single coat theadhesivemustcure 24to 36hours.  

(depending upon porosity of mate- breathing of vapor and prolonged 
rials bonded) contact with skin; keep out of the Adhesive-bonded seams and joints of 

reach of children. Armaflex -Sheet must cure before 
Shelf Life 

1 year in original sealed container Agitate contents of the container and soWherthe insis instaledb 

Minimum Drying Time apply only to clean, dry, oil-free sur
faces.rin Form betreutnhddhsv butt jit ny 

3-5 minutes under normal conditions f s o be ru lied in ahin, the adhesive must cure 24 to 36 
shours. Wher thehaple inuato is in-n 

Temperature Limits uniform coat to both bonding sur- stalled tse ith fl ad

220 F-Armaflex Pipe Insulation faces. Allow the adhesive to ry un- sie age. reu wt ad

seams and joints 
heiecvrgreurn e de 

seams and joints ~til dry to the touch but tacky under sv tjitteahsv utcr 

180slight pressure before joining sur
Insulation faces. Open time of more than 20 

Container Sizes minutes must be avoided. 520 Ad

Half-pint and pint brush top cans and hesive bonds instantly, so pieces 

hal-pit. int qurt.andgalon on- Must be positioned accurately as by slowly adding methyl ethyl ketone 
thalf-pint, pint, quart, and gallon con

tainers contact is made. Moderate pressure with thorough mixing. Lacquer thin

Fkliill~hf't .should then be applied to the entire ners should not be used for, this 

Wet: Flash point below 20 F (TOC) bondingareatoinsurecompletecontact purpose. Thinning is not recom

Dry: mended to recover 520 Adhesive that 

ASTM E84 Method It is recommended that the adhe- thick due to solvent 
Applied on Asbestos Cement Board sive be applied at temperatures above 

Flame Spread Classification. . <5 40 F and not on heated surfaces. evaporation.  

Smoke Developed.......... 0 Where application between 32 F and Either methyl ethyl ketone or most 
40 F cannot be avoided, exercise lacquer thinners can be used to clean 

more care in applying the adhesive fresh residue from tools and work

and closing the joint. Applications pieces.  
below 32 F are not recommended.  

Aemstrog 
CORK' COM 9 PANY 

Lancaster, Pennsylvania 

soures o igntiondurig us an 

uniSl aosaegn;coecn tanratrueIvi rlne 
breahingof aporandprolnge
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ARMSTRONG 520 ADHESIVE 

DESCRIPTION 
a 520 Adhesive is an air drying solvent type synthetic rubber-resin base adhesive. 

Light 

tan in color, it is furnished in a viscosity suitable for brush 
application. The com

pleted.bond is resistant to aging and is resilient, 
moisture-resistant and heat

resistant.  

PRINCIPAL USES 
o Primarily formulated to be used.as adhesive to join slit seams and butt joints of 

Armaflex 22.Pipe Insulation for pipe temperature up to 220F.  

* Used to adhere seams and butt joints of Armaflex 22 Pre-Cut 
Pipe Insulation and 

Armaflex 22 Sheet Insulation installed as pipe insulation or fitting covers for pipe 

temperature up to 220F.  

4 Used to adhere Armaflex 22 Sheet with full bonding to flat or curved 
metal surfaces 

that will operate up to 180F.  

o May be used for bonding almost any clean, dry surfaces. 
520 Adhesive is .excellent for 

sealing the laps of vapor barrier jackets on pipe covering. Also, it may be used for 

bonding rubber or plastic extruded gasket seals to metal, plastic 
or wood surfaces.  

Additional uses: leather, or fabric backed vinyl roll goods to wood, metal, plastic, 

or composition bases; thin gauge metal to metal or other rigid bases; fibrous 
glass, 

cork, felt, or urethane foam insulation to metal surfaces.  

GENERAL INFORMATION 
1. Strength - 520 Adhesive properly applied will produce a bond stronger than 

Armaflex 

insulations themselves. It makes a resilient, heat-resistant bond with a'variety 

of materials.  

2. Serviceability - 520 Adhesive is resistant to water and moisture vapor 
and has ex

cellent aging properties. It has fair resistance to oil and is resistant to most 

aliphatic hydrocarbon solvents but is affected by 
aromatic solvents.  

3. Non-Phasing - 520 Adhesive is a non-phasing type adhesive; however, shaking or 

stirring will be beneficial prior to use.  

4. Shelf Life - One year if stored in original sealed container at temperatures 

between 60F and 80F.  

5. Flammability 
* Wet - Flash point below 20F (TOC) 

* Dry - ASM E162 Method 
National Bureau of Standards Radiant Panel 

Applied on Asbestos Cement Board 
a Flame Spread Index <5 
Optical Density of Deposited Smoke 0 

6. Coverage - 200 'sqft per gallon max, depending on porosity of surface.  

SPECIAL INFORMATION 
1. Bonding - Mating surfaces must be free of dirt, dust, water and oil. Apply an 

adequate. but thin, uniform brush coat to both surfaces.. Allow adhesive films to air 

dry until dry to touch but tacky under slight pressure 
before joining surfaces.  

TECHNICAL ('mstroflg dA10,PG1 

SATLEEA HN CA Er- 
r c3^101, P8GE11 

SALES SERVICE COAYDATE -3/18/71 

BULLETIN INDUSTRY PRODUCTS DIVISION 520 ADHESIVE 

(REQUISITION BY THIS NUMBER) . PRODUCT SALES DATA 

IP-MKT-10-3/71 INDUSTRIAL INSULATION MIL-A-24179A, Type II, Class 1 
IP-M -3/7 ND7
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520 Adhesive is an instant bonding contact cement; therefore, surfaces to be joined 

must be positioned accurately. Moderate pressure must be applied to entire joint 
area to insure complete contact.  

a. Minimum drying time - 3 to 5 minutes under normal conditions. Ambient tempera
tures, conditions of ventilation and moisture content of the air are factors 
that may vary the drying time. Avoid open time in excess of 20 minutes.  

b. Application temperature - For best results, the 520 Adhesive temperature should 

be between 60F and 80F and application made at air temperatures above 40F and 
not on heated surfaces. Applications below 40F are to be avoided; however, 
where application is necessary between 32F and 40F, exercise additional cau

tion in applying the adhesive and exercise more care in closing the joint.  

Applications at air temperatures below 32F are not recommended.  

2. Heat Resistance - 520 Adhesive resists continuous metal temperature of 180F. It 

is entirely satisfactory to adhere joints of pipe insulation for temperatures to 

220F because of the method of application and the temperature gradient that exists.  
through the insulation thickness. It has very good initial grab;,however, it must 
cure a minimum of 36 hours at room temperature before turning heat into Armaflex 
insulated lines and equipment to attain heat resistance of 220F.  

3. Thinning - 520 Adhesive is manufactured to a viscosity suitable for brush applica
tions; therefore, thinning for brush application is not necessary. It may be thinned 
with Methyl Ethyl Ketone added slowly with thorough mixing when necessary.  

Note - Thinning is not recommended to recover 520 Adhesive that has 
exceeded its shelf life or become thick due to solvent evaporation.  

4. Cleaning - Tools and work may be cleaned with Methyl Ethyl Ketone or most lacquer 
thinners. (Do not use lacquer thinners for thinning 520 Adhesive.) 

5. Military Specification Compliance - MIL-A-24179A, Amend 1, as Type II, Class 1 

SALES DATA 
1. Color - Light tan.  

2. Composition - Synthetic rubber; synthetic resins; fillers added; hydrocarbon and 
ketone type solvents.  

3. Solids Content - Approximately 25% by weight.  

4. Net Weight - 6.9 lb per gallon.  

5. Brookfield Viscosity - 200-300 cps, #1 spindle at 10 rmp at 77F.  

6. Caution - Extremely flammable mixture vapors may cause flash fire; use adequate 
. ventilation -- open doors and windows -- keep air. circulating; prohibit smoking; 

extinguish all flames - pilot lights, blowtorches, etc.; avoid heat and sparks; 
keep container closed; do not take internally; avoid prolonged breathing or vapor 
and prolonged contact with skin. Keep away from children.  

7. ICC Classification - Adhesives NOIBN (Flammable Liquid) 

8. Container Sizes - 1/2 Pints, 1 Pint, 1 Quart, 1 Gallon in friction top cans.  

1/2 Pints, 1 Pint in brush top cans.T 

MA.A-101, PAGE 2 . . t rc og( TECHNICAL 
DATE - 3/18/71 SALES SERICE 

520 ADHESIVE INDUSTRY PRODUCTS DIVISION BULLETIN 
PRODUCT SALES DATA (REQUISITION BY THIS NUIMBEF 

'IL-A-24179A, Type II, Class INDUSTRIAL INSULATION IP-MKT-10-3/71



FR/Armaflex Pipe Insulation 

DI SPECIFICATION 
FR/Armaflex Pipe Insulation is COMPLIANCE 
used to retard heat gain and FR/Armaflex can be supplied upon 
prevent condensation or frost request to meet: 

as ~ ~ ~ ~ ~ -ae sltlrunlimtbignignmia 

formation on coldt ASTM 534, Type I-Tubular 
chilled-water, and refrigeration -42 
lines. It also efficiently reduces . MIL-C-3133B (MIL STD 67013), 

'-~~~' heat flow for hot-water plumbingGadSB3 

form~~~Grd isE av3al nnmnlwl 

and liquid-heating and fHH--573B, Class T-Tubula 
dual-temperature piping. The HH- 1751/2 
recommended temperature usage. MIL-P-15280E & Amendment 1, 

erange for FR/Armaflex Pipe Form T-Tubular 
Insulation is 40 F to +220 F.  

becus ofFor use on cold pipes, 

thicknesses have bee FLAMMABILITY 
SFR/Armaflex Pipe Insulation s sC M IN 

to rentadhenatgion, ad FR/Armaflex is an organic material 

in the table of thickness seilycmone ob 

p .. revent condetnstioneorafrostorequestdtoomeet: 

fom endtions. fire-retardant insulation: The 
flammability of this insulation has 

ls tbeen tested by exposing  
25-ft-long sample to the ASTM E84 

APPLICATION method of test. The ASTM E84 test 
FR/Armaflex Pipe Insulation in entitled "Surface Burning 

unslit tubular form can be slipped* Characteristics of Building 

Insulation" is 40 Feator+220tF.  

on to piping before it is connected, 
or it can be slit lengthwise and tendency of a material to spread 

applied to .piping already flame and develop smoke; it is not 
S connected. Pre-Cut FR/Armaflex a measure of total involvement 

F m Pipe Insulation in flat sheet form is in a fire.  
......... wrapped around the pipe. In all ______________ 

cases, butt joints and longitudinal Flame spread 25 - ASTM E84 
seams are to be sealed with FB DESCRPTItr on 0desiv. 5 shwn R(available nominal o m 

inSCRIPTION Armteng tae o hessve. s y cthicknesses) t 
rFR/Armaflex Pipe Insulation isa Adhesive is.a contact adhesi i veT 

flexibleA elastomeric thermal therefore, in all cases, both Smoke developed ASTM E84 
insulation, black in color, supplied surfaces to be joined are coated (available nominal 

as slit or unslit tubing, in nominal With adhesive, thicknesses) a oft 

oritcalb slitclengthwise and tendenc of a/materia o sp ea 

ppIndoors, no protective finish is 11 t 

sizes-ranging feqioe but may bedsral./2 150X2 
5cn nPS. Pre-Cut FRFArmaflex Pipe measure of toa involvement 

flt het Outdoors, a weather-resistant .: 

protective finish is to be applied. i r 
nominal wall The recommended protective finish 

thcandsses 10" IP" s . 3/4" for 6", is Armstrong Armalexv. Finish;t s Adhesve ias contac adh eT 
thowever, other compatible finish C, 

structure of systems are not ruled out.  
Fwith a h sv Insulation makes.c s )C 

O o ainsulation, and wahrestn 

because of its isw water vapor b 
systems ar n considered aot 

vapor barrier in itself.  

repmcintl 19ai Armarmrnn Cork Comopany. Lancaster. Pa,



Industry Products Division, Lancaster, Pa. 17604 

FR/Armaflex Pipe Insulation 

Average physical propertieso 'On the hreating cycle. Armaflex Pipe Insulations 
Test Method (Seenote 4) wil withstand temperatures as high as 220 F.  

rensiy, . ..cu It 60 ASTM 01622 Where the pipe size is greater than 5" tPS and 
S--.-------- ----.---. - --------- -~..Armatlex Pre-Cut Pipe Insulation and Armatlex 

Thermal conductivity, Sheet are installed by adhering butt joints and 
Btu/hr sq tt (F deg 'in.) s onty, the upper temperature limit is 

.75 F mean temp 0.27 ASTM 0177 220 F. 520 Adhesive may be used with pipe 

90 F mean temp 0.276 or CS18 insulation applications up to 220 F.  

Upper use limit, deg F (See note 1) 220 -2A - 20 F, flexible Armafles Insulations 

Lower use limit, deg F (See note 2) -40 -become hard and, as temperatures drop below 

f-he____al_____bilty__%_s__r -k--g-- 20 F, will qe increasingly brittle: however. this 
Thermal stability, % shrinkagenot aftect themal 

7 days, 200 F 5.0 ASTM C548 efficiency or water vapor permeability.  

7 days, 220 F _ 5.6 Application below. -40 F is at user's discretion.  

Water vapor permeability, 0.24 ASTM C355 3FA;Armatlex tubular form insulation is not 
wet cup, perm-in.  wet upperrt-fl.- - -~ ~manufactured in nominal W".-wall series. Only 

Water absorption, % by weight 4.6 ASTM_01056 'PreCut Pipe Insulation is available in nominat 

Ozone resistan~ce GOO - " series for 6" to t0" IPs 

Odor NEGLIGIBLE ___ ___ ASTM method, in some Cases. mayj be 

Sizes modified slightly to make results more 

Wall thickness, inches 1!5. '/2, 3/4 meaningful for end-use application ft details are 
(norninat)See note 3 contact Armstrong Cork Company.  

(ndminal)(See note 3) 
inside diameter, tubular formIDt IP 

Length of sections, tubular form t Average values are not to be usedfor writing 
Lengh o setios, eet tuula fom 6mat-iai specifications Contact Armstrong for 

Inside diameter, Pre-Cut, 6" to 10" PS specification ranges.  
sheet form 

Length of section, feet, 4 
Pre-Cut, sheet form 

Thickness -recommendations OFFICES 

Pipe Size. Line Temperatures. CHARLO TTE, NC 28204 

________________ 50 F 3 5 F FT 1341 E. Morehead Street 

BASED ON NORMAL DESIGN CONDITIONS"! 
Y" ID thru 3" fPS .Nom " No 1/1% .to5 CHICAGO. IL 

Over 3" IPS thrui 5" IPS Nom V2" Nom %'.......... 422 Northwest Highway 

6" IPS thru 10" IPS t .. Nom 112" Nom 1/" Nom 1"" Park Ridge, IL 600 68 
Over 10" IPS - %" Sheet Sheet 1 Sheet 

BASED ON MILD DESIGN CONDITIONS': CINCINNATI, OH 45241 

i" ID thru 3" IPS Nom Nom NmNom " 4100 Executive Park Drive 

Over 3" IPS thru 10' IPS t Nom 1/" Nom 1" Nom V." 

Over 10" IPS % " Sheet %" Sheet 7," Sheet NEW YORKNY 

BASED ON SEVERE DESIGN CONDITIONS; Nm34 Park 80 Plaza West-One 8 
6" IPS thru 10" IPS t Nom 14' Nom.. Garden State Parkway at Interstate 8 

Over 10" IPS /" Sheet 1 "A" Sheet I.. Saddle Brook, NJ 07662 

Armatiexi in the thicknesses noted and within the specified temperature ranges will prevent LUS O~ 

condsan on ndoor 
0iping under normal design conditions, a maximumh everity of A5 r ST. Ppe In su 

and 70% RH. Armstrong research and field experience indicate that indoor conditions anywinerw 222 South Meramec Avenue 

in the United States seldom excepd this aegree of severity.  

Armaex in the thicknesses noted and within the specitied temperature ranges will preventan 

ronctensiaton oni indoor piping under mild design conditions, a maximum severity of 80 F and 1814 Ogden Drive 

50% RH. Typical oit these conditions are most arcondtiunSd spacesaand arid climbtey. Burlingame, CA 94010 

-i n the thicknesses rioted .)r%.d 4-'lin Ins specioied temperature ranges will prlim.tent 

.... t:5;l~ on. ndroft pipiiog under severe dtaign conditions, a maximum severity of 90 F and I 

H ypi2al 
20 

these Conit5 
A sive 

moisture is inturcdsce 

0-~n 
ul t o appicaion upe too 220a F .wic 

xc s 

or in ~ veIiltedb confined areas vainde the temperature ,ay be depressed below ambbe' 

SPpe szes 6'' PS thru to' IFS reter to Pre-Cut Pipe 
a nsulas ion.  

Pm9 7a374nY 
Pino in l w l sei ri '5e s t) ni o Aly ierc 

-PreCutPip inulaionis aailblein omial



FR/Armaflex Sheet Insulation 

USC O Indoors, no protective finish is 
FR/Armaflex Sheet is used for all required but may be desirable.  

aitOutdoors, a weather-resistant 

insuappataton, black inn cooresp 

iprotective finish is to be applied.  
tubulartrfinish is Armstrong Armaflex 

SIt is particularly adaptable for 
-finish systems are not ruled out 
tanks, and vessels. Its flexibility 

allows application to curved and 
irregular surfaces. FRmArmaflex 
Sheet is very adaptable to making SPECIFICATION 
all types of fitting cover insulations.  

The recommended temperature FRArmaflex can be supplied 
usage range for FR/Armflex upon request to meet: 
Sheet is -0Ft+20FASTM C534, Type 11 
according to method of applica- ASTM D1056 SBE 41-42 
tion. With full adhesive coverage MIL-C-3133B (MIL ST 670B) 
attachment, the surface to Grade SBE 3 

"4 ~ f ,. which it is applied may operate HH-l-573B, Class S 
to a limit of 180 F. When used MIL-P-15280E & Amend
for pipe insulation with adhesive ment 1, Form S-Sheet 
adhering seams and joints only, 
i sFR/Armaflex Sheet can be 
applied to lines that will operate . FA M BLT 

~to a limit of 220 F.  
FR/Armalex is an organic mate

all type ofin covraernsultos 

erial specially compounded to be 

uaerefrFR/ArmaflexSheticnss 

S ta fire-retardant insulation. The 
have been calculated to prevent flammability of this insulation has 
condensation, as shown in. been tested by exposing- a 25-ft
the table of thickness long sample to the ASTMV E84 
ecommendations. method of test. The ASTME84 

test, entitled "Surface Burning 
Characteristics of Building Materials," is a measure of the tendency 

APPLICATION of a material to spread flame and 

FR/Armaflex Sheet is installed develop smoke; it is not a measure C 

FR/Armaflex Sheet Insulation is using Armstrong 520 Adhesive, a of total involvement in a fire.  

a flexible, elastomeric thermal heat-resistant and water vapor
insulation, black in color, sup- resistant contact adhesive. For F 
plied as flal sheets 36" x 48", in application to larg'e flat or curved (alale ped 2 -c 8 

thicknesses 'A8" through 1" in ~a' t metalsurfaces such as ducts. thicknesses 

andommendrtioss) 

increments (except Fs"). It is fur- very large pipes, tanksad 
ushed with a smooth skin one vessels, full adhesive coverage 

side which forms the outer, ex- attachment is used. For applica- Smoke developed -,ASTM E84 c 

posed insulation surface. The , . tion as pipe insulation and fitting (available 
expanded, closed cell structure of covers, only the seams and thicknesses) 
FR/Armaflex Sheet makes it an joints are adhered with adhesive. F/o 75 
efficient insulation, and because 520 Adhesive is a contact adhe- 110 

f its low water vapor permeance. s .ive: therefore, in all cases, both " 150 

it istconsidered a vapor barrier surfaces to be joined are coated 3/4 225 
in itself. with adhesive. wtahi290 

ccrighI 19s4.iArmsveong Cortr Comperny. LanCasaer. Pa.
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industry Products Division, Lancaster, Pa. 17604 

FR/Armaflex Sheet Insulation 

Average physi cal properties* Notes 
AWhen Armaflex Sheet is installed by adhering 

Test Method (See note 3) butt joints and seams only, the upper tempera
ture limit is 220 F using 520 Adhesive. Armaflex 

Density, Ib/cu ft 6.0 ASTM D1622 Sheet adhered with complete adhesive cover

age on flat or curved metal surfaces may be 
fhemlcnutvt applied to surtaces that will operate as high as 
Btulhr sq ft (F deg/in.) 180 F using 520 Adhesive.  

75 F mean temp 
90 F mean temp 0.286 or C518 2At - 20 F. flexible Armatlex Insulations become 

Upper-use limtt, deg F (See note 1) 220 -hard and, as temperatures drop below - 20 F.  
Upperuse __imit,_degF_(Seenote_1)_220_-_ will be increasingly brittle; however, this hard

Lower use limit, deg F (See note 2) -40 - ening charaqteristic does not affect thermal 

Thermal stability, % shrinkage efficiency and resistance to water vapor . .  

Thrays , % sn 5.0 ASTMC permeability. Application below - 40 F is at 
days ~u F '~ .~ 058 . user's decrelion.  

7 days, 220 F 6.1 

Water vapor permeability, 0.17 ASTM C355 IASTM method. in some cases, may be mod

et cup, perm-in. itied slightly to make results more meaningful 

Water absorption, % by wei for end-use application. It details are requited.  
Waterabsorption__%_byweight_8.4__ASTM __1056 - contact Armstrong Cork Company.  

Ozone resistance GOOD 

Odor NEGLIGIBLE - 4Armaflex Sheet in 'Va" thickness not available.  

Sizes 36 x 48 - *Average values are not to be used for writing 
Width and length. inches (Se to 1 - material specifications. Contact Armstrong for 
Thickness, inches (See note 4) (Vas increments) . specification ranges. 

Thickness recommendations Ducts-Tanks-Vessels-Equipment . OFFICES 
Metal-Surface Temperature CHARLOTTE, NC 28204 

50 F 35 F 0 F 1341 E. Morehead Street 
BASED ON NORMAL DESIGN CONDITIONS %1" %" i" 
Armaflex in the thicknesses noted and within CHICAGO, IL 
the specified temperature ranges will prevent 422 Northwest Highway 
condensation indoors under normal design Park Ridge, IL 60068 
conditions, a maximum severity of 85 F and 
70% RH. Armstrong research and field 

experience indicate that indoor conditions any- CINCINNATI, OH 45241 

where in the United States seldom exceed this 4100 Executive Park Drive 

degree of severity.  0 ,, NEW YORK, NY 
BASED ON MILD DESIGN CONDITIONS Va" t/ . NEW 80K NY 
Armaflex in the thicknesses noted and within Park 80 Plaza West-One 
the specified temperature ranges wilt prevent Garden State Parkway at Interstate 80 
condensation indoors under mild design con- Saddle Brook, NJ 07662 
ditions, a maximum severity of 80 F and 50% 
RH. Typical of these conditions are most air- ST. LOUIS. MO 63105 
conditioned spaces and arid climates. 222 South Meramec Avenue 

BASED ON SEVERE DESIGN CONDITIONS 
3 " 1%"t 1%"t 

Armaflex in the thicknesses noted and within SAN FRANCISCO, CA 
the specified temperature ranges will prevent 1814 Ogden Drive 
condensation indoors tinder severe design Burlingame, CA 94010 
conditions, a maximum severity of 90 F and 
80% RH. Typical of these conditions are indoor 
areas in which excessive moisture is introduced 
or in poorly ventilated, confined areas where 
the temperature may be depressed below 
ambient.  

t multiple layer 

IP 783 374 Pnolda Unded Slates of Amerwa



Standard Armaflek Pipe Insulation 

USES SPECIFICATION 
Standard Armaflex Pipe Insulation COMPLIANCE 
is used to retard heat gain and Standard Armaflex can be supplied 
prevent condensation or frost upon request to meet: 
formation on cold-water plumbing, ASTM C534, Type I-Tubular 
chilled-water, and refrigeration ASTM D1056, SBE 41-42 
lines. It also efficiently reduces MIL-C-3133B (MIL STD 670B), 
heat flow for hot-water plumbing Grade SBE 3 
and liquid-heating and dual- HH-l-5738, Class T-Tubular 
temperature piping. The recom
mended temperature usage range 
for Armaflex Pipe Insulation is 
-40 F to + 220 F.  

For use on cold pipes, Armaflex 
Pipe Insulation thicknesses have FLAMMABILITY 

-been calculated to prevent con- Standard Armaflex is an organic 
densation, as shown in the table material specially compounded 
of thickness recommendations. to retard burning. The flammability 

Standard Armaflex Pipe Insulation of this insulation has been tested 
is chemically acceptable to USDA by exposing samples 6" long x 2" 
Consumer and Marketing Services. wide x /2" thick to procedures of 

the ASTM D1692 method of test 
entitled "Flammability of Plastic 
Sheeting and Cellular Plastics." 
During this test, the sample is 
positioned horizontally. This test 
method is not intended to be a 

APPLICATION criterion of fire hazard; it is not a 
Standard Armaflex. Pipe Insulation measure of total involvement in a 
in unslit tubular form pan be fire. By this test, burning ceased 
slipped on to piping before it is in an average of 59 seconds, and 
connected, or it ca.n be slit the burning length averaged 1.1" 
lengthwise and applied to piping distance from the flame-source end 

DESCRIPTION already connected. Pre-Cut :1 
Armaflex Pipe insulation in flat 

standard Armaflex Pipe Insulation sheet form is wrapped around the 
is a flexible, elastomeric thermal pipe. In all cases, butt joints and 
insulation, black in color, supplied longitudinal seams areZtobe 
ais slit or unslit tubing. in nominal. sealed with Armstrong 520 cc 

wlthicknesses of %", V2", and Adhesive. 520 Adhesive, is a 
%", in sizes ranging from %" ID therefore, in all 

Standard Pre-Cut cases, both surfaces to be joined 
Armaflex Pipe Insulation in flat a 

avaiabl innomnal are coated with .adhesive.  sheet form is available in nominal 
wall thicknesses of /2" and 3 " Indoors, no protective finish is 
for 6", 8", and 10" IPS sizes. The required but may be desirable.  
expanded closed-cell structure of Outdoors, a weather-resistant 
Armaflex Pipe Insulation makes protective finish is to be applied.  
it an efficient insulation, and The recommended protective 
because of its low water vapor finish is Armstrong Armaflex' 
permeance, it is considered a Finish; however, other compatible 
vapor barrier in itself. finish systems are not ruled out.  

Copyrigh! 1974. Amstrong Cork Company. Lancaster, Pa.  
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industry Products Division. Lancaster. Pa 17604 

Standard Armaflex Pipe Insulation 

Average physical properties 'ote 
IOlte hesn cycle. Amte Pipe 

TestMethd (Se nte 4) insulations witl withstand temperatures asig It ~~~Test Method (See nte 4) $zPp 

as 220 F. Where the pipe size is greater than 

lb/C ft STM0162 5"IPS and Armatlex. Pre-Cut Pipe Insulation Density, Ib/cu ft 5.4 AST e 1622 
and Arrnattei Sheet are instalted bit adhering 

Thermal conductivity, 

75 Fq mea tFep n. 
temperature limit is 220F.50Ahsvma 

Btuhr sq ft (F deg/in.) 0.253 ASTM 0177 e used with pipe insulation applications up to 

75 F mean temp 0.258 or 0518----220 F 
p90 Featmp___

Uperuse lit._deg F (See note 1)~ 220 

Lower use limit, degF (See note 2At 
20 F, lexible Armatlex Insulations 

-com ~ ~ ~ ~ ~ ~ ~ ~ ~~ -- e~_use1imi__dq__(e oe2 4 become hard and, as temperatures drop below 
1hera stabiity, % shrinkage 520 

F wilt e increasingly britte however, 

7 ay. 00F5.8 ASTM 0548 this hardening characteristic does not atfect 
7 days, 200 F thermal etticiency or water vapor permeability.  

7 Application below -40 F is at users 
Water vapor permeability, discretion.  

wet cup, perm-In. _-_ _ 0SY D1056 
we abspt in. y wih 30AT 15 3Armatleii in selected wall thickness and. inside 

Wate resin % b diameters available in So-t continuous 

- G O O D le n g th s .  
Ozone resistance-

Sizes --------- 4ASTM method, in some cases. may be 
Sizes _ _mdfeslgtytmaerslsoe 
Wall thickness, inches (nominal) '2 /4. - meaningful fr end-use application. It details 

Inside diameter, tubular form W, tO to 5" PS - are required. contact Armstrong Cork Company.  

Length of sections, feet. tubular form 6 
Average values are not to be used for writing 

(See note 3) m speciications, Contact Armstrong fr 
Inside diameter, Pre-Cut. 6 to 10' IPS - specitication ranges.  

sheet form 4 
Length of section, feet, 

Pre-Cut, sheet form 

* Thickness reco Immendations 
OFFICES 

Pip szeLine temperatures CHARLOTTE, NC 28204 

50p Fiz 35 F 0 F 1341 E. Morehead Street 

BASED ON NORMALO DEINLNDTOS 

il~~~~ ~ ~ " ID to 5" IPS -o o /" onI, 

Over 3" IPS t6"ito 10" IPS - 2 he 

over 10', PS "Sheet %".SetShee et NE Park Rg. I606 

BAEDO SVEEDESIGN CONDITIONSr .' Park 80 Plaza West-One 

Nom 1/4 Nom 'Notes 
ID ~ ~ ~ ~ ~ ~ ~~ O thu1" / Set... Gren eatce ParmwayextPIpersae8 

over10" PS 1 1 " SeetSaddle Brook, NJ 07662 
nInultarswiwthsantmpgrature ranges will preveirt 

under Pn ST. LOUIS, MO 63105 
condensatian Andrem frex d c that indoor conditinns anywhere i 

70% ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ bt jH rsrn eerhadfede(elneIdct 2 ot eam onyteuer 

the united States seldom exceed this degree severity.ut Aee 

ex in the thicknesses noted arid within the specibied temperature ranges will prevent SAN FRANCISCO, CA 

Annrnati~r onido iigudr mild design conditions, a maximum sevenrty ot 80 F and 11 ge rv 

50desaio oH. Tyinoot t ipese condose mos air-conditioned spaces arid arid clinates. 11 ge rv 
5At - 20 Ff flexBurlingame, CA 94010 

Armuitlex in the thicknessbs noted and within the 
epeciled temperature ranges wilt prevent 

csign conditions, a maximum severity ot 90 F and 
ccridens.tin nna o these g cnderS sere deh areas in which excessive moisture is innodaCej 

or In poorly vithed corined 
erefs whorer 

wae emperature maypermea 

NOTE: Ttncknrusssd oa zro F lines aallaalebo requlst.  

Pipe sizes 6' IPS liiu to iPS re'r tm Pe Csht Pipo insulm tian.  

P:7,jCar37
4

e q Pr rted in uCoten SAarem st ACrCeocm 

Avrae alesae ottobeuedfo witn



Standard Armaflex Sheet Insulation 

Outdoors, a weather-resistant USES hee isusedforallprotective finish is to be applied.  

ArmafleicArmfle SheSnuaini 

flelThe recommended protective 

nsulationation btack inno coobeuple 

incre .finish is Armstrong Armaflex 

smoothplihe ski one sideehichform 

, acomplshe by he refomed Finish; however, other compatible 

the outerr exposedio insulationble 

lfinish systems are not ruled out.  
It is particularly adaptable for 
insulating ductwork, large piping, 
tanks, and vessels. Its flexibility SPECIFICATION.  
allows application to curved and COMPLIANCE 
irregular surfaces. Armaflex Sheet Standard Armaflex Sheet can be 
is very adaptable to making all supplied upon request to meet: 
typesof fitting cover insulations. ASTre C534, Type  

owThe recommended temperature AST D1056 SBE 41-42 

usage range for Armaflex Sheet MILC3133B (MIL STD 670B), 
is -40 F to +220 F according to 
method of application. With full HH1573B, Class S 
adhesive coverage attachment, 
the surface to which it is applied FLAMMABILITY 
may operate to a limit of 180 F. Standard Armaflex is an organic 

qr When used for pipe insulation with material specially compounded to 
adhesive adhering seams and adheiveadhringseas ad . retard burning. The flammability 
joints only, Armaflex Sheet can be 
applied to lines that will operate ed t lies hat illopeate by exposing samples 6" long x 2" 
to a limit of 220 F. wide x 1/2" thickto procedures of 

For use on cold surfaces, the ASTM D 692 method of test 
Armaflex Sheet thicknesses have entitled "Flammability of Plastic 
been calculated to prevent Sheeting and Cellular Plastics." 
condensation, as shown in Durrng this test, the sample is 
the table of thickness positioned horizontally. This test 
recommendations. method is not intended to be a 

criterion of fire hazard; it is not a 
measure of total involvement in a 

APPLICATION fire. By this test, burning ceased 
Armaflex Sheet is installed using in an average of 65 seconds, and 
Armstrong 520 Adhesive, a the burning length averaged 1.1" 
heat-resistant and water-vapor- distance from the flame-source end.  

DESCRIPTION resistant contact adhesive. For 
application to large flat or curved 

Armaflex Sheet Insulation is a meaZufcssc sdcs 
metal surfaces such as ducts, 

flexible, elastomeric thermal> 
very large pipes, tanks, and 

*insulation, black in color, supplied vr ag ie~tns n 
vessels, full adhesive coverage 
attachment is used. For application 

thicknesses '/a" through 1" in I/s as pipe insulation and fitting 
increments. It is furnished with a coesonyteeasndjis covers, only the seams and joints 
smooth skin one side which forms are adhered with adhesive. 520 
sufe. te expaded, cslos- Adhesive is a contact adhesive; 

cell .structure of Armaflex Sheet therefore, in all cases, both 
surfaces to be joined are coated 
with adhesive.  

and because of its low water 
vapor permeance, it is considered Indoors, no protective finish is 
a vapor barrier in itself. required butmay be desirable.  

r o qht 1974, A,,Slofg Coins CoisAnrms. tronArm Pa



Industry Products Division, Lancaster, Pa. 17604 

Standard Armaflex Sheet Insulation 

Average physical properties':' 
1%l.'hen Armallex Sheet is installed by adierig 

Test Method (See note 3) butt joints and seams only, the upper tempera

Density,5.7 ASfM D1622 ture limit is 220 F using 520 Adhesive. Arm
------------------------------------------------------------- /--c-. fliex Shee! adhered with compltee adhesive 

Thralcndcivt coveragp on flat or curved metal surfaces may 

Thermal conductivity-------- _ 8tuthr sq fit (F deg/in.) b pie osrae htwl prt shg 

75 F mean temp 0.27 ASTM 0177 as 180 F using 520 Adhesive.  
90 F mean temp 0.276 or 0518 2At -20 F. flexible Armaflex insulations 

Upper use limit. deg F (See note 1) 220 become hard and. as temperatures drop below 
-20 F,. will be increasingly brittle: however.  

Lower use limit, deg F (See note 2) -40 affect 
Thermal stability, % shrinkage thermal efficiency and resistance to water 

7 days, 200 F 1.0 ASTM C548 vapor permeability. Application below -40 F is 

7 days, 220 F 5.0 at--------discretaonr 

Waer01 ASTM 355 STM method, in some cases, may be modi
wet cup, perm-in. -lid slightly to make results more meaningful 

Water absorption, % by weight 9 ASTM D1 056 for end-use applica 

dts ndlngzeices3sx4 Average values are not to be used for writing TOicnerssac 

W d h a d l n tinches Se not 4)48t material specifications. Contact Armstrong for Thickness inr s (e n specificaion ranges 

0.26 orcree518 

Thickness recommendations Ducts-~Tanks-Vessels-Equipnt OFIE 
Metal-Surface Temperature CHARLOTTE. NC 28204 

50 F 35 F 0 F 1341 E. Morehead Street 

BASED ON NORMAL DESIGN CONDITIONS 
Armaftex in the thicknesses noted and within CHICAGO, IL 

the specified temperature ranges wilt prevent 422 Northwest Highway 

* condensation indoors under normal design Park Ridge. IL- 60068 
conditions, a maximum severity of 85 IF and 
70% RH. Armstrong research and field 

experience indicate that indoor conditions CININNTI OHcuiv 45241 Driv 
anywhere in the United States seldom exceed410EeuiePrDiv 
this degree of severity.  

BASED ON MILD DESIGN CONDITIONS Park 80 Plaz NEWsYRKnN 
Armalex in the thicknesses noted and within 

Gaden rmathets P sarkwa y adersae8 

the specified temperature ranges wilt prevent Sdl roN 76 
Scondensation indoors under mild designSade o, 

conditions, a maximum severity of 80 F and 
50% RH. Typical of these conditions are most ST. LOUIS t MO 63105 

air-conditioned spaces and arid climates. h222 South Meramec Avenue 

BASED ON SEVERE DESIGN CONDITIONS 3/" 11" 1'et 
Armaflex in the thicknesses noted and within SAN FRANCISCO. CA 

the specified temperature ranges will prevent h1814 Ogden Drive 

condensation indoors under severe design Burlingame, CA 94010 

conditions, a maximum severity of 90 F and 
80% RH. Typical of these conditions are indoor 
areas in which excessive moisture isAinSroduced 
or in poorly ventilated, confined areas where 
tAe temperaturv may be depressed below 

(Vmbncreents 

Thines rmultiple layer 

P76-274 
Printed in United States o America 

condnsaion ndors udernorml dsig



Armaflex Finish is a vinyl lacquer- Excellent Adhesion 

type coating for use over Armstrong Armaflex Finish dries to a durable 

Stadar Araflx~'and FR/Armal- film which adheres tightly to clean 
itnad Ara l d F ArT Armaflex Insulation surfaces.  

flex Pipe and Sheet Insulation. This AmaexIsltosufc.  
coating provides a high gloss pro

finih fr boh idoornnr High Flexibility 
tective finish for both indloor nnl The dried finish has approximately 
outdoor installation the same degree of flexibility as 
easil admy also be airlesseasily and ma alo beally Armaflex. In both indoor and out 
sprayed or roller-coated. Chemically door applications, it will deform with 
acceptable to USDA Consumer and the Armaflex without cracking. Arm 
Marketing Service. aflex Finish maintains this flexibilit, 

upon aging and at exposure t 

J 4r C; low temperatures.  

7 ... Armaflex Finish is available in white Self-Exiinguishing 

and gray standard colors. In situa- Armaflex Finish has self-extinguish 

tions where a custom pastel shade ing properties. When used on Star 

r r, 1 is desired, white Armaflex Finish dard Armaflex and FR/Armafle> 

can be tinted with selected pigment Armaflex Finish has negligible effe( 

pastes recommended for shading or on their fire-safety characteristic 

coloring commercial paints. Sug
gested pigment suppliers can be ob
tained from the nearest Armstrong 
district office. Standard colors are 

shipped in quart, gallon, and 5
gallon containers.  

Ar stron9 

I-
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Armaflex Finish is applied directly to 

standardclean, dry Armaflex Insulations in Although low temperatres will 
stadad wit an gaytwo coats. For best results, the Arma- cause Armaflex Finish to become 

"'Iflex 
surface should be wiped with a more. viscous in the container, the 

8.8cloth dampened with a nonoily Sol product is not deteriorated by cold.  
8.8lb ergalonvent before the first coat is applied.. Thickening, however, does lower 

The second coat may then be ap- coeigcpctadit may be 

pigmented plasticized vinyl lacquer plied after this coat has dried. Drying necessary to thin with xylol in cold 
time will vary with conditions, but a weather to maintain normal cover

minimum of two hours should be ing capacity and ease of aplcto. 6 
heav-boied asybrusingallowed. No reinforcing mesh is 

heavy-bodied, easy brushing 
j . ~~needed. for outdoor applications. In- r 7~.f 

s, doors, coverage is approximately If Armaflex Finish becomes wet soon 

brush, roller, or airless spray 300 sq ft per gallon in single brush after application, water spotting may 
coat. occur. The' spots will disappear-as 

coa 
Where Armaflex must be sealed the finish dries.  

300 sq ft per gallon per single brush around metal rods and projections. In cool, poorly ventilated areas, sol

coat use a commercially available latex vent odors may persist for as long 

caulk. Armaflex Finish should not be as a week afterapplication of Arma

Pu;h ~used over asphaltic surfaces, as dis- . flex Finish. Any foods that will suffer' 

2 hours minimum for second coat coloration will occur, from odor contamination should be 
removed duringthis period.  

MIXTURE. O NOT USE 

1-cqt and 1-gal cans, 5-gal pails Armaflex Finish should not be ap- ' In most cases, Armaflex' Finish 

plied over joints freshly cemented should not be used over conven

with Armstrong 520 Adhesive. Dry- tional insulations, other flexible in

wet: flash point 64 F (TOG) ing time must be allowed as follows: sulations or other building or struc

dry: selfextinguihing 24 to 36 hours for adhesive tural materials. A test coat applied to 

joints of' Armaflex Pipe Insula- a small area will usually determine 

tion and Armaflex Sheet where the acceptability of the material un

Sadhesive is applied only to joints der question. If you have any addi

Avoidn prlogdaratigsfvao 

a i la etional questions about application to 

MIXTURE. DO NOT USE. 7 days where Armaflex Sheet 

duc vomiting; callr physcia imme-Isu 
diately, aonContains xylenet ArKee 

NEARA FIRE OR FLAME. is applied with full adhesive 

[Use adequate ventilation-keep air, bonding. 'strong district office or write Arm

circulating N Prohibit smoking x strong Cork Company, Industry 

Extinguish all flames-pilot lights, Products Division, Lancaster, Penn 

blowtorchesf etc. s Avoid heat and lsylvania 17604.  

sparks d Keep container, closed sol 
Avoid prolonged breathing of vapor 

To o lr hs firsht coat k os xypoe 

a n d p ro lo n g e d c o n ta c t w ith s k in cn coo a m a y t h e n b eth l e thy l 

case of excessive inhalation remove 

subjectmto fresh air n Do not take chloride.  

internally 1w If swallowed, do not in

duce vomiting; call physician imme-a 
diately s Contains xylene q Keep stro 
awoy fro .m children-1 

sJrcong 

Lancaster, Pennsylvania 

PaRqr473Y 

Printed in United States 
p e 
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both materials are similar except 

Armaflex Sheet Insulations for superior tire-retardant 
average physical propertiese characteristics of the FR material 

Standard Armaflex Sheet is particularly 
FR/Armnelx Armatnex Test 
Stert Sheet Mthod adaptable to insulating of large 

Irnutiohi insulation (Se. note 3) tanks of all shapes, ductwork, 

'irregular vessels, and large piping 
ii ,ii:.iv ir~riityArniaflex Sheet ay be applied 

(F d~g Iwith full adhesive coverage to metal 

75i F rlv'Ic11 02l.7 SpC surfaces that will operate as high 
!Ill r irrireirimp 0286 0,276 or C518 

Upperas 180 F. When used within 
410rle1 recommended usage ranges. v 

Lorwr I ht (111(1d F -Armaflex 
Sheet thicknesses hv 

h I al been calculated to prevent 
rrirrr~oqr.condensation 

on cold surfaces.  
i darys. 200 F 5.0 1.0 ASTM C548 Temperatures below zero may 
I dly'. 220 F 6.1 5.0 

Wate" vapor permeability. 0.17 0.1 ASTM C355 require application of Armaflex 
w rl cup. perm-in. Sheet in multiple layers.  
water bsorption. 8.4 4.9 ASTM 01056 

by weight When used for pipe insulation, with 

Ozone resistance GOOD GOOD :adhesive at seams and joints only 
Odor NEGLIGIBLE NEGLIGIBLE - Armaflex Sheet can be applied to 

Sizes lines that will operate as high as 
Width and length. inches 36 x 48 36 x 48 

Thickness. inches 1/. to 1 6 to 1 - 220 F.  
(See nole 4) (/a increments) (,/a increments) 

tWioen Ar,^ lvi Sheer s installed by adhering burr joints and seams only, the upper temperature rimit is FR/Armaflex is an organic material 
220 F rising 520 Adhesive. Armatlex Sheet adhered with compiete adhesive coverage on tlat or curved metal 

surrzfaces May be applied to surfaces that will operate as high as 180 F using 520 Adhesive specially compounded to be a 

2At -20F. flenibie Armallex Insulations become hard and, as temperatures drop below -20 F. will be 

incrersirigly brittle: however, this hardening characteristic does-rot atlect thermal efticiency and resistance .fire-retardant insulation. The 

to water vapor permeability. Application below - 40 F is at user's discretion. flammability of this insulation has 

3ASTM method. in some cases, may be modified slightly to make results more meaningful for end-use appli

cation It details are required, contact Armstrong Cork Company.  

4Armallex Sheet in I'" thickness not available, long sample to the ASTM E84 method 
Averagr values are not to be used for writing material specifications Contact Armstrong for specification 

ranges.  "Surface Burning Characteristics of 

Armaflex Sheet Insulation thickness recommendations 
Out-aksVsesqimn the ability of a material to spread 

Metal-Surface Temperature flame and develop smoke; it is not 

50 F O 35 F 0OF a measure of total involvement in 
BASED ON NORMAL DESIGN CONDITIONS 
Armatlex in the thicknesses noted and within 
the specified temperature ranges will ore
vent condensation indoors under normal 
design conditions, a maximum severity of Flame spread 25 ASTM E84 

(available thicknesses 
85 F and 70% RH. Armstrong research and 
tield experience indicate that indoor condi

tions anywhere in the United States.seldom Smoke developed ASTM E84 

exceed this degree of severity. (available thicknesses) 
'A" 75 

BASED ON MILD DESIGN CONDITIONS 1/" 1/2" %1" 110 

Armaflex in the thicknesses noted and within 1/121" 150 

the specified temperature ranges will pre- 225 

vent condensation indoors under mild de- 290 

sign conditions, a maximum severity of 80 F 
and 50% RH. Typical of these conditions are Flammability-Standard Armatex 
most air-conditioned spaces and arid 
climates. 

Sheet 

BASED ON SEVERE DESIGN CONDITIONS 3/" h4A8 Standard Armaflex is an organic 
Armalex in the thicknesses noted and within material specially compounded to 
the specilied temperature ranges will pre
vent condensation indoors under severe retard The of 

design conditions, a maximum severity of this insulation has been tested by 
90 F and 80% RH. Typical of these condi
lions are indoor areas in which excessive exposing samples 6' x 
ioisture is introduced or in poorly. venti- x '12" thick to procedures of the 
hated, contined areas where the tempera

lure may be depressed below ambient. ASTM 01692 method of test, 

entitled "Flammability of Plastic 
Sheeting and Cellular Plastics." 
This test method is not intended to 
be a criterion of fire hazard: it can 

DESCRIPTION insulation: high insulation efficiency, be of considerable value in 
high resistance to transmission of comparing flammability of different 
water vapor, and ease of application.  

is a flexible. elastomeric thermal mtras yti et unn 

insulation material incorporating Armaflex Sheet is available in both ceased in an average of 65 seconds, 

the three most desirable properties Fire-Retardant (FR) and Standard and the burning length averaged 1.1 

of a low-to-medium-temperature types. Physical characteristics of distance from the flame-source end.  

Copyright 1973. Armsinj Cork Cormipanfy. 
oncanter. Pa.
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When Armatlex Sheet is used with tull adhesive Athncaigtadeveasisa:C oW nahsvensetadsuaehs 

coverage, adhesive is easily applied with ag utcstatilb nuae didt h octeseti aeul 
brush or rollerAralx hetpoiindacotcbndsmd.  

Specification Compliance+20Fdeedn on etcof 113FAraexS etsllb 

* FR/Armaflex and isalto.ahrdwt hnbtaeut 
* Standard Armaflex Sheet can becotf52Adeveapido 

supplied upon request to meet: Sot ufc ohsrae ob ond 
ASTM C534, Type IIAraexhsaexeioa!Bfrprsigsfcstgth, 
ASTM 01056 SBE 41-42 sotuiomotrsraeteahsv hl ealwdt 
MIL-C-3133B (MIL STD 670B) fiihThsrslsianat:kg drunidrtoheochbttky I * ~~Grade SBE3 intlain3wehrtesrae ne lgtpesr.50Ahsv.  
HH-1-573B. Class S letufnse rgvnapcetve i nisatbnigtp;tee 

*FR/Armaflex Sheet can be caig oe ufcsaet epstoe 
*supplied upon request to meet: 

MIL-P-15280E & Amendment 1, FatEayApiain. acrelasotctsmd.  
Form S-Sheet Amfe he a eape 114Mtlsrae hl ecen 

ADVANTAGESCovninlmcaias:zrs mtlsraehsbepieda 

Armaflex is not a thermoplastic. It aeuncsay o os'.~. ts rao prxmtl w 
is a vulcanized synthetic elastomer vprpreblt lmntsTesur etsalb otdwt 
and will not melt or drip during ne o eaaevprb-e. 50deiet eemn hte 
exposure to heat.buoud rintltinsh~ be teslntiteahsvewl 

High. Insulating Efficiency . AmtogAmfe"Fns. ~ ayidctb floeigo itn 
*The closed cellular structure of vnllcurtpcaig h rmr RAmfe he 
Armaflex gives it a low averageshlnobeapidutlhermr 
"k" value. Armaflex resists moisture isrmvdoreledwt 
and deterioration; so thermalAPLCTO OFccpalmtei.  
efficiency remains high in service. F/R ALXSET115RAmfe he sntt 

Resistance to Moisture VaporthogottFirmflxwhrsuacbndgiseesry 
The uniformly sized.. closed cells of StnadAmfexcnb -sa.d ice50 dhivwllotod 

Armaflex reduce moisture vapor b h aeapiaintcqe oapat 

Dimensional Stability 11Gnrlrssatcaig r pcfe o 
When Armaflex Sheet Insulation is .111Islto shlbefe.em alurcshysalbec 
tested at a soaking heat of 220.Fclsdcleatmrcte'alptbewhAmton52Ahsv.  

for 7 days, shrinkage is about 5%sheinuaoAr tog 
for Standard material and 6% for F/rnfe rapoe ~l . plcto 
FR material. (See table page 2.)l raigoIno eswe ee b AK ESL N QIMN 

*application, only the inner surface ASME4mto.UR CSBY O PESIN 
is exposed to 220 F, so shrinkage 
is considerably less than the.112F AraexS etsa:beITM HO 

Apiedwth moh :~i ... coating of0 adhesive shallsa 

Wide Temperature Range largsurfaces that will bersuateda ihpitrle t h ufc ob 
* Armaf~~~~~~~~~~Aralex Sheet.hsawd sg s10 ihfl ufcebnig isltd oeigeog rat 

rang fro -40F t + 10 F r o .20 desendngo meh reevof ~ralxSet 

in taltin SmohSufc5 
Arafe ha a7xcpioa 

smooh, uifor outr sufac 

letufnse or geive als riactive3! 

Whe AmafexShet s se wih ulladesve tncoatin.e deie nsetad ufc a 

covra adhsie s esiy ppledwihaesrEacs Ap iat l eionlt dre otetuh heseti aeul 

t~~ush or roller. Armalex Sheet cantine be appatloniiemde 

SpecificationCompliandirectlyFtodcpeadn dry metl s f faces/rmfexSee halb 

a ~ ~ ~ ~ ~ ~ ~ ~ ~ wt Arsrn 52 AdhesivelxSee a b ot f50 deiv plidt 

suppied pon equet tomeet SCoventionacecail sohuurasorts oied 

ASTM C534, Type 11 Avaor permeabiit eliinaes, BeoepI ehei ufcs oehr 
ASTM ~ ~ ~ ~ ~ ~ ~ ne D15 14 moh nfor m oeprter v ar bheahsieshler.llwdo 

Grade ~ ~ ~ ~ ~ ~ ~ u outdo3 installation s h shrae~ une blgteesue 2 Ahsv% 
1-11-1-1 57313 Clasprect fned rgist w a -e tv s anisa t-o dn yp ;tee 

FR/ ~ ~ ~ ~ ~ ~ ~ ~ rstogArmaflex Finish caaecaig oe ufae r ob'pstoe 
supplied ~ ~~ viy-lcqe-tp coating t et:acraey scntc s ae 

MILP-528E Amndent1 Noate: TEase peiications ee 

Form S-Sheet AmSadard Arfe can be I;;J sta4tealsrfcsdllb cen 

biey t s a applic a te c qes dy n reo aldrsae 

1.ihee Inms tion 2 deieloepit lseol t.I h 

ADVANTAGES ~ ~ ~ ~ 1. Goneneroalmehncls,: rs mtlsraeasb npieda 

Armaflex ~ ~ ~ ~ ~ ~ ~ 1.. Isntatem patc t aeunecsaisall bew flSe ' tetaeao peoiatl w 

is vulcanized synlosed-cell elastomervao pem bity liae t hearefelsalbecaedwt 

exposure to heat. bushet insulationstArmsron g h~ e tesleti h d eiewl 

Th cosdceluarsrutue fviyllaqerty~ecatng teprmeFR/Armaflex oraproedeeal 
Insuatio shal hav aple flaml soreadme 

ratingccptbl ofm5artesrwentete.b 

effcinc rmans ig i srvce FRAR AFEXSH ET1.1. FR/Armaflex Sheet sias boet 

appledTh he s moofictho.s sknbeapid vrashlisrae 

Armaflex reduce mo .sid out. Itpo is toe ba e appl ie to7 ;q-s metalhlt 
pesurfacest tha wil operat asw hivel 
Arale hetha wd uae 180 Fh ith fullo surfac bondingil oroson 

1.1GeWhenadhesi vean coatnse and surfed as 
Dimensionapoitine asbiit contact bondaio shsl made.w t 

1.1.3 FR/ratex, hee shall be m 

tested~~~~~ahee wit a thinin butt adequatet nultinAmtrn 
for ~ ~ ~ ~ ~ ~ ~ ~ ~~ ca of 520s Adhesivee appie abutoF/r~fe raprvdeil . plcto 

foBfor pressing surfaces togetherfo 
Insulation, ~ ~ ~ th adhesiv shall be allowe s1.1APLCTO TOM ToL 

apdryton until dry tone thutochbuatck 
ASMnde sligh pressure 520RAdhesive CO PESIN 

iis anpse intntbndn type there-rinag 

is ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ acrtl assdeal contac isa made.2 RAmflxSetslafb FTMTO 

testfigre. ppled~ith he mooh. o, in1.1. Me ota su faces Ahiv shall an 

sideout Itis o b aplie lomet l ooe apalindth laster o e t -napth 
WideTemeratre ang Surace tha wiloerataspmet srfae thsen ried ab 

ArmalexShet hs awid usge s 18 F ithful sufac bodirg isuaed e et in shl eno ae t 

range ~ ~ ~ ~ ~ ~ ~ ~ ~~~h prm4 o+10Fo f0Ahsv.reciveron FR/Armaflex Sheet.



.2.1.2 A coat of 520 Adhesive ..1.2.2.3 Standing metal duct seams *CAUTON: Only Armallex Finish will with

shall be applied with brush or shall be insulated with the same stand excessive tlexing I urfa yng. For 
best results, wipe the Surhc If FRI 

short-nap paint roller to the back FR/Armaflex Insulation thickness Armaflex Sheet'with a damp cloth, 
of the FR/Armaflex Sheet, leaving as installed on the duct surface. preferably dampened with a nonoily 

a I?"-wide uncoated border aromund 1.2.2.3.1 Altrmate: Ilt sction f solvent in remove powdnred lubticant 
1.2..3. Allrtife: laf scctin!;hittom npplying tirrish contlingq.  

In'ln.iiI~l'I~f I) diiIt~ :AIimoflm'x Pl'lr, limodUfili- III rIPe CfImmmmnI1? :i;II fil1l~h0q, alI') 

1.. i I 1w~ aIdIl.,i.'! %1.11 1 w1l ttJ~ I m bi y l mfn-I. hW III,: tv- .ol ul IIi.v,I 11, 

allowved to dry until dr to t1he tLuCh t In Isilale. s;tan-1ding moetal 

but tacky under slight pressure duct seam s. . w 1 ox et t jei ref 

befoe brngin th twosurfcesFRIArmaflex Sheet must cure before 
before bringing the two surfaces solvent-base finishes are applied. Where 
into contact. 1.3 Finishes the insulation is installed by adhering 

12.1.4 The sheet being installed is 1.3.1 INDOOR FINISH* seams and butt joints only, the adhesive 
must cure 24 to 36 hours. Where the 

to be positioned in such manner (specifier shall choose one finish) insulation is installed against surfaces 
that it overlaps the edges of the (specifier is cautioned that only Armaflex with full adhesive coverage, requiring 

previously applied sheet or sheets Finish will withstand excessive flexing wet adhesive at joints, the adhesive 

by /". While held in this position, after drying) must cure seven days.  

the center of the sheet shall be 1.3.1.1 No finish shall be applied 

spot-adhered. The butt edges of over FR/Armaflex Sheet Insulation.  

the sheets are to be compressed 1.3.1.2 Two coats of Armaflex Finish 
into place to achieve a tight joint. shall be applied directly to the 
The remainder of the sheet shall FR/Armaflex Sheet.  
then be bonded by pressing firmly 
into place. A small hand roller is 1.3.1.3 Two coats of Armstrong 

useful for applying pressure. Insulcolor® shall be applied directly 
to the FR/Armaflex Sheet.  

1.2.1.5 The sheet joint is to be 

spread apart and, by means of a 1.3.1.4 Commercially available 

small brush, 520 Adhesive shall (high-quality interior enamel) (latex 

be applied to both butt edges enamel paint) shall be applied 
which are then aligned for good directly to the FR/Armaflex Sheet.  

appearance. 1.3.2 OUTDOOR FINISH* 
1.2.1.6 Vertical joints are to be (specifier shall choose one finish) 

staggered where FR/Armaflex (specifier is cautioned that only.  

Sheet is applied to vertical tanks. Armallex Finish will withstand excessive 

in the case of horizontal tanks, flexing after drying) 

the horizontal joints are to be 1.3.2.1 Two coats of Armaflex Finish 
staggered. shall be applied directly to the 

1.2.2 APPLICATION TO METAL FR/Armaflex Sheet.  

DUCT SURFACES 1.3.2.2 Two coats of Armstrong 

1.2.2.1 FR/Armaflex Sheet shall be Insulcolor shall be applied over 

adhered to the duct surface using white glass mesh adhered to the 

520 Adhesive. Adjacent sheets shall FR/Armaflex Sheet surface with 

be applied using the compression- Insulcolor Lagging Adhesive.  

fit method (see Paragraph 1.2.1). 1.3.2.3 Two coats of Armstrong 
The adhesive is to be applied on Weatherproof Plastic shall be 

both surfaces to be joined with a applied directly to the FR/Armaflex 
brush or short-nap paint roller. The Sheet with black glass mesh 

adhesive shall be allowed to dry embedded in the first coat while wet.  
until dry to the touch but tacky 
under slight pressure before 
bringing the two surfaces together.  

1.2.2.2 For square and rectangular 
ducts, .FR/Armaflex Sheet shall be 
applied first on the bottom surface, 
neatly fitted to the width. The side 

e 

insulation shall then be extended 
over the edges of the bottom 

. insulation. The top insulation shall 
extend over the top of the insulation 
on both sides.  

LANCASTER, PA.  

IP-756-1073Y 
Prinled tn United Stale% o A,
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Ai ~ 11 At~f~' .~i'' mnfpl timh ll"tA,1rto Pqc IInqtnllod.. flow to lIstall Armallex iToA l 

lt!Lil t ur otitdrtorr llel O %many ljtb ,. ArmralleA Call b att ou frlue 

metal ducts. It is the most upwards of 30% on installed costs The preferred method fr square 

efficient. It is 'he easiest to for insulating outdoor ductwork, as and rectangular ducts is to cut and 

install. Its installed cost is lower. opposed to the Cost of the Most lit the sheets, using full coverage of 

It looks better. And it needs far commonly used conventional Armstrong 52b Adhesive to adhere 

less maintenance. specification: foil-faced fibrous the insulation.  
glass board,.secured with clips 
on welded pins and finished withs 

We'll prove it to You. weather-resistant, vapoir-barrier 
mastic, reinforced with glass mesh.  

Armaflex Sheet is the best 
insulation. Armaflex looksi better.  

A single thickness-usually 1 g2"-is The smooth flat surface of Armaflex 

all that's required. Armaflex is a . Sheet conforms closely to the metal 

closed-cell elastomeric thermal surface. In finished form, ducts.  
odoesn't require a which have been insulated with 

lo tt Armatlex Sheet are difficult to 
separate vapor barrier, distinguisah from uninsulatedr 

Armafmex is the most efficient. painted ductwork.  

Armaflex Sheet has a low average 

thermal conductivity of 0.27 Btu/hr Armaflex needs far less 
sq ft (F deg/in.) at 75 F mean maintenance.  

A~~~~~~~~ sigetiknstsaly12-i 

temperature. Efficiency isTwo coats or Amaflex Finish are 
ibecause the material has excellent all that are required foroutdoor 
resistance to water vapor and air installation. Armaflex is not affectedmsefin 

tranmisson.by extremes of weather and wilt not 
crack to allow entrance of damaging 1. Measure-Sheets should be -sized 

Armaflex is easiest to install. moisture. Wind and hail damage is with the following application 
Armaflex comes in convenient minimal, and the vapor barrier of sequence in mind. Cut the bottom 

sheets 36" x 48". It can be cut with Armaflex is. not destroyed by piece first, making it the same width 

a knife. It conforms easily to accidental bumps or punctures. as the duct. Then cut the two side 

contours, It can be adhered with 
Ar xover the edges of the bottom 

type 520.Adhesive, without clips 
or pins, and without a separate insulation; keep top edges flush Tewith the top of. the duct. The top 

hinsulation should be sized so that 
it extends over the side insulations.  

2 CutA sharp knife and a straight
edge are the only tools required.  
Armaflex Sheet cuts cleanly,leaves 
no loosefibers.  

Copyright 1973. Armstrong Cork Company, Lancaster. Pa.  

by etrees o wethe andwil no



ow cor nIng CORPORATION 
ELAS1OKAI PS BIUSINIESS 

El lA1011HIiVON PIANi * CAlHil IlnWN, KIN lUCKY 12701 

(111lFICATL or COMPLIANCE 

Y I1PPL D 10 
Chemtrol. Corp.  
Space C 
14911 Steubner Arn 
Houston, Texas 77069 

ATTN: Bruce Robson 

CUSTOMER P. 0. NO. DOW CORNING INV. NO. CUSTOMER SPECIFICATION 

1680. EK60600E1 None 

PRODUCT LOT NUMBER QUANTITY 

DOW COR] ING@ 96-081 RTV Adhesive Sealant ER0971 3 8 x 12xl6 oz.  

*VEST REPORTS 

Color Pass 
Uniformity Pass 
Extrusion rate, gpm 310 
Skin over time 6 minutes 
Flow, inches . Nil 
Thin Section Cure R&D 
Cure. Time . 72.hrs/RT 
Durometer, Shore A 61 
Specific Gravity 1.41 
Cure Time 7 days/RT 
Durometer, Shore A: 61 
Tensile strength, psi 578 
Elongation, % 150 
Tear strength, lb/in 40 
Flame Test It is hereby certified that the articles 

Weight Loss, % listed above comply with all applicablc 
WeighEt inL ssn 8 .s specification requirements. Test reporls 
Self Extinguishing . 8 seconds are on file subject to examination.  

DOW CORNING CORPORATION 

*QUALITY CON L DEPT.  

L I 1 00? 1071,



3. Apply Adhesive-First brush- or 

roller-coat 520 Adhesive on the hl etoso ralxPp 
metal duct surface. Then coat the 5 deeJit-pedtejit nuain orsodn n 

back side of the Armattex Sheet, anwihasalbuhapy50 tckesoteSetuedn 
leaving a 1/2"-wide uncoatedAdeietbohbtede.Dno thdutsra.Edshul 
border around the outside edges fl on ihahsv.Ainb ie-u oisr ih i 
of the sheet. Allow the adhesive 

.to dry to the touch but still tacky 
under slight pressure before 

W.4 

je~ 7 

5. Adere Jints-prea th*oit 

KAdhesAveltoAdhthibuttiedgesruDo not 

7. Alternate Method Standing 
rollr-cot 52 onseams can also be insulated with 

half sections of Armaflex Pipe 

metaldct urfa. henoats theb5.yAde, Insulation, corresponding in: 
back side ofshet inmahlexp hti, aadnitdasthickness to the sheet used on 

leaving a he 1 de s oated Adhesive tobt utdethe duct surface. Ends should 
order arighton ith djoutid dgebe miter-cut to insure tight fit 

ftsheet. Allbond he rmadesiver carefully forh gd a, a when bonded.  

joining surfaces.  

H dthe sheet .pr in t fimos iti o andalaofs A rma i i h in sh-l aqu e 

thae. Shetlb prssng itle fimly into brushed, roller-coated, or'airless

apply pressure. 
sryd
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Industry Products 
Armallex Sheet Division Offices 
Insulation 
thickness 

.CHARLOTTE. NC 28204 
recommendations 1341 E. Morehead Street 

Ducts-Taniks-VneIS - Equipmnt 
Metal[Surface Temperature 

CHICAGO, IL 

50 F 35 F 0 degF P. 0. Box 578 
based on Park Ridge, IL 60068 
normal 

design conditions CINCINNATI, OH 45241 
Armaflex in the thicknesses noted and 4100 Executive Park Drive 

within the specified temperature 40 e vPr r 
ranges will prevent condensation 
indoors under normal design conditions, NEW YORK, NY 
a maximum severity of 85 F and 70% Park 80 Plaza West-One 
RH. Armstrong research and field Park 80 Parat-One 
experience indicate that indoor condi- Garden State Parkway at Inter 

pions anywhere in the United States Saddle Brook, NJ 07662 

seldom exceed this degree of severity..  

ST. LOUIS, MO 63105 
222 South Meramec Avenue 

SAN FRANCISCO, CA 
based on 1814 Ogden Drive 
mild . Burlingame, CA 94010 

design conditions 

Armaftex in the thicknesses noted and 
within the specified temperature / /2 

ranges will prevent condensation 
indoors under mild design conditions, 
a maximum severity of 80 F and 
50% RH. Typical of these conditions 
are most air-conditioned spaces and 
arid climates.  

based on 
severe 

design conditions 
Armaftex in the thicknesses noted and 
within the specified temperature ranges 
will prevent condensation indoors 3 1 $/8 
under severe design conditions, a 
maximum severity of 90 F and 80% RH.  
Typical of these conditions are indoor 
areas in which excessive moisture is 
introduced or in poorly ventilated, 
confined areas where the temperature 

may be depressed below ambient.  

Armaflex Sheet carton contents 
(All Sheets 36" x 48') 

Thickness (In.) Sheets per Carton Sq Ft per Carton A 

32 384 

16 192 

12 144 
8 96 
7. 84 

1/ 6 72 
4 48 LANCASTER, PA. 17( 

IP-716-873Y 
Printed in L
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....... VST ER ' CHEMICAL & M A N FACTURIN G COM PA N4 Y 

1T \ HI I I i I .\ I I I ..k I'I II 

t Ao i!I A im*( ! 

Ph'l l Nt I itte,( 

Chenitrol a tp.  
530 N. Belt East, Suite 105 
Houston, Texas '77060 

We certify that the material described below complies with the following 
specifications: 

MATERIAL FIRE-WALL 50 Part flCT-355-C 
The general ingrodients are as follows 

39. 75% Magnesium O.y Sulfatc 
6. 500/ CM-10 
U10.00 80-ML 

34. 753 P-76 Product 76 
100.00%'o 

SBATCH NO. 11377 and 11477 

QUANTITY 250 bags 501. each 

DATE OF MANUFACTURE Nov. 13 and 14 1977 

DATE OF TESTING Nov. 13 & 14, 17 TESTED B M.E.I1. and I G.  

DATE SHIPPED Nov. 14, 1977 

CONTRACTOR Chemtrol Corp.  

JOB INDENTIFICATION 3 M ile Island Nuclear Power Plant 02 

JOD ADDRESS on the Hisquehawna Rive', Middletown, Pa. 17057 

COMMIVENTS: In the chemical Sheets of the raw materials, chlorides ane aytsd 
only as a trace in some, anI no at all in otiersThere ore, we canPal at I =hdogen 
content in Firc-Wall 50 is a "trace". Certified correct 

WESTERN CHEMICAL & MFG. COMPANY 

11 l TT-r 1i'chricaTl 1i.cetor



Johns-Manville 
Sales Corporation 
Industrial Products Division 

Manvillo. New Jersey 09635 

'anuary 13, 1978 CERTIFICATION NO. CF-8001 

Chemtrol Corp.  
530 N. Belt East 
Suite 105 
Houston, Texas 77060 

Attn: Mr. J. Shute 

THIS IS TO CERTIFY THAT OUR STANDARD INSPECTION PROCEDURE 

HAS BEEN USED IN THE INSPECTION OF THE MATERIAL SUPPLI2D ON 

J-M ORDER NO. T54 ZM60195 Prt. 2 AND PURSUANT TO CUSTOMER'S 

ORDER NO. 1623 . THIS INSPECTION INDICATES 

THAT THE MATERIAL COMPLIES WITH THE APPLICABLE FINISHED 

PRODUCT REQUIREMENTS OF THE JOHNS-MANVILLE CORPORATION.  

MATERIAL SIZE QUANTITY 

Ceraform Board 1 x 24 x 36 1020 Sq. Ft.  

J-M P/N CF-11439-5 

--
/ ly 

IN -1 ANVILLE ALES CORPORATION 

Jerone-C', Krefski 

) al4y Control Departnent 

PRVr-
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UTS (Grade 1478) 

This UL recognized flame retardant glass mat 

polyester laminate meets NEMA GPO 2 re

quirements. Recent developments in mat con

struction permit outstanding punching char

acteristics. Recognition by UL (E 23525) of 

general temperature rating 130* C electrical, 

1600 C mechanical. This laminate offers de

sign in applications where flame retardance is 

mandatory, and higher retention of properties 

after heat aging is desired.  

VALUES 

PROPERTY CONDITIONING TEST METHOD UNITS S 

Perpendicular Electric Strength, S.T., 1/6" in air A ASTM D-229 VPM 500 

Perpendicular Electric Strength, S.T., YuA" in air A ASM D.229 VPM 450 

Perpendicular Electric Strength after beat, S.T.. t/s" in air 600 hrs. @ 150'C. ASTM 0-229 M 350 

Perpendicular Electric Strength after heat, S.T., 'As" in air 200 h.s. @ 200C. ASTM D-229 VPM 200 

Parallel Electric Strength, S. x.S. A ASTM 0-229 KV 40 

Parallel Electric Strength after water, S. x S. 0 48/50 ASTM D-229 KY is 

Arc Resistance 
A ASTM D-495 20 

Carbon Tracking.Resistance 
A ASIM .2302.64(8 5 

Power Factor, 60 cycle 
A ASTM D-150-59T 

Impact Strength 
A ASTM D-229 Lb/ILot 8.  

Flexural Strength 

P.S.I. 18,000 

Flexural Strength tested 130C. 1 hr. @ 130C. ASTM 0-229 P.S.I. 9.000 

Compressive Strength A t 1 5 C ASTM -22 .SE 3 ,0 

Water Absorption @ 23C. Ih.@15C S -2- %i 4hs .  

Water Absorption after heat 1000 hrs. @ 150'C. ASTM0-229 % 

Flame Resistance- 1 " and over A ASM 22Mh 

Flame Resistance- V e'to under - -A AS TM D -7. 9 2 is 

A ASIMV0PM9400 

Specific Gravity1 

U. LRecoglitios Number 

E 23525 

V = N.LM.A. Grade Designation 
..

GPO-2 

S tin d a d ,C omori 

2 e d 

Wrhere teiting proced ure is applicable, all testing~ his been done on K" thick material. All test specimens have been taken from 

standard production runs. The property values shown are conservative, but because no warranty is implied, test by the user 

419Amlld he~ done to determine the best material for his application.



Thin Spec-Dlt Sheet conforms 

Thei (C .tInci pc i 'cc .ti on cc 
ImplItute. Thec rcau fct ua.icc:. I:. it "" , 

sponisibh: foir technical accu sacy.  

c2A.  

1. PRODUCT NAME 

One-part, Silicone Rubber Scalant, 
General Electric Silicone Construction 
1200 Sealant.  

2. MANUFACTURER 

General Electric Company 
Silicone Products Department 
Waterford, New York 12188 
Phone: (518) 237-3330 

3. PRODUCT DESCRIPTION TABLE 1. TYPICAL PROPERTIESt 

Basic Use:'Silicone Cojistruction AFTER 7 DAYS AT 77'F (250C) AND 50% RELATIVE HUMIDITY 
1200 Sealant is used to seal building 

joints to prevent the penetraiion of VALUERTY VALUE TEST METHOD 
oD ~k rain, air, dust, and noise. Silicone Con- Hardness (Shore A Scale) 35 ASTM D 2240-68 

struction Sealant effectively weather

proofs junctions of building materials Ultimate Tensile Strength 400 psi ASTM D 412-68 
and leads to effective tructur(at Maximum Elongation) (28.1 kgf/cm2) 

b. nuity. Silicone Construction 1200 Seal
-t V., n a ee sdfrseln uti Peel Strength (Glass) 20 lbinch TT-S-001543A -1-. uat has be-en used for sealing curtamn 

o' -0 "well joirus' nrullion joints, and many (3.57 kg/cm) (COM-NBS) 
_J joint CGSB 19-GP-9 
< 0 other building construction joints. It is 

CC also used for glazing steel and alumi
z num windows (both operating and Staining 
w fixed), wood windows, interior glass Weathering (alter 10,000 No Changein 

partitions and skylights.  
General Electric Silicone Construc

- tion 1200 Scalant has rescaled manyc Weatherometer  
structures successfully afier failuies by 

jpteselns.Frmineace ii Ozone Resistance Excellent ASTM G 23-69 o cther sealants. For maintenance, sili
cone sealant can be used indoors as Compression Set (112 10% ASTM D C98-70 

OC- g well as outdoors; for cxamiple, as a (12.7 mm) Thick Rod 1" (Method B) 
sealant around wall fixturcs and win
dow sills. It has also been used to gasket Compression ror 1 Year) 
and scal fixtures and inachinery.  

Permanent, watertight bonds, can 
be made with this sealant, in Year Exposure) (625 kg/cm) (1970) 

tion-with ilass, ceramic, strel, gnitc, Tack-Free Time <1 hour 
aluminum and most plastics, and paint
ed. surfaces. Curing Time 5 to 7 Days at.  

75-F (25-C), 
/4" (6.4 mnm) 

SorcOat4)iooccte Sg; SumpSection 
The ten-poTint bec Data@ iofrnAt hais L-een repro.  

61ced0, from p blcations cofpyrJihtd by CSI. , None 
196 , 196. 1%7, and used bc permiision of The 

Constructin Sperciirstions Inslitute, Inc., ',Vashing
1c., a. 5 20GxU Thte valuen are not intended for use in preparing specIficStIons.  

07900



PHOTOGRAPHS OF INSTALLATIONS AND FIRE EXPOSURE PERIOD
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TEST SLAB LAYOUT
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FIGURE 1. PLACEMENT OF PENETRATION OPENINGS 

FIGURE 2. PLACEMENT OF PENETRATION OPENINGS
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FIGURE 3. PLACEMENT OF PIPE PENETRATION AND REBAR 

FIGURE 4. PLACEMENT OF PIPE PENETRATION AND REBAR
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FIGURE 5. VIEW OF REBAR IN PLACE 

FIGURE 6. OVERALL VIEW OF SLAB BEFORE POUR AND CURE



11-6 

FIGURE 7. OVERALL VIEW OF PIPE PENETRATIO 

FIGURE 8. VIEW OF REBAR PLACEMENT
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FIGURE 9. VIEW OF SLAB AFTER POUR 

FIGURE 10. VIEW OF SLAB AFTER POUR AND CURE
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CABLE TRAYS
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FIGURE 11. CABLE AND CABLE TRAY, BEFORE LOADING
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FIGURE 12. PLACEMENT OF CABLE AND CABLE TRAY



FIGURE 13. PLACEMENT OF CABLE AND CABLE TRAY 

FIGURE 14. PLACEMENT OF CABLE AND CABLE TRAY
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FIGURE 15. PLACEMENT OF CABLE AND CABLE TRAY 

FIGURE 16. PLACEMENT OF CABLE AND CABLE TRAY
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FIGURE 17. VIEW OF SEALING OF CABLES, UNEXPOSED SIDE
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PENETRATION SEAL
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FIGURE 18. UNEXPOSED SURFACE OF SEAL 

FIGURE 19. UNEXPOSED SURFACE OF SEAL
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FIGURE 20. UNEXPOSED SURFACE OF SEAL 

FIGURE 21. APPLICATION AREA
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FIGURE 22. UNEXPOSED SURFACE OF SEAL 

FIGURE 23. EXPOSED SURFACE OF SEAL
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FIGURE 24. EXPOSED SURFACE OF SEAL 

FIGURE 25. EXPOSED SURFACE OF SEAL
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FIGURE 26. OVERALL VIEW OF SLAB AFTER ASSEMBLY
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ALCOHOL APPLICATION
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FIGURE 27. BREATHING APPARATUS
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FIGURE 28. APPLICATION OF ALCOHOL
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FIGURE 29. APPLICATION OF ALCOHOL
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FIGURE 30. APPLICATION OF ALCOHOL 

FIGURE 31. SPILL AREA
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FIGURE 32. SPILL AREA
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FIGURE 33. AIR CIRCULATION
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FIGURE 34. APPLICATION OF ALCOHOL
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FIGURE 35. APPLICATION OF ALCOHOL 

FIGURE 35. APPLICATION OF ALCOHOL
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PRE-TESTING
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FIGURE 37. MEASUREMENT OF THE INSIDE OF THE FURNACE 

FIGURE 38. VERIFY THE PLACEMENT OF THE THERMOCOUPLE PROBE
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FIGURE 39. VIEW OF CABLE TRAYS PLACEMENT INTO TEST SLAB 

FIGURE 40. VIEW OF CABLE TRAYS PLACEMENT INTO TEST SLAB
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FIGURE 41. VIEW OF CABLE TRAYS PLACEMENT INTO TEST SLAB 

FIGURE 42. OVERALL VIEW OF TEST SLAB EXPOSED SIDE
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FIGURE 43. OVERALL VIEW OF TEST SLAB EXPOSED SIDE 

FIGURE 44. OVERALL VIEW OF TEST SLAB EXPOSED SIDE
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FIGURE 45. PLACEMENT OF TEST SLAB ONTO FURNACE 

FIGURE 46. SLAB READY FOR INSTALLATION ON 
FURNACE
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FIGURE 47. PLACEMENT OF TEST SLAB ONTO FURNACE
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FIGURE 48. PLACEMENT OF TEST SLAB ONTO FURNACE 

FIGURE 49. PLACEMENT OF TEST SLAB ONTO FURNACE
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FIGURE 50. PLACEMENT OF TEST SLAB ONTO FURNACE 

FIGURE 51. OVERALL VIEW OF TEST SLAB PLACED ONTO 
FURNACE
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FIGURE 52. OVERALL VIEW OF TEST SLAB PLACED ONTO 
FURNACE 

FIGURE 53. OVERALL VIEW OF TEST SLAB PLACED ONTO 
FURNACE
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FIGURE 54. OVERALL VIEW OF TEST SLAB PLACED ONTO 
FURNACE
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DURING TEST
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FIGURE 55. SMOKE AT START OF TEST 

0s 

FIGURE 56. SMOKE AT START OF TEST



FIGURE 57. 30 MINUTES INTO TEST 

00 S 

FIGURE 58. 40 MINUTES INTO TEST
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FIGURE 59. 50 MINUTES INTO TEST 

FIGURE 60. VIEW OF EXPOSED SIDE OF TEST SLAB
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FIGURE 61. VIEW OF EXPOSED SIDE OF TEST SLAB 

FIGURE 62. VIEW OF EXPOSED SIDE OF TEST SLAB
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FIGURE 63. VIEW OF EXPOSED SIDE OF TEST SLAB 

FIGURE 64. VIEW OF EXPOSED SIDE OF TEST SLAB
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AFTER TEST
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FIGURE 65. OVERALL VIEW OF CABLES, UNEXPOSED SIDE
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FIGURE 66. OVERALL VIEW OF CABLES, EXPOSED SIDE 

FIGURE 67. OVERALL VIEW OF CABLES, EXPOSED SIDE



11-49 

FIGURE 68. OVERALL VIEW OF CABLES, EXPOSED SIDE 

FIGURE 69. OVERALL VIEW OF TEST SLAB, EXPOSED SIDE
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FIGURE 70. OVERALL VIEW OF TEST SLAB, EXPOSED SIDE
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FIGURE 71. UNEXPOSED SIDE AFTER TEST 

FIGURE 72. UNEXPOSED SIDE AFTER TEST
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FIGURE 73. HOSE STREAM TEST
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/Cfr LherTtiol CCI-Or'jDDI'& tioII 
530 Nouh lt! Iast, Suits 10)/112 Aren Code 71:/411 il 1 

,Hou.ton, lexis //0(0 TWX: 910 Bi (1223 S Cable: CHEL MTPROL 

QUALITY CONTROL INSPECTION SIHEE'T 

DUKE POWER COMPANY FIRE TEST INUMBER II 

Drawing Numbcr: Slab Number: #4 

Penetration Nunbcr: B-1 Date of Installation: 3/2/78 

Date of Inspection: Material: Monokote 

Installed By:J.Philiabaum/G. Colstrom Inspected By: Rod Warfield 

Comments: Installed Monokote in penetration to a depth of 4 inches. Cables 

in trays spread where possible to facilitate flow of material. Samples taken 

for density verification. Heat applied to slab to speed cure of material.  

Moisture content still above 30%.. All Monokote must be fully cured before 

slab can be burned. Have continued heat for several weeks! Material still 

above 30% moisture content. 4/14/78 Methanol (CHOH) 99% absolute added to 

penetration to facilitate cure of Monokote. 4/17/78 Monokote shows that 

moisture content less than 10%. Can proceed with slab completion. On 4/28/78 

decision made to add 6" firewall 50 to all penetrations. Ok'd by Bob Pace, 

Duke Power. 5/1/78 added 6" firewall 50 to penetration. Cables spread where 

possible to facilitate flow of material. Sample taken for density verification.  

Material will have 10-day cure before test penetration complete.  

* RETYPED FROM ROUGH ORIGINALS.
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(1-1)lE r-nt ,o Cior poration 111-4 

530 North Bi eastl Suites 105/112 Area Code 713/447-6818 
TWX: 910 11111 6223 

QUALITY CONTROL INSPECTION SHEET 

DUKE POWER COMPANY FIRE TEST NUMBER II 

Drawing Number: Slab Number: #4 

Penetration Number: B-2 Date of Installation: 3/1/78 

Date of Inspection: 3/2/78 Material: Glastic 1/8" Metal Bands 

1/8" x 1" Monokote 4" 

Installed By:G. Colstrom/J.Philiabaum Inspected By: Rod Warfield 

Comments: Glastic 1/8 inch installed in bottom of penetration flush with exposed 

side. Held in place by metal bands 1/8" x 1". Monokote installed to a depth 

of 4 inches. Cables spread where possible to facilitate flow of material.  

Placed infrared heat lamps on both sides to speed cure of Monokote. Monokote 

curing very slowly. Will add additional heat to speed cure. Material still 

curing very slowly. Moisture content still above 30%. Will cure continuously 

using heat and infrared lights. 4/14/78. Methonol (CH OH) 99% absolute added 

to penetration to facilitate cure of Monokote. 4/17/78 Moisture content still 

22%. Probable cause is the glastic on the bottom of the penetration retaining 

the moisture. Will continue to check moisture content. 4/21/78 Moisture 

below 10% can proceed with penetration completion. On 4/28/78 decision made 

* RETYPED FROM ROUGH ORIGINALS.



(2) 

Drawing Number: Pene. #B-2 Slab Number: 

Coments (Cont.) to add 6" firewall 50 to penetration. Ok'd by Bob Pace, 

Duke Power. 5/1/78 added 6" firewall 50 to penetration. Cables spread where 

possible to allow flow of materials. Density sample taken for verification.  

Material will have 10-day cure before test penetration complete.  

* RETYPED FROM ROUGH ORIGINALS
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C1htrol c rporation 111-7 
5,304or~lt r0 05/2Area Code 713/447-6018 

30odlEt Suilt'; 105/112 ~IWX: 910 i1 U23 

.A~~ [Houston, Texas; 77G01 Cable: CHEMTROL 

QUALITY CONTROL INSPECTION SHEET 

DUKE POWER COMPANY FIRE TEST NUMBER II 

Drawing Number: Slab Number: #4 

Penetration Number: B-3 Date of Installation: 3/1/78 

Date of Inspection: Material: Wire mesh, asbestos cement 

cloth, Monokote 

Installed By: G.Colstrom/J.Philiabaum Inspected By: Rod Warfield 

Comments: Pipe sleeve - 25% cable loading c wire mesh installed then asbestos 

cloth, then 4" Monokote installed. Cables spread to facilitate flow of 

material. Infrared heat lamps added to both sides of slab to speed cure.  

Moisture content still above 30%. Will add additional heat in order to speed 

cure. After several weeks Monokote still above 30% moisture content. Will 

continue heat and infrared lamps till material is fully cured. 4/14/78 Methonol 

(CH OH) 99% absolute added to penetration to facilitate cure of Monokote material.  

April 17, 1978 moisture content below 10%. Can now proceed with penetration 

comoletion. 4/28/78 Decision made to add 6" firewall 50 to penetration. Ok'd 

by Bob Pace, Duke Power Co. 5/1/78 6 inches firewall 50 added to penetration.  

Cables spread to facilitate flow of material. Density sample taken for veri

* "Il'YPEll FROM ROlGl ORIGINALS.



(2) 118 

Drawing Number: Pene. #B-3 Slab Number: 

Comments (Cont.) f icat ion. Materia l wit] havo 10- da cirue I o t eft 

penetration complete.  

* RETYPED FROM ROUGH ORIGINALS
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C herntr-ol Corpor'ation m-1o 
D30 North iit Suites 10!/1 Area Code 713/4-17-R1I0 

T/WX: 910 8 81 6223 

Cable: Cl if MI OL 

QUALITY CONTROL INSPECTION SHEET 

DUKE PONER COMPANY FIRE TEST NUMBER II 

Drawing Number: Slab Number: #4 

Penetration Number: B-4 Date of Installation: 3/1/78 

Date of Inspection: Material: Wire mesh, asbestos 

cloth, Monokote 

Installed By: G.Colstrom/J. Philiabaum Inspected By: Rod Warfield 

Coments: Pipe sleeve with 50% cable fill. Added wire mesh then asbestos 

cloth, then 4 inches Monokote. Cables spread where possible to facilitate 

flow of material. Infrared heat added to speed the cure of the Monokote.  

Monokote cure very slow. Will add additional heat to speed cure of material.  

Moisture content above 30%, must reduce moisture level before addition of 

finish material. After several weeks of heat cure, material still above 25% 

moisture level. Must continue heat cure. 4/14/78 methonol (CHA OH) 99% absolute 

added to .penetration to facilitate cure of Monokote material. April 17, 1978 

moisture content now below 10%. Will proceed with penetration completion.  

4/28/78. Decision made to add 6 inches firewall 50 to penetration. Ok'd by 

Bob Pace, Duke Power Co. 5/1/78 6 inches firewall 50 added to penetration.  

* RETYPED FROM ROUGH ORIGINALS.



(2) Ili 

Drawing Number: Pene. #4 Slab Number: 

Comments (Cont.) Cables spread to allow flow of material. Slab will have 1o-da.  

cure before test. Penetration complete.  

* RETYPED FROM ROUGH ORIGINALS
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Cherntrol Corporation11 
Wor J [ 0)/ "Area Code 713/441-8I10 

TiWX 010 nal 6II ? 

QUALITY CONTROL INSPECTION SiHET 

DUKE POWER COMPANY FIRE TEST NUMBER II 

Drawing Number: Slab Number: #4 

Penetration Number: B-5 Date of Installation: 3/1/78 

Date of Inspection: Material: Wire mesh, asbestos cloth, 

Monokote 

Installed By: G.Colstrom/J.Philiabaum Inspected By: Rod Warfield 

Comments: Pipe sleeve 75% fill (Cable) wire mesh placed first, then asbestos 

cloth, then Monokote to a depth of 4 inches. Infrared heat lamps to speed 

cure of Monokote. Cables spread where possible to facilitate flow of material.  

Monokote curing very slowly. Will add additional heat to speed cure of Monokote.  

After several weeks of heat cure, Monokote moisture level still above 30%.  

Will continue heat. 4/14/78 Methonol (CH3OH) 99% absolute added to penetration 

to speed cure of Monokote. April 17, 1978 moisture content below 10%. Can 

proceed with final preparation. 4/28/78 decision made to add 6 inches firewall 50 

to penetration. Cables spread where possible to facilitate flow of material.  

10-day cure on material before burn. Penetration complete.  

* RETYPED FROM ROUO'l ORIGINALS.
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QUALITY CONTROL INSPECTION SIHEET 

DUKE POWER COMIANY FIRE TEST NMBER I] 

Drawing Number: Slab Nuiber: #4 

Penetration Nuibcr: B-6 Date of Installation: 3/1/78 

Date of Inspection: Material: Wire mesh, asbestos cloth 

and Monokote 

Installed By: G.Colstrom/J. Philiabaum Inspected By: Rod Warfield 

Comments: Pipe sleeve 100% cable fill, wire mesh placed first, then asbestos 

cloth rolled, then 4 inches Monokote. Heat applied to speed cure of Monokote.  

Cables spread where possible to facilitate flow of material. Monokote curing 

very slowly. Infrared heat lamps to speed cure of material. Material curing 

very slowly. Moisture content above 30%. Will continue heat and infrared 

lamps until moisture level is 10% or less. 4/14/78 Methonol (CH3OH) 99% 

absolute added to penetration to speed cure of Monokote material. April 17, 1978 

moisture content below 10%. 4/28/78 decision made to add 6 inches firewall 50 

to penetration. Cables spread where possible to allow flow of material.  

10-day cure on material before burn. Penetration complete.  

* RETYPED FROM ROUGH ORIGINALS.
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[Jher~Ur'cI Cio~joraicriAr'ea Oodre,Wvwl IW1 

Cable: CHL Mf b 

QUALITY CONTROL INSPECTION SILEET 

DUKE POWER COMPANY FIRE TEST NUMBER II 

Drawing Number: Slab Number: 

Penetration Number: B7 Date of Installation: 2/17/78 

Date of Inspection: Material: Monokote, Asbestos Cloth, 

Wire Mesh 

Installed By: G. Colstrom Inspected By: Rod Warfield 

Comments: Pipe sleeve 12.75 0.D. 50% fill with wire mesh flush with 

exposed side of slab. Asbestos cloth added to top of wire mesh. 4 inches 

Monokote on top of asbestos cloth. Will take at least 48-72 hours of heat 

to properly cure Monokote. Cable spread where possible to facilitate flow 

of material. 2/20/78 Monokote still very wet after 48 hours of heat cure.  

Will continue heat cure. Unable to finish slab due to material moisture 

content. 2/21/78 Moisture meter check shows over 30% moisture at depth 

of 2 inches or middle of Monokote. Will continue to heat cure. 2/22/78 

Moisture check shows 30% moisture still remaining. Will continue to heat 

cure. 2/23/78 Moisture check shows over 30% moisture remaining. Will con

tinue to heat cure. 2/24/78 Moisture check still remains over 30% moisture.  

* RETYED FROM ROUGH ORIGINALS.



111-18 

Drawing Number: B7 Slab Number: 

Comments (Cont.) Added infrared heat lamps to speed cure. Will check on 

2/27/78 after 48 hours of infrared heat cure. 2/27/78 Moisture check still 

shows over 30% moisture after 48 hours of infrared heat cure. Unable to 

finish slab until full cure is reached on Monokote. Decision made to allow 

Monokote to fully cure before work will proceed. 4/14/78 Methanol (CH OH) 

99% Absolute added to penetration to facilitate cure of material. Heat 

added to speed cure. 4/17/78 Moisture indicator shows moisture content 

less than 10%. Penetration B7 complete.  

* REYPED FROM ROUMH ORIGINALS
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Checrrltirol Corpor ation 1eoo2n 
530 North d(l Et, Suit's 10/112 W Area Code 71 623 
I, ou , T 770 ) WX: 91CH 8I I:V3 

QUALITY CONTROL INSPECION SHEET 

DUKE POWER COMPANY FIRE TEST NIMBER II 

Drawi ng Number: Slab Nunber: 

Penetration Number: B8 Date of Installation: 2/17/78 

Date of Inspection: Material: Monokote, Asbestos Cloth, 

Wire Mesh 

Installed By: c. Colstrom Inspected By: Rod Warfield 

Comments: Pipe sleeve 12.75 0.D. 100% fill with wire mesh flush with exposed 

side of slab. Asbestos cloth added to top of wire mesh. 4 inches of Monokote 

added to top of asbestos cloth. Cable spread where possible to facilitate 

flow of material. Will take at least 48-72 hours of heat to properly cure 

Monokote material. 2/20/78 After 48 hours of high heat cure Monokote still 

very wet. Will continue heat in hopes of rapid cure. 2/21/78 Moisture meter 

check shows moisture content 2 inches or middle of penetration shows moisture 

over 30%. Will continue heat cure. 2/22/78 Moisture check shows over 30% 

moisture remaining. Will continue heat cure. 2/23/78 Moisture check shows 

over 30% moisture. Will continue heat cure. 2/24/78 Moisture check shows 

over 30% moisture. Added infrared heat lamps in hopes of speeding cure.  

* RETYPED FR(1M ROUGH ORIGINALS.



(2) 
111-21 

Drawing Numbcr: B8 Slab Nunbcr: 

Coments (Cont.) Will check moisture on 2/27/78 after 48 hours of infrared 

heat cure. 2/27/78 After 48 hours of infrared heat, moisture still over 

30%. Unable to complete work on slab until full cure on Monokote is achieved.  

4/14/78 Methanol (CH3OH) 99% Absolute added to penetration to facilitate 

cure. Heat added to speed cure. 4/17/78 Moisture indicator shows moisture 

level less than 10%. Penetration B8 complete.  

* RETYPED FROM ROUGH ORIGINALS
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Chemtrol Corporation 
33O oth BeN East 
Hoto Texas 77060 

PROJECT NAME Duke Power LOG NUMBER 01 

PROJECT LOCATION SwRI RECORDED BY SEALING MATERIAL TRACEABILITY LOG 

Rod Warfie1d CT/QC-3 
PROJECT NUMBER CT/QC-3______________ 

Revised 6/1/78 

PENETRATION DAMMING SEALING MATERIAL ACCEPTANCE 
PENETRAIN DAMMING DAMMING INSPECTED SYSTEM NO DATE OF MATERIAL _ VISUAL INSPECTION CHEMTROL CUSTOMER REMARKS/DEVIATIONS 

NO DATE DEPTH BY CT/QC-1 APPLICATION TYPE PASS HOLD QC-4 DATE INSPECTOR DATE.  

B-3 3/2/78 4" RW M-01 3/2/78 Mono I RW 3/3 ____3/ 

B-4 3/1/78 4" RW M-01 3/2/78 Mono X RW 3/3 

B-5 3/1/78 4" RW M-01 3/2/78 Mono I X RW 3/3 

B-6 3/1/78 4" RW M-01 3/2/78 Mono X RW 3/3 

B-7 3/1/78 4" RW M-02 3/2/78 Mono X RW 3/3 _ _13/ 

B-8 3/1/78 4" RW M-02 3/2/78 Mono x RW 3/3 

01-001 5 8 FW50 X RW -5/1 

B-4 5/1/78 6" RW 01-001 5/1/78 FW50 X RW 5/1 

B-5 5/1/78 6" RW 01-001 5/1/78 FW50 x RW 5/1 

B-6 5/1/78 6" RW 01-002 5/1/78 FW50 X R , 5/11 
-B-7 5/1/78. 6" RW 01-002 5/1/78 FW50 X RW), 5/11 

B-7 5/1/78 6" RW 01-002 5/1/78 FW50 x RW 5/1 

B-8 5/1/78 6" RW01-002 /1/78 FW50O /



Chemtrol Corporation 
h33 Norm Bell East 

Hmator Tesa 77060 

PROJECT NAME Duke Power LOG NUMBER j 01 

~ (SYSTMPONENTFIACEAIN- ::FCG 
PROJECT LOCATION SwRI RECORDED BY (SYSTMODENTIFICATION L^ 

PROJECT NUMBER ____Rod 
arfiel CT/QC-1 

Rev. 6/1/76 

SYSTEM PART A PART B PART C PART D BLEN: I 

=ZNTIFICATION MFG LOT NO DRUM NO WGHT G LO NO DRUM NLR M T 17F DR By 

Monocote- i-01 250 1 

Monocote- -02 L00 1 _



Chermtrol Corporation 
No Selt East 

%nusion, Teas no 

PROJECT NAME Duke Power LOG NUMBER f 02 
COMPONENT TRACEABILITY LOG 

PROJECT LOCATION SwRI RECORDED BY * (SYSTEM IDENTIFICATION REGISTER) 
Rod Warfiel' CT/QC-1 

PROJECT NUMBER Rev. 6/1/78 

SYSTEM PART A PART B PART C PART D BLENDED DATE 

1ENTIFICATICH MFG LOT NO DRUM NO WGHT MFG LOT No DRUM NO MFG LOT NO DRUM N0 WGHT FG LOT NU -DWM -No B i BY - BLENDED 

0_-001 11377 bNA00 NA NA 1BR 5/1/7 

3 5 0 1 NA____ 
___ __________BR 

5/1/78w 
6-002 11477 350 lb, NA ...NA NA BR 5/1/



Cherntrol Corporation 
h333 Norh Sea East 

.. h.sL Texas 77060 

PROJECT NAME: Duke Power LOG NUMBER; 01 

PROJECT LOCATION SwRI INSPECTOR: MATERIAL DENSITY VERIFIC'O0N LOG 
PROJECT NUMBER: . od Warfield/ Form CT/QC-2 

Rev. 6/01/8 

SYSTEM Nn. DATE/TIME AMB/MAT PENETRAT N LOCATION MATERIAL PCF VI SAL INSPECTION INSPECTOR REMARKS T/QC-l TEMP ROOM/ELEVATION TYPE DENSITY PASS HOLD QC-4 No. I 

01-001 3/2/78/AM 8 Slab #1 Monocote ._RW _ 

01-002 3/2/78/PM 88- Slab #1 - Monocote R_ _



Chermtrol Corporation 
33 Nort Belt East 
Henb1% Texa 77060 

PROJECT NAME: Duke Power LOG NUMBER: 02 

PROJECT LOCATION SwRI INSPECTOR: C- MATERIAL DENSITY VERIFICATION LOG 
Rod Wartield Form CT/QC-2 

PROJECT NUMBER: Rev. 6/01/78 

SYSTEM NO. DATE/TIME AMB/MAT PENETRATION LOCATION MATERIAL PCF VIS AL INSPECTION INSPECTOR REMARKS 

CT/QC-1 TEMP ROOM/ELEVATION TYPE DENSITY PASS HOLD QC-4 No., 

0-6-001 5/1/78/AM Slab #1 FW50 87.26 

06-002 5/1/78/PM Slab #1 FW50 89.05 X RW /- j 

'-4



IV-1 

UNEXPOSED SURFACE THERMOCOUPLE DATA



IV-2 

THERMOCOUPLE LOCATIONS 

Slab #4 

Channel Thermocouple Penetration 
Number Number Number/Type Location 

1 2 B1 Middle of field 
2 3 At the interface 
3 4 3" up on the cable 
4 5 B6 Middle of field 
5 6 At the interface 
6 7 3" up on the cable 
7 8 B5 Middle of field 
8 9 At the interface 
9 10 3" up on the cable 
10 11 B4 Middle of field 
11 12 At the interface 
12 13 3" up on the cable 
13 14 B3 Middle of field 
14 15 At the interface 
15 16 3" up on the cable 
16 17 B8 Middle of field 
17 18 At the interface 
18 19 3" up on the cable 
19 20 B7 Middle of field 
20 21 At the interface 
21 22 3" up on the cable 
22 23 B2 Middle of field 
23 24 At the interface 
24 25 6" up and inside 

the cable about 1" 
25 Furnace Average
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IV-11 

TEMPERATURE DATA 

Note: Channels 26, 27, and 28 are not part of the test data.



LENGTH 180 MINUTES DATE RUN 10 MAY 78 

PAGE 1 

TIME 
M S HRS CH 1 C11 2 CH 3 C1 4 Cil S CH 1 C1I 7 CU1 8 ClI 9 CHIO Cill CH12 CHI13 CH14 

0 1 84 80 80 79 80 77 79 77 76 76 70 76 70 75 
016 80 81 82 79 79 77 79 78 77 77 70 76 79 76 
031 91 82 84 80 80 77 79 79 70 77 79 77 79 77 
046 95 83 85 80 80 78 80 79 78 78 79 77 79 78 
1 1 92 04 85 80 84 79 80 00 79 78 79 77 79 78 
116 90 06 87 81 82 79 80 00 80 79 80 78 79 78 
131 93 87 87 02 85 02 80 82 01 79 80 78 80 79 
146 91 87 07 82 04 82 80 02 81 80 81 79 80 79 
2 1 95 88 80 02 86 82 00 82 81 80 81 79 00 79 
216 96 89 8C 82 87 81 80 82 81 00 81 79 co 79 
231 96 91 90 82 84 02 81 02 02 80 81 79 00 79 
246 99 92 91 82 C4 82 01 82 82 80 81 79 80 80 
3 1 97 94 93 83 84 02 81 82 82 80 81 80 80 80 
316 101 97 94 02 84 82 81 82 81 00 81 80 80 00 
331 97 97 91 82 86 82 81 82 01 00 82 0 80 80 
346 100 97 93 82 86 02 01 03 82 01 02 00 81 80 
4 1 98 99 94 03 87 83 01 83 82 81 82 80 01 80 
416 99 101 95 a3 87 03 81 03 82 01 82 80 81 00 
431 101 101 95 83 89 03 81 03 02 01 82 01 81 80 
446 99 102 97 03 87 83 81 03 03 01 82 00 01 80 
5 1 94 104 96 83 a5 83 01 03 82 81 82 00 01 00 
516 95 105 97 83 84 83 81 03 82 01 02 80 81 80 
531 100 104 95 03 86 83 81 03 82 81 82 00 81 so 
546 101 104 97 03 86 83 81 83 82 01 82 co 01 00 
6 1 101 103 95 83 07 83 81 83 81 01 82 01 81 80 
616 100 103 95 83 8 85 82 83 82 81 83 81 81 80 
631 102 103 95 83 90 84 82 03 82 81 84 81 81 80 
6 46 104 103 96 83 89 84 82 83 82 81 04 81 81 00 
7 1 100 102 95 83 87 84 82 83 82 01 03 81 1 80 
716 99 102 96 83 88 85 82 84 82 81 83 81 81 81 
7 31 101 102 94 83 89 85 82 84 83 81 83 81 81 81 
746 99 102 94 83 87 04 82 83 82 01 83 81 81 00 
8 1 98 102 93 83 87 84 82 83 82 81 83 81 81 80 
8 16 97 101 94 83 86 84 82 83 82 01 83 81 01 '00 
831 97 100 94 83 86 04 82 83 82 81 83 81 01 80.  
8 46 97 100 93 83 85 84 82 03 82 81 83 81 01 80 
9 1 96 99 92 83 85 84 82 83 81 81 83 81 81 80 
9 16 97 98 94 83 85 84 82 83 82 81 03 81 01 80 
9 31 95 98 94 83 85 84 82 83 82 81 83 81 01 80 
946 92 99 94 83 84 83 82 83 82 01 82 81 81 00 

10 1 92 99 93 83 84 82 82 82 82 00 82 80 01 80 
10 16 91 99 93 82 84 82 82 82 82 80 82 81 81 co 
1031 92 99 92 02 84 82 82 82 82 80 82 01 01 00 
10 46 92 98 92 02 84 83 82 82 82 81 02 01 81 80 
11 1 92 98 92 83 85 83 82 83 82 81 82 l 01 00 
11 16 90 98 93 83 84 83 82 83 82 01 82 81 81 so 
11 31 92 98 93 83 84 82 82 02 82 81 82 81 01 0o 
11 46 91 98 92 03 84 83 82 03 82 80 02 01 81 00 
12 1 92 98 93 83 84 82 82 03 82 81 82 81 81 0 
12 16 91 98 93 83 84 82 82 02 82 80 82 01 81 80



PAGE 2 

TIME 
M S HRS CH 1 CH 2 CH 3 Cli 4 CH 5 CH 6 CH 7 CH 0 Ci 9 CH1O CHil C1112 CH13 C1114 

1231 93 98 93 82 84 !32 62 0 2 82 a 82 0 01 80 
1246 92 98 92 03 84 t12 82 82 02 01 83 81 81 D0 

13 1 91 98 91 03 84 83 82 03 82 a1 83 81 02 0 

1316 91 98 93 83 84 92 02 02 82 81 83 81 82 80 

1331 91 98 92 82 84 02 02 82 82 01 83 81 82 00 

1346 91 98 92 83 84 32 02 02 02 81 83 81 02 81 

14 1 91 98 92 83 84 82 02 02 82 81 03 81 02 80 

1416 93 97 92 83 84 82 82 03 82 81 83 81 02 0 

1431 91 97 92 83 84 82 82 83 82 81 83 81 02 81 

1446 91 97 92 03 84 a2 82 03 83 81 83 81 82 80 

15 1 92 98 93 83 85 3 82 83 83 81 83 81 82 80 

15.16 91 98 93 83 84 32 82 03 83 81 83 81 82 01 

1531 91 98 92 83 84 83 82 03 02 81 03 81 02 01 

1546 90 97 91 83 84 83 82 83 82 81 83 81 82 80 

16 1 91 98 91 83 84 83 82 03 83 81 83 81 2 00 
1616 91 98 91 83 85 83 82 83 83 81 83 81 82 0 
1631 92 98 92 83 85 83 82 83 83 81 04 81 02 81 

1646 92 98 92 93 85 83 82 83 83 81 84 81 02 81 

17 1 91 98 92 83 85 83 83 83 83 0 04 81 82 a1 

17 16 91 99 92 83 85 . 03 83 84 83 81 04 81 82 01 

1731 91 99 92 83 85 82 83 83 83 81 84 81 82 81 

1746 91 99 92 83 85 82 03 83 83 81 84 81 82 01 

18 1 91 99 91 83 85 82 03 83 83 81 84 81 82 01 

18 16 91 99 92 83 85 82 03 83 83 81 84 81 02 01 

1831 91 99 92 83 84 82 03 83 83 82 84 81 02 81 

18 46 90 99 92 83 84 82 83 83 83 82 84 82 82 81 

19 1 92 100 93 83 84 82 83 83 83 82 84 81 82 81 

1916 91 100 92 03 84 82 83 83 84 F1 84 81 82 cl 

1931 92 100 92 83 85 82 83 83 83 81 84 81 82 01 

1946 92 100 93 83 84 82 83 83 83 82 85 81 02 81 

20 1 91 100 93 83 85 82 83 83 84 82 85 82 82 81 

2016 90 100 93 84 85 82 83 83 84 82 85 .81 82 01 

2031 91 100 91 84 85 83 83 83 83 81 85 81 82 01 

2046 92 100 91 84 84 82 83 83 83 81 85 81 82 .01 

21 1 91 100 92 84 85 02 03 03 83 81 05 0i 82 81 

2116 92 100 93 84 85 03 03 84 84 82 as 82 02, 81 

2131 91 100 92 04 85 83 83 84 84 82 85 81 82 81 

2146 93 101 92 84 85 83 84 C4 84 82 85 82 82 01 

22 1 92 101 91 84 85 03 84 84 84 82 85 82 82 82 

22 16 91 101 91 84 85 83 84 84 84 82 05 82 02 81 

2231 91 100 90 84 85 83 84 04 84 82 95 82 82 81 

2246 92 101 92 84 85 82 84 84 84 82 86 82 82 81 

23 1 93 101 93 84 85 02 84 04 04 82 86 82 02 01 

2316 92 101 91 84 85 83 84 04 84 82 86 82 83 81 

2331 92 101 92 84 85 03 84 84 84 02 86 82 03 01 

2346 91 101 90 84 85 03 84 84 84 02 86 02 02 01 

24 1 91 101 91 84 85 02 84 04 84 02 86 82 82 01 

24 16 92 101 92 84 85 83 84 04 84 02 86 02 83 02 

24 31 93 101 92 04 85 03 04 04 04 83 86 02 83 02 

2446 92 101 90 04 05 03 84 04 84 82 86 82 83 0 

25 1 92 100 90 84 85 83 84 84 04 82 87 02 03 81 

25 16 92 101 91 85 06 C3 04 04 05 82 87 02 83 81 

2531 92 101 91 04 85 83 84 S4 04 03 87 82 83 81 

25 46 91 102 91 84 05 03 04 84 84 82 86 82 03 81 

261 92 101 90 84 E 03 05 84 84 82 07 82 83 81



MGEC 3 

TIMC 
M S IIHRG CH 1 CHl 2 CH 3 CH 4 CH E CH 6 CH 7 CH 8 CH 9 CH10 CHI11 CH12 CH113 CI114 

26 16 92 101 09 85 85 E13 85 04 04 62 07 01 83 61 
2631 92 101 89 05 05 1:3 05 04 84 82 07 82 03 01 
2646 91 101 91 84 85 82 85 04 84 02 86 02 03 81 
27 1 92 102 92 05 05 03 85 85 8E 03 07 C2 03 F1 
2716 92 102 91 05 06 03 CG 04 05 83 07 82 03 01 
2731 92 102 91 05 86 83 85 04 84 83 88 82 03 01 
2746 92 102 09 85 85 03 85 85 84 03 s 02 83 81 
20 1 92 102 89 85 85 03 85 85 04 03 80 02 03 01 
2816 93 102 91 05 06 03 SC 05 85 03 80 02 03 D 1 
2831 93 102 90 05 86 03 05 85' r 8 r 03 88 82 03 01 
2846 92 102 89 85 86 03 86 05 05 03 88 82 03 81 
29 1 93 102 09 S 06 03 86 85 85 83. 89 02 03 01 
2916 92 102 89 06 06 03 86 85 85 83 89 82 03 81 
2931 93 103 91 8I 06 03 86 85 85 84 89 83 04 02 
2946 93 104 91 86 87 04 06 85 06 04 09 03 04 02 
30 1 92 104 91 86 87 84 06 86 06 04 89 83 84 02 
3016 92 104 91 06 87 04 86 86 86 04 09 03 04 62 
3031 93 104 90 06 07 84 06 06 06 04 90 03 84 02 
3046 93 104 90 06 07 04 07 86 86 84 90 03 84 02 
31 1 93 105 91 86 86 .03 87 06 86 04 90 83 04 02 
3116 92 104 89 86- 07 03 07 85 86 05 90 04 05 03 
31 31 92 104 89 07 07 84 07 06 07 05 91 04 05 84 
3146 91 104 s 87 07 S4 87 06 87 05 91 84 B5 03 
32 1 91 104 87 07 07 04 07 86 87 05 91 05 5 84 
3216 91 104 80 87 88 04 87 06 07 86 91 85 05 03 
32 31 93 105 91 87 07 84 87 86 87 86 91 04 05 83 
32 46 92 106 90 06 86 84 87 07 06 85 90 84 85 83 
33 1 94 107 92 86 86 83 07 86 86 85 90 04 85 83 
33 16 94 107 92 06 86 83 87 86 86 05 91 04 85 03 
3331 93 100 91 86 06 83 87 06 06 05 91 04 85 03 
3346 93 107 89 87 07 84 80 87 07 06 91 04 86 F.)4 
34 1 93 108 91 07 87 04 88 87 86 86 92 E5 86 83 
3416 93 108 92 06 86 83 88 87 86 86 90 85 86 03 
3431 94 108 93 86 86 83 88 87 86 06 91 04 86 03 
34 46 94 109 93 86 05 03 87 87 86 85 90 84 06 03 
35 1 95 110 93 06 86 83 B8 87 06 85 91 04 86. 03 
3516 94 110 94 06 86 03 88 87 86 86 91 04 06 04 
35 31 93 110 93 96 86 83 88 87 86 86 91 04 06 83 
35 46 94 110 92 86 86 83 S 87 06 06 91 85 86 03 
36 1 95 110 94 86 06 03 00 07 86 06 92 c5 06 84 
3616 95 111 94 87 86 83 88 87 86 86 92 05 86 04 
36 31 95 111 94 87 07 84 89 87 87 06 92 05 86 04 
3646 95 111 93 87 07 04 89 87 87 07 93 a5 86 04 
37 1 94 110 91 08 s 04 09 s 87 07 93 85 07 05 
3716 93 110 93 87 86 03 89 sC 07 86 92 05 07 83 
37 31 93 110 91 87 06 04 89 00 07 86 93 05 87 64 
3746 93 110 93 87 86 03 89 80 07 07 92 05 07 04 
38 1 94 110 91 88 87 84 09 Co 07 87 93 05 07 e3 
30 16 93 109 09 88 07 04 90 88 87 07 94 Bf 07 04 
3831 94 109 09 8 00 84 90 00 80 07 94 85 07 E4 
38 46 94 110 90 00 08 84 90 08 08 87 94 8L 0 04 
39 1 93 110 92 08 07 04 90 cO 07 07 93 E 07 £3 

3916 93 110 92 0 07 84 90 00 07 87 93 B5 E ? 04 
3931 94 111 93 07 06 84 90 89 07 07 93 S. 07 04 
3946 94 111 91 88 87 84 90 89 87 07 94 85 8 04



PAGE 4 

TIME 
M S HRS CH 1 C1 2 C11 3 CH 4 CH 5 CH 6 CH 7 Cl1 0 CH 9 CH1O CHi CHi12 CH13 CH14 

40 1 94 111 91 09 B8 05 90 09 00 00 94 06 0 04 
4016 94 112 94 c8 06 04 90 09 07 00 92 05 88 04 
40 31 94 113 94 07 86 84 90 90 87 07 93 85 00 04 
4046 94 112 90 88 87 84 91 89 80 00 95 86 08 03 
41 1 94 112 89 89 07 W5 91 89 cc 07 95 05 00 04 
4116 94 112 92 89 87 84 91 09 87 8 95 85 00 04 
4131 94 113 93 8 87 04 91 89 87 00 95 05 80 04 
4146 94 113 91 09 07 04 92 89 80 00 96 06 00 05 
42 1 95 113 90 90 80 0 92 90 8e 80 96 06 09 04 
42 16 95 113 90 90 8 05 92 90 89 Be 97 06 09 B5 
42 31 94 113 89 90 09 05 93 90 09 00 97 06 89 05 
4246 95 113 92 90 as SU 93 90 00 09 96 06 09 05 
43 1 95 114 94 89 87 84 93 90 87 09 96 06 09 8L 
4316 94 11t 93 89 so 04 94 90 00 09 97 06 09 0S 
43 31 95 115 90 90 li 05 94 90 09 89 97 06 89 05 
4346 95 115 92 90 809 S 94 91 89 89 90 07 89 06 
44 1 96 116 93 91 89 06 95 92 90 90 98 07 90 06 
4416 95 116 95 90 89 05 95 91 89 90 97 87 90 05 
4431 96 117 95 90 89 or 96 91 09 90 98 87 90 06 
4446 96 110 94 91 09 06 96 91 90 90 99 80 90 86 
45 1 96 110 95 91. 09 06 96 92 90 90 99 07 90 05 
4516 96 118 94 91 89 So 95 91 90 90 100 07 90 86 
4531 97 119 94 92 90 86. 95 92 91 90 100 88 90 86 
4546 97 119 93 92 90 86 95 92 90 91 100 08 90 87 
46 1 97 119 96 92 90 06 95 93 90 91 100 88 91 87 
4616 98 120 97 92 90 86 95 93 90 91 100 08 91 07 
4631 95 119 98 90 88 05 94 93 89 91 99 87 91 06 
4646 96 119 95 91 89 86 95 93 09 91 99 8 91 06 
47 1 97 119 97 91 89 86 95 94 90 91 100 8 91 06 
4716 97 119 93 92 89 86 95 93 90 91 100 07 91 06 
4731 97 110 92 92 89 86 94 94 90 91 98 88 91 07 
47 46 95 119 95 91 88 86 93 95 90 91 96 88 91 86 
48 1 94 119 96 91 S8 86 94 95 90 91 98 80 91 86 
48 16 96 119 97 91 09 BF 94 94 89 91 99 80 92 86 
4031 96 119 90 91 80 06 93 74 09 91 98 00 92 86 
4046 97 120 98 91 89 85 94 93 89 91 100 08 92. 86 
49 1 97 121 98 92 90 06 96 93 90 92 101 88 92 07 
4916 98 120 94 93 90 86 96 92 92 92 102 88 92 0 7 
49 31 98 121 95 94 91 87 97 92 92 92 102 88 92 07 
49 46 99 119 94 94 91 07 97 92 91 92 103 80 92 07 
50 1 99 119 93 95 91 87 98 93 92 93 103 89 92 87 
50 16 99 119 95 95 92 07 98 94 92 93 103 89 93 09 
50 31 99 119 93 95 92 01? 99 94 92 93 104 89 93 88 
5046 90 110 93 96 92 08 99 96 94 93 105 90 93 89 
51 1 99 110 93 96 93 Be 99 94 93 94 105 90 93 89 
51 16 99 110 92 96 93 8E) 100 95 93 94 105 90 93 88 
5131 90 117 91 96 93 00 100 95 93 94 105 90 94 09 
51 46 99 117 91 96 93 89 101 95 93 94 106 91 94 90 
52 1 99 117 92 97 94 89 101 95 93 95 107 91 94 89 
52 16 99 117 93 97 94 89 102 96 93 95 107 90 94 09 
52 31 99 117 95 96 93 8" 102 90 93 95 106 91 95 90 
5246 100 119 95 97 93 9 103 97 94 96 107 91 95 91 
53 1 100 120 96 98 94 89 103 95 94 97 108 91 95 90 
53 16 100 119 94 98 94 89 104 96 94 96 100 91 95 09 
s 5331 100 120 9. 97 93 0 104 97 96 96 107 91 95 89



TIML 
m S H RC Cl 1 C O 2 CH 3 CH 4 C F Cl, 6 CI1 7 CH 0 CH 9 CH1O C111 CH12 Cit13 CH14 

53 46 100 119 95 98 94 89 104 97 95 96 109 91 95 90 
54 1 100 120 94 98 94 90 105 96 95 97 109 92 96 91 
54 16 101 120 90 90 94 90 105 97 96 97 100 92 96 91 
54 31 101 121 98 99 95 90 105 99 96 97 109 92 96 91 
54 46 101 121 98 99 95 90 105 99 95 97 108 92 97 91 
55 1 101 121 100 97 94 90 105 102 94 97 106 92 96 90 
55 16 101 122 103 97 93 89 104 99 94 97 105 92 96 90 
55 31 101 123 104 97 93 09 105 98 94 97 107 92 96 90 
55 46 102 123 100 99 94 09 105 96 94 97 106 92 96 90 
56 1 101 123 102 97 93 09 105 100 93 97 107 92 96 90 
56 16 102 123 103 96 92 09 104 99 94 97 105 92 97 90 
56 31 102 124 100 90 94 09 105 97 95 97 107 91 96 89 
56 46 102 123 101 97 93 09 105 101 93 97 107 92 97 09 
57 1 101 123 102 97 93 89 105 90 94 97 108 92 97 09 
57 16 102 124 99 98 94 09 106 99 95 97 108 92 97 90 
57 31 102 124 100 98 94 90 107 $9 95 90 100 93 90 91 
57 46 103 124 103 98 95 90 107 100 95 90 100 93 98 92 
58 1 104 125 104 99 95 91 107 90 96 100 109 93 98 91 
58 16 104 125 102 100 95 91 107 100 96 99 110 93 98 90 
58 31 103 125 99 100 96 91 100 90 97 99 109 93 98 91 
58 46 103 125 90 101 96 91 108 99 96 99 110 93 98 91 
59 1 104 124 100 98 94 91 107 103 96 99 107 92 98 91 
59 16 103 124 100 97 94 91 107 103 95 99 106 93 98 91 
59 31 102 124 104 98 94 91 107 100 95 99 109 93 99 91 
59 46 103 125 101 100 96 91 100 99 96 99 110 93 99 91 
60 1 104 125 98 100 95 91 109 100 96 99 111 93 99 91 
60 16 104 125 90 101 96 91 109 99 97 99 113 93 99 91 
60 31 104 124 97 101 96 92 110 102 96 100 110 94 99 91 
60 46 103 125 101 99 95 91 109 103 95 100 108 93 99 91 
61 1 103 126 103 99 95 91 108 102 95 100 108 94 100 91 
61 16 104 127 103 100 96 91 109 102 96 101 105 94 100 92 
61 31 105 127 105 97 94 91 100 102 96 100 100 94 100 92 
61 46 105 127 105 98 94 92 108 102 95 101 107 94 100 92 
62 1 105 128 105 99 94 92 108 103 96 101 107 94 100 92 
62 16 105 128 105 96 93 91 108 102 96 101 104 94 100 91 
62 31 103 128 106 97 93 91 108 102 95 101 106 94 100 91 
62 46 104 129 105 96 94 91 109 102' 95 101 105 94 100 91 
63 1 102 128 106 97 94 91 109 100 94 101 100 94 100 91 
63 16 104 129 107 96 93 91 109 103 95 101 104 94 100 91 
63 31 103 129 107 98 95 91 109 100 95 101 107 94 100 91 
63 46 104 129 107 99 94 91 110 103 95 102 105 94 100 90 
64 1 103 129 107 100 94 91 110 102 95 101 107 93 101 90 
64 16 103 129 106 100 95 91 111 103 96 101 109 93 101 90 
64 31 105 128 101 104 96 92. 113 99 97 102 112 94 101 91 
64 46 105 129 102 104 96 92 113 102 97 102 111 95 101 91 
65 1 105 128 101 103 96 93 113 102 97 103 107 96 102 92 
65 16 104 129 104 101 96 92 113 102 99 102 110 94 102 91 
65 31 105 129 104 98 95 92 113 104 97 103 104 95 102 91 
65 46 104 130 105 98 94 92 112 103 99 101 100 93 102 91 
66 1 105 130 103 99 94 92 112 104 96 102 105 94 102 91 
66 16 104 131 102 99 94 92 111 102 97 102 107 94 102 91 
66 31 105 130 101 102 96 93 113 102 97 102 111 94 102 91 
66 46 106 131 103 101 96 9; 112 105 96 103 110 94 102 91 
67 1 106 131 101 102 96 93 114 103 90 102 111 94 102 91 
67 16 106 131 101 104 97 93 114 104 100 102 108 94 102 91



PACE 6 

TIME 
N 8 fHRO CH 1 CH 2 ClI 3 CH 4 CH 5 CH 6 CH 7 CH 8 CH 9 01110 C11 CH12 CH13 0114 

67 31 105 131 105 99 96 93 113 103 97 102 100 94 102 91 
67 46 105 132 107 102 96 93 114 104 99 103 107 95 103 92 
68 1 106 133 104 101 96 9b 114 104 90 103 111 95 103 92 
68 16 107 132 105 103 97 94 115 103 99 103 112 9 103 92 
68 31 107 132 102 105 98 95 116 101 99 103 113 95 103 92 
68 46 107 132 103 106 98 9'4 116 105 98 105 109 96 104 92 
69 1 107 132 105 103 98 9'i 116 106 101 104 112 95 103 92 
69 16 106 131 106 101 98 94 116 107 100 104 112 96 104 92 
69 31 106 132 106 99 97 94 116 105 99 106 111 97 104 92 
69 46 107 133 108 100 97 94 115 105 98 106 109 96 104 92 
70 1 106 133 100 102 97 94 115 106 97 104 112 95 104 91' 
70 16 106 134 110 99 96 94 115 106 97 105 109 95 104 92 
70 31 107 134 107 100 96 9i 115 104 97 105 109 96 104 92 
70 46 107 134 107 102 97 95 115 105 98 105 112 95 105 92 
71 1 107 133 104 104 99 97 116 103 100 105 114 96 105 92 
71 16 107 132 105 102 98 96 116 107 101 106 110 96 105 92 
71 31 106 133 103 105 98 96 117 105 100 10.5 112 96 105 93 
71 46 107 133 107 102 99 95 116 107 98 106 111 96 105 92 
72 1 107 133 109 99 97 95 115 100 98 106 111 96 105 92 
72 16 107 136 110 99 97 9; 116 107 99 106 109 97 106 93 
72 31 107 136 110 103 98 9; 116 105 98 106 113 97 106 93 
72 46 109 135 110 104 98 96 117 105 99 106 114 97 107 93 
73 1 109 135 106 108 99 96 118 103 101 107 111 97 107 94 
73 16 109 136 109 100 96 96 116 107 98 107 107 98 107 93 
73 31 107 136 111 103 97 96 116 108 98 106 110 97 107 93 
73 46 106 136 113 98 95 96 114 107 98 107 107 97 107 93 
74 1 107 136 109 101 98 97 116 107 100 106 114 96 107 92 
74 16 108 135 109 108 98 96 117 107 100 106 115 96 107 92 
74 31 108 135 106 107 99 97 116 106 100 106 116 96 107 92 
74 46 109 136 100 105 99 97 118 106 100 106 115 97 107 93 
76 1 109 133 104 107 101 9? 119 106 104 106 117 97 107 92 
75 16 109 133 102 108 101 100 120 104 102 107 119 97 108 94 
75 31 109 134 104 103 99 93 119 108 100 108 112 98 108 94 
75 46 110 135 103 106 99 97 119 109 101 100 110 98 108 94 
76 1 110 135 104 109 102 10) 120 103 101 108 119 97 109 93 
76 16 110 134 102 108 103 102 120 103 101 100 120 98 108 94 
76 31 111 134 105 108 101 99 121 105 103 109 120 98 109 94 
76 46 111 135 103 112 101 100 121 106 104 109 120 99 100 94 
77 1 110 134 102 111 103 102 122 109 102 110 121 100 108 94 
77 16 111 135 106 106 101 90 121 111 103 110 114 100 109 94 
77 31 109 136 108 104 99 90 117 109 103 110 113 99 109 94 
77 46 108 135 109 103 98 90 117 111 101 110 113 98 109 93 
78 1 107 134 109 105 98 98 116 111 103 100 117 97 109 93 
70 16 109 136 104 107 100 98 119 110 101 100 118 98 109 94 
78 31 110 135 105 110 102 90 120 110 101 100 118 98 109 94 
78 46 109 136 110 103 99 98 118 110 99 110 115 99 110 94 
79 1 110 137 112 106 100 98 119 100 99 110 117 99 110 94 
79 16 110 137 112 105 99 98 110 111 100 110 114 99 110 94 
79 31 109 138 111 104 90 99 118 111 101 110 110 97 110 93 
79 46 110 139 110 104 99 98 119 109 101 110 114 99 111 94 
80 1 109 138 113 101 97 90 116 111 100 110 113 99 110 94 
80 16 109 138 112 101 97 90 115 107 99 110 116 98 111 94 
80 31 109 138 112 103 90 98 118 111 103 109 118 90 110 94 
80 46 110 138 . 109 100 100 99 120 111 103 110 122 98 111 95 
81 1 111 137 106 112 101 100 121 111 102 110 121 99 111 95



TIME 
M S HRS CHI 1 CH 2 CH 3 CH 4 CH 5 CH 6 CH 7 CI1 0 CII 9 CitlO CHI1 CH12 CH13 CI114 

81 16 111 137 106 111 102 101 122 111 102 110 119 99 111 95 
81 31 111 137 109 106 100 99 120 110 103 110 117 99 112 95 
81 46 110 137 111 106 100 100 120 112 104 110 120 99 112 95 
82 1 111 137 107 109 101 101 121 112 104 111 121 99 112 96 
82 16 111 137 110 107 99 100 120 111 102 111 114 99 112 95 

82 31 109 137 112 105 99 99 118 111 100 111 118 99 112 95 

82 46 108 138 114 110 100 99 120 111 100 111 121 99 112 95 

83 1 110 138 115 109 101 100 122 111 103 111 123 100 113 96 

83 16 112 139 108 114 103 103 123 107 104 112 124 101 113 97 

83 31 112 138 106 111 106 104 125 110 103 113 124 101 113 96 

83 46 112 138 109 109 103 102 123 112 103 113 118 102 113 96 

84 1 112 139 111 112 104 102 123 109 103 113 123 101 114 97 

84 16 113 139 111 110 103 101 124 109 104 113 124 100 114 96 

84 31 113 140 109 116 104 102 125 109 106 113 124 100 114 95 

84 46 114 139 107 115 105 101 126 112 105 112 122 100 114 95 

85 1 115 140 111 111 104 102 123 114 105 114 119 100 114 96 

85 16 115 139 109 112 104 103 123 110 105 112 117 100 114 97 

85 31 115 140 111 103 98 102 119 113 103 112 116 101 114 96 
85 46 114 140 113 108 101 101 120 112 103 113 120 99 114 95 
86 1 114 140 111 113 102 102 122 113 103 113 119 101 114 96 

86 16 112 139 114 108 102 101 121 111 102 114 123 101 115 96 

86 31 114 140 113 115 103 104 124 108 105 114 125 101 115 96 
86 46 115 140 113 117 105 104 125 108 106 114 126 101 115 97 
87 1 115 140 108 115 105 108 126 107 106 114 120 101 115 97 
87 16 115 139 106 116 107 106 128 111 105 114 125 102 116 98 
87 31 116 139 111 109 104 103 123 114 105 114 123 102 116 97 
87 46 115 139 111 111 106 103 125 110 105 114 125 101 115 98 
88 1 115 139 113 108 103 102 125 113 104 114 121 103 116 97 
88 16 116 140 114 108 102 102 125 110 104 114 122 104 116 97 
88 31 116 140 112 115 104 104 127 115 105 114 126 103 116 98 
88 46 116 140 114 113 105 104 126 116 104 115 126 102 116 97 

89 1 116 140 110 117 107 106 128 115 105 116 129 102 117 97 

89 16 116 139 109 117 108 107 129 114 106 117 129 102 116 97 

89 31 117 139 110 117 110 107 130 112 111 115 128 101 117 97 
89 46 117 139 113 113 106 104 129 115 100 115 126 101 117 97 

90 1 116 138 107 116 107 107 129 116 112 115 129 100 116 97 

90 16 116 138 100 116 109 106 129 115 108 114 127 100 115 97 

90 31 116 138 109 112 106 104 128 114 108 115 123 101 116 97 

90 46 116 139 111 104 101 104 124 113 108 116 122 101 116 97 

91 1 116 139 110 104 100 104 123 114 104 116 122 101 116 96 

91 16 116 140 113 108 102 103 124 114 106 116 123 101 116 96 

91 31 116 141 112 113 107 108 126 114 108 115 128 101 117 96 
91 46 117 140 111 118 105 105 127 113 107 115 129 100 117 97 

92 1 117 139 110 118 109 108 120 112 109 114 129 102 115 .97 

92 16 117 138 109 117 109 112 131 114 111 116 130 103 117 98 

92 31 117 138 109 117 107 109 131 117 110 118 124 103 117 97 

92 46 116 138 111 112 106 104 120 116 108 117 127 102 118 97 

93 1 117 139 110 118 107 106 130 114 111 117 131 102 119 98 
93 16 117 138 110 116 109 107 131 114 109 118 126 103 119 98 

93 31 117 139 113 109 105 104 129 114 109 110 126 102 119 97 
93 46 116 140 113 107 102 104 126 116 107 117 123 103 119 97 
94 1 117 140 113 111 103 105 127 115 107 117 124 102 119 97 

94 16 116 140 112 107 101 104 123 114 108 117 125 101 110 96 
94 31 117 139 111 116 104 106 126 114 109 117 125 101 118 97 
9446 116 139 112 114 1.S 110 126 114 109 116 129 100 116 96



TIME 
M S HRS CH1 1 CH 2 CH 3 CH 4 CH 5 CH 6 CH1 7 CH 8 CH 9 CHIO CH11 CH12 CH13 CH14 

95 1 117 138 110 116 107 107 129 116 110 117 130 100 117 96 
95 16 117 138 112 113 106 10I 129 114 107 116 120 100 11 96 
95 31 117 138 112 111 104 106 120 115 110 117 124 102 118 97 
95 46 118 140 111 115 106 112 120 110 109 117 125 102 119 97 
96 1 118 139 112 108 102 106 126 116 104 117 125 102 119 97 
96 16 118 139 111 112 102 106 127 117 107 110 126 102 119 97 
96 31 117 139 113 113 106 107 129 117 100 116 129 101 118 96 
96 46 117 137 113 111 106 106 131 115 108 116 129 100 118 97 
97 1 117 138 112 113 106 106 132 113 109 117 130 101 119 97 
97 16 118 139 114 109 104 105 128 115 107 117 126 102 119 97 
97 31 117 139 112 112 106 107 130 114 107 118 127 102 120 97 
97 46 117 140 114 116 107 112 131 118 113 117 132 101 120 97 
98 1 117 139 111 118 110 112 133 117 110 118 131 102 120 98 
98 16 118 139 113 117 111 106 133 118 112 117 133 101 121 98 
90 31 110 139 109 121 111 115 133 118 114 117 136 101 121 98 
98 46 118 138 110 119 110 119 135 1-6 115 118 135 102 122 98 
99 1 118 138 107 120 113 118 136 120 115 117 137 101 122 98 
99 16 119 137 109 109 107 101 133 117 110 119 129 103 122 98 
99 31 119 138 113 112 107 105 133 117 111 119 131 102 122 98 
99 46 119 138 100 119 110 116 135 116 112 118 135 102 121 98 

100 1 118 138 110 118 109 105 133 118 110 119 129 103 122 98 
100 16 118 139 113 110 104 1E 129 119 109 120 126 103 122 99 
100 31 119 139 112 115 106 109 130 116 111 120 130 101 119 98 
100 46 118 138 111 116 107 110 134 116 112 119 134 102 120 98 
101 1 118 139 111 116 109 111 136 118 113 119 133 102 119 98 
101 16 117 137 110 119 113 123 137 119 113 119 136 101 121 98 
101 31 118 137 108 119 111 117 138 122 113 119 136 101 122 97 
101 46 118 137 105 122 110 119 138 120 115 118 136 102 123 99 
102 1 119 138 109 123 113 11 139 118 110 119 138 103 123 100 
102 16 119 138 111 115 110 112 137 119 114 119 134 103 122 99 
102 31 119 138 112 119 111 110 138 119 111 121 132 104 124 100 
102 46 120 139 115 115 109 10E 137 118 111 122 131 103 124 99 
103 1 119 140 112 121 112 108 138 118 109 121 133 104 124 99 
103 16 119 141 112 121 116 116 139 124 113 121 136 104 123 100 
103 31 118 139 112 120 111 12C 141 120* 118 121 137 104 123 101 
103 46 118 137 111 123 112 112 141 121 116 121 137 104 123 101 
104 1 120 139 113 121 112 116 142 125- 115 121 136 104 120 101 
104 16 119 138 113 119 113 114 142 122 118 122 137 104 121 101 
104 31 120 139 114 111 106 10 136 123 113 122 133 106 123 100 
104 46 120 139 117 112 106 1E 136 119 114 123 135 104 124 100 
105 1 120 140 116 108 105 107 133 120 112 122 130 105 125 101 
105 16 121 141 114 114 108 109 137 117 114 122 134 104 125 100 
105 31 120 142 112 122 115 122 140 119 118 122 138 104 125 101 
105 46 121 141 110 120 113 12t 142 120 117 122 139 104 124 100 
106 1 120 140 108 120 113 12. 143 124 114 122 138 104 122 100 
106 16 120 139 111 123 116 118 143 123 116 122 138 106 124 102 
106 31 120 139 115 116 100 107 138 121 112 122 132 106 126 101 
106 46 119 141 119 110 109 107 137 118 113 124 135 105 126 100 
107 1 120 141 115 119 111 113 141 120 112 123 134 105 126 100 
107 16 121 141 117 114 110 11' 139 121 115 123 134 105 124 100 
107 31 120 141 113 119 117 119 141 119 114 123 136 105 125 99 
107 46 120 141 113 118 112 109 141 121 111 123 134 106 126 100 
108 1 120 142 116 116 111 112 141 117 11r 123 137 107 126 100 
108 16 121 142 111 124 117 125 144 119 120 124 139 105 127 101 
100 31 121 141 112 122 117 130 144 122 116 125 136 107 126 101



PAUL 9 

TIME 
M S HRS CH 1 CH 2 CH 3 CH 4 CH 5 CH 6 CH 7 CH 8 CH 9 C110 CH411 C1112 C1l3 CHi4 

108 46 121 139 114 124 113 117 143 119 123 123 140 106 124 102 
109 1 120 139 110 122 122 125 144 123 120 124 140 106 125 101 
109 16 121 140 113 120 113 112 142 122 118 123 134 106 127 102 
109 31 121 141 114 115 112 112 139 122 116 124 139 106 126 101 
109 46 121 141 115 117 113 116 142 124 116 124 139 106 127 101 
110 1 121 142 114 122 115 119 144 124 120 124 142 106 129 102 
110 16 122 142 112 123 115 126 145 123 123 124 141 106 130 102 
110 31 122 141 111 127 115 121 143 127 119 124 138 107 130 102 
110 46 121 142 113 122 115 12C 144 123 122 124 141 105 128 101 
111 1 122 142 112 122 115 121 143 123 122 124 141 106 128 101 
111 16 121 141 112 120 117 122 146 124 123 124 142 108 129 103 
111 31 122 142 114 120 114 113 143 124 121 124 142 106 130 102 
111 46 123 142 112 125 118 126 144 123 120 124 140 106 130 102 
112 1 123 142 111 119 116 118 143 127 121 124 142 106 130 103 
112 16 123 141 113 119 114 110 144 124 118 125 139 107 131 102 
112 31 123 143 114 113 112 110 140 121 117 124 137 106 130 101 
112 46 122 143 112 119 114 117 143 121 123 124 140 105 128 101 
113 1 122 143 112 116 115 116 145 123 119 125 137 108 129 102 
113 16 123 144 116 116 113 11i 143 123 116 125 137 108 131 103 
113 31 124 145 115 118 118 12:. 145 125 121 125 139 108 132 103 
113 46 123 145 117 116 115 11. 144 125 115 126 136 109 132 103 
114 1 124 146 116 115 116 116 143 123 119 126 139 108 131 102 
114 16 123 147 115 120 116 119 144 123 121 125 137 108 133 103 
114 31 124 147 117 116 112 11.. 140 121 117 126 136 109 133 103 
114 46 124 147 120 109 108 109 137 121 115 127 133 109 133 102 
115 1 123 148 118 113 114 116 141 123 121 127 138 108 130 102 
115 16 123 145 115 119 118 121 143 123 120 126 142 108 129 103 
115 31 123 144 112 121 120 120 145 124 121 127 146 109 132 104 
115 46 123 145 113 122 121 131 147 125 122 127 146 110 131 104 
116 1 124 144 115 123 116 113 148 126 124 126 145 106 130 104 
116 16 124 145 114 123 115 126 148 124 125 126 146 108 131 104 
116 31 124 146 112 129 123 131 147 123 126 126 147 110 132 104 
116 46 125 147 115 129 120 126 148 125 123 128 146 110 134 105 
117 1 125 149 115 130 - 119 129 149 125 124 128 147 110 133 105 
117 16 125 150 115 132 120 119 149 122 123 129 145 110 134 104 
117 31 125 150 116 133 118 121 150 123 125 120 145 110 133 106 
117 46 125 150 115 134 122 128 151 122 128 129 148 110 135 106 
118 1 125 143 115 133 123 116 148 125 126 129 148 110 134 106 
118 16 125 142 113 134 121 125 148 124 130 129 149 110 136 100 
118 31 125 139 114 134 121 129 150 125 127 129 149 111 135 107 
118 46 125 137 117 134 121 118 149 125 125 129 150 110 134 107 
119 1 126 140 117 132 118 114 147 123 123 130 148 112 136 107 
119 16 126 140 119 132 123 11? 150 124 122 132 149 111 135 107 
119 31 126 144 118 134 121 123 151 126 121 130 150 113 137 107 
119 46 127 142 120 133 119 114 145 124 122 131 142 111 138 107 
120 1 128 144 118 128 116 117 143 121 123 131 145 111 136 106 
120 16 127 140 118 133 119 124 149 125 120 131 150 111 138 106 
120 31 127 137 120 131 119 113 149 124 124 131 147 111 136 106 
120 46 120 140 119 133 118 130 150 123 121 130 149 112 135 106 
121 1 127 144 118 136 122 131 150 125 123 131 140 112 134 106 
121 16 127 139 116 139 119 131 152 124 123 131 150 112 136 108 
121 31 120 135 118 136 119 126 154 125 122 131 151 114 138 108 
121 46 120 137 119 137 120 129 153 124 124 131 152 114 139 109 
122 1 128 135 117 138 123 132 152 126 126 132 163 112 138 100 
122 16 127 132 117 138 123 127 152 126 125 133 147 114 137 107



* 0 
TIME 

m S HRS CH 1 CH 2 CH 3 CH 4 CH 5 CH 6 Cii 7 CiH 8 C11 9 CH10 C111 CH12 CH13 CH14 

122 31 127 134 122 133 121 119 148 126 124 132 147 113 137 107 
122 46 127 138 120 135 125 120 150 126 124 132 152 112 137 106 
123 1 127 134 115 139 126 12.4 150 127 127 131 152 111 137 106 
123 16 126 135 118 137 121 124 152 125 129 131 152 111 134 107 
123 31 127 131 115 139 126 137 152 128 129 131 154 113 134 108 
123 46 127 131 115 140 120 130 152 128 129 133 153 112 135 108 
124 1 127 129 117 138 120 11!? 144 127 124 133 147 114 139 109 
124 16 128 136 120 134 121 117 145 126 124 133 149 114 139 108 
124 31 128 139 120 137 121 121 150 124 120 133 156 113 137 107 
124 46 123 123 117 139 121 11.3 151 126 127 133 159 113 137 109 
125 1 123 130 110 142 124 130 150 127 134 133 160 115 140 111 
125 16 126 134 117 143 132 135 151 129 134 134 155 116 142 112 
125 31 120 135 120 137 121. 117 145 127 126 134 153 117 142 112 
125 46 120 139 122 135 122 113 144 126 123 135 155 115 141 109 
126 1 120 141 118 139 131 135 147 126 128 134 151 113 138 109 
126 16 128 140 118 140 124 11? 148 128 125 134 150 115 139 110 
126 31 128 138 117 138 127 124 150 126 123 134 152 115 140 109 
126 46 128 138 116 139 126 13D 151 127 125 134 152 114 140 109 
127 1 120 134 115 141 125 137 153 129 131 135 151 115 139 110 
127 16 126 133 119 143 127 127 155 130 128 136 152 115 137 109 
127 31 128 139 118 144 125 1-2 154 129 131 136 155 116 137 109 
127 46 128 134 120 141 123 122 151 130 130 135 153 114 137 111 
128 1 129 140 119 138 118 114 143 126 126 133 147 117 141 110 
120 16 129 147 121 134 120 121 144 127 125 135 149 116 139 109 
128 31 129 141 120 137 122 125 150 128 125 136 153 116 141 110 
128 46 129 136 119 140 121 132 153 128 126 137 151 116 142 109 
129 1 129 138 122 140 126 126 151 128 120 135 155 118 143 110 
129 16 130 136 122 141 124 123 152 129 125 136 153 119 144 109 
129 31 130 134 125 138 124 116 149 130 122 138 151 117 144 110 
129 46 130 140 120 142 131 133 150 134 132 136 154 115 143 109 
130 1 130 133 121 141 125 118 145 133 125 136 150 118 145 110 
130 16 131 140 123 138 125 117 149 133 126 136 153 117 144 110 
130 31 128 134 125 137 123 117 146 131 124 136 154 116 143 110 
130 46 128 139 119 140 129 123 150 132 126 136 155 116 145 110 
131 1 129 137 121 144 125 132 151 132 129 137 158 117 145 111 
131 16 130 139 121 144 120 129 152 132 130 138 157 110 145 111 
131 31 130 138 122 146 127 132 153 134 130 139 158 118 147 110 
131 46 130 138 120 147 128 131 153 133 130 137 157 116 146 110 
132 1 131 136 118 147 130 139 153 136 133 137 157 117 146 110 
132 16 131 137 122 147 131 120 153 137 131 137 156 116 145 1l1 
132 31 131 140 122 148 128 124 153 136 135 137 150 116 144 111 
132 46 131 141 120 140 127 130 152 135 135 138 157 110 145 112 
133 1 131 142 121 148 120 134 153 136 130 138 159 119 142 111 
133 16 131 138 122 148 132 132 153 137 132 138 159 118 146 111 
133 31 132 141 124 143 123 116 139 138 128 137 149 118 148 112 
133 46 132 144 122 143 124 127 148 136 129 138 153 117 145 110 
134 1 130 137 123 145 125 130 151 137 128 137 156 118 142 112 
134 16 131 139 122 147 120 129 151 138 131 130 158 110 141 111 
134 31 131 141 120 148 128 138 155 138 131 139 159 119 145 112 
134 46 131 139 125 150 120 135 153 130 130 139 159 118 141 111 
135 1 130 141 124 149 129 123 153 139 132 139 159 118 138 111 
135 16 130 138 123 150 130 134 1L4 142 134 138 158 118 139 112 
135 31 131 139 124 151 129 138 154 141 134 139 161 118 143 113 
135 46 132 138 123 151 132 130 152 139 134 138 160 118 144 114 
136 1 132 138 123 152 131 120 155 141 134 130 163 120 147 114



TINC 
fl S HRS CH 1 CH 2 CH 3 CH 4 Cil 5 CHl 6 CiH 7 CHi 8 ci 9 C1110 C111 CH12 CH13 CH114 

136 16 132 138 123 150 131 135 152 140 134 140 162 118 143 113 
136 31 132 137 120 152 136 134 151 140 130 139 162 117 144 112 
136 46 132 137 121 152 133 124 11 139 136 138 160 119 145 112 
137 1 133 140 123 147 120 125 149 139 132 138 157 117 145 112 
137 16 131 139 122 147 120 136 149 139 132 139 158 117 144 111 
137 31 131 138 122 149 120 124 142 139 132 130 153 120 146 112 
137 46 132 141 123 146 125 133 147 140 130 139 158 119 146 112 
138 1 132 141 121 149 132 133 147 142 133 139 160 119 147 112 
138 16 132 139 123 151 134 135 149 142 133 140 161 122 146 113 
138 31 132 139 124 150 131 132 148 142 135 142 160 121 146 113 
138 46 132 139 122 151 130 131 147 141 134 142 160 121 146 115 
139 1 132 147 122 152 129 137 148 141 135 142 161 120 147 113 
139 16 132 139 119 153 130 120 150 141 134 141 160 120 146 113 
139 31 132 140 122 154 130 130 140 144 138 141 164 119 146 113 
139 46 132 137 117 153 132 132 148 144 134 139 164 117 143 112 
140 1 129 129 119 152 129 127 150 143 133 140 162 118 146 113 
140 16 130 135 121 152 129 124 144 143 130 140 158 120 147 113 
140 31 132 140 119 150 129 128 140 143 132 141 164 120 148 113 
140 46 132 136 123 148 129 123 147 142 132 141 162 118 147 113 
141 1 131 141 120 152 133 131 145 142 135 139 166 117 147 113 
141 16 131 140 121 154 134 134 147 142 136 139 164 119 150 115 
141 31 131 139 119 156 132 136 150 145 136 141 164 120 150 114 
141 46 131 132 117 157 139 137 140 145 139 142 166 121 150 116 
142 1 132 139 121 158 138 134 150 146 139 142 166 122 147 116 
142 16 133 141 123 158 134 134 149 146 138 142 164 122 147 115 
142 31 133 140 120 159 137 134 148 146 140 143 169 121 148 115 
142 46 133 139 122 158 134 136 150 147 130 144 165 122 150 115 
143 1 134 138 122 158 135 129 145 146 138 142 160 124 151 117 
143 16 135 146 126 150 129 122 138 144 135 142 151 124 154 117 
143 31 136 152 126 146 126 126 139 143 133 142 158 124 154 116 
143 46 135 147 125 152 129 140 146 143 134 145 162 124 153 114 
144 1 134 144 124 152 130 133 146 143 134 144 162 122 150 114 
144 16 134 145 126 155 131 125 145 143 135 144 157 123- 153 115 
144 31 135 144 130 148 120 123 143 141 130 144 158 121 152 114 
144 46 134 145 127 150 130 131 147 143 134 143 163 122 151 115 
145 1 134 145 126 155 134 137 147 146 139 144 164 121 150 116 
145 16 134 142 124 157 134 132 145 145 139 143 161 124 151 -115 
145 31 135 143 126 147 127 126 143 142 133 143 157 124 153 116 
145 46 134 143 130 146 120 123 142 143 131 143 154 122 154 115 
146 1 135 147 131 142 125 123 140 142 132 142 155 121 150 115 
146 16 135 146 128 145 127 124 143 141 135 142 162 119 140 114 
146 31 130 139 124 151 120 127 148 141 134 141 162 122 149 114 
146 46 131 140 127 150 131 131 147 142 135 142 164 120 149 114 
147 1 132 141 122 153 131 137 149 143 137 143 166 121 149 115 
147 16 132 138 122 157 133 133 151 144 139 144 166 122 148 113 
147 31 132 140 123 157 131 133 153 145 138 145 167 122 147 114 
147 46 130 136 124 158 131 132 153 144 137 145 166 122 147 114 

148 1 130 132 123 155 130 125 151 144 136 145 165 121 146 114 
148 16 131 136 124 154 129 125 149 144 139 141 159 122 149 115 
148 31 134 141 125 152 130 134 151 144 137 144 165 122 150 115 
148 46 133 141 121 155 132 120 151 143 139 143 167 124 152 116 
149 1 134 142 124 158 135 133 153 145 138 145 166 123 154 115 
149 16 134 142 125 154 131 126 150 145 134 142 162 124 155 115 
149 31 134 144 125 153 131 128 151 145 137 143 165 122 154 115 
149 46 134 144 122 157 135 137 152 146 139 143 166 123 152 115



TIMEC 
M S HfRS CIl 1 CH 2 CHI 3 CI 4 Cl 5 Ci 6 C11 7 CH 8 CH 9 C1110 CH1l C1112 C1113 CH14 

150 1 134 145 124 159 136 1-2 154 146 139 145 168 123 154 115 
150 16 134 144 121 160 133 110 155 146 138 144 168 122 153 115 
150 31 134 142 123 188 134 125 155 145 139 143 169 122 151 115 
150 46 134 141 123 159 134 133 157 144 139 144 167 123 153 116 
151 1 134 142 122 159 135 130 157 143 139 146 165 125 154 118 
151 16 136 146 127 151 131 125 151 143 136 143 159 126 155 118 
151 31 136 148 126 154 135 121 154 144 135 143 166 126 156 117 
151 46 135 145 123 158 136 133 156 146 135 146 165 124 156 117 
152 1 134 140 125 158 139 132 157 147 136 146 169 124 154 117 
152 16 134 144 125 161 137 144 159 148 138 148 166 127 151 119 
152 31 134 141 121 162 130 136 161 149 137 149 168 126 151 118 
152 46 135 140 122 161 139 140 161 147 140 149 169 127 154 118 
153 1 135 141 123 162 138 134 159 148 141 147 168 124 154 116 
153 16 135 143 122 163 137 135 160 148 140 146 170 123 151 116 
153 31 136 142 124 162 137 134 160 147 141 145 167 124 150 118 
153 46 134 140 126 156 134 130 159 148 130 146 164 125 151 119 
154 1 135 145 126 159 138 132 161 148 140 146 164 126 153 119 
154 16 136 145 127 157 136 129 158 147 138 145 164 126 154 119 
154 31 137 146 128 157 134 127 160 144 135 146 164 125 154 118 
154 46 135 146 126 158 134 133 162 147 138 145 167 126 156 117 
155 1 136 144 127 160 136 134 163 146 140 146 168 125 153 117 
155 16 134 141 123 163 136 138 163 148 144 145 170 123 153 117 
155 31 134 139 121 163 138 135 163 149 139 146 168 124 153 117 
155 46 136 137 127 158 134 127 159 147 138 144 167 126 154 118 
156 1 137 143 125 157 137 132 161 148 139 146 168 125 156 117 
156 16 136 142 125 158 138 129 161 147 130 146 166 125 157 117 
156 31 135 141 132 153 133 126 160 145 134 144 157 128 159 119 
156 46 135 142 134 149 130 123 158 145 132 145 160 125 159 117 
157 1 135 146 131 149 131 120 159 144 134 145 162 123 157 116 
157 16 135 140 129 155 134 133 162 146 140 145 164 124 158 117 
157 31 136 139 126 160 136 136 165 151 140 146 169 125 155 119 
157 46 136 136 127 160 137 120 164 150 138 147 166 127 157 118 
158 1 137 136 128 154 135 126 164 148 137 147 166 128 158 110 
158 16 137 143 131 153 134 126 162 146 135 148 168 128 159 118 
158 31 138 141 134 151 131 123 162 145 136 147 166 127 159 118 
158 46 139 142 133 152 134 127 162 .46 137 145 165 126 157 119 
159 1 137 143 128 156 135 130 164 147 136 146 163 128 157 110 
159 16 138 140 120 157 135 138- 164 140 138 148 166 127 158 117 
159 31 137 139 127 189 137 135 166 149 139 148 168 126 158 117 
159 46 137 137 128 161 137 141. 167 151 140 146 167 126 159 118 
160 1 138 140 128 161 136 13.. 167 150 140 147 168 128 159 118 
160 16 138 144 132 160 138 132 167 140 138 146 168 128 160 119 
160 31 140 143 133 158 137 13o 166 148 140 146 167 125 160 117 
160 46 138 142 128 159 135 12H 164 147 141 147 164 127 159 118 
161 1 138 138 131 153 136 130 165 147 141 147 166 124 158 116 
161 16 137 140 128 159 140 138 167 151 142 147 168 124 156 117 
161 31 137 141 126 162 139 137 169 153 143 148 170 124 156 117 
161 46 136 142 123 165 140 147 172 156 144 148 173 126 159 117 
162 1 138 140 127 164 140 138 172 156 144 147 169 126 158 117 
162 16 138 141 131 159 135 127 171 155 142 146 169 128 160 117
162 31 138 146 130 160 137 13E 173 155 143 146 170 125 161 119 
162 46 138 144 128 163 138 13e. 174 153 144 146 170 127 163 119 
163 1 138 138 130 160 137 12L 173 isi 140 148 173 127 162 119 w 
163 16 140 136 133 159 139 13& 174 149 140 146 171 127 161 118 
163 31 139 137 128 158 135 142 174 151 142 146 172 127 162 118



PAGE 13 

TIME 
M S HRS CH 1 CH 2 CH 3 CH1 4 CH S CII 6 CH1 7 CH 8 CiH 9 C10 C0il1 CH12 C1il3 C1114 

163 46 139 136 129 162 130 139 175 153 144 140 171 127 161 110 
164 1 140 136 132 161 136 131 173 154 142 147 171 120 159 120 
164 16 138 133 132 162 139 144 175 156 145 147 170 127 160 118 
164 31 139 136 131 161 138 130 177 155 141 147 169 125 160 117 
164 46 140 136 133 153 132 125 171 153 136 148 167 120 160 117 
165 1 140 135 135 152 134 135 174 153 137 147 170 130 160 118 

165 16 140 134 131 159 136 140 176 154 137 149 169 129 156 117 

165 31 140 133 130 162 137 145 178 155 139 148 172 120 155 117 
165 46 139 132 132 164 142 139 179 156 140 149 174 127 158 116 
166 1 140 135 132 162 139 140 179 156 130 146 173 130 156 117 
166 16 140 136 131 162 130 134 179 155 137 147 171 120 158 118 
166 31 140 136 130. 163 142 143 179 156 143 147 174 127 160 119 

166 46 141 136 131 166 140 143 100 156 140 147 175 129 160 119 

167 1 142 135 132 165 140 141 182 156 140 148 176 128 159 119 
167 16 141 134 133 168 139 143 183 157 140 147 175 129 159 119 
167 31 141 134 133 168 140 144 183 158 139 148 174 128 161 117 
167 46 141 135 131 169 140 135 182 158 139 148 175 129 163 117 
168 1 141 135 130 167 141 140 181 158- 142 148 174 120 162 118 

168 16 142 135 136 163 139 135 179 156 142 148 175 129 160 119 
168 31 142 135 135 162 139 140 181 156 139 147 174 129 162 119 
168-46 141 135 132 164 .142 142 180 156 139 147 176 130 161 120 
169 1 142 133 131 165 142 144 180 157 142 140 177 130 162 120 
169 16 140 133 133 163 143 139 179 157 145 148 176 128 162 120 
169 31 140 135 132 164 141 132 178 154 142 148 175 128 162 118 
169 46 141 135 133 164 140 142 180 155 144 147 176 126 160 119 
170 1 141 136 132 165 140 137 180 155 143 147 175 127 160 120 
170 16 142 135 133 166 142 143 181 155 144 147 175 130 160 121 
170 31 142 134 132 166 142 147 102 156 139 147 176 129 161 119 
170 46 142 135 132 168 144 146 182 157 140 147 178 133 165 119 
171 1 143 135 138 165 142 137 182 155 139 148 176 132 162 120 
171 16 143 137 134 168 143 143 181 157 140 147 177 132 164 119 
171 31 143 138 132 166 142 141 103 157 138 149 177 131 165 119 
171 46 143 138 132 167 144 140 182 156 144 149 178 130 161 119 
172 1 139 133 129 168 142 140 184 157 146 149 176 131 162 120 
172 16 141 135 134 162 140 134 179 ISF 144 149 173 130 161 119 
172 31 141 136 134 162 141 138 180 156 145 148 175 127 156 .119 
172 46 141 138 131 164 140 144 183 156 147 148 174 128 158 120 

173 1 141 139 133 163 141 135 181 156 144 148 174 130 160 119 
173 16 142 143 133 168 145 141 184 154 143 148 175 129 162 119 
173 31 142 140 130 170 145 142 183 157 147 149 176 130 162 121 
173 46 142 140 131 168 142 136 183 158 146 148 173 131 162 120 
174 1 143 141 133 163 139 134 180 155 144 150 175 129 162 120 
174 16 143 144 135 164 140 136 181 154 144 147 173 131 163 120 
174 31 144 142 138 160 139 131 179 154 140 140 172 130 163 119 
174 46 143 146 135 158 138 139 178 156 144 149 173 130 163 119 

175 1 142 144 134 164 141 140 101 157 144 149 176 130 162 120 

175 16 143 143 133 165 142 138 184 158 145 149 176 129 161 120 
175 31 141 140 134 171 142 140 104 159 145 149 173 113 163 122 
175 46 142 144 139 163 140 134 179 157 141 150 173 133 165 120 
176 1 143 145 138 163 141 143 183 157 140 151 174 134 166 119 
176 16 143 143 131 167 143 139 182 169 145 150 176 132 166 118 
176 31 144 139 136 161 141 134 179 157 142 151 176 134 166 118 
176 46 144 139 136 161 140 134 179 156 139 151 173 135 166 119 
177 1 143 149 134 163 141 141 101 158 144 151 177 134 166 119 
177 16 145 150 139 161 141 139 179 157 142 151 175 133 166 119



PAGE 14 

TIME 
M1 S HRG CH 1 CH 2 CH 3 CH 4 CH 5 CH 6 CH- 7 CH 8 C11 9 C1110 CIll C1112 C1113 CH14 

177 31 143 152 133 165 142 151 182 159 145 152 177 135 164 121 
177 46 144 158 133 168 141 147 186 160 145 152 170 137 164 123 
178 1 143 150 133 168 144 142 105 160 146 153 177 136 162 121 
178 16 144 147 137 167 146 141 184 158 144 153 100 137 160 122 
178 31 144 146 139 165 144 141 185 157 146 152 179 133 160 121 
178 46 144 145 136 169 147 147 185 159 146 150 177 132 163 122 
179 1 143 142 134 166 142 137 181 158 147 150 178 131 162 120 
179 16 144 146 132 166 147 139 179 158 147 149 177 130 161 119 
179 31 143 149 133 169 145 139 181 158 142 147 175 136 164 121 
179 46 144 150 134 167 146 137 182 157 145 149 176 131 160 121 
180 1 143 153 132 169 146 144 184 160 145 149 179 133 160 121 
180 16 145 150 138 164 141 135 395 644 976 1237 1452 132 163 121 
180 31 543 766 947 1162 1457 1729 1896 2228 2640 2936 3093 3320 3398 3415 
180 46 3433 3438 3440 3444 3448 3448 3449 3450 3452 3454 3455 3457 3458 3459 
181 1 3462 3463 3463 3464 3465 3466 3467 3468 3470 3470 3471 3472 3472 3473 

H~



SL AD4-2D 

LENGTH - 180 MINUTES DATE RUN 10 MAY 7e 

PAGE 1 

TIME 
M S HRS CHIS CH16 CHi7 CHi8 CHi19 C1120 CH21 CH22 CH23 CH24 CH25 CH26 CH27 CH28 

0 1 79 79 80 77 77 78 76 79 80 s0 132 274 369 530 

0 16 79 79 80 78 78 79 77 90 80 80 170 318 418 580 

0 31 80 79 80 78 79 79 78 81 81 80 224 376 477 638 

0 46 80 80 81 79 80 80 79 82 81 01 296 456 560 736 

1 1 80 80 81 80 90 80 80 82 81 81 387 570 703 904 

116 81 80 81 81 81 80 80 02 82 81 503 696 835 1039 

1 31 81 80 82 81 81 81 81 84 82 82 642 800 900 1065 

1 46 81 81 82 82 81 81 81 84 82 82 795 945 1035 1188 

2 1 82 81 82 82 82 81 81 84 82 83 958 1114 1216 1383 

2 16 82 81 82 82 02 01 81 84 82 03 1110 1258 1346 1499 

2 31 82 81 92 82 82 81 81 84 82 83 1239 1384 1470 1624 

2 46 82 81 83 84 82 01 82 84 83 84 1345 1487 1571 1724 

3 1 02 01 83 84 82 82 82 84 82 03 1414 1560 1654 1823 

3 16 82 81 83 83 82 81 82 84 82 83 1457 1607 1707 1879 

3 31 82 81 83 83 82 81 81 84 82 83 1478 1626 1726 1896 

3 46 82 81 83 8? 82 81 82 84 83 83 1484 1629 1724 1892 

4 1 82 81 83 83 82 82 82 84 83 83 1483 1621 1708 1866 

4 16 82 82 03 03 82 82 82 84 83 84 1478 1618 1717 1891 

4 31 82 81 83 84 82 82 82 84 83 84 1474 1628 1740 1928 

4 46 82 82 83 84 82 82 82 85 83 85 1464 1638 1772 1989 

5 1 83 82 83 84 82 82 82 85 83 85 1454 1653 1820 2078 

5 16 82 82 83 83 82 82 82 84 83 85 1442 1688 1920 2259 

5 31 82 82 03 83 82 82 82 84 83 86 1427 1694 1955 2327 

5 46 82 82 03 83 82 82 82 84 83 86 1415 1699 1981 2380 

6 1 82 82 83 82 82 82 82 84 83 06 1404 1693 1979 2381 

6 16 82 82 83 82 82 82 82 85 83 86 1391 1680 1964 2362 

6 31 83 82 83 83 82 82 82 05 83 87 1379 1663. 1940 2328 

6 46 83 82 83 82 82 82 82 85 83 87 1369 1658 1942 2339 

7 1 83 82 83 82 82 82 82 85 83 87 1359 1659 1964 2389 

7 16 83 82 83 82 82 82 02 85 83 87 1346 1650 1960 2391 

7 31 83 82 83 83 82 82 82 85 83 88 1335 1644 1959 2398 

7 46 83 82 83 83 82 82 82 85 83 88 1324 1639 1961 2407 

8 1 83 82 83 82 82 82 82 85 83 89 1315 1630 1952 2396 

8 16 83 82 83 82 82 02 82 86 83 89 1306 1623 1947 2394 

.8 31 83 82 83 82 82 82 82 06 83 90 1298 1531 1751 2076 

8 46 83 82 83 83 82 82 82 86 83 90 1289 1522 1748 2076 

9 1 83 82 83 82 81 82 81 85 83 91 1279 1515 1742 2068 

9 16 83 82 83 83 82 82 82 86 83 92 1270 1502 1724 2038 

9 31 83 82 83 83 82 82 82 86 83 92 1261 1497 1724 2048 

9 46 83 82 84 83 82 82 81 86 83 93 1252 1531 1813 2204 

10 1 83 82 83 83 81 82 81 86 83 93 1248 1533 1827 2234 

10 16 83 82 83 83 81 82 81 87 83 94 1254 1552 1861 2284 

10 31 83 82 84 83 81 82 81 86 83 94 1270 1578 1894 2327 

10 46 83 82 83 83 81 82 81 87 .83 95 1289 1596 1912 2350 

11 1 83 82 83 2 32 82 02 87 83 96 1308 1619 1940 2385 

11 16 83 02 84 83 82 02 82 86 83 97 1320 1632 1951 2392 

11 31 33 83 84 04 02 82 82 86 83 97 1322 1604 1165 2240 

11 46 03 83 84 84 92 82 82 87 83 98 1316 1581 1042 2204 

12 1 83 82 84 84 82 82 82 07 83 99 1308 1595 1072 2251 

12 16 03 13 84 03 02 02 81 87 83 100 1300 1559 1101 2143



0 0 0 
TIME 

KM S HRS CH1S C1116 CHi7 CH18 CH19 CH20 CF21 CH22 CH23 CH24 CH25 CH26 CH27 CH28 
12 31 03 83 84 84 82 82 81 87 83 100 1297 1580 1849 2221 12 46 83 83 84 84 82 02 81 87 83 101 1300 1596 1889 2291 13 1 83 83 84 83 82 82 82 87 83 102 1311 1567 1808 2146 13 16 83 83 84 84 82 82 82 87 83 102 1321 1607 1888 2277 13 31 83 83 85 84 82 82 82 87 83 103 1332 1592 1821 2151 13 46 83 83 84 83 82 82 82 87 83 104 1344 1621 1882 2239 14 1 83 83 85 84 82 82 82 87 83 105 1353 1623 1884 2254 14 16 83 83 85 83 82 82 82 87 83 106 1361 1644 1917 2291 14 31 83 83 85 83 82 82 82 87 83 107 1367 1646 19i7 2295 14 46 83 83 85 84 82 82 82 87 83 100 1371 1657 1937 2327 15 1 83 83 85 83 82 02 82 87 83 109 1373 1657 1938 2331 15 16 83 83 8s 84 82 82 82 87 83 110 1375 1669 1959 2363 15 31 83 83 85 83 82 82 82 87 03 111 1379 1673 1964 2374 15 46 83 83 85 83 82 02 82 87 83 112 1382 1688 1991 2412 16 1 83 83 85 83 82 82 02 87 83 114 1384 1693 1998 2421 16 16 83 83 85 83 82 82 82 8 83 115 1385 1696 2000 2422 16 31 84 83 85 83 82 82 82 08 83 116 1387 1697 1998 2417 16 46 84 83 S 83 82 82 82 88 83 117 1388 1700 2001 2420 17 1 84 84 86 83 82 03 82 88 83 110 1390 1699 2002 2424 17 16 84 84 86 84 82 83 82 80 83 119 1391 1699 2000 2416 17 31 84 84 86 35 82 83 82 8 83 120 1394 1698 1995 2406 17 46 84 04 86 84 02 82 82 88 83 121 1396 1702 2003 2418 18 1 84 84 86 85 82 02 82 0s 83 123 1399 1700 1991 2396 18 16 84 84 86 85 82 83 82 88 83 124 1404 1667 1913 2251 18 31 84 84 87 85 82 83 82 89 83 125 1408 1670 1915 2259 18 46 84 84 87 86 82 83 82 89 83 126 1412 1702 1981 2366 19 1 84 84 87 85 82 83 82 89 83 127 1416 1713 2003 2406 19 16 84 84 87 84 82 03 82 89 83 129 1421 1727 2029 2450 19 31 84 84 07 85 82 03 82 09 83 130 1427 1739 2049 2476 19 46 84 04 87 84 82 03 82 89 83 131 1436 1745 2050 2472 20 1 84 85 87 85 82 03 83 89 83 133 1445 1725 1992 2359 20 16 84 85 87 as 82 83 83 90 03 134 1452 1747 2038 2445 20 31 84 85 88 84 82 83 82 90 83 135 1460 1766 2066 2483 20 46 84 85 87 84 82 83 83 89 83 137 1466 1775 2078 2499 21 1 84 85 87 04 82 83 83 90 83 139 1472 1755 2019 2388 21 16 84 85 88 85 83 83 83 90 83 140 1478 1748 1994 2340 21 31 84 85 8B 85 83 03 83 90 83 141 1485 1792 2087 2501 21 46 84 85 88 85 82 83 83 90 83 142 1490 1807 2114 2544 22 1 84 05 88 86 83 83 83 91 83 143 1494 1816 2124 2553 22 16 84 85 88 86 83 83 83 91 84 145 1499 1823 2132 2564 22 31 84 85 88 85 82 83 83 91 83 146 1503 1020 2120 2539 22 46 84 85 88 85 82 83 83 91 83 147 1502 1823 2125 2547 23 1 84 85 89 86 83 83 83 92 84 148 1498 1823 2130 2559 23 16 84 86 89 85 83 83 84 92 84 149 1495 1810 2105 2521 23 31 84 86 89 85 83 83 03 92 84 152 1493 1814 2118 2542 23 46 84 86 89 85 82 03 84 92 84 153 1492 1813 2119 2544 24 1 84 86 89 86 82 03 84 93 84 155 1495 1819 2127 2556 24 16 84 06 89 86 83 83 84 93 84 156 1502 1826 2135 2567 24 31 84 06 90 86 83 04 84 94 84 158 1508 1830 2138 2569 24 46 85 86 90 86 83 84 84 94 84 159 1517 1840 2150 2583 25 1 84 86 89 83 83 84 94 04 161 1525 1853 2166 2603 25 16 84 86 90 85 83 83 84 94 84 162 1526 1844 2143 2561 25 31 84 86 90 C6 83 84 84 95 84 164 1522 1841 2137 2549 25 46 84 07 90 86 83 03 84 95 84 166 1516 1835 2131 2541 26 1 84 87 90 05 82 04 84 95 84 167 1514 1831 2121 2527



PAGE 3 

TIME 
M S HRS CHIS CH16 C117 CHiS CH19 CH20 CH21 CH22 CH23 CH24 CH25 CH26 C1127 CH28 

26 16 84 86 90 85 82 83 84 95 84 '169 1515 1841 2143 2562 
26 31 84 86 91 86 82 83 84 96 84 170 1517 1042 2138 2549 

26 46 84 87 90 85 82 84 84 96 84 171 1520 1843 2139 2550 

27 1 84 87 91 07 83 84 85 98 84 173 1522 1844 2136 2543 

27 16 85 87 91 86 83 84 85 97 84 173 1525 1843 2131 2529 

27 31 84 87 92 86 83 84 85 97 84 174 1520 1046 2134 2538 

27 46 85 87 91 86 83 84 84 97 84 175 1531 1057 2159 2579 

28 1 85 87 91 65 83 84 84 97 84 175 1532 1865 2174 2606 

28 16 85 88 92 87 83 84 85 98 84 177 1535 1858 2159 2579 

28 31 85 ea 92 87 83 04 85 98 84 178 1536 1856 2150 2561 

28 46 85 88 92 06 83 84 85 97 84 178 1540 1863 2160 2575 

29 1 85 88 93 87 83 84 85 98 84 179 1544 1069 2167 2503 

29 16 85 89 93 87 83 84 85 97 84 179 1547 1875 2176 2593 

29 31 85 88 93 87 83 84 85 99 84 180 1549 187 2202 2642 

29 46 85 89 93 87 04 85 86 99 86 102 1551 1779 1922 2131 

30 1 86 89 94 87 04 85 86 99 85 183 1552 1731 1842 2021 

30 16 86 89 94 88 85 86 86 99 85 105 1555 1724 1026 1995 

30 31 86 90 95 3 84 86 87 99 85 187 1557 1724 1825 1993 

30 46 86 90 95 89 84 86 87 99 85 188 1559 1730 1834 2005 

31 1 86 90 95 89 85 86 87 99 85 190 1560 1727 1827 1994 

31 16 86 90 95 88 85 86 87 98 85 191 1558 1725 1823 1989 

31 31 86 91 96 90 86 87 88 99 85 193 1558 1724 1822 1987 

31 46 87 91 96 91 86 07 88 98 85 194 1558 1723 1820 1984 

32 1 87 91 96 90 86 87 89 99 85 196 1558 1724 1821 1985 

32 16 87 92 97 91 86 87 89 99 85 197 1560 1725 1822 1985 

32 31 87 92 97 92 87 88 89 100 85 198 1563 1728 1024 1986 

32 46 87 93 98 91 86 87 87 101 85 200 1566 1730 1824 1987 

33 1 87 92 96 90 86 87 87 101 85 201 1571 1734 1834 2003 

33 16 87 93 97 90 86 87 88 101 85 202 1574 1734 1830 1994 

33 31 87 93 97 89 86 87 88 100 85 204 1577 1756 1877 2077 

33 46 87 92 97 89 86 87 88 102 86 205 1581 1779 1921 2143 

34 1 87 93 98 91 87 88 89 101 85 206 1581 1764 1880 2061 

34 16 07 93 98 90 87 88 88 102 85 207 1583 1753 1852 2018 

34 31 87 92 98 91 86 88 88 101 85 209 1586 1750 1844 2001 

34 46 87 92 97 89 86 87 87 101 85 210 1588 1755 1050 2011 

35 1 87 93 97 90 86 88 88 103 85 211 1590 1760 1056 2020 

35 16 87 94 98 90 87 88 80 102 85 212 1590 1763 1861 2025 

35 31 88 95 99 91 87 88 88 102 85 213 1590 1764 1862 2027 

35 46 88 95 98 91 86 B8 88 102 85 214 1591 1766 1865 2030 

36 1 88 96 99 92 87 88 88 104 85 216 1590 1764 1863 2027 

36 16 88 96 100 91 87 89 89 103 85 217 1591 1767 1866 2030 

36 31 88 96 100 92 87 89 90 104 86 218 1593 1769 1871 2045 

36 46 88 96 101 93 87 89 90 103 86 219 1597 1791 1925 2113 

37 1 88 96 101 92 8e 89 90 103 86 221 1601 1798 1922 2128 

37 16 89 96 100 90 88 89 89 102 86 222 1604 1815 1953 2170 

37 31 88 96 100 90 87 89 89 100 86 223 1607 1820 1961 2178 

37 46 88 96 101 91 87 89 89 102 86 224 1606 1829 1980 2212 

38 1 B8 96 101 91 87 89 89 101 86 226 1603 1036 2002 2248 

38 16 88 96 101 91 87 89 90 101 86 227 1599 1840 2015 2272 

30 31 8 96 102 92 s8 90 91 103 86 228 1599 1844 2023 2203 

38 46 09 97 102 92 00 90 91 103 86 229 1602 1949 2029 2)90 
39 1 09 98 102 91 c, 90 90 104 86 2.30 1604 1055 2039 '305 

39 16 89 97 102 91 Ce 90 90 103 86 231 1600 1057 2000 2339 

39 31 89 96 101 91 07 89 89 103 86 232 1614 1904 2153 2491 

39 46 9 97 102 90 C7 89 89 103 86 233 1616 1079 2091 2394



PACE 4 

TIME 
M S HRS CH15 C1116 CH17 CH18 CH19 CH20 CH21 CH22 CH23 CH24 C1125 CH26 CH27 CH28 

40 1 89 97 103 92 88 g0 90 105 87 235 1617 1879 2083 2391 
40 16 89 99 102 90 88 139 89 104 86 236 1621 1942 2227 2633 
40 31 89 98 102 90 87 90 89 103 86 237 1626 1963 2269 2706 
40 46 89 98 103 91 88 00 90 103 86 238 1629 1977 2295 2753 
41 1 89 99 103 90 80 90 90 103 86 239 1624 1974 2295 2752 
41 16 89 99 103 91 88 90 90 103 86 240 1616 1966 2286 2740 
41 31 89 100 104 93 88 91 90 102 86 241 1610 1963 2288 2749 
41 46 89 100 104 92 88 "0 90 103 86 242 1609 1966 2293 2756 
42 1 90 100 106 93 88 90 90 102 87 244 1611 1965 2287 2745 
42 16 90 100 107 95 89 92 92 104 87 244 1614 1974 2306 2779 
42 31 90 101 107 94 89 91 92 103 87 246 1619 1970 2289 2744 
42 46 90 100 107 95 89 02 92 103 86 246 1622 1972 2290 2744 
43 1 90 101 105 92 89 02 91 104 86 247 1627 1984 2312 2781 
43 16 90 102 105 92 89 02 91 103 86 240 1630 1987 2316 2786 
43 31 90 101 106 92 89 .)2 92 104 87 249 1635 1998 2335 2013 
43 46 90 102 107 95 90 92 93 105 87 250 1636 1999 2338 2824 
44 1 91 102 109 96 91 93 93 104 87 251 1637 1998 2335 2817 
44 16 91 103 109 96 90 92 92 106 87 252 1641 2000 2335 2814 
44 31 91 103 109 95 90 93 93 106 87 253 1643 1996 2327 2801 
44 46 91 104 111 99 91 94 94 106 87 254 1641 1993 2326 2804 
45 1 92 105 112 99 91 94 94 106 88 254 1641 1092 2080 2341 
45 16 91 105 112 98 91 94 94 106 87 255 1639 1902 2143 2512 
45 31 * 91 105 112 97 90 94 94 105 88 256 1637 1976 2300 2773 
45 46 92 105 113 99 91 94 95 107 88 256 1630 1993 2333 2822 
46 1 92 105 112 97 91 94 94 108 88 257 1643 1958 2233 2607 
46 16 92 106 112 99 91 94 95 108 88 258 1646 2007 2354 2844 
46 31 92 108 110 96 91 94 93 106 87 259 1647 1967 2251 2647 
46 46 92 107 111 96 91 94 94 105 88 260 1647 1979 2268 2650 
47 1 92 106 ill 99 91 95 95 106 88 261 1646 1887 2063 2311 
47 16 93 107 112 97 91 95 95 106 88 262 1646 1844 1975 2181 
47 31 92 106 112 97 91 94 95 104 8 262 1646 1851 2000 2223 
47 46 92 106 111 96 90 93 92 108 88 263 1653 1063 2008 2223 
48 1 93 104 111 95 91 94 93 107 88 264 1660 1856 1980 2174 
48 16 93 107 112 97 91 94 93 .108 88 265 1657 1840 1951 2132 
48 31 93 108 111 95 91 94- 93 109 88 266 1640 1833 1944 2124 
48 46 93 107 111 95 91 95 93 108 88 266 1645 1031 1944 2125 
49 1 93 108 114 99 92 95 95 109 89 267 1648 1032 1941 2118 
49 16 93 109 115 99 92 96 96 109 89 267 1657 1863 2008 2232 
49 31 94 109 117 100 92 95 95 109 89 268 1666 1902 2072 2315 
49 46 93 109 116 97 91 95 95 109 90 268 1674 1694 2055 2304 
50 1 93 108 116 98 92 96 97 108 90 269 1666 1064 1993 2192 
50 16 94 109 117 99 92 96 97 108 90 270 1651 1839 1961 2153 
50 31 95 109 115 97 92 96 96 107 90 271 1642 1845 1989 2260 
50 46 95 109 117 97 93 96 97 106 90 272 1645 1921 2157 2496 
51 1 95 110 120 101 93 97 97 107 90 273 1652 1968 2255 2674 
51 16 95 109 119 99 92 96 96 108 90 273 1661 2020 2355 2835 
51 31 95 110 110 99 93 96 97 107 90 274 1666 2031 2379 2872 
51 46 95 110 119 99 93 97 98 106 90 275 1676 2045 2393 2882 
52 1 96 111 121 101 94 97 98 108 91 277 1682 2021 2315 2736 
52 16 96 111 120 100 93 97 98 109 91 277 1682 2042 2379 2859 
52 31 96 112 120 102 94 98 99 111 90 279 1681 2048 2396 2887 
52 46 96 114 120 103 95 99 100 110 90 280 1679 1928 2110 2373 
53 1 97 114 123 106 95 99 100 110 91 281 1670 1895 2043 2265 
53 16 97 114 123 103 94 "0 99 110 91 202 1677 1892 2038 2261 
53 31 96 114 123 103 94 too 100 109 91 283 - 1670 10E)1 2015 2210



PACE 5 

TIME 
M S HRS CHi$ CH16 CHi7 CHIS CH19 C 120 CH21 CH22 C123 CH24 CH25 CH26 CH27 CH28 

53 46 96 113 123 100 94 99 100 109 91 284 1677 1937 2128 2416 
54 1 97 114 123 102 95 100 102 109 90 205 1678 1946 2157 2456 
54 16 97 116 123 105 96 101 101 111 91 285 1681 1977 2226 2571 
54 31 98 116 124 106 96 101 102 111 91 287 1684 1916 2076 2307 
54 46 98 116 125 106 96 101 101 110 91 287 1686 1876 1993 2179 
55 1 98 116 123 104 96 99 99 112 91 208 1689 1919 2105 2395 
55 16 97 114 121 103 95 99 98 113 91 209 1694 2023 2327 2776 
55 31 97 116 121 107 95 1.00 99 113 91 290 1702 2041 2357 2820 
55 46 97 116 124 106 95 100 99 112 92 291 1699 1966 2172 2454 
56 1 97 117 123 106 95 100 99 109 91 292 1680 1877 2004 2200 
56 16 97 116 121 104 95 100 98 112 91 293 1663 1842 1992 2285 
56 31 97 117 123 104 94 100 99 112 91 293 1660 2004 2328 2797 
56 46 97 117 124 102 95 100 99 111 91 295 1664 2018 2351 2831 
57 1 97 117 122 100 94 100 99 110 91 296 1670 2029 2365 2844 
57 16 97 117 124 100 94 100 98 110 91 296 1677 2049 2401 2094 
57 31 98 118 126 105 96 101 101 112 91 297 1683 2039 2362 2821 
57 46 98 119 127 106 96 102 101 112 91 298 1689 2049 2381 2857 
58 1 99 120 127 109 97 103 102 112 91 299 1693 2050 2377 2844 
58 16 98 119 127 107 96 102 102 110 92 300 1701 2064 2396 2862 
58 31 98 119 129 107 96 103 102 111 92 300 1701 2064 2396 2868 
58 46 99 120 130 107 97 103 103 109 92 301 1692 2058 2384 2819 
59 1 99 121 130 107 97 102 101 113 92 302 1680 1915 2078 2313 
59 31 - 99 119 126 106 96 102 101 114 92 303 1677 1065 1970 2158 
59 46 100 120 120 107 96 103 102 112 92 304 1685 1869 1976 2150 
60 1 100 118 128 103 .95 102 102 110 92 305 1696 1887 2001 2183 
60 16 100 119 131 105 96 102 102 111 92 305 1707 1942 2116 2378 
60 31 100 118 130 103 96 102 102 110 93 306 1714 1971 2165 2449 
60 46 100 120 130 107 97 103 102 112 92 306 1711 1984 2196 2502 
61 1 100 121 128 106 97 103 103 114 92 307 1706 1969 2168 2449 
61 16 100 122 120 107 98 104 102 114 92 308 1702 1956 2143 2404 
61 31 100 121 128 104 98 103 101 113 92 309 1700 1936 2106 2357 
61 46 101 119 128 106 97 103 101 117 93 310 1699 1923 2077 2304 
62 1 101 120 130 107 97 J04 101 114 93 309 1699 1914 2054 2270 
62 16 101 121 126 105 97 103 100 117 93 310 1701 1923 2069 2287 
62 31 101 116 124 103 96 102 100 112 92 311 1705 1912 2042 2245 
62 46 100 119 128 103 97 103 99 115 92 312 1710 1911 2036 2231 
63 1 100 120 126 102 97 103 100 113 92 313 1714 1915 2037 2232 
63 16 101 121 129 106 97 103 99 115 93 313 1716 1919 2041 2232 
63 31 101 120 128 105 97 103 100 115 93 314 1718 1904 2011 2185 
63 46 101 121 128 107 97 103 99 115 93 314 1721 1907 2011 2102 
64 1 101 121 127 105 97 103 99 113 92 314 1721 1906 2008 2170 
64 16 101 121 129 103 97 103 99 113 93 316 1720 1903 2005 2174 
64 31 101 122 133 104 97 105 102 113 93 316 1719 1901 2001 2169 
64 46 101 123 131 104 98 105 103 111 93 318 1720 1903 2003 2171 
65 1 102 124 134 106 99 107 105 113 93 319 1725 1909 2011 2179 
65 16 102 124 131 109 98 105 103 113 93 319 1733 1957 2107 2339 
65 31 102 123 131 106 98 105 102 113 93 319 1736 1996 2105 2462 
65 46 102 123 126 102 98 104 101 113 93 320 1740 2018 2221 2513 
66 1 101 121 127 103 97 104 100 115 93 320 1741 2028 2240 2540 
66 16 102 120 130 104 97 104 100 115 93 319 1738 2037 2262 2579 
66 31 102 122 138 104 98 10S 102 114 93 320 1727 2039 2277 2607 
66 46 102 122 134 107 97 104 101 116 93 322 1715 2012 2250 2580 0 
67 1 102 124 137 104 98 106 103 112 93 323 1704 2019 2255 2580 
67 16 102 125 139 104 99 107 104 112 93 324 1693 1997 2231 2554 
67 31 102 122 134 103 98 105 101 118 94 324 1695 2013 2251 2579



TIME 
M S HRS CHIS CH16 C17 CHIC Ci119 CH20 CH21 CH22 CH23 CH24 CH25 CH26 C1 127 CH28 
67 46 102 124 140 106 99 106 102 118 94 325 1700 2018 2257 2583 68 1 103 123 136 106 98 106 102 117 94 327 1705 2027 2272 2603 68 16 103 124 138 105 99 107 104 114 94 327 1707 2031 2279 2614 68 31 103 126 142 105 100 108 106 114 94 328 1708 2029 2272 2600 66 46 103 126 143 109 100 108 106 115 94 328 1711 2026 2260 2566 69 1 104 126 140 107 100 108 106 118 94 329 1715 1975 2152 2395 69 16 104 127 136 105 101 108 106 118 94 330 1721 2012 2223 2504 69 31 104 127 133 104 100 107 104 120 94 331 1731 1985 2151 2386 69 46 104 125 140 106 99 107 104 120 95 332 1739 1990 2154 2386 70 1 104 124 141 103 99 107 104 118 94 332 1747 2005 2167 2397 70 16 104 124 135 104 99 107 102 120 94 333 1747 1972 2109 2309 70 31 104 124 139 103 100 107 103 118 95 333 1743 1961 2090 2282 70 46 104 124 139 106 100 107 104 117 94 334 1739 1955 2081 2270 71 1 104 126 143 106 101 108 106 116 95 334 1736 1950 2076 2263 71 16 105 126 141 106 101 109 105 117 95 334 1735 1949 2074 2260 71 31 105 125 137 104 100 109 106 116 95 335 1734 1948 2073 2259 71 46 105 126 139 105 101 .09 105 120 95 335 1736 1950 2074 2260 72 1 105 125 130 103 100 I0 103 122 95 336 1738 1952 2076 2261 72 16 105 125 136 105 101 109 103 123 95 337 1737 1951 2075 2261 72 31 105 126 135 .104 101 110 105 118 94 336 1739 1954 2079 2264 72 46 105 128 137 107 101 110 105 120 95 336 1743 1956 2079 2264 73 1 105 129 143 108 100 110 106 120 95 337 1745 1959 2002 2267 73 16 106 126 134 107 100 108 103 124 96 337 1747 1961 2084 2269 73 31 106 126 139 108 100 109 104 125 95 339 1746 1959 2083 2267 73 46 106 125 135 106 100 108 102 128 96 339 1745 1950 2081 2266 74 1 106 124 140 106 100 108 102 120 95 341 1750 1965 2089 2275 74 16 106 126 143 106 101 109 105 119 95 340 1753 1968 2093 2279 74 31 106 128 146 109 100 109 106 121 95 341 1754 1969 2093 2279 74 46 106 129 143 109 101 111 107 121 96 342 1753 1969 2093 2200 75 1 107 129 145 108 101 110 107 120 96 343 1752 1968 2091 2277 75 16 107 129 149 108 101 110 107 120 97 343 1753 1969 2093 2279 75 31 107 130 142 107 103 111 106 120 96 344 1755 1972 2096 2283 75 46 107 129 143 108 101 111 107 123 96 344 1758 1975 2100 2206 76 1 108 130 150 111 101 111 100 122 97 346 1760 1975 2099 2284 76 16 100 128 152 109 101 :111 108 123 97 347 1763 1978 2101 2286 76 31 108 129 145 108 101 J111 108 123 97 347 1766 1981 2104 2289 76 46 108 129 149 108 101 111 108 123 97 350 1767 1981 2104 2289 77 1 108 129 151 109 102 113 109 124 97 350 1764 1979 2102 2287 77 16 108 131 146 108 103 113 109 124 96 351 1762 1977 2100 2286 77 31 108 127 141 104 102 111 105 125 96 351 1761 1979 2104 2291 77 46 108 126 140 104 102 111 105 127 96 353 1763 1982 2109 2297 78 1 108 123 137 102 102 111 105 123 96 355 1766 1984 2111 2299 78 16 108 126 143 103 102 112 107 123 96 354 1767 1987 2115 2304 78 31 109 130 146 107 103 113 100 124 96 355 1764 1988 2120 2316 78 46 109 128 140 106 103 112 105 131 96 356 1766 1984 2111 2301 79 1 109 131 141 109 103 113 107 128 96 357 1769 1985 2109 2296 79 16 109 130 141 108 103 113 106 129 96 359 1772 1988 2112 2300 79 31 109 127 140 107 102 112 106 128 96 359 1770 1987 2112 2299 79 46 108 130 139 105 103 113 106 129 96 360 1766 1984 2110 2300 80 1 109 127 137 105 103 112 104 134 97 361 1768 2007 2152 2364 80 16 109 125 137 107 102 110 102 135 97 361 1772 2012 2160 2375 80 31 110 128 139 106 103 112 106 127 96 363 1770 2023 2174 2392 00 46 110 130 143 105 104 113 108 127 97 363 1780 2027 217? 2399 

81 1 110 130 150 107 104 115 110 127 97 365 1775 2007 2.1.5 2377 81 16 110 131 146 106 104 114 109 127 97 366 1769 2018 2176 2399



PAGE 7 

TIME 
M S HRS CNi5 CH16 CH17 CHiB CH19 CH20 CH21 CH22 CH23 CH24 CH25 CH26 CH27 CH28 

81 31 110 128 140 105 104 114 107 126 97 367 1764 1996 2135 23136 
81 46 110 128 140 109 104 114 108 131 90 368 1763 1985 - 2115 2308 
82 1 111 130 145 109 104 114 109 129 98 367 1762 1983 2113 2304 
82 16 111 127 141 108 103 113 107 135 90 370 1759 1981 2110 2301 
82 31 111 127 139 109 103 113 105 133 98 372 1757 1981 2111 2303 
82 46 110 131 139 106 104 114 108 130 97 373 1756 1979 2108 2299 
83 1 110 132 141 108 105 116 110 130 98 374 1757 1981 2111 2302 
83 16 111 133 149 112 106 117 112 129 98 375 1762 1986 2117 2309 
83 31 112 134 149 113 106 116 111 130 99 376 1764 1990 2122 2315 
83 46 112 133 144 110 107 117 110 .134 99 377 1765 1990 2120 2312 
84 1 111 132 145 109 106 116 111 132 99 378 1768 1992 2122 2314 
84 16 112 135 144 114 106 117 110 134 99 379 1772 1996 2125 2317 
84 31 112 132 148 112 104 115 110 131 99 380 170 2003 2132 2324 
84 46 112 131 150 113 103 115 110 129 99 381 1784 2011 2144 2339 
85 1 111 134 148 111 104 116 110 134 99 382 1780 2004 2134 2327 
85 16 113 130 147 107 105 115 109 132 99 383 1775 1999 2129 2322 
85 31 112 128 141 107 103 113 104 137 100 384 1776 2013 2157 2369 
85 46 112 130 138 106 105 115 107 135 99 384 1776 2027 2184 2409 

186 1 112 129 146 *107 105 116 108 136 99 385 1775 2040 2211 2447 
86 16 112 128 143 108 105 116 108 140 99 386 1772 2050 2235 2492 
86 31 113 133 145 111 106 118 111 135 99 387 1774 2060 2253 2515 
86 46 113 134 150 114 108 119 113 136 100 387 1779 2066 2261 2526 
87 1 . 114 136 149 113 100 120 115 132 100 388 1780 2067 2260 2524 
87 16 113 136 154 115 107 119 113 134 101 388 1780 2064 2255 2514 
87 31 114 133 145 115 107 117 110 136 100 389 1782 2050 2226 2466 
87 46 114 132 143 110 106 117 111 136 100 389 1783 2050 2226 2470 
88 1 114 133 145 109 106 117 110 140 101 390 1784 2054 2231 2477 
88 16 114 134 148 112 106 117 109 137 100 390 1788 2037 2192 2411 
88 31 114 132 154 111 105 116 110 136 100 391 1791 2028 2172 2379 
88 46 115 136 143 112 107 118 111 138 101 392 1790 2024 2164 2367 
89 1 115 133 158 111 106 117 111 136 101 392 1792 2024 2163 2363 
89 16 115 131 151 111 105 117 111 134 101 392 1797 2029 2167 2366 
89 31 115 129 153 108 105 117 110 134 101 393 1000 2032 2169 2369 
89 46 115 132 146 109 106 118 112 141 102 394 1800 2032 2169 2368 
90 1 115 133 156 110 107 119 115 136 101 395 1802 2032 2168 2366 
90 16 114 134 147 108 107 119 , 114 135 101 395 1000 2032 2169 2367 
90 31 114 131 141 106 106 118 112 137 101 395 1800 2031 2169 2369 
90 46 115 129 147 106 105 116 108 143 101 396 1799 2034 2174 2377 
91 1 115 129 143 108 105 115 106 142 102 396 1798 2030 2167 2366 
91 16 115 129 146 110 106 117 108 144 101 397 1796 2026 2162 2360 
91 31 115 130 148 108 107 119 111 142 102 397 1797 2028 2164 2362 
91 46 114 132 146 108 107 119 112 142 102 398 1797 2029 2165 2363 
92 1 115 133 148 110 107 119 113 140 102 398 1796 2028 2165 2363 
92 16 115 133 157 110 107 119 112 138 102 398 1798 2028 2164 2362 
92 31 116 133 155 110 107 119 113 140 102 399 1800 2032 2168 2366 
92 46 115 131 144 107 107 119 110 143 102 399 1801 2033 2171 2369 
93 1 115 133 152 109 100 120 112 138 103 400 1803 2035 2173 2371 
93 16 116 134 .150 .113 100 120 113 142 103 400 1804 2037 2176 2375 
93 31 117 -131 145 111 108 119 111 141 102 400 1806 2040 2179 2378 
93 46 116 132 145 109 107 118 109 139 102 401 1810 2044 2183 2303 
94 1 116 131 149 108 107 :,.19 109 142 102 401 1817 20!2 2193 2393 
94 16 116 125 137 106 105 17 106 144 102 402 1022 2056 2193 2392 
94 31 116 128 145 109 106 .18 109 138 102 402 1 01 2049 2185 23C2 
94 46 116 127 141 106 106 117 100 141 103 402 1,09 2037 2170 2365 
95 1 115 128 142 107 107 119 110 140 102 403 1003 2029 2161 2354



TIME 
M S HRS CHIS CH16 CH17 CHI8 CH19 CH20 CH21 CH22 CH23 CH24 CH25 CH26 CH27 CH28 

95 16 115 133 139 109 107 120 111 143 102 403 1801 2025 2154 2346 95 31 116 133 140 108 107 119 110 142 102 404 1806 2033 2165 2358 
95 46 117 131 142 109 107 119 109 141 103 404 1813 2041 2173 2368 
96 1 116 127 139 109 106 118 107 144 103 404 1820 2051 2187 2384 
96 16 117 130 144 113 107 119 109 144 103 405 1820 2053 2190 2387 
96 31 117 130 138 108 107 119 111 144 103 405 1814 2046 2182 2380 
96 46 117 132 137 108 107 120 112 141 102 406 1005 2039 2176 2375 
97 1 117 133 144 111 107 120 112 144 103 406 1801 2036 2174 2374 
97 16 118 135 144 109 108 120 110 147 103 407 1797 2033 2171 2371 
97 31 117 132 142 109 107 120 110 147 103 407 1798 2034 2173 2372 
97 46 117 133 140 111 108 120 111 142 103 408 1800 2037 2176 2377 
98 1 117 134 147 111 108 121 113 141 103 408 1803 2042 2183 2385 
98 16 119 137 144 111 108 121 112 139 103 408 1809 2048 2190 2394 
98 31 119 138 143 110 109 122 114 139 103 409 1813 2053 2195 2399 
98 46 119 138 150 114 109 122 115 145 105 409 1818 2059 2203 2407 
99 1 119 139 143 111 109 122 114 140 104 409 1821 2062 2206 2410 
99 16 119 137 141 108 109 121 112 145 105 410 1824 2063 2206 2409 
99 31 119 137 144 111 109 121 113 146 104 410 1825 2064 2206 2408 
99 46 120 138 146 111 109 122 115 142 105 410 1824 2062 2203 2404 

100 1 120 139 142 114 109 123 114 143 105 411 1822 2056 2194 2392 
100 16 120 133 138 110 108 120 110 148 105 411 1826 2063 2205 2407 
100 31 120 130 139 108 108 121 111 141 104 411 1830 2071 2214 2421 
100 46 119 134 144 109 108 121 112 136 103 412 1829 2097 2264 2498 
101 1 120 136 145 110 108 122 113 144 104 412 1829 2119 2306 2566 
101 16 119 135 145 111 108 122 114 141 105 412 1829 2126 2324 2589 
101 31 119 135 148 111 109 122 114 138 105 413 1827 2138 2348 2627 
101 46 120 135 148 110 109 1.2 114 138 105 413 1825 2147 2367 2660 
102 1 120 140 148 115 110 124 116 140 105 413 1822 2149 2369 2672 
102 16 121 139 146 115 110 124 115 144 105 414 1821 2146 2370 2675 
102 31 121 140 152 118 111 124 115 148 106 414 1821 2149 2377 2681 
102 46 121 139 145 112 111 123 113 151 106 414 1822 2148 2372 2674 
103 1 121 140 149 112 111 123 114 148 105 415 1824 2155 2388 2697 
103 16 121 140 150 117 111 124 116 147 106 415 1825 2136 2349 2624 103 31 122 139 156 115 112 124 117 144 106 416 1826 2101 2279 2522 103 46 122 139 152 113 111 125 116 145 107 416 1826 2105 2288 2535 104 1 122 140 150 115 111 125 117 150 107 416 129 2110 2292 2538 104 16 121 140 153 114 112 126 119 146 107 417 1832 2113 2297 2547 104 31 122 139 150 111 110 123 113 152 107 417 1831 2110 2291 2536 104 46 122 137 149 111 111 123 113 151 106 417 1830 2091 2257 2483 105 1 123 137 147 109 111 123 112 151 107 418 1832 2085 2242 2459 105 16 123 134 141 113 111 123 113 152 107 418 1834 2084 2239 2453 105 31 123 137 150 116 111 124 115 152 107 419 1839 2090 2244 2457 105 46 123 139 149 113 112 126 117 146 108 419 1840 2090 2253 2482 
106 1 123 139 148 114 112 125 117 143 108 419 1841 2102 2265 2493 
106 16 123 138 152 114 112 126 118 143 108 420 1840 2093 2249 2465 
106 31 124 140 149 116 113 126 116 154 108 420 1844 2092 2243 2454 
106 46 124 135 141 111 111 124 113 152 108 420 1845 2092 2242 2451 
107 1 123 136 148 113 111 125 116 143 107 421 1841 2086 2234 2443 
107 16 124 137 147 115 111 125 114 148 108 421 1037 2083 2232 2440 
107 31 124 138 150 114 111 125 116 147 108 422 1938 2083 2232 2440 
107 46 124 138 152 114 112 125 116 148 107 422 1030 2004 2232 2439 
108 1 125 135 150 116 112 124 114 151 108 422 1043 2007 2234 2440 
100 16 125 136 154 118 112 125 116 148 108 423 103 2008 2235 2442 
108 31 125 140 150 116 113 128 118 146 109 423 1041 2085 2231 2437 
108 46 124 141 152 116 113 127 118 148 109 423 1830 2002 2227 2433



TIME 
M S HRS CHiS CH16 CH17 CH18 CH19 CH20 CH21 CH22 CH23 CH24 CH25 CH26 CH27 CH28 

109 1 124 143 156 117 113 127 119 145 109 424 1837 2080 2225 2430 
109 16 125 141 154 116 113 128 118 149 108 424 1837 2079 2223 2429 
109 31 125 135 150 112 112 125 115 150 109 424 1840 2003 2229 2435 
109 46 125 138 154 114 113 126 118 149 109 425 1846 2090 2236 2442 
110 1 126 140 157 116 112 126 118 144 108 425 1847 2091 2237 2444 
110 16 127 142 156 117 113 128 120 144 109 425 1847 2098 2243 2449 
110 31 127 143 155 116 114 129 121 149 110 425 1846 2090 2238 2444 
110 46 126 142 155 116 114 128 119 151 110 426 1845 2008 2234 2441 
111 1 127 142 153 115 114 128 120 150 109 427 1845 2090 2237 2444 
111 16 126 143 160 119 113 128 120 146 110 427 1844 2089 2236 2443 
111 31 127 141 153 116 115 129 120 148 109 428 1844 2088 2236 2443 
111 46 127 145 154 115 115 130 121 147 110 428 1844 2038 2235 2442 
112 1 128 144 154 114 115 130 121 146 110 429 1845 2089 2235 2441 
112 16 128 145 154 116 115 129 120 149 109 429 1845 2090 2237 2445 
112 31 127 143 152 114 115 128 118 153 110 429 1846 2091 2239 2447 
112 46 128 139 151 113 114 127 118 148 111 430 1847 2093 2243 2452 
113 1 126 141 155 116 113 A28 119 150 110 430 1849 2095 2243 2450 
113 16 127 143 154 115 114 129 118 152 110 430 1853 2098 2247 2455 
113 31 129 144 154 116 113 129 120 150 111 430 1855 2102 2251 2460 
113 46 129 144 155 '114 114 129 119 152 111 430 1855 2102 2252 2461 
114 1 129 140 155 115 114 128 118 152 111 430 1853 2100 2249 2458 
114 16 129 142 156 117 114 129 119 153 111 430 1852 2099 2248 2457 
114 31 129 143 153 115 114 128 117 154 111 430 1853 2100 2249 2458 
114 46 129 138 146 111 113 127 114 159 112 430 1855 2103 2253 2463 
115 1 129 135 154 114 114 127 116 152 111 430 1858 2106 2256 2466 
115 16 128 138 152 114 114 128 117 147 111 431 1858 2105 2255 2465 
115 31 129 139 156 120 114 129 120 148 112 432 1853 2100 2250 2459 
115 46 130 144 158 119 116 131 121 147 112 433 1852 2097 2245 2453 
116 1 130 142 158 120 116 131 121 151 112 433 1848 2093 2240 2447 
116 16 129 145 154 119 115 130 121 151 112 434 1846 2089 2234 2440 
116 31 130 144 158 118 116 131 123 148 113 434 1845 2087 2231 2435 
116 46 131 145 161 121 117 133 124 153 113 434 1848 2088 2231 2435 
117 1 132 147 159 122 116 [32 123 154 114 434 1852 2093 2236 2440 
117 16 131 144 160 119 114 130 122 152 112 435 1856 2097 2240 2444 
117 31 132 144 160 121 116 130 122 154 113 435 1859 2100 2243 2446 
117 46 133 143 166 121 116 131 122 154 113 435 1859 2099 2240 2442 
118 1 134 143 160 121 118 132 123 152 113 436 1857 2096 2236 2438 
118 16 133 144 159 120 118 132 124 154 114 436 1854 2093 2233 2435 
118 31 133 144 159 120 117 131 123 155 114 436 1851 2090 2230 2431 
118 46 134 143 162 122 117 132 123 152 114 437 1848 2086 2226 2427 
119 1 134 145 156 120 118 132 123 155 115 437 1847 2087 2227 2428 
119 16 134 148 162 123 117 132 123 152 115 437 1850 2091 2232 2434 
119 31 135 145 159 121 116 132 122 150 115 437 1859 2102 2244 2447 
119 46 135 143 155 118 117 131 121 152 114 437 1863 2106 2248 2452 
120 1 135 140 151 115 116 130 120 149 114 437 1850 2095 2237 2442 
120 16 135 140 152 117 116 132 122 147 114 438 1859 2110 2257 2465 
120 31 135 142 155 120 117 :33 121 153 115 438 1964 2115 2264 2473 
120 46 135 144 161 121 116 132 121 151 115 438 1866 2118 2269 2480 
121 1 134 143 155 118 116 132 122 152 116 438 1864 2117 2260 2479 
121 16 135 143 164 119 115 132 122 145 115 438 1062 2116 2269 2400  
121 31 137 144 155 120 116 131 122 149 115 438 1859 2113 2266 2478 
121 46 136 145 163 120 116 132 122 150 115 438 1856 2112 2264 2476 
122 1 137 146 162 124 117 133 123 149 116 439 1856 211.1 2263 2476 
122 16 136 145 157 120 117 133 123 146 115 439 1859 2117 2270 2483 
122 31 137 144 156 118 117 132 122 152 114 439 1860 2119 2271 2484 

A



PACE 10 

TIME 
M S HRS CHIS CH16 CH17 CH18 CH19 CH20 CH21 CH22 CH23 CH24 CH25 CH26 CH27 CH28 

122 46 137 148 162 120 117 133 123 151 115 440 1858 2120 2271 2483 
123 1 137 147 163 120 117 132 123 149 115 440 1857 2113 2264 2476 
123 16 136 147 170 123 117 132 124 150 115 441 1855 2098 2248 2458 
123 31 135 146 164 121 117 133 125 149 116 441 1851 2081 2228 2436 
123 46 136 146 161 122 119 135 126 152 117 441 1849 2102 2253 2465 
124 1 137 145 166 123 119 134 124 157 117 441 1849 2103 2255 2466 
124 16 139 143 158 121 118 132 123 161 117 442 1853 2107 2259 2471 
124 31 139 145 164 122 119 133 124 158 116 442 1856 2111 2264 2477 
124 46 139 145 165 125 118 134 125 157 117 442 1857 2112 2265 2477 
125 1 140 146 162 126 119 134 126 157 118 443 1857 2113 2265 2478 
125 16 142 146 161 125 120 135 128 160 118 443 1858 2113 2267 2479 
125 31 142 146 158 123 122 135 125 163 118 444 1857 2112 2265 2478 
125 46 142 145 157 122 120 133 122 165 118 444 1855 2111 2264 2477 
126 1 142 147 162 125 119 133 124 156 117 444 1855 2111 2265 2479 
126 16 141 147 162 124 119 134 125 156 117 445 1856 2114 2268 2482 
126 31 142 150 161 123 120 135 125 153 117 445 1860 2117 2271 2485 
126 46 142 151 166 123 120 135 126 160 117 445 1863 2120 2275 2489 
127 1 141 147 163 123 120 135 126 154 118 445 1864 2121 2275 2490 
127 16 140 146 164 124 120 135 126 157 118 446 1862 2121 2276 2491 
127 31 140 144 165 124 120 135 126 157 119 446 1861 2119 2274 2489 
127 46 140 146 164 126 120 136 127 154 118 447 1861 2120 2276 2491 
128 1 140 146 159 121 120 134 123 157 118 447 1863 2122 2279 2495 
128 16 142 142 160 121 120 133 122 161 118 447 1867 2127 2285 2502 
128 31 140 144 163 121 120 135 125 156 118 448 1866 2127 2286 2503 
128 46 141 146 166 125 120 135 126 158 119 448 1864 2126 2284 2502 
129 1 142 149 167 125 120 135 126 159 118 449 1866 2128 2286 2505 
129 16 143 148 162 123 119 135 126 155 118 449 1869 2132 2292 2510 
129 31 144 148 160 123 121 136 125 161 118 449 1873 2135 2294 2512 
129 46 145 150 163 122 121 137 126 156 118 450 1870 2133 2292 2509 
130 1 144 149 162 121 122 137 126 158 119 450 1867 2128 2286 2504 
130 16 144 148 159 123 120 136 126 163 120 450 1870 2133 2292 2510 
130 31 144 148 161 119 120 135 125 163 120 451 1873 2135 2293 2511 
130 46 144 147 161 120 119 135 126 160 119 451 1874 2136 2294 2512 
131 1 145 148 166 125 120 137 127 159 119 452 1879 2141 2301 2519 
131 16 145 150 175 126 120 137 126 157 121 452 1882 2144 2304 2522 
131 31 145 150 163 127 120 136 127 155 120 453 1882 2142 2300 2517 
131 46 145 147 164 125 119 137 128 149 120 453 1882 2142 2300 2516 
132 1 145 147 163 124 119 137 127 149 120 453 1880 2141 2299 2515 
132 16 145 150 163 126 120 137 128 156 120 454 1879 2141 2299 2516 
132 31 145 149 166 124 119 137 128 157 120 454 1881 2143 2301 2519 
132 46 144 150 166 126 119 137 128 159 120 454 1879 2142 2302 2521 
133 1 145 150 168 127 120 138 128 155 120 455 1877 2141 2301 2519 
133 16 144 148 165 124 120 138 129 151 120 455 1879 2143 2303 2521 
133 31 146 147 160 125 119 136 125 159 121 456 1878 2141 2300 2517 
133 46 145 144 158 121 119 135 125 158 121 456 1878 2139 2297 2514 
134 1 144 145 168 125 119 136 126 158 121 457 1877 2136 2291 2507 
134 16 144 146 167 125 121 137 127 153 121 457 1874 2135 2292 2509 
134 31 144 147 168 126 122 138 128 156 122 458 1872 2132 2290 2507 
134 46 145 147 165 128 122 138 128 159 122 458 1870 2132 2290 2507 
135 1 143 149 167 126 121 1;8 129 164 122 458 1870 2133 2292 2509 
135 16 142 147 166 126 121. 130 129 157 122 459 1872 2135 2293 2511 
135 31 142 148 177 130 122 139 130 164 123 459 1873 2137 2296 2514 
135 46 145 152 .172 131 123 140 131 164 122 459 1874 2138 2298 2516 
136 1 147 152 166 132 123 140 131 167 123 460 1074 2138 2297 2516 
136 16 147 153 172 120 124 3(1 131 162 123 460 1877 2141 2301 2519



PACE 11 

TIME 
M S HRS CHIS CH16 CH17 CHi9 CH19 CH20 CH21 CH22 CH23 CH24 CH25 CH26 CH27 CH28 

136 31 146 152 173 130 123 140 131 156 122 461 1880 2145 2306 2525 
136 46 147 152 168 128 122 139 130 152 120 461 1881 2147 2307 2526 
137 1 147 153 165 127 123 139 129 161 121 461 1880 2146 2307 2527 
137 16 147 150 166 125 122 139 130 158 122 461 1880 2146 2306 2525 
137 31 144 152 174 126 123 141 130 157 122 462 1881 2146 2305 2524 
137 46 148 149 164 125 122 138 129 163 122 462 1882 2147 2307 2526 
138 1 147 148 163 125 123 140 130 157 122 462 1882 2147 2308 2527 
138 16 148 149 167 125 122 140 130 159 123 463 1885 2152 2314 2534 
138 31 147 150 170 127 122 140 131 158 122 463 1885 2152 2314 2534 
138 46 147 151 171 127 123 140 131 163 123 463 1882 2150 2312 2533 
139 1 151 152 172 130 124 141 131 165 124 463 1880 2147 2309 2529 
139 16 148 151 175 128 124 140 131 158 123 464 1878 2147 2309 2530 
139 31 151 151 171 130 125 142 131 161 122 464 1877 2144 2307 2528 
139 46 149 152 170 126 124 141 131 152 122 464 1879 2149 2312 2534 
140 1 145 150 170 126 124 140 131 157 123 464 1887 2157 2321 2542 
140 16 148 151 167 130 123 .140 129 158 124 465 1895 2165 2330 2552 
140 31 150 149 169 127 124 140 130 155 123 465 1897 2166 2328 2549 
140 46 149 152 170 125 124 142 131 160 121 465 1894 2163 2325 2545 
141 1 148 154 170 126 124 141 132 165 121 466 1891 2160 2322 2543 
141 16 147 154 166 126 124 141 132 157 123 466 1889 2158 2320 2542 
141 31 149 151 170 129 124 141 133 162 124 466 1888 2158 2322 2543 
141 46 149 150 170 130 126 142 134 162 125 466 1885 2155 2318 2539.  
142 1 151 153 172 132 127 143 135 163 126 467 1883 2152 2315 2537 
142 16 148 153 171 132 126 143 135 161 124 467 1885 2155 2318 2539 
142 31 149 152 171 129 125 143 134 158 125 467 1886 2156 2320 2541 
142 46 149 153 171 128 126 144 134 157 125 468 -1887 2157 2321 2543 
143 1 150 153 175 129 126 143 135 161 125 468 1888 2158 2322 2544 
143 16 153 149 166 126 126 140 129 171 127 468 1890 2161 2325 2547 
143 31 154 142 162 122 123 136 125 171 127 469 1890 2162 2328 2550 
143 46 154 145 177 128 123 138 128 158 126 469 1893 2165 2331 2553 
144 1 153 146 168 125 123 140 130 156 125 470 1894 2167 2332 2555 
144 16 153 149 170 125 124 142 132 165 126 470 1895 2169 2334 2557 
144 31 152 149 163 121 124 141 130 172 125 470 1894 2168 2335 2558 
144 46 150 150 165 125 125 141 131 1.61 125 471 1894 2168 2335 2559 
145 1 152 148 173 128 126 143 133 158 127 471 1893 2167 2333 2557 
145 16 150 154 171 131 127 144 135 156 126 471 1892 2165 2332 2555 
145 31 152 148 166 122 124 140 128 166 127 471 1894 2168 2335 2559 
145 46 157 148 165 124 124 140 129 171 127 471 1893 2167 2334 2558 
146 1 154 141 157 120 123 138 124 169 126 471 1894 2169 2337 2562 
146 16 151 145 164 122 123 140 128 160 125 472 1895 2171 2341 2567 
146 31 150 149 168 124 123 141 131 159 125 473 1897 2173 2343 2569 
146 46 152 153 169 125 125 142 131 164 125 473 1895 2172 2342 2568 
147 1 153 152 169 126 125 142 132 162 124 473 1892 2168 2338 2564 
147 16 152 151 172 129 126 142 133 158 126 473 1889 2165 2335 2561 
147 31 147 151 177 130 125 142 133 157 127 473 1888 2162 2330 2554 
147 46 149 149 171 130 125 142 134 157 126 474 1889 2163 2330 2554 
148 1 150 151 170 127 125 142 134 158 125 474 1891 2166 2332 2556 
148 16 149 154 171 126 126 143 134 163 126 474 1894 2168 2334 2558 
148 31 158 150 170 125 126 142 131 166 126 475 1897 2171 2338 2561 
148 46 152 151 171 128 126 143 133 165 127 475 1897 2171 2337 2561 
149 11 154 177 131 120 14-i 134 165 127 475 1895 2169 2336 2559 
149 16 154 155 169 127 127 141 134 170 127 476 1094 2168 2335 2559 
149 31 154 153 171. 124 .1.27 142 133 166 127 476 1893 2168 2335 2560 
149 46 154 15 173 1.27 12.7 143 134 162 127 476 1893 2167 2334 2559 
150 1 153 . 155 174 128 127 14e, 134 159 127 477 1895 2171 2339 2564



PAGE 12 

TIME 
M S HRS CHiS CH16 CH17 CH18 CH19 CH20 CH21 CH22 CH23 CH24 CH25 CH26 CH27 CH28 

150 16 154 155 176 130 127 144 135 159 126 478 1899 2174 2342 2568 
150 31 156 156 177 129 127 144 135 159 126 478 1901 2176 2344 2569 
150 46 152 154 181 131 126 144 134 163 127 478 1903 2177 2345 2569 
151 1 155 155 180 133 128 145 136 166 128 479 1903 2176 2342 2566 
151 16 156 155 171 127 128 143 130 173 129 479 1902 2176 2342 2566 
151 31 156 152 171 126 127 143 131 170 129 479 1905 2179 2345 2568 
151 46 158 152 172 129 127 144 134 168 130 480 1909 2183 2349 2572 
152 1 153 153 172 129 127 144 135 163 128 480 1911 2185 2351 2574 
152 16 155 152 175 132 127 145 135 161 129 480 1911 2186 2352 2576 
152 31 152 154 173 130 128 144 135 156 128 481 1911 2186 2354 2578 
152 46 153 152 175 132 128 146 136 159 129 481 1909 2186 2354 2578 
153 1 154 152 173 134 129 146 137 165 130 481 1904 2181 2349 2574 
153 16 151 153 174 133 129 145 137 158 129 481 1903 2181 2351 2577 
153 31 153 152 176 131 129 145 136 163 129 481 1901 2179 2348 2574 
153 46 156 151 171 129 128 143 135 168 129 482 1901 2180 2349 2575 
154 1 160 152 176 131 129 145 136 171 130 482 1902 2180 2350 2576 
154 16 154 152 172 129 129 146 136 172 130 482 1904 2183 2352 2578 
154 31 155 155 171 127 128 145 136 171 129 482 1906 2185 2355 2581 
154 46 157 156 175 129 126 144 135 163 128 483 1908 2187 2358 2584 
155 1 157 153 173 129 127 144 134 164 129 483 1912 2191 2362 2588 
155 16 156 153 178 131 127 145 135 162 128 483 1913 2193 2363 2589 
155 31 154 153 175 129 128 146 136 161 129 483 1910 2189 2359 2585 
155 46 156 153 173 128 129 145 134 171 130 484 1909 2187 2357 2584 
156 1 157 150 175 127 127 144 134 168 130 484 1908 2187 2357 2583 
156 16 155 154 174 128 129 145 135 173 130 484 1908 2186 2356 2582 
156 31 157 153 172 126 129 143 133 176 132 485 1905 2184 2355 2581 
156 46 159 149 172 125 127 141 131 179 132 485 1905 2183 2354 2581 
157 1 156 147 172 121 126 142 131 175 131 485 1906 2185 2357 2584 
157 16 153 151 176 129 128 144 135 168 132 486 1907 2186 2357 2584 
157 31 158 152 173 130 129 146 136 168 132 486 1908 2186 2358 2585 
157 46 155 154 177 130 129 146 136 163 131 487 1908 2187 2359 2586 
158 1 158 151 176 126 128 145 134 173 131 487 1906 2186 2357 2585 
158 16 159 152 174 129 128 144 135 175 131 498 1906 2186 2358 2585 
158 31 157 153 170 126 128 145 134 175 132 488 1906 2186 2358 2585 
158 46 160 151 172 123 127 144 133 172 131 489 1907 21S7 2359 2587 
159 1 153 152 172 125 126 145 134 166 132 488 1913 2193 2364 2592 
159 16 154 153 175 126 125 143 133 164 131 488 1918 2198 2369 2597 
159 31 158 151 175 129 127 144 134 166 131 488 1921 2201 2372 2600 
159 46 155 152 176 130 128 146 135 165 132 489 1922 2200 2370 2597 
160 1 157 152 177 132 129 146 136 172 133 489 1916 2195 2364 2590 
160 16 158 155 173 129 130 146 136 174 133 489 1909 2188 2357 2583 
160 31 158 153 174 129 128 144 134 168 131 490 1905 2184 2353 2578 
160 46 154 153 177 127 129 145 135 170 133 490 1904 2181 2349 2574 
161 1 158 150 175 126 129 145 135 168 131 490 1904 2182 2350 2575 
161 16 157 152 177 129 129 145 135 160 131 491 1907 2186 2353 2578 
161 31 157 154 178 130 128 145 136 166 132 491 1910 2189 2356 2581 
161 46 154 152 176 132 129 146 137 160 132 492 1913 2190 2357 2581 
162 1 161 152 176 132 129 146 137 162 132 492 1916 2194 2360 2584 
162 16 159 154 183 132 129 146 135 169 132 492 1922 2198 2364 2588 
162 31 162 156 182 130 129 14,6 135 165 132 492 1927 2205 2372 2597 
162 46 158 155 180 132 129 146 137 165 133 492 1928 2206 2374 2599 
163 1 157 153 178 129 130 147 137 169 132 493 1927 2204 2371 2596 
163 .16 157 156 176 130 129 147 137 169 133 493 1922 2199 2365 2589 
163 31 160 153 179 127 128 145 134 163 133 493 1919 2197 2363 2586 
163 46 157 153 179 128 120 16 135 159 133 494 1920 2197 2363 2586



PACE 13 

TIME 
M S HRS CH15 CH16 CH17 CHi8 CH19 CH20 CH21 CH22 CH23 CH24 CH25 CH26 CH27 CH28 

164 1 158 153 177 127 128 147 135 161 132 494 1922 2199 2365 2588 
164 16 156 153 174 125 126 146 135 157 132 494 1924 2203 2369 2592 
164 31 160 153 176 127 127 146 135 161 132 495 1925 2203 2369 2593 
164 46 164 153 171 125 128 146 134 173 133 495 1921 2199 2365 2589 
165 1 159 153 172 124 128 145 134 165 133 495 1916 2193 2359 2582 
165 16 154 152 175 123 127 146 134 160 133 495 1918 2195 2361 2583 
165 31 153 152 178 125 127 146 134 161 133 495 1922 2198 2363 2585 
165 46 160 152 179 125 126 146 134 157 132 496 1925 2203 2368 2591 
166 1 162 154 179 126 127 147 134 159 133 496 1925 2204 2370 2594 
166 16 160 154 178 125 127 146 134 162 133 496 1925 2204 2370 2594 
166 31 163 153 179 129 128 146 134 165 135 496 1923 2202 2369 2593 
166 46 155 154 182 130 128 146 135 161 134 497 1922 2202 2370 2596 

167 1 162 152 180 127 127 147 135 159 134 497 1924 2206 2375 2601 

167 16 157 152 181 127 127 146 136 157 133 497 1925 2207 2377 2604 

167 31 164 150 177 129 127 145 135 152 133 498 1926 2208 2377 2604 

167 46 159 148 179 130 126 146 135 160 134 498 1926 2208 2377 2604 

168 1 157 151 179 131 127 147 136 160 133 498 1926 2208 2377 2605 

168 16 159 153 178 129 128 147 136 168 134 498 1923 2205 2377 2604 

168 31 164 156 180 132 127 147 135 162 134 499 1923 2203 2373 2600 

168 46 157 155 181 172 128 146 135 162 134 499 1924 2205 2375 2603 

169 1 155 156 182 129 129 148 137 167 135 499 1925 2207 2377 2605 

169 16 158 154 181 129 131 148 137 170 135 499 1924 2207 2378 2605 

169 31 166 155 184 131 130 148 136 172 134 499 1923 2206 2376 2604 

169 46 167 156 184 130 130 147 136 175 135 500 1922 2205 2376 2605 

170 1 160 154 185 131 130 148 137 173 135 501 1921 2205 2377 2606 

170 16 161 157 186 133 129 148 136 170 135 501 1921 2204 2376 2605 

170 31 162 156 187 128 128 147 135 161 135 501 1924 2208 2380 2609 

170 46 157 157 186 129 129 148 136 164 135 501 1929 2215 2388 2617 

171 1 166 156 183 131 129 148 137 170 135 501 1931 2216 2388 2617 

171 16 163 155 186 131 129 148 136 163 135 502 1932 2217 2390 2620 

171 31 162 153 183 130 129 148 137 169 135 502 1933 2218 2390 2620 

171 46 165 155 185 131 131 148 138 169 136 502 1931 2216 2388 2618 

172 1 158 154 187 131 130 148 138 161 134 503 1931 2216 2389 2619 

172 16 166 153 184 131 131 148 137 171 135 503 1936 2222 2395 2625 

172 31 167 157 182 129 130 148 137 167 135 503 1940 2226 2398 2630 

172 46 154 159 186 131 130 149 138 167 135 503 1939 2226 2400 2631 

173 1 159 158 183 128 131 148 138 170 135 504 1937 2223 2396 2627 

173 16 163 156 186 132 131 149 138 172 136 504 1936 2221 2394 2623 

173 31 163 157 189 133 132 150 139 169 136 504 1932 2218 2391 2621 
173 46 160 159 188 133 132 151 139 166 135 504 1931 2217 2391 2621 

174 1 162 157 184 129 132 149 138 172 136 505 1935 2222 2396 2627 
174 16 170 159 186 131 132 150 139 177 137 505 1936 2222 2397 2629 
174 31 167 155 185 128 131 149 137 182 138 505 1934 2221 2395 2627 

174 46 173 1S3 177 124 130 147 136 176 137 505 1932 2218 2391 2623 
175 1 1S4 156 182 127 132 148 136 169 137 506 1931 2218 2392 2623 
175 16 163 158 182 129 131 149 138 178 136 506 1928 2216 2390 2622 

175 31 162 157 187 131 131 150 139 168 137 506 1928 2216 2390 2621 
175 46 167 154 181 128 131 147 136 172 137 506 1933 2220 2394 2625 

176 1 171 153 184 128 130 148 136 172 136 507 1937 2225 2399 2631 
176 16 166 152 186 129 130 148 136 163 136 507 1940 2228 2402 2634 
176 31 164 153 183 126 129 149 135 165 135 507 1942 2230 2405 2638 
176 46 161 152 184 127 129 146 135 168 137 507 1941 2228 2402 2634 

177 1 163 152 184 127 129 t48 136 161 136 507 1942 2229 2403 2635 
177 16 164 152 183 126 130 148 136 171 137 507 1943 2229 2401 2633 
177 31 170 153 186 130 132 149 138 163 137 508 1942 2229 2401 2633



00 
PAGE 14 

TIME 
M S HRS CH15 CH16 CH17 CH18 CH19 CH20 CH21 C1H22 C123 CH24 CH25 CH26 CH27 CH28 

177 46 165 155 189 132 133 151 140 163 137 508 1943 2229 2401 2631 
178 1 171 156 188 132 133 151 140 164 137 508 1943 2228 2400 2631 
178 16 166 159 188 133 133 151 139 168 138 509 1942 2229 2401 2632 
178 31 163 160 187 134 133 151 139 169 137 509 1943 2229 2401 2632 
178 46 162 160 190 134 133 151 140 167 137 509 1942 2228 2401 2632 
179 1 162 156 186 129 132 199 139 166 136 509 1941 2228 2401 2632 
179 16 166 157 186 127 132 149 139 166 135 510 1939 2227 2402 2635 
179 31 164 159 189 129 131 150 139 171 137 510 1934 2224 2399 2632 
179 46 164 160 186 133 133 151 139 175 138 510 1936 2226 2402 2637 
180 1 162 157 189 132 132 150 139 163 137 511 1939 2229 2404 2639 
180 16 169 159 187 130 133 150 139 173 1025 511 1925 2212 2387 2619 
180 31 165 159 188 161 2 267 596 861 1116 1315 1870 2162 2335 2571 
180 46 3061 3217 3324 3370 3382 3391 3399 3403 3407 3408 1810 2105 2278 2514 
181 1 3044 3206 3322 3367 3380 3391 3398 3402 3407 3408 1756 2049 2220 2456



IV-40 

TEMPERATURE GRAPHS
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IV-49 

RATE OF RISE DATA



Rate of Rise Data - Slab 4 
5-Minute Intervals 

MIN:SEC CH 1 CH 2 CH 3 CH 4 CH 5 CH 6 CH 7 CH 8 CH 9 CH10 CH11 CH12 CH13 CH14 

0:1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
5:1 10 24 16 4 5 6 2 6 6 5 4 4 3 5 

10:1 -2 -5 -3 0 -1 -1 1 -1 0 -1 0 0 0 0 
15:1 0 -1 0 0 1 1 0 1 1 1 1 3. 1 0 
20:1 -1 2 0 0 0 -1 1 0 1 1 2 1 0 1 
25:1 1 0 -3 1 0 1 1 1 0 0 2 0 1 0 
30:1 0 4 1 2 2 1 2 2 2 2 2 1 1 1 
35:1 3 6 2 0 -1 -1 2 1 0 1 2 1 2 1 
40:1. -1 1 -2 3 2 2 2 2 2 3 3 2 2 1 
45:1 2 7 4 2 1 1 6 3 2 2 5 1 2 1 
50:1 3 1 -2 4 2 1 2 1 2 3 4 2 2 2 
55:1 2 2 7 2 3 3 7 9 2 4 3 3 4 3 
60:1 3 4 -2 3 1 1 4 -2 2 2 5 1 3 1 
65:1 1 3 3 3 1 2 4 2 1 4 -4 3 3 1 
70:1 1 5 7 -1 1 1 2 4 0 1 5 -1 2 -1 
75:1 3 0 -4 5 4 5 4 0 7 2 5 2 3 1 
80:1 0 5 9 -6 -4 -1 -3 5 -4 4 -4 2 3 2 
85:1 6 2 -2 10 7 4 7 3 5 4 6 1 4 2 
90:1 1 -2 -4 5 3 5 6 2 7 1 10 0 2 1 
95:1 1 0 3 0 0 0 0 0 -2 2 1 0 1 -1 

100:1 1 0 - 2 2 2 4 2 0 2 -1 3 5 2 
105:1 2 2 6 -10 -4 -2 0 2 2 3 1 2 3 3 
110:1 1 2 -2 14 10 12 11 4 8 2 12 1 4 1 
115:1 2 6 4 -9 -1 -3 -3 -1 1 3 -4 2 1 0 
120:1 5 -4 0 15 2 1 2 -2 2 4 7 3 6 4 
125:1 -5 -14 0 14 8 13 7 6 11 2 15 4 4 5 
130:1 7 3 3 -1 1 -12 -5 6 -9 3 -10 3 5 -1 
135:1 0 8 3 8 4 5 8 6 7 3 9 0 -7 1 
140:1 -1 -12 -5 3 0 4 -3 4 1 1 3 0 8 2 
145:1 5 16 7 3 5 10 -3 2 6 4 2 3 4 3 
150:1 0 0 -2 4 2 -5 7 1 0 1 4 2 4 -1 
155:1 2 -1 3 1 0 29 0 1 1 0 2 -1 2 
160:1 2 -4 1 1 0 -3 4 4 0 1 0 3 6 1 
165:1 2 -5 7 -9 -2 4 7 3 -3 0 2 2 1 0 
170:1 1 1 -3 13 6 2 6 2 6 0 5 -3 0 2 
175:1 1 8 2 -1 1 3 1 2 1 2 1 3 2 0 
180:1 1 9 -2 5 5 4 3 3 1 0 3 3 -2 1 

TOTAL 59 73 52 90 66 67 105 83 69 73 101 57 82 46 
0,



Rate of Rise - Slab 4 

5-Minute Intervals (Cont'd) 

MIN:SEC CH15 CH16 CH17 CH18 CH19 CH20 CH21 CH22 CH23 CH24 CH25 CH26 CH27 CH28 

0:1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
5:1 4 3 3 7 5 4 6 6 3 5 1322 1379 1451 1548 
10:1 0 0 0 -1 -1 0 -1 1 0 8 -206 -120 7 156 
15:1 0 1 2 0 1 0 1 1 0 16 125 114 111 97 
20:1 1 2 2 2 0 1 1 2 0 24 72 68 54 28 
25:1 0 1 2 0 1 0 1 5 1 28 80 128 174 244 
30:1 2 3 5 2 1 2 2 5 1 22 27 -122 -324 -582 
35:1 1 4 3 3 2 3 2 4 0 28 38 29 14 -1 
40:1 2 4 6 2 2 2 2 2 2 24 27 119 227 371 
45:1 3 8 9 7 3 4 4 1 1 19 24 13 -3 -50 
50:1 1 3 4 -1 1 2 3 2 2 15 25 -28 -87 -149 
55:1 5 8 8 6 4 3 2 4 1 19 23 55 112 203 
60:1 2 2 5 -1 -1 3 3 -2 1 17 8 -32 -104 -212 
65:1 2 6 6 3 4 5 3 3 1 14 29 22 10 -4 
70:1 2 0 8 -3 0 0 -1 5 1 13 22 96 156 218 
75:1 3 5 4 5 2 3 3 2 2 11 5 -37 -76 -120 
80:1 2 -2 -8 -3 2 2 -3 14 1 18 16 39 61 87 
85:1 2 7 11 6 1 4 6 0 2 21 12 -3 -18 -37 
90:1 4 -1 8 -1 3 3 5 2 2 13 22 28 34 39 
95:1 0 -5 -14 -3 0 0 -5 4 1 8 1 -3 -7 -12 

100:1 5 11 0 7 2 4 4 3 3 8 19 27 33 38 
105:1 3 -2 5 -5 2 - -2 8 2 7 10 29 48 67 
110:1 3 3 10 7 1 3 6 -7 1 7 15 6 -5 -15 
115:1 3 -5 -3 -2 2 1 -2 8 3 5 11 15 19 22 
120:1 6 5 -3 1 2 3 4 -3 3 7 0 -11 -19 -24 
125:1 5 6 11 11 3 4 6 8 4 6 -1 18 28 36 
130:1 4 3 0 -5 3 3 0 1 1 7 10 15 21 26 
135:1 -1 0 5 5 -1 1 3 6 3 8 3 5 6 5 
140:1 2 1 3 0 3 2 2 -7 1 6 17 24 29 33 
145:1 7 -2 3 2 2 3 2 1 4 7 6 10 12 16 
150:1 1 7 1 0 1 1 1 1 0 6 2 4 6 7 
155:1 4 -2 -1 1 0 0 0 5 2 6 17 20 23 24 
160;1 0 -1 4 3 2 2 2 8 4 6 4 4 2 2 
165:1 2 1 -5 -8 -1 -1 -2 -7 0 6 - -2 -5 -8 
170:1 1 1 13 7 2 3 3 8 2 6 5 12 18 24 
175:1 -6 2 -3 -4 2 0 -1 -4 2 5 10 13 15 17 
180:1 8 1 7 5 0 2 3 -6 0 5 8 11 12 16 

83 78 109 55 55 72 63 84 57 431 1807 1955 2035 2109



Rate of Rise Data -Slab 4 
10-Minute Intervals 

MIN:SEC CHR1 CH 2 CH 3 CHR4 CH 5 CHR6 CHR7 CHR8 CH 9 CR10 CH11 CR12 CR13 CH14 
0:1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 10:1 8 19 13 4 4 5 3 5 6 4 4 4 3 5 20:1 -.1 1 0 0 1 0 1 1 2 2 3 2 1 1 30:1 1 4 -2 3 2 2 3 3 2 2 4 1 2 .1 40:1 2 7 0 3 1 1 4 3 2 4 5 3 4 2 50:1 5 8 2 6 3 2 8 4 4 5 9 3 4 3 60:1 5 6 5 5 4 4 11 7 4 6 8 4 7 A4 70:1 2 8 10 2 2 3 6 6 1 5 1 2 5 .0 80:1 3 5 5 -1 0 4 1 5 3 6 1 4 6 3 90:1 7 0 -6 16 10 9 13 5 12 5 16 1 6 .3 100:1 2 0 3 2 2 2 4 2 -2 4 0 3 6 .1 110:1 3 4 4 4 6 10 11 6 10 5 3 3 7 .4 120:1 7 2 4 6 1 -2 -1 -3 3 7 3 5 7 .4 130:1 2 -11 3 13 9 1 2 12 2 5 5 7 9 4 140:1 -1 -4 -2 11 4 9 5 10 8 4 12 0 1 3 150:1 5 16 5 7 7 5 4 3 6 5 6 5 8 2 160:1 4 -5 4 2 0 -1 13 4 1 2 0 5 5 3 170:1 3 -4 4 4 4 6 13 5 3 0 7 -1 1 2 180:1 2 17 0 4 6 7 4 5 2 2 4 6 0 1 

TOTAL 59 73 52 90 66 67 105 83 69 73 101 57 82 46



Rate of Rise Data - Slab 4 
10-Minute Intervals (Cont'd) 

MIN:SEC CH15 CH16 CH17 CH18 CH19 CH20 CH21 CH22 CH23 CH24 CK25 CH26 CH27 CH28 

0:1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
10:1 4 3 3 6 4 4 5 7 3 13 1116 1259 1458 1704 
20:1 1 3 4 2 1 1 2 3 0 40 197 192 165 125 
30:1 2 4 7 2 2 2 3 10 2 50 107 6 -150 -338 
40:1 3 8 9 5 4 5 4 6 2 52 65 148 241 370 
50:1 4 11 13 6 4 6 8 3 3 34 49 -15 -90 -199 
60:1 7 10 12 5 3 6 5 2 2 36 30 23 8 -9 
70:1 4 6 13 0 4 5 2 8 2 27 51 118 166 214 
80:1 5 3 -4 2 4 5 0 16 3 29 21 2 -15 -33 
90:1 6 6 19 5 4 8 11 2 4 34 34 25 16 2 
100:1 5 6 -14 4 2 4 -1 7 4 16 20 24 26 26 
110:1 6 1 15 2 3 3 4 1 3 14 25 35 43 52 
120:1 9 0 -6 -1 4 4 2 5 6 12 11 4 0 -2 
130:1 9 9 11 6 6 7 6 9 5 13 9 33 49 62 
140:1 1 1 8 5 2 3 5 -1 4 14 20 29 35 38 
150:1 8 5 4 2 3 4 3 2 4 13 8 14 18 22 
160:1 4 -3 3 4 2 2 2 13 6 12 21 24 25 26 
170:1 3 2 8 -1 1 2 1 1 2 12 5 10 13 16 
180:1 2 3 4 1 2 2 2 -10 2 10 18 24 27 33 

TOTAL 83 78 109 55 55 72 63 84 57 431 1807 1955 2035 2109



Rate of Rise Data - Slab 4 
20-Minute Intervals 

MIN:SEC CH 1 CH 2 CH 3 CH 4 CH 5 CR 6 CR 7 CH 8 CH 9 CH10 CH11 CH12 CH13 CR14 

0:1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
20:1 7 20 13 4 5 5 4 6 8 6 7 6 4 6 
40:1 3 11 -2 6 3 3 7 6 4 -6 9 4 6 3 
60:1 10 14 7 11 7 6 19 11 8 11 17 7 11 7 
80:1 5 13 15 1 2 7 7 11 4 11 2 6 11 3 

100:1 9 0 -3 17 12 11 17 7 10 9 16 4 12 4 
120:1 10 6 8 10 7 8 10 3 13 12 16 8 14 8 
140:1 1 -15 1 24 13 10 7 22 10 9 17 7 10 7 
160:1 9 11 9 9 7 4 17 7 7 7 6 10 13 5 
180:1 5 13 4 8 10 13 17 10 5 2 11 5 1 3 

TOTAL 59 73 52 90 66 67 105 83 69 73 101 57 82 46 

20-Minute Intervals (Cont'd) 

MIN:SEC CH15 CH16 CH17 CH18 CH19 CH20 CH21 CH22 CH23 CR24 CH25 CH26 CR27 CH28 

0:1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
20:1 5 6 7 8 5 5 7 10 3 53 1313 1451 1623 1829 
40:1 5 12 16 7 6 7 7 16 4 102 172 154 91 32 
60:1 11 21 25 11 7 12 12 5 5 70 79 8 -82 -208 
80:1 9 9 9 2 8 10 2 24 5 56 62 120 151 181 

100:1 11 12 5 9 6 11 10 9 8 50 54 49 42 28 
120:1 15 1 9 1 7 7 6 6 9 26 36 39 43 50 
140:1 10 10 19 11 8 10 11 8 9 27 29 62 84 100 
160:1. 12 2 7 6 5 6 5 15 10 25 29 38 43 48 
180:1 5 5 12 0 3 4 3 -9 4 22 23 34 40 49 

TOTAL 83 78 109 55 55 72 63 84 57 431 1807 1955 2035 2109
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DATA SYSTEM 

To record thermocouple data from the unexposed side of the test 

penetrations and the furnace temperature, it was necessary to employa 

data system capable of handling fifty channels of data. This system was 

comprised of a digital temperature recorder, a paper tape recorder-reader, 

a minicomputer, and a large computer center.  

Thermocouples were directly wired to Kaye Instruments, Digital 

Temperature Recorders. These units supply a data presentation of thermo

couple output in degrees Farenheit in column format. The Kaye recorders 

are paralleled to paper tape recorders.  

There were two 8-level Facit recorders used during the test to 

record the actual temperature of the furnace and the unexposed side 

thermocouples. There were a total of twenty-five (25) channels of temperatures 

recorded. The first twenty-four (24) channels were used to take actual 

temperature data off the unexposed side of the slab. Channel 25 was the 

average inside furnace temperature. For actual placement of thermocouple 

locations, see Figures IV-1 to IV-8, Appendix IV.  

Two forms of data were taken from the recorder. One was a printed 

copy of listings of temperature and the other is an 8-level punch tape 

which is used as an input source to the Wang 2200T computer system.  

The Wang system accepts the 8-level punch tape via a high speed tape 

recorder, where it is stored on a permanent type diskette as a permanent 

file. Upon request, the Wang system listed the data tables from a com

plete listing of time/temperature data stored internally on this disc.
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The Wang also has the options to plot all temperature data on a 

16-inch Digital*Drum Plotter or access the Trinity University Computer 

System Network. By using the data set (Modern 4800 via telephone 

communication network) the Wang system communicated with Trinity's 

IBM 370 computer. The.data was further analyzed, plotted, and compared 

with other known test data. All test results from Trinity University's 

computer section was sent back to Southwest Research Institute in two 

modes: 

1. Via a data phone set to a Tektronic CRT (Model 4015) 

for analysis and review of the data and graphs.  

2. Via plots and graphs hand carried to SwRI from Trinity.  

Figure V-1 shows the entire data system and Figure V-2 shows 

the minicomputer system used.
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** 
DAI ACuP YTA 

A complete data acquisition/data processing 
system is dedicated solely for use by Fire Tech
nology. The system provides the capability to in
put and read 224 signals per second. The data 
acquisition system is addressed by a keyboard 
through a central processing unit. By this means, 
the channels to be scanned and the rate of scanning 
may be selected. The input signals are digitized and 
stored on magnetic disks for subsequent pro
cessing. The system output may be in either 
printed form, using the 112-character impact line 
printer, or graphic form, using the 16-in. digital 
drum plotter.  

Fu V 

Figure V-2 

h. A



VT-' 

VACUUM SYSTEM
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VACUUM SYSTEM 

As requested by individual sponsors, it is possible to impose 

a differential pressure across the penetrations seals during the fire 

exposure period of the test. This can be accomplished by either 

establishing the desired positive pressure inside the furnace or by 

creating a negative pressure on the unexposed side of the test slab.  

The positive pressure approach entails restricting the flue discharge 

of the furnace and overpressuring the intakes of the aspirating burners.  

Past experience has shown that this creates difficulty in controlling 

furnace temperature because of the faced burning of cable insulation 

on .the exposed side. To put a negative pressure on the unexposed side 

involves construction of a large chamber that seals to the cold side of 

the test slab. This enclosure is then attached to a high volume, high 

pressure blower as shown in Figure VII-1. Control of the pressure level 

is obtained by uampers at the inLake of the bluwer or un the enclosure 

itself.  

Because the chamber restricts free access of air on the unex

posed side of the furnace, it is possible to obtain .higher temperatures 

on the cold side than normal. However, early tests indicated that these 

temperature differences were not significant.  

Normal test procedures for use of the vacuum enclosure are: 

1) The test slab with penetrations is placed on the 
furnace and extension sleeve assembly. The cold 
side cable ends are sealed with silicone caulk.  

2) The test slab is sealed to the sleeve.  

3) Visual inspections of the penetrations are made 
from the cold side and the inside of the furnace.  
If necessary seals are corrected.
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Figure VI-1. Vacuum System
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4) The vacuum enclosure is mated to the test slab by 
a three inch angle seal surface. The seal is made 
by a large bead of standard air conditioning duct 
putty.  

5) The enclosure and slab are fastened together using 
C-Clamps.  

6) The blower and duct assembly are attached and sealed 
to the vacuum enclosure.  

7) The blower is started and the selected vacuum is 
established.  

8) Inspection of the penetration seals is accomplished 
from the inside of the furnace with the vacuum on.  

9) Once all seals have been verified, the vacuum system 
is allowed to establish steady state for five minutes 
prior to the start of the fire exposure period.  

As shown above, this procedure allows for a number of inspections 

of the seal prior to the test. Vacuum readings are taken in two zones 

of the chamber as space allows and are monitored continuously by vacuum 

gauges or manometers using a water medium during the test.
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Figure VI-2. Exploded View of Test Assembly
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SLAB #4 (Bl-B8) 

TIME FURNACE TEMPERATURE REMARKS PRESSURE 

Actual Hr:Mins Actual Required AP.L AP.R.  

7:20 -5 79 0 F 
7:25 0 790F Smoke from inside 1.2 .1.3 

7:30 5 1445 0F 10000 F OK 1.1 1.3 

7:35 10 1243 0 F 1300aF OK 1.2 1.3 

7:40 15 1370 0F 1399 0F OK 1.1 1.3 

7:45 20 1440 0 F 1462 0F Smoke clearing 1.1 1.3 

7:50 25 1519 0 F 1510oF OK 1.1 1.3 
7:55 30 1545 0F 1550 0 F OK 1.1 1.3 
8:00 35 1583oF 1584 0F OK 1.1 1.3 
8:05 40 1610 0 F 1613 0 F OK 1.1 1.3 

8:10 45 1632 0F 1638 0F OK 1.0 1.3 
8:15 50 1655 0F 1661 0 F OK 1.0 1.2 
8:20 55 1680 0 F 1681 0 F OK 1.0 1.2 
8:25 1:00 1692 0F 1700aF OK 0.95 1.15 
8:30 1:05 1717 0 F 1718 0F OK 0.95 1.15 
8:35 1:10 1739 0F 1735 0F OK 0.95 1.15 
8:40 1:15 1743 0F 1750 0F OK 0.95 1.15 
-8:45 1:20 1759 0F 1765 0F OK 0.90 1.15 

8:50 1:25 1769 0F 1779 0F Adjustment of AP.L. 1.0 1.3 . 8:55 1:30 1790 0 F 1792 0 F OK 1.0 1.3 
9: 00 1:35 1800 0 F * 1804OF OK 1.0 1.2 

9:05 1:40 18110 F 1815 0F OK 1.0 1.2 
9:10 1:45 1822 0 F 1826 0 F OK 1.0 1.2 

9:1.5 1:50 1836 0 1 1835 0 F OK 1.0 1.2 
9:20 1:55 1845 0F 18 4 3 0F OK 1.0 1.2 

9:25 2:00 1846 0F 1850oF OK 1.0 1.2 
9:30 2:05 1848 0 F 1856 0F OK 1.0 1.2 
9:35 2:10 1859 0 F 1862 0 F OK 0.95 1.15 
9:40 2:15 1862 0 F 1868 0F OK 0.95 1.15 
9:45 2:20 1876 0F 1875 0F OK 0.95 1.15 
9:50 2:25 1880oF 1881 0 F OK 0.95 1.15 
9:55 2:30 1884oF 1888 0 F OK 0.95 1.10 

10:00 2:35 1895 0 F 1894 0F OK 0.95 1.10 
10:05 2:40 19000 F 19000 F OK 0.95 1.10 
10:10 2:45 1908oF 1906 0 F OK 0.95 1.10 
10:15 2:50 1912oF * 1912 0 F OK 0.95 1.10 
10:20 2:55 19060 F 1918 0 F . OK 0.95 1.10 
10:25 .3:00 19400 F 1925 0F OK 0.95 1.10
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CABLE PENETRATION FIRE STOP QUALIFICATION TEST 
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FOREWORD 10 

Purpose of Standard 13 

This standard provides qualification test procedures for type 15 
testing cable penetration fire stops when mounted in rated fire 16 
barriers.  

Statement of Problem 18 

In the course of construction of all types of buildings, cables 20 
in raceways penetrate barriers such as walls, floors, or floor- 21 
ceiling assemblies of that building. If these barriers are rated 22 
as fire resistive barriers, the penetrations should be as 
resistant to fire as required of the barriers. Thus, in order to 24 
test the penetration .and rate it, the penetration should be 
mounted in a rated wall, floor, or floor ceiling assembly as it 25 
would be used in practice and the combination exposed to the same 26 
standard fire as used for the wall, floor, or floor ceiling 
assembly.  

Rating of a Fire Resistive Barrier, With No.Penetrations 28 

This rating is expressed in hours and represents the ability of 30 
that barrier to withstand, without failure, exposure to a 
standard fire for that length of time. A fire rating for a 32 
barrier may be arrived at by testigg it according to the 
Procedure outlined in ANSI/ASTM E119-76, "Standard Methods of 33 
Fire Tests of Building Construction and Materials." 

A barrier achieves its rating if, during the specified time, it 35 
contains the fire and its surface unexposed to the fire does not 
heat up sufficiently to ignite cotton waste or the temperature 36 
does not exceed 250 F above ambient. In addition, following the 37 
fire, the barrier is required to withstand a specified standard 
fire hose test on the hot face.  

Caution Re: ANSI/ASTM E1191 Limitations 40 

E119 cautions that its results give-only a relative measure 42 
of fire performance of comparable barriers (paragraph. 2.2), 43 
that it does not measure degree of control or limitation of 
smoke or Lproducts of combustion through the assembly 45 
(paragraph 2.4.3), and does not consider the effect of 46 
conventional openings, i.e., electrical receptacle outlets or 
plumbing pipe, etc. (paragraph 2.4.6).
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Standard Fire in E119 49 

The standard fire is defined by a time-temperature 51 
relatiohship which must be produced by the test furnace. The 54 
seven defined points on this curve are given as follows: 

1,000 F (538 C) at 5 min 58 
1,300 F .(704 C) at 10 min 
1,550 F (843 C) at 30 min 60 
1,700 F (927 C) at 1 hr 61 
1,850 F (1,010 C) at 2 hr 62 
2,000 F (1,093 C) at 4 hr 63 
2,300 F (1,260 C) at 8 hr or more 64 

A more detailed description is given in ANSI/ASTM E119 68 

Appendix Al which lists intervening points and tabulates the 69 
integrated area under the time-temperature curve as a 
function of time.  

The same standard fire is used on the cable penetration fire 72 
test.  

Fundamental Difference Between a FireTest on a Barrier Alone 75 
and a Penetration/Barrier Combination 77 

The fire resistive barrier described above has a relatively low 79 
thermal conductivity so that it can maintain a 1,300-1,600 F 80 
temperature difference between the face exposed to fire and the 
opposite face. A cable penetration has a metallic electrical 83 
conductor which has a very high thermal conductance. It may have 84 
many large copper conductors and steel trays or conduits or metal 
parts of the penetration, all of which pass through the barrier. 85 
On the cool side of the barrier, these metal parts are 86 
necessarily at a higher temperature than the wall adjacent to the 
penetration. The stop material filling the interstices between 88 
cables or between cables and the barrier should give comparable 
thermal conductance to the barrier itself, in addition to 89 
resisting the fire.  

Thus the higher temperature rise of the metallic parts of the 91 
penetration presents a new and different'problem andmay make it 92 
impossible to use the same pass-fail criteria as for the 
barriers. An obvious failure occurs when sufficient heat is 93 
transmitted so that the insulation of the cable on the cold side 
bursts into flame. This is discussed further in.Section 2.3. 95
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Maximum Allowable Cable Penetration Fire Stop Face Temperature 98 

If one examines the temperatures across the unexposed face of the 100 
cable penetration fire stop near the end of a three-hour test, 
the temperatures will vary widely depending on the distance from 101 
a cable or a raceway. The temperature of the unexposed face of 103 
the cable penetration fire stop material at a point away from the 
cable or the raceway will also depend on the thermal conductivity 10 
of the cable penetration fire stop material. The maximum 105 
temperature on that face is the important one. If this 106
temperature is at the interface between the cable jacket and the 
cable-penetration fire stop material, and this temperature. rises 107 
to the self-ignition temperature of the cable jacket or the stop 
material, a fire-may result.  

Thus, the test procedure 'finds the maximum temperature on the 100 

unexposed cable penetration fire stop face and compares it with a 
maximu allowable temperature. -The maximum allowable temperature 111 
is defined as one at which the insulation systems expected to be 
used should not ignite. 112 

The maximum allowable temperature is arrived at by an examination 110' 
of the known ignition temperatures of insulating materials. 115 

Ignition temperature is measured by a procedure in ASTM D1929--68 16L 
(ANSI K65.111-1971) "Standard Methods of Test for the Ignition '11 
Properties of Plastics." This is described as a hot-air ignition 1'U' 
furnace. The values obtained represent the lowest ambient air 119 
temperature that will cause ignition of the material under the 120 
conditions of test. Measured properties are "flash-ignition 12' 
temperature" where an igniting source is present (small gas 
flame) and "self-ignition temperature," where ignition occurs 122 
spontaneously.  

For ignition, there must be adequate temperature; the combustible 12' 
gases released from the hot insulation must be mixed with the 12L 
correct proportion of air.  

The required temperature to cause ignition would be much higher 12', 
than the ASTM value because the hot gases released are swept away 12? 
by air drafts, and a higher temperature is needed to produce a 
higher rate of release of gases so that an ignitable gas/air 12 
ratio can be attained. Thus, there is a good factor of safety in 13' 
the assigned maximum allowable temperature.  

Typical values of the ignition temperatures as determined in 13
ASTM D1929-68 (ANSI D1929-68) are given below in deg F:
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Material Flash-Ignition Self-Ignition 13S 

Cotton 446-511 490 140 

Newspaper 4145 445 141 

Pine shavings 406-507 500 142 
Wool 401 --- 143 

Polyethylene 645 660 156 

Polyvinyl chloride 735 850 157 

Polytetrafluroethylene -- 986 158 

Polyvinyl chloride-acetate 608-644 815-1,035 159 

Polystyrene 635-680 910-925 160 

Nylon 66 750-790 788-806 161 

The maximum allowable temperature selected for a cable 171 

penetration fire stop should be based on the self-ignition 172 

temperature of the outer cable coverinq the fire stop materials, 173 
or materials in contact with the cable penetration fire stop, 
whichever has the lower self-ignition temperature. For cable 174 

penetration fire stops the self-ignition temperatures of the 

outer cable covering and fire stop materials are generally above 175 

700 F.  

'The maximum allowable temperature is the actual measured 177 

temperature on the unexposed side and not temperature rise. This 17", 

is because the ignition of a given material occurs at a specific 
temperature F.  

What This Standard Does Not Do, and Problems Yet to Be 181 
Covered 183 

Pressure Seals 185 

A penetration fire stop and the fire barrier itself should, 187 
in some locations, function as a seal to maintain any 
existing pressure difference and should not pass through hot IS., 
gases or smoke. It should maintain that ability for the 190.  
duration of the rating test. While this problem is 19 

recognized, the present standard does not address it, nor 
does the E119 test. This should be a future task. 192 

If it is desired by the user of this standard, he can specify 19t 
an added test, outside the scope of this standard and 195 
supplementing the information it provides, which would 
require a check of the ability of the penetration to maintain 19C 
a differential pressure before, during, and after the fire 
test. There has been no standard method yet proposed and 191.  
accepted for checking this seal during a fire test.
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Ampacity Derating Due to Penetration Stops 200 

It is recognized that the thermal insulating characteristics 202 
of a penetration fire stop may have an effect on 203 
the ampacity of the cables passing through the penetration.  
Design of the fire stop should address this effect. However, 206 
ampacity considerations are not a part of the qualification 
test and, consequently, are not within the scope of this 207 
standard.  

Adequacy of Test Furnace 209 

Furnaces used in these rating tests are sometimes operated at 212 
lower than atmospheric pressure, and thus hot gases or smoke 213 
would not tend to leak outward but cold air would tend to 215 
flow inward toward the fire. This test may not represent a 216 
typical situation in a real fire and should be the subject of 
future investigations. 217 

Test Limitation and Cautions 220 

JuAt s in the casz -f the fire barrier in 7SI/.STM E??9 75, 222 
this test is run with a pecific standard fire. This fire 225 

may or may not be as severe as fires actually experienced and 
hence may not predict the performance of ,the .cable 226 
penetration fire stop barrier combination in actual service.  
It is the judgment of those experienced in the field that 227 
relative performance is accurately portrayed and the relative 228 
values may be used as a basis for engineering judgment in a 
particular design situation.  

The test, as already pointed out, gives no information on the 230 
necessity, if any, for ampacity derating of cables within the 
cable penetration, nor does it give any indication of the 232 
capability of the stop to maintain a pressure differential 
between the opposing faces of the barrier before, during, or 233 
after a fire test.  

Furthermore, the user must consider the higher temperature of 235 
those components emerging from the face of the barrier not 
exposed to fire, e.g., the conductors and metallic elements, 236 
such as the tray, conduit, or. structural parts of the 
penetration. These higher temperatures must be considered by 237 
the designer who will perform a hazards analysis and will 
take steps necessary to counter these hazards if any are 238 
found.
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Electric Penetration Assemblies in Containment Structures 241 

Electric penetration assemblies in containment structures are 243 
not covered in this document. For guidance in this area, 246 
refer to IEEE Standard 317.  

Seismic, Radiation, Aging, and LOCA 250 

Although it is recognized that seismic, radiation, aging, and 252 
LOCA conditions may be required to be considered and 253 
evaluated for nuclear power plants, these effects are not 
within the scope of this standard. For guidance in these 255 
areas, refer to IEEE-344-1975 and IEEE 323-1974.
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CABLE PENETRATION FIRE STOP QUALIFICATION TEST 258 

1.0 SCOPE 261 

This standard provides direction for establishing type tests 263 
for qualifying the performance of cable penetration fire 264 

stops when mounted in rated fire barriers.  

2.0 PURPOSE 266 

The purpose of this standard is to establish type tests to 270 
assure that cable penetration fire stops meet the required 271 

fire rating.  

2.1 General 275 

The requirements presented include the principles and 277 

procedures for testing. These test requirements, when 278 

met, will confirm the adequacy of the cable penetration 
fire stop design under fire conditions tested. 279 

2.2 Applicability 282 

Cable penetration fire stops that meet the requirements 284 
outlined herein are intended for use in power-generating 285 
stations including nuclear-generating stations, as well 
as other ! pplicable commercial and industrial 287 
installations. Among the categories of cables covered, 288 
but not limited to, are those used for power, control, 
and instrumentation services.  

2.3 Method of Approach 29".  

When a cable penetration is used in a rated fire- 293 
resistive barrier, the fire stop should remain intact 294 
and prevent the spread of fire and restrict the passage 
of hot gases through that barrier for the required rated 
time. A fire barrier meeting the requirements of E119 296 
must limit the flow of heat or gases through from the 
fire side as indicated by a relatively cool surface, one 297 
whose temperature will not ignite gases, cotton waste, 
or NFPA Class A materials which require a temperature of 298 
approximately 400 F Jin E119 this is expressed as 250 F 29§ 
above ambient). With a fire stop, however, there are 300 
always metallic conductors and perhaps structural 
portions of the penetration which Eresent good thermal 30" 
conduction paths through the fire stop and whose 
temperatures at the point of exit may exceed markedly 30; 
the approximately 400 F expected of the unpenetrated 
wall. The temperature can be such that the insulation 30" 

A
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and jacket on the cable may ignite, indicating a failure 
of the stop. These higher temperatures of the metallic 304 
through-portions of the penetration must be considered 
and evaluated by the user/designer. 305 

3.0 DEFINITIONS 309 

These definitions establish the meanings of words in the 311 
context of their use in this standard: 312 

3.1 Unexposed Side 316 

The side of a fire-rated wall, floor-ceiling assembly, 318 
or floor which is opposite to the fire side. Also 320 
referred to as cold side.  

3.2 Fire Resistive Barrier 323 

A wall, floor, or floor-ceiling assembly erected to 325 
prevent the spread of fire. JTo be effective. fire 326 
barriers must have sufficient fire resistance to 
withstand the effects of the most severe fire that may 328 
be expected to occur in the area adjacent to the fire 
barrier and must provide a complete barrier to the 
spread of fire.) 

3.3 Fire Resistive Barrier Rating 331 

This is expressed in time (hours and minutes) and 333 
indicates that the wall, floor, or floor-ceiling 
assembly can withstand, without failure, exposure to a 334 
standard fire for that period of time. The test fire 336 
procedure and acceptance criteria are defined in 
ANSI/ASTM E119-1976.  

3.4 Fire Rating 339 

The term applied to cable penetration .fire stops to 341 
indicate the endurance in time (hours and minutes) to 342 
the standard time-temperature curve in ANSI/AS7M 
E119-76, while satisfying the acceptance criteria 343 
specified in this standard.  

3.5 Cable Penetration Fire Stop 346 

Material, devices, or an assembly of parts providing 348 
cable penetrations through fire-rated walls, floors, or 
floor ceiling assemblies, and maintaining their required 349 
fire rating.
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3.6 Cable Penetration 352 

An assembly or group of assemblies for electrical 3514 

conductors to enter and continue through a fire-rated 355 
structural wall, floor, or floor-ceiling assembly.  

3.7 Raceway 35? 

Any channel that is designed and used expressly for 360 

supporting or enclosing wires, cable, or bus bars.  
Raceways consist primarily of, but are not restricted 361 
to, cable trays and conduits.  

3.8 Module)' 364 

An opening in a fire resitive barrier so located.and 36f 

spaced from adjacent modules (openings) that its 367 

respective cable penetration fire stop's performance 
will not affect the performance of cable penetration 36? 
fire stops in any adjacent module. A module may take on 36K 
any shape to permit the passage of cables from one or 
arny zn- rnb 0r 3 f r a C way 

4.0 TEST DESCRIPTION 372 

4.1 General 37 t 

This section describes the methods for testing cable 376 

penetration fire stops around cables penetrating a fire 377 
resistive barrier.  

4.1.1 Applicability 380 

These methods shall be applicable to 382 
assemblies or groups of cables and materials 
or components which comprise the fire stop 383 
that will be installed in a fire resistive 
barrier wall, floor, or floor-ceiling 
assembly. .It is ,not the intent of this 38' 
standard to test the wall, floor, floor
ceiling assembly or other structural members 38 
of the fire resistive barrier. Therefore, no 38' 
simulated structural loading is required.  

4.1.2 Penetration Fire Stop Components - 39? 
Excludina Cable 39 

Individual components of the fire stop sydtem .39 
shall have a flame spread rating of 25 or less 35 
in accordance with ASTM E84. Components to 3!.
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which ASTM E84 test is not applicable shall be 
tested in accordance with ASTM D2863 and shall 
have a minimum limiting oxygen index of 25. 398 

4.1.3 Method of Testing 401 

Qualification shall be by type testing of an 403 
actual full-sized cable penetration fire stop 404 
or module indicative of installed conditions.  

4.1.4 Test Experience 407 

Cable penetration fire. stops and/or modules 409 
that have successfully functioned under test 
can be considered qualified for-equal or less 410 
severe fire rating. Testing in the 412 
floor/ceiling position qualifies the cable 
penetration fire stops for either floor or 
wall penetration provided the cable 413 
penetration fire stop under test is 414 
constructed symmetrically so as to provide 
equal resistance to fire from cither zide.  
Fo: unsymmetrical design, refer to 4.3.5. 415 

4.2 Test Specimens 418 

4.2.1 General 420 

The type tests specified shall be for power, 1422 
control, and instrumentation (including signal 
and communications) cables. The cable 423 
penetration fire stops shall be installed. in 
modules or openings through fire-rated 
barriers, which may be lined with metallic 425 
components. Cables may penetrate these 426 
openings either directly without a raceway or 
within a metallic raceway depending on the 427 
intended installed configuration.  

4.2.2 Cable Selection and Raceway Fill 437 

The selection of the sizes, construction, and 439 
materials of the cables and cable penetration 
opening fill to be used in the test shall be 440 
representative of the cables used in the fire 
stop under actual installed conditions.
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The cable sizes and cable penetration fire 443 
stop fill listed in Table I may be used. If 444 
these sizes, constructions, or fills are not 
indicative of the actual installed conditions, 
more suitable selections shall be used. It is 14147 
not the intent' that different construction 
types, i.e., instrumentation and medium 
voltage power cable, be installed in the same 448 
test cable penetration unless this is 
indicative of actual conditions.  

In order to assess the design of cable 450 
penetration fire stops by type testing, 
similar designs with maximum and minimum, or 451 
zero, percent cable fills shall be tested.  

When large modules in the fire resistive 453 
barrier are used to permit several cable 
systems to pass through, intermediate percent 451; 
fills.as well as minimum and maximum should be 
tested in the openings. If these designs are 455 
successfully t then all designs within 
these extremities of fill also are qualified.  
For further guidance, refer to Appendix 3. .456 

4.2.3 Cable Penetration Fire Stop Opening 459 
Dimensions and Type 461 

The opening dimensions and type of cable 463 
penetration fire stops to be tested shall be 
representative of the type to be used. In 466 
order to facilitate the selection of test 
specimens where several variations of the same 
type penetration are used, the sizes and type 467 
of cable penetration fire stop openings listed 
in Table II may be used as a basis for 
selection.  

If these sizes or types are not indicative of 469 
the actual installed condition, more suitable 
selections shall be used. 470 

In order to assess the design of the-cable 472 
penetration fire stop by type testing, the 473 
largest module and/or opening shall be tested 
and the cable selected in accordance with 
4.2.2.  

If the largest cross-sectional module design 475 
is successfully tested, then all designs of
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the same type and size module or smaller 476 

modules are also qualified. Likewise, arrays 477 

of openings or modules which are successfully 
tested shall qualify similar arrays with the 

same or larqer spacing. 478 

The user of cable penetration fire stops and 480 

modules qualified by themselves shall 

demonstrate that the influence of.adjacent 481 

cable penetration fire stops and/or modules 
does not compromise their qualification. For 483 

further guidance, refer to Appendix 3.  

4.3 Fire Test Facility and Procedure 486 

4.3.1 Test Room 488 

The fire test shall be conducted in a suitable 490 

room or area as defined in ANSI/ASTM E119-76, 491 
paxa9raph 10.1.  

4.3.2 System Test 494 

The cable penetration fire stop shall be 496 

tested as a complete system. The raceway 497 
mounting and anchoring to the fire stop 
assembly, the cable arrangement, including 499 
attachment to raceway and the raceway fill, 500 
shall he representative of the actual 
installed conditions.  

4.3.3 Cable installation 503 

The cable within the penetration shall 505 

protrude 3 ft to 5 ft on the unexposed side 
and the ends capped. The cable on the side to 506 
which the flame is to be applied shall 

protrude a minimum of 1 ft. Vertical cables 507 

in floor penetration tests shall be supported 
on the unexposed side to simulate continuous 
cables in an actual installation. 508 

.3.4 Raceway Installation 511 

If the penetration under test is to simulate 513 
an actual penetration in which the raceway 

passes through the fire barrier, the test 514 
raceway shall protrude 3 ft to 5 ft on. the 
unexposed side and a minimum of 1 ft on the 
exposed side.
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4.3.5 Orientation 517 

Testing in the floor/ceiling position 519 

qualifies the cable penetration fire stop for 520 
either a floor or wall penetration. Cable 522 

penetration fire stops that are symmetrical 
with respect to design and location in the 
wall/floor need only be fire tested on one 523 
side. Cable penetration fire. stop designs 524 
which are unsymmetrical in design or location 
may require I testing on both sides for 525 
qualification. For example of unsynmetrical 526 
designs and location, refer to Appendix 3.  

4.3.6 Time-Temperature Curve 529 

The test penetration module shall be subjected 531 
to the standard time-temperature curve in 
ANSI/ASTM E119-1976 _reproduced in Appendix 1) 532 
for the time necessary to obtain the required 
fire rating.  

-4.3.7 Exposed Side 'est Instrumentation 535 

The temperature fixed by the curve shall be 537 
deemed to be the average temperature obtained 
from the readings of not less than three 538 
thermocouples symmetrically disposed and 
distributed to show the temperature for each 540 
cable penetration fire stop. Additional 54.  
thermocouples shall be used, as necessary, for 
larger test specimens. The thermocouples 542 
shall be enclosed in sealed porcelain tubes 

3/4 in. (19 mm) in outside diameter and 543 
1/8 in. (3 mm) in wall thickness, or, as an 
alternative in the case of base metal 
thermocouples, enclosed in sealed, standard- 544 
weight, 1/2 in. (13 mm), black wrought steel 
or black wrought iron pipe.. The exposed 545 
length of the pyrometer tube and thermocouple 
in the flame area shall be not less than 
12 in. (305 mm). Other types of protecting 546 
tubes or pyrometers may be used that, under 
test conditions, give the same indications as 54, 
the above standard. For cable penetrations 54, 
through floors or floor/ceiling assemblies, 
the junction of the thermocouples shall be 
placed 12 in. away from the exposed face of 5LU 
the test penetration at the beginning of the 
test and, during the test, shall not touch the 550



VII-17 

k-473.39-lc 10/17/77 142 

P634/D4 
Sept. 28, 1977 

Page 14 

sample as a result of its deflection. In the 551 

case of cable penetration through walls, the 
thermocouples shall be placed 6 in. (152 mm) 

away from the exposed face of the test 552 
penetration at the beginning of the test and 

shall not touch the test penetration during 
the test, in the event of deflection. 553 

4.3.8 Exposed Side Temperature Reading Intervals 556 

The temperatures shall be read at intervals 553 
not exceeding 5 min during the first 2 hr, and 
thereafter the intervals may be increased to 559 

not more than 10 min.  

4.3.9 Flame Source Accuracy 562 

The accuracy of th, flame source control shall 561' 
be such that the area under the time- 565 

temperature curve, obtained by averaging the 
results from the pyrometer readings, is w-LumII 5o, 

the following tolerances, or exceeds the 

corresponding area under the standard time

temperature curve in Appendix Al. 5 

Fire Test 571 
Duration Tolerance 572 

1 hr or less 10% 57: 
Over 1 hr to 2 br 7.5% 572 
Over 2 hr 5% 57( 

4.3.10 Unexposed Side Temperature 580 

Temperatures on the penetration cold side 51 
surfaces shall be measured with thermocouples. 5 
A minimum of three. thermocouples shall be 5 
located on the surface of each fire stop under 
test. The maximum temperature on the face of 5k: 

the cable penetration fire stop shall be / 
measured. As a minimum, temperature shall be 5G 

measured at the cable jacket/cable penetration 
fire stop interface, the interface between the 52 
fire stop, and through metallic components, 5' 

other than the insulated cable conductor, and 
on the surface of the fire stop material.
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4.3.11 Unexposed Side Temperature Reading Intervals 592 

Temperature readings shall be taken at 59L4 

intervals not exceeding 15 min until a reading 595 

exceeding 212 F- (100 C) has been obtained at 

any one point. Thereafter, the readings may 597 
be taken more frequently at the discretion of 

the tester, but the intervals need not be less 

than. 5 min. 598 

4.3.12 Hose Stream Test 600 

A hose stream test shall be conducted 602 

immediately following the end of the fire 

endurance test and removal, if necessary, of 603 

Ehe test slab.  

For power-generating stations including 606 

nuclear-generating stations, a 1 1/2 in. hose 607 

discharging through a nozzle approved, for use 608 

on fires in electrical equipment producing; 

long-range-narrow-angle (30-90 deg set at 

30 deg included angle) high velocity spray 609 

only shall be used. The hose stream shall be 610 

applied to the exposed side. The water 611 

pressure shall be 75 psig, calculated, at the 

base of the nozzle and minimum flow of 75 gpm 

with a duration of application of 2 1/2 min 

per 100 sq ft of test slab. The nozzle 613 

distance shall be 10 ft from the center of the 

exposed surface of the test specimen.  

For other applicable industrial and commercial 615 

establishments, the hose stream shall be 

applied to the exposed surface for a period 616 

calculated on a basis of 2 1/2 min per 

100 sq ft of test slab. The stream shall be 617 

delivered through a . 2 1/2 in. national 

standard playpipe equipped with 1 1/8 in. tip, 618 

nozzle pressure of 30 psig calculated, located 
20 ft from the exposed face.  

5.0 EVALUATION OF TEST RESULTS 621 

Cable penetration fire stops which allow cables or fire stop 623 
materials on the unexposed side to ignite, or allow 

thermocouples on the unexposed side to exceed the temperature 62s 

limits specified, or any visible flame on the unexposed side, 626 

within the specified fire rating time, or the hose stream to 

cause through-openings, fail the test.
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5.1 Acceptance 629 

The test can be considered acceptable and the cable 631 
penetration fire stop suitable for use in accordance 
with the fire rating, provided the following is met: 632 

5.1.1 The cable penetration fire stop shall have 635 
withstood the fire endurance test as specified 
without passage of flame or gases hot enough 636 
to ignite the cable or other fire. stop 
material on the unexposed side for a period 638 
equal to the required fire rating.  

5.1.2 Transmission of heat through the cable 640 
penetration fire stop shall not raise the 641 
temperature on its unexposed surface above the 
self-ignition temperature as determined in 642 
ASTM D1929-68/ANSI K65.111-1971 of the outer 
cable covering, the cable penetration fire 643 
stop material, or material in contact with the 
cable penetration tire stop, when measured in 
accordance with 4.3.10 and 4.3.11. For power 645 
generating station, the maximum temperature is 
700 F.  

5.1.3 The fire stop shall have withstood the hose 648 
stream test without the hose stream causing an 649 
opening through the test specimen.  

6.0 DOCUMENTATION OF TESTING 653 

Following the procedures outlined in this standard, provide 655 
data necessary to document satisfactory compliance. Type 658 
test data derived from tests shall be organized to present 
the results in an orderly manner so as to be easily 
understood and located. 659 

Specifically, the following data shall be recorded: 662 

a. Manufacturer of cable 664 

b. Manufacturer's designation for cable and generic name of 667 
materials used 668 

C. Temperature, current, and voltage rating of cable 672 

d. Physical dimensions including conductor size insulation 674 
and jacket thickness 675
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e. Miscellaneous construction details including type of 677 

raceway, etc. 678 

f. Manufacturer of fire stop materials or devices 680 

_. Manufacturer of fire stop desiqnation and generic name 682 

of materials and/or devices 683 

h. Environmental conditions, such as air ambient, air 685 

currents 686 

i. Details of hose stream test 688 

j. Complete description of materials surrounding the fire 690 

stop, including test results of 4.1.2 691 

k. The temperature and time readings taken 693 

The test equipment shall be described in detail, supplemented 695 

with record of fuel supply, photographs, dimensioned 696 

dratng.m and written specifications with not less data than 

that necessary to reproduce accurately the same test. 697 

The results, pass or fail, shall be recorded and supplemented 699 

with photographs and a statement of the conclusions drawn 700 

made by those conducting the test.  

Engineering data and references to other publications which 702 

were used to make the test and select the equipment shall be 703 

included in the documentation.  

Installation methods shall be described including any Quality 705 
Assurance data applicable to the specific materials and 706 

installation methods used.  

7.0 REFERENCES 709 

The following documents were used as references in preparing 711 

this guide and may be useful in interpretation of its 712 

meaning: 

ANSI/AST4 E-119-76 Standard Methods of Fire Tests of 715 
Building Construction and Materials 716 

ASTM E84-76 Standard Method of Test for Surface 719 
Burning Characteristics of Building 720 
Materials 721
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ASTM D2863- 76 Standard Method for Measuring of 724 

Test for Flammability of Plastics 725 

Using Oxygen Index Method 726 

IEEE-317-1 9 7 6  Standard for Electric Penetration 730 
Assemblies in Containment Structure 73 

for Nuclear Generating Stations 

ASTM D1929-68/ Standard Methods of Test for the 733 

ANS: -65.111-1971 Ignition Properties of Plastics 735
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TABLE I 10 

SUGGESTED REPRESENTATIVE CABLES 12 

AND CABLE PENETRATION FIRE STOP OPENING FILL FOR TYPE TESTS 13 

Cable Fire Stop Fraction of Total* 16 

Penetration Size Cable and Fill for Each 17 

Type Cable Construction Penetration Type 18 

Medium voltage 3/C No. 6 AG 1/3 20 

power (2-15 kv) 3/C No. 2/0 1/3 22 
3/C No. 4/0 1/3 22 

Low voltage 3/C No. 6 AWG 1/3 

power 3/C No. 2/0 1/3 25 

3/C No. 4/0 1/3 26 

Control and 7/C No. 12 1/2 28 

Instrumentation 1 pr No. 16 AWG 1/2 
shielded 

Total fill is the total quantity of cable to be installed in 33 

the test penetration. For example, this 7ould be 40 percent 35 

of the cross-sectional area of the raceway penetration or 3

raceway.  

A
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TABLE II 10 

SUGGESTED REPRESENTATIVE 12 
PENETRATION OPENING DIMIENSIONS 13 

Cable Fire 16 
Stop Penetration Cross-Sectional Slab 17 
Type - Structural Dimensions Thickness 18 

Round - No metal sleeve; 6" diameter 120 or 6M 20 
cables pass through without 21 
raceway 22 

Round - No notal sleeve; 60 diameter 120 or 60 24 

cables pass through in 25 
metal raceway 26 

Round - Metal sleeve; 6o diameter 126 or 6n 28 
cables pass through without 29 
raceway 30 

Round - metal sleeve; 6" diameter 120 or 60 32 
cables pass through in 33 
raceway 34 

Rectangular - No metal B. x 42" or 48" 12" or 6* 36 
sleeve; cables pass through 37 
without raceway 38 

Rectangular - No metal 8" x 42W or 48" 12" or 6" 0 
sleeve; cables pass through 
in metal raceway 2 

Rectangular - Metal 80 x 42" or 480 12" or 6' 4 
sleeve; cables pass 45 
through without raceway 4G 

Rectangular - Metal 80 x 420 or 480 12 or 68 
sleeve; cables pass 
through in raceway 50
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Al. STANDARD TIME-TEMPERATURE CURVE FOR CONTROL OF FIRE TESTS 

Time Tcmperavure. Area Above 68 F aasc Tcmperiture. Area Above 20 C Su4e 

h:min &-f F del F-min .deg F-b des C des C-min des C-b 

0:00 68 00 0 20 00 0 
0-05 .100 2330 39 538 1 290 22 
010 1 300 7 740 129 704 4 300. 72 
0:15 1 399 14 150 236 760. 7 860 131 
0:20 I 462 20 970 350 795 11 650 194 
0-3 1 510 28 050 468 821 15 590 260 
0:30 I 550 35 360 589 843 19 650 321 
0:35 I 584 42 860 714 862 23 810 397 
0:40 1 613 50 510 842. 578 28 060 463 
0:45 1 638 58 300 971 892 32 390 540 
0:50 1 661 66 200 1 103 905 36 780 613 
0:55 1 681 74 220 1 237 916 41 230 687 
I00 1 700 82 330 I 372 927 45 740 762 

1-05 1 718 90 540 1 509 937 50 300 538 
1:10 1 735 98 830 1 647 946 54 910 915 

-1:15 t 750 107 200 I 787 955 59 560 993 
1:20 1 765 115 650 1 923 963 64 250 I071 
t2 1 779 124 10 2 070 971 65 990 1 150 
1:30 1 792 132 760 2 213 978 73 760 1 229 
1:35 1 804 141 420 2 357 985 78 560 1 309 
1:40 1 815 150 120 2 502 991 83 400 1 390 
1:45 1 826 ISS 890 2 64 996 83 280 1 471 
1350 1 835 167 700 2 795 1 001 93 170 1 553 
1:5 1 843 176 550 2942 1 006 9 080 1 635 
2-Mn t. Q 135 440 3 091 1 010 103 020 1 717 

2-0 i 162 2 3; ;017 
2:20 1 875 221 330 3 689 1 024 122 960 2 049 
2:3 I 888 239 470 3 991 1 031 133 040 2 217 
2:40 1 900 257 720 4 295 1 038 143 180 2 336 
2-50 I 912 .276 110 4 602 1 045 153 390 2 556 
3:00 1 925 294 610 4 910 1 052 163 670 2 728 

3:10 1 938 313 250 5 221 3 059 174 030 2 900 
320 1 950 332 000 5 533 1 066 184 450 3 074 
3:30 1 962 350 890 5 848 1 072 194 940 3 249 
3:40 1 975 369 890 6 165 1 079 205 500 3 425 
3:50 1 988 389 030 6 484 1 086 216 130 3 602 
4:00 2 000 408 280 6805 1 093 226 820 3. 730 

4:10 2 012 427 670 7 128 I 100 237 590 3 960 
4:20 2 025 447 150 7 453 3 107 248 430 4 140 
4:30 2 038 466 810 7 780 1 114 259 340 4 322 
4:40 2 050 486 560 5 110 1 121 270 310 4 505 
4:50 2 062 506.450 8 441 3 128 281 360 4 639 
$*00 2 075 526 450 8 774 1 135 292 470 4 874 

5:10 2 033 546580 9 110 142 303 660 5 061 
5:20 2 100 566 840 9 447 3 149 314 910 5 248 
5:30 2 112 587 220 9 787 1 156 326 240 5 431 
5:40 2 125 607 730 10 129 1 163 337 630 5 627 
5:30 2 138 628 360 10 473 1 170 349 090 S St8 
6.0 2 50 649 120 t0 819 I 177 360 620 6 010 

6-10 2 162 670 000 11'167 I 184 372 230 6 204 
6:20 2 175 691 00 11517 1 191. 383 900 6 398 
6:30 2 188 712 140 1 869 1 198 395 640 6 594
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PROCEDURE FOR MOISTURE REMOVAL 

FROM MONOKOTE
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PROCEDURE FOR MOISTURE REMOVAL FROM MONOKOTE 

After application of Monokote in four-inch layers in penetra

tions B9, BlO, Bl, B12 and B13 (see Figure VIII-1), the test slab was 

maintained at an elevated temperature (1000 to 150 0F) to cure (remove 

excess moisture) the Monokote for final seal assembly. After some two 

months, the moisture levels were still in excess of 30% as measured by a 

Weston Moisture Meter Model No. 8009 Type No. 1 Serial No. 6432. Calls to 

W. R. Grace, who manufactures the materials resulted in no assistance in 

the moisture retention problems. Furthermore, discussions of possible 

treatments to apply to the already installed Monokote 
were met with some 

disinterest.  

After a discussion of the problem with Duke Power personnel, SwlI 

proposed a procedure to effect a rapid cure of the Monokote(. The procedure 

was to thoroughly flush the material with anhydrous methyl.alcohol and 

then to elevate the building temperature up to 1300 to 150 0 F. Anhydrous 

methyl alcohol has an affinity to absorb water 
and also is easily vaporized.  

To verify the procedure, a sample of Monokote 
was prepared arid 

poured into a one-half gallon can. After twelve hours, the section was 

removed and placed on a sieve screen for treatment with 
alcohol. This was 

accomplished by pouring the liquid over the top surface and allowing total 

penetration of the liquid. The section was then placed on a drying plate 

and weighed. The prepared specimen was placed in a laboratory oven 
at 1500F 

and allowed to bake for 24 hours. When weighed, the sample had encountered 

significant weight loss with no effect to 
its structure. The sample was 

placed in the oven again and after 48 hours, it was 
weighed. The weighing 

results and the moisture meter readings concurred that 
the specimen had 

reached about 8% moisture. The preliminary'test was deemed successful and
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treatmtl)(17 of th(e teSt penetrations was planned.  

The slab enclosure building was vacawted except for the test slabs 

containing Monokote . A fifty-five gallon drum of anhydrous methyl 

alcohol (99.9% ABSOLUTE) was placed outside of the building and a hand

pump was attached. Leading .froin the pump to the test slab was a new 5/8

inch garden hose. The building was opened on two sides. One side was for 

personnel access and fresh air intake and the other was for exhaust air and 

had a large-volume fan (4 x 4 ft) to induce a draft which would dilute 

escaping vapors. Also located outside both openings were fire extinguishers.  

The personnel involved with application of the alcohol wore self

contained breathing apparatuses. One of the individuals was from SwRI and 

was responsible for application of the alcohol and the other was from 

Chemtrol Corporation and was responsible for quality control for the operation.  

Directing the application was the project manager while stationed outside the 

building were one man operating the pump and two (2) men on fire extinguishc-r-..  

The application took about 20 minutes. Photographs of the operation are 

included in Appendix II.  

After application, the building was closed and the temperature ele

vated to 130OF using electric heaters. The building and the test slabs 

were under constant surveillance for the next six hours. Periodic moisture 

checks were made. After 24 hours it was apparent that the treatment was 

successful. After 48 hours the moisture level was 8% and the building was 

opened and vented for final penetration assembly.
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