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SUMMARY

On May 10, 1978 eight cable tray and conduit pipe penetrétions
designed By Duke Power Company ﬁere exposed to a three-hour fire eﬁdﬁrancé'
qualification test following tHe ASTM E-119 time/tempefature éurveﬁ

The purpose of this test was to obtain a threthour firé rating
for referenced seal designs which utilized a base layer of four (&) inches
of cementitious,foam,icovefed with six (6) inéhés‘of Chemtrol Corporation's
Firewall 50. The tes£ was conducted in accotdance with ASTM E—ll9vtime/
temperature requirements and a cold side negativé préSsure éf 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.

Witnessiﬁg the test for Duke quer Company:

Mr._Larry Johnston

Coﬁducting the test project:

Mr. Michael -D. Pish, Project Manager

Mr. Jesse J. Beitel, Test Engineer

Mr. Reed McClintock, Research Analyst



-DESCRIPTION

A éeries of éigh£ (8) penetration openings weré.cést into the test
slab. 'Tﬁese consisted of six (6) conduit pipe openings and two (2) consisted
of large cable tray openings. The éonduit pipe openings were four (4) inches
and tweiye (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 l. For a listing of.cable identification see Tables 2 and.s.

The test slab was placed on a horizontal furnace and exposed fo
the standard ASTM E-119 time/fempérature curve. After three hours of
exposure, the test slab_waé lifed in a horizontal position for thé.hose
étreaﬁ test énd thgh moved to an area adjacent'to tﬁe 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
Bl , Bl-1 -
B1-2 .
B1-3. 20% Instrument & Control
Bl-4 ’ .507 Instrument & Control
B1-5 100%Z Instrument & Control
B1-6 , 207 Instrument & Control
f '~ Bl1-7 50% Instrument & Control
B1-8 100% Instrument & Control
B2 B2-1
' B2-2
"B2-3
B3 B3 | ” 1-500 MCM Power Cable
B4 B4 : 1-1/0 Power Cable
B> , ' B5 » 20% Instrument & Control
B6 » ’ B6 o 100% Instrﬁment‘& Control
B7 B7 3-500 MCM Power Cable
B8 P B8 1100% Instrumenf & Control




Cable's

SLAB #4 CABL3T LISTING .

oo =it s s

Group Number of each Cable Cable Cable Number of
Area Tray L to R Group Total ~Cable Color - Group .Color Shield ‘Size Conductors
Bl 1 1 2 1 - Black Solid i 3
Bl 1 2 1 1 Black Solid 1" 3
Bl 1 3 2 1 Black Solid 1" 3
Bl 1 4 1 1 Black Solid 1 3
El 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
Bl "2 9 1 1 Black Solid 3" 12
Bl 3 10 6 5 Orange Stranded 3/4" 4
’ . 1 Yellow Solid -~ 3/4" 8
Bl -3 11 10 A 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
"Bl 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
Bl 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
Bl 4 17 16 3 . Yellow Stranded 3/4" 8
7 . Black _Stranded | 3/4" 6
4 " Yellow | - ° Stranded |- “1/2™- 2
1 Black Stranded .3/4" 9
1 Gray Stranded 374" .12

L e




SLAB #4 CABLE LISTING (Continued)

Number of each

N

Group Cable's Cable Cable Cable | Number of
Area | Tray | L to R Group Total |Cable Color - Group Color Shield Size Conductors
Bl 4 18 ! 15 4 Orange Solid 3/4" 4
: | 2 Black Solid 3/4" 9
- ! 9 Yellow Stranded 1/2" 1
"Bl 5 19 ! 12 ! 5 Orange Solid 1" 14
; ‘ 6 ‘Black Solid 3/4" Mul Pair
o 1 Black Stranded 172" 6
Bl 5 20 : 4 Orange Solid i " 14
H 3 Yellow Solid -~ i 3/4" 8
i 6 Gray Stranded ! 1/2" 12
: 1 Black Solid I 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 s 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
Bl 5 23 Gray Stranded 3/4" 12
: Black - Stranded. /2" 6
Bl 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
Bl 6 25 9 © Orange " Solid 1" 14
‘ Orange '~ Solid 3/4" 4
_ Yellow Stranded 3/4" -8
Bl 6 26 9 ‘1 Black Stranded 3/4" 6
Bl 7 27 19 9 --Orange - | 801id 3/4" 47
1 Yallow - Solid 3/4" 8
3. Black Soltd " 8




Cable's

SLAB #4 ~CABLE LISTING (Zontinued)

|
) Group Number of each Cable Cable Cable Number of i
Area Tray L to R t Group Total Cable Color -~ Croup Color Shield Size Conductors i
— 4
i 3 Black, Stranded 6 é
- ! 3 Black ‘Stranded Mul Pair :
Bl 7 28 : 16 4 Orange Solid 4
: ; 3 Orange Solid 14
; 1 Yellow Stranded 8 -
B 6 Gray Stranded i2 i
; 1 ~ Black Stranded 6
) . ; 1 Black Solid 8
" Bl . 7 29 H 12 4 Orange Solid 14
' 2 Black . Solid 3
: 4 Yellow Stranded 8
2 Yellow Standed 1
Bl 8 30 Orange Solid 14
; Gray Stranded 12
: ) Black None 9
Bl 8 ; 31 24 4 Orange Solid 14
: 4 Gray Stranded 12
{ 4 Black Solid 3
; 6 Orange Solid 4
i 5 Yellow Stranded 1
1 Yellow. Solid 8
Bl 8 32 24 3 Orange Solid 14
: 3 Black Solid 3
8 Yellow Solid 8
7 Yellow Stranded 1
. 3 QOrange Solid 4
Bl 8 33 39 - 21 ' Orange Solid 4
' 2 Yellow Solid 8
o . 16 Black Stranded 6
B3 34 &4 4 Black _Stranded 6
B4 35 8 3 Black Stranded 6
2 Yellow Solid 12
3 o Orange Solid 4
B5 36 12 12 Black _Stranded 6
B6 37 15 13 Black Stranded 6
1 Gray Stranded 12
SN ) PR W . — R e s 4

01



SLAB #4 CABLE LISTING -{Continued)

‘ e e e N : e f
Group Cable's Number of each Cable i Cable Cable i Number of :
ATray L to R | Group Total Cable Color - Group Color % Shield Size : Conductors E
1 Black - ! None /2" 3
38 24 ; 4 . Orange ! Solid I 14
: ; 5 Orange | Solid 3/4" 4
A 7 - " Black. | Strandad 3/4" 6
- R AU - Yellow . _ _ Stranded ; = 1/2" i
39 49 P 15 Orange | Solid ¢ ™ 14
- ' f 17 - j - Orange- ! Solid 3/4" 4
: s 15 Black | Stranded 3/4" 6
j ; | o 2 Yellow | Soltd | 3/4" 8
D U : A ] 4 Black | Solid -3 12
P2y ; ;
b3 ? , ‘
A H . I N TS S i .

11



Cable I.D.

12

TABLE 3

CABLE IDENTIFICATION -

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; Polyv1ny1 chloride
jacket.

3, 8, 12, 19, & 37 conductor #10 or 12 AWG

3XJ1261
- 8XJ12G1 tinned copper conductor; Neoprene Filled
19XJ1261 . cotton binder.tape; Galvanized steel inter-
12XJ12G1 " locked armor.
37XJ1261
3XJ1061
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 b1nder tape; Polyvinyl chloride jacket;
‘ served wire armor; polyvinyl chlorlde Jacket
20PSA20G.3 20 pair #20 AWG tinned copper conductor;
- polyvinyl chloride insulation; mylar tape
aluminum mylar tape sh1e1d, polyvinyl chlor-
.ide jacket; served wire armor polyV1ny1
chlorlde Jacket overall.
- RG62/U Standard RG62/U, copper conductor poly-

ethylene insulation; braided copper shield;
polyV1ny1 chloride Jacket




13

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 déuble 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
diamgter, and two (2)v&ere cable tray openings, 9 sq ft and 23 sq ft;

The concrete (fc = 3000 psi) was poured on January 30, 1978 and
cured for one week at 4000F,'using an enclosure constructed for this pur-
pose. After thenconcrete had cured, the cable trays and pipe supports
were welded to the basic framework.

Details of steel framing appear in FigureAS.

B. PENETRATION LOADING

Cable Tray Loading

0f the eleven (11) cable trays, all.were thé standard gal-
vanized steel ladder back:. These were installed and welded_to the basic
support framework. Tﬁevassembled and 1§aded‘céble trays werejinstalled in
openings that wérg identifiéd as.éenetrations Bl and B2. (See FigUres 6 and
7. |

Cable Loading in Pipe Sleeves

Six pipe sleeﬁes with various cable 1oading$ 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 matefials identified by Duke Power.as
MonokoteG§ 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-
trétion 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.

buring the installation of the penetration seal assemblies,‘a problem
was énqountered'in the MonokéUaGDapplication. After installation, the
Monokotqu retained high levels of moisture (aboﬁe 30%) for almost two
months, despite the efforts to maintain an elevated temperature in the
sléb preparation building. To cure the Monokotqu, a procedure was form-
ulated and tested in a lab-scale test. This procedure inyolved soaking the

®

Monokote with anhydrous methyl alcohol to strip away the trapped water

Aand then to elevate the building temperature to vaporize the trapped .
methyl alcohol. This procedure'proved sﬁécessful with no effects on the
Monokoteqa‘integrity and the moisture level was reduced below 10% in less
than two days. This allowed for completion of the penetrétion 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 penetratién aésembly fire resistance test was conducted
using a horizontal furnace with én open area 9 ft x 6 ft .(See Figure 14).
A flue gas opening was provided on one end;- Eight (8) Maxon sélf—éspirating
-bufneés were mounted in the_sides of the furnace. Eight (8) furnace temp-—
erature thermoéouples were located 2 1/2 ft inside each side wall at 2—ft‘
centers with the;first pair of thefmocouples 1 1/2 ft from the flue end of
‘the furnace at the 24-inch eievation. Twenty—féur (24) thermocduples
“on the unexpésed side were connected to a.multipoiﬁt temperature rechder
with a range df 0 - 2,0000F and a digital printout of 60 points per minute.
(See Aépendix IV and V). . All gas flow to the burnérs.was controlléd manually
as indicated by the average of six furnace temperatufe thermocouple readings
faken at 12 inches from the eiposed specimen surface. These were mohitored'
continuously. 'These average tempefatures-arevshéwn in Figure'lS and Table>4.
Tﬁe temperatures on thé unexposed.side are shoﬁn in Appendix IV.
To develop the deéired differential pressure, a-vacuuﬁ enclosuré
had been pfe—céiibféted using a Dayton_341 blower capablé_of delivering
2,500 cmf withrpreséufe'éqﬁivalent to 14 inches.df water ﬁhen‘applied to the
uﬁeXéoéed éide of - the slab. Thisvpreééuré waé épplied to tﬁe enclosure énd
Lthrdttlgd'untii the desired differential Qaé aéﬁieved. Pefiodic readings
of furnacé pressufg were to bg.takén to eﬁsure'that specified pressure waé'
maintaiﬁed. (See Tablé 4'and Appendix VI) | | |
Since the fests were conducted out—of-ddors, a-buiiding was erected
around the furhaée to meet ASTM E-119 standards. This structure was ade-
quate to prevent excessive air cﬁrreﬁts ovef thé #nexposed éurface. The
temperature of the sléb at the'start of the test was appréximately 75°F td
éSOF. Thevfinél assembly of &acuum enclosufe, test.slab, extension sleeve and

furnace is shown in Figurev16:
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TABLE 4 '

SLAB #4 (B1-B8)

TIME " FURNACE TEMPERATURE ' REMARKS PRESSURE
Actual Hr:Mins Actual Required | ‘ - 1AP.L AP.R.
7:20 -5 - 79°F , .
7:25 0 o 79°F Smoke from inside 1.2 1.3
- 7:30 5 | 1445°F | 1000°F _ OK 1.1 | 1.3
7:35 10 1243°F 1300°F 0K 1.2 1.3
7:40 - 15 1370°F 1399°F , OK 1.1 1.3
7:45 20 1 1440°F. 1462°F Smoke clearing 1.1 1.3
7:50 25 '1519°F | .~ 1510°F - 0K 1.1 1.3
7:55 .30 1545°F -} 1550°F - L OK 1.1 | 1.3
8:00 35 . 1583°F 1584°F ' OK 1.1 1.3
8:05 40 1610°F 1613°F . - OK 1.1 1.3
1 8:10 . 45. 1632°F .| 1638°F ' OK 1.0 1.3
| 8:15 - 50 1655°F 1661°F 0K 1.00 | 1.2
8:20° |- 55 - 1680°F - 1681°F - OK 1.0 1.2
8:25 '1:00 | 1692°F 1700°F ' OK 0.95 | 1.15
| 8:30 1:05 1717°F 1718°F OK 0.95 | 1.15
| 8:35 1:10 1739°F 1735°F . OK 0.95 | 1.15
-8:40 ~1:15 1743°F | . 1750°F - OK 0.95 | 1.15
8:45 S 1:20 -+ 1759°F 1765°F « OK - . 0.90 | 1.15
8:50 1:25 | 1769°F 1779°F  |Adjustment of AP.L.| 1.0 1.3
8:55 1:30 | 1790°F - 1792°F _ OK. 1.0 1.3
9:00 1:35 1800°F 1804°F )¢ 1.0 1.2
9:05 1:40 1811°F 1815°F : OK 1.0 1.2
9:10 1:45 1822°F 1826°F OK" 1.0 1.2
19:15 1:50 . | 1836°F 1835°F , OK 1.0 | 1.2
19:20 1:55 .| 1845°F 1843°F OK 1.0 | 1.2
1 9:25 2:00° " 1846°F 1850°F OK 1.0 1.2
9:30 2:05 - | 1848°F |  1856°F . 0K 1.0 1.2
9:35° 2:10 .| 1859°F 1862°F OK’ 0.95 | 1.15 -
9:40 2:15 © 1862°F ‘| - 1868°F: _ "~ 0K 0.95{ 1.15 °
9:45. 2:20 - | 1876°F - 1875°F - - OK .0.95 | 1.15
9:50 2:25 - 1880°F | - 1881°F | OK . 0.95 | 1.15
9:55 2:30 . 1884°F 1888°F 0K 0.95 | 1.10
10:00 2:35 | 1895°F 1894°F . OK 0.95 | 1.10
{10: 05 2:40 ‘ 1900°F -| - 1900°F - 0K 0.95 | 1.10
110:10 - 2:45 1908°F 1906°F - 0K 0.95 | 1.10
110:15 ©2:50 © | 1912°F. 1912°F B OK 0.95 | 1.10
10:20 2:55 1906°F '1918°F ' OK 0.95 1 1.10
[10:25 3:00 1940°F 1925°F . 0K -0.95 |} 1.10
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TEST PROCEDURES

The prepared floor pénetration slab.with fire étop materials in
place was placed in position on:top of the furnace. The vacuum encloéuré:
was installed next. The blower wés started and allowed to reach steady
state for five miﬂutes. The température‘multipoint recqrder was tgrned on,
’ﬁatural gas was fed to»the burners; ighited, and the test clock was stérted.
The unexposed surface was éontinually observed for penetration by flame_or
hot gases and its temperature monitored,l by.using tﬁe-multipoint'recofder._
At the end of the threefhbur exposure»bériod, the fuel gas waé éhﬁt off
and, as quickly as possible, the vécuum enclosure was rembved and the floor
panel was lifted from_thé furhace, remaining horizontal. A spray stream
from a 1 1/2—inch hose liﬁe~w1th a 30o~tip and 75 psi nozzle pressure was
thenvdirected at the floor_penétration fire stops from a distance of 10 feet
aé pfeScribed in the hose stream test., The required hose stream application.
time for a 9 x 6 ft exposed area Qas 90‘se§onds. The time/temperéture
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 shéll be éonsidered as meeting the requirements fqr
acceptabie performaﬁce when it remains in.the opéning during the firé en-
vdurance test and hose stream test within the following 1imitations:

1. The firé stop sﬂall‘haQe withstood the fire endurance test with-
~out permitting passage of -flame, or the occurrence of flaming on any
element of the unexposed surface qf the éssembiy for a.périodvequal'to the
hourly classification for the fire stop.

2. The fire stop sﬁall have Withsfood the fire endurance test and
hose stream-tesf Qithout developing an opeﬁing that would permit a projection
of water from the stream beyond the unexposed Surféce;

3. The fransmiséioﬁ of heat through the fire stop during the fire.b
, endurénce test éhali not réiée any recorded temperature on its unexposed
surface méfe than 700°F aBové its iniﬁial temperéture.

Aécordingly, thé‘foilowing éhows the performénce.of the penetrations

for the test period of three hours:

Penetration ' ‘ o Condition ' Remarks
Number . , 1 2 3 :
Bl Passed : ~ Passed Passed
B2 o .| Passed . Passed " Passed
B3 .. Passed 3 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 ds stated.
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GENERAL OFFICES

pP. 0. BOX 2178
422 SOUTH CHURCH STREET

-CiianrLorte, N. C. 28243

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
| ile No. EGS-F-1.3, EGS-C-13.9, 05-72

Dear Mr. Russell:

Attached are the procedures used for monok
firestops to be tested at
February 6 and 15, 1978.

first, then the slab with openings B1-88.
opening should be prepared in accordance

as follows:

'UNEXPOSED SIDE

OPENING NUMBER

"of monokote.

B9 . Monokote . inches :

B10 o Armstrong Armaflex
' ~ No. 6416 with
Armstrong Adhesive
No. 520 and GE Silicone
‘Sealant No. 1203 -

Bl | _ - .2 inches Chemtrol'
’ Firewall over monokote
Bl12 1/8'" Glastic over
' monokote
B13 » | 7/8" Afmaflex Mo.

6416 with Armstrong

Adhesive No. 520 and

GE Silicone Sealant
- No. 1203.

'_ DUKE POWER COMPANY

I-2
TELEPHONE: AREA 704
373:4011

ote type cable penetration:
southwest Research lInstitute week of

We plan to test the slab with openings B9-Bl1§
For your information
with the attached specification

each

EXPOSED S1DE

“ NOTE: Interior of opening is filled with four inches

Armstrong Armaflex No. 6416 ,
(7/8") with Armstrong Adhesive -
No. 520 and GE Si}itone Sealant

“"No. 1203.

'Armétrpng Armaflex No. 6416

(7/8") with Armstrong Adhesive
Mo. 520 and GE Silicone Sealant
No. 1203.

2 ihches.Chemtroi Firewall
over monokote

1/8' Glastic with Dvﬁea]zas 
sealant over monokote

Armaflex No. 6h16 (7/8")with
Armstrong Adhesive No. 520 and

 G.E. Silicone Sealant No. 1203,
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Hr. H. Russell
January 27, 1978
Page 2

OPENING MUMBER UNEXPOSED SIDE EXPOSED SIDE

Wire Mesh Asbestos
Cloth and monokote

Bl4 & BIS Monokote

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

B1 B R Armaflex No. 6416 ArmaflexINo; 6416 (7/8")

with Armstrong
Adhesive No. 520 and
- GE Silicone Sealant

with Armstrong Adhesive
No. 520.and GE Silicone
Sealant No. 1203.

- No. 1203.
B2 Monokote 1/8" glastic bottom held
' ' ' in place with metal strips.
Monokote applied over glastic.
B3 - B8 Monokote Vire Mesh Asbestos -

Cloth and monokote

The monokote design to be used for this test will be installed in accdrdance 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-uéed in the‘openings are as follows:
i.; Zonolite Monokote - § - Data_Sheet No. MK-138, effective Octoser 1, 1973
< used after 197k, ‘ : . : » i
2. Armstrong Armaflex - No. 6416 - 7/8 inches thick
3. Armstrong Adhesive - No. 520.
L4, GE Silicone“Séélant - No. 1203
5. 1/8 inch Glastic sheets
6. Ddseal to seal érouhd'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 v _
January 27, 1978 v

- Page 3

Should you have questions or need further

me at (70&) 373-8414,

Yours truly,

" ¢. J. Wylie, Chief Engineer
Electrical Division

vBY:- R. -A. Pace

‘Design Engineer

 CIM/RAP/Kkm

cc: L. R. Johnston

information, please contact

I-4
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ompril 11, 1975 o | ELECTT

SLEBJEK:i F?lji
. T‘TLE: /
MEMO TO: C. J. Wylie : -é——_ﬂd_‘___ﬂ_;_,_ﬁ——w———

SUBJECT: Oconee Nuclear Station (05-72)
' Cable Installation Fire Stops

Attached is a copy of a sketch of how it is planned to provide fire st0ps
for cable trays and cable at floor, wall or ceiling penetration at
Oconee Nuclear Station. :

It is planned to use "Armsfelt'" or glagtac as the air seal on one side

and '"Monokote Five'' as the firestop.

We are planning on doing the aux1]1ary turbine buxldlng walls flrst
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.

//

- / ...-»—*./4
¢ //%7 &F
By: ZA. J. Kuth—..
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 materla]s used in constructlng

vacuum seals :around cab]es and tray in the Aux1l|ary Bualdlng The mate-
rials tested were:

Armstrong Armaflex - No. 6416
Armstrong Adhestve = No. 520
GE Silicone Sealant - No. 1203

The test Wés conducted as fo]lows:

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 smolderung effect

‘with a very low flame, a]though 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 tndication of~contfibuting to a fire. ..

117z

J N Tumer
Mechanical Inspector

JNT/ow
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< : DUKE POWER COMPANY | |
‘ ‘ CONSTRUCTION DEPARTMENT
: ' ' . OCONEE NUCLEAR 1-3 : : o
’ ‘ P. O. BOX 1234 ’ SENECA, S. C. 29678 : ) TELEPHONK: AREA 803

802.-4631

April 21, 1975 n -
Mr R L Dick

Re: Oconee 1-3 = A ) o
NML - ’

_ Enclosed is a'déscription, speclficatidn Sheets,'and,sketches we

: ’ . propose to use to meet the NML requirements for protection 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 . ‘ ‘ -

Wi

T'Moorg.
Project Manager

JWD/ow

Enclosure

J - Wylie W/Encl

K Blackley W/Encl
Ed Smith W/Encl
ohn € Scanlon W/Encl

cc C
g
J
J
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Fire Wall and Celling Seals

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

1.

2.

J W Davis.

and Armaflex are for vacuum seal,

Cable trays penetratlng walls = Use Armaflex or 1/8" Glastlc as air seal
and use &' minimum of Monokote for fire protection,

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

Pipe sleeves with cable, piping or instrument ltnes - 4" minimum of

‘Monokote held in place by wire and steel supports, -Certain plpe sleeves

will have a 2" or 2} conduit installed for temporary instrumentation
cables. These will Be provided with asbestos cloth as packing.,

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.

' Safety related control cab]es crossnng power cab]e trays were sprayed

with Flamemastic.

Field Engineer

A J Kuck

Field ProJect Coordinator

JWD/AJK/ow
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DUKE TOWER CONPATY |
- OCONEL NUCLEAR STATION _
REPAIR 01\ REPLACEAENT OF “FIRE STOPS" AND VACULE CONTROL

1.0 Purpose

- ’ The purpose of this procedurc is to maiptain Fire Stops on cable trays
and penetrations to the original spcuflcatmn. This - pcoccc.m:e applies
to any work order that removes or alrerq an existing fire stop

2.0 'References

"

+ 3.0 Perscunel Requirementis

. Men
. N
Hours
' ~ 4.0 Safery Consideration
, l. l Health Thysics consideration. All work to be performad un ..e* a
" radiation woa.L permit as required. '
5.0 »Unit‘ Status -
5.1 "’ulb:u, Building —'N/A
5. 2 Aux iliary Tmlldwg - N/A
‘ 5.3 Reactor Building —,Unit at cold- shutdown : ‘ . o :- ST
l , ‘ o DR
_ 6.0 Prerequisite ‘
: 1/ 6.1 Obtain RYP frow Health Physics as required. .
' l/ 6.2 Contact Shift Supervisor wprior to beginziing work.
Yy 6.3 Centact Operations Qi prier to b(_gm'um' ‘work. . .

‘ Eé 6.4 Rccorq loc:;t:i.011 of Fire Stop- SATION E Q :7 ? n Z;:_.a Lins ,,f’,? W,

. 7..0 Re rai I‘,.rc«,

“' . I | 1]3"-lulck Cla:‘tlc, 1/*3" thisk Artaflex, Monokote-5, Flamemastic.
;- TY560/03 - " v Tav. 1 _ Doceabar 15, 1975 B
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9.0 Acceptance Requirements

kg /9.1 Penc;rntion:or cable Eray scaled and.fircprooféd;
10.0 Interference Jten |
N/A
._11;0 Proccdure 

. ; [/ 11.1 Tor cable trays penetrating walls install armaflex or 1/8"
5 L ‘thick Glastic as an air seal, apply 4" minimum thickness of
P Monokote against the 1/8" thick Glastic for fire protection..

L , kﬁ' 11.2A'For blank”pipe sleeves in floors or walls, tack weld in (2)

places a 1/4" steel plate over pipe sleeves. _ 1
N 4 11.3 Pipe sleeves.wi;h cable, piping or instrument lines; install

steel wire or steel suprorts as required, then apply 4" min-.
imum thickness of monokate. Certain pipe sleeves with 2"

or 2 %" conduit installed for temporary {nstrumentation )
cables will be packed with asbestos cloth as packing.

'_Jﬁﬁﬁi:;.é' Cable shafts between cable room and control room will be
plugged using 1/8" thick Glastic to seal and hold the mono--
S kote in place. &" mininum thickness monokote will be in-
} o stalled against 1/8" Glastic. The main cable shafts will
o : not be plugged. '

o - . " e calles &
: AL 11.5 Safety/!é@figc /gontrg/la"cﬁa’{elycs grlg-sassn?é 'f:’o‘ﬁer cablg t@ '

will be sprayed with Flamesmastic.

22¢d62;1.6 QAvinspectioﬁ complete.
12.0 ‘Restoration . _ L - S ) ' ' o :; 
' ' ; 12.1 Contact Shift Supefvisor that work is complete. . | :

13.0 fEnclpsures

> PR B TARL ST '

13.1 Comment Sheet
13.2 Sketch showing application methods

13.3  Fire Barrier Test for cable wall penéérations.

13.4 Specificdtion Sheet on Glastic material )

-13.5 Specification shget for Monokote — 5

by [P X 2., = . % we- -
MR AR R S A LA - e e b
P RFUTIVIFTIANT C RIS '

W OTVILIWX T ' . e . - i
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© FIRE BARRIER TEST FOR CABLE WALL PENETRATIONS

Preliminary Report .

Conducted by

FIRE RESEARCH LABORATORY, UNIVERSITY OF GHENT, BELGIUM -

Professor Herpal, Director

v s Sk e e e e

! PURPOSE:

.PLACE:

WITNESSES:

b o
3

MATERIALS
'USED IN TEST:

Mo B 5 T AT

§ OF TEST ITEMS:

b

ARRANGEMENT -

R S S LRt 2

. TEST REPORT NO. 835/1
Test Date: April 23, 1970

To determine the effectiveness of a fire barrier maférial, FLAMEMASTIC 71A
Mastic, for cqble wall penetrations. : ' o :

Fire Research Laboratory, Univefsity of Ghen‘f; Belgium
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

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: - |

2o *VFVB . (NBN 529) -4x4mm2 . &
3-VFVB  (NBN 529) - 4 x 6 mm2 : | o
1 - VFVB (NBN 529) - 4 x 16 mm2 o o L

One quantity of ﬁberg_lossinsulcting-wml;-<
One quantity of FLAMEMASTIC 71A Mastic

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, f:\

— - - £ o5
P

S
e

Pagélof_Z é? 3\

e
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- o Clorporation ' ‘3

t Report No. 835/1 (Cont.) - 'y
1 METHOD:  The test method is deseribed in Standard NBN 213,020 and follows in 3
principle American Standard ASTM E-119. The fire wall is placed in front Y

of the furnace. As per NBN 213 and ASTM E-119, multiple thermocouples 2

in this case the out- Q

are attached to the outside surface of the test specimen;
side of the FLAMEMASTIC coating, and to the cables themselves. The heat
< then turned on and follows the time-temperature curve of ASTM E-119.

2

Z'/'("D vy

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

During the test, the tollowing observations were made:

———

18 min.  Small smoke development appecrs through the mortar. (qu
» FLAMEMASTIC) .
) 60 min. One of the thermocouples shows a maximum temperature of goC. 3
. - ) ‘ . ' . : » . - i
70 min. - On the exposed ends of the FLAMEMAS TIC-coated cables on the %
outside of the furnace, some softening of the insulation is ‘ 3
N noticeable. ' S 2
. : 90 min. = Hottest spot at one point on the exterior is 115°C. l‘
r s . ' - ‘ ;
102 min. A thermocouple attached to one conductor of the cables on the !
outside registers 140°C. : :
112 min. Sorﬁe of the cable insulation on the outside (unde'r'the '~
FLAMEMASTIC coqﬁng) begins to melt. - :
118 min.  Some diséoloraﬁon on fhe outsfde of the FLAMEMASTIC is l
noticeable. S i
120 min. As the test is stopped, melted cable insulation is dripping.frbm the o E
- 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 an average of 180°C. - R K
' RESULTS: - - For the two-hour testing period, the FLAMEMASTIC flame barrier proved an

effective means to contain a fire within a given ared. The FLAMEMASTIC = - | L
~ flame barrier, on the exterior side of the wall, was still phys_ivcal\y intact ' o
at.the end of the test. o :

. VFVB is a multicore power cable consisﬁng of PVC insulation steel tape armored. ' ' A _
| | Page 2 of 2 |
. i AN

. | . . . . J l“‘ \‘,‘ \"',‘
Cruadisy Tasducti Tione Critt e AN |




- ZONOLITE® MONOXOTE"-5

ﬁw.:nawn. .WMWMW-

7 24T AVTHRDAUTRSRIISAS IR LA LARRENER :rr.-

Flreprooflng

~
Data Slieingo. MK-138 '

Spray-Apphed Plaster (Cementmous) Structural Fire Protection

FIRE RATINGS

The Monokota-5 fireproofing thickness required to achieve a
particular fire rating will depend upon local requirements,’
For the reasons described herein under “Fire Resistance,”
contact your nearest office of the Zonolita Construction
Products Division, W. R. Grace & Co., or processing
distributor for specific Monokote-5 fireproofing thicknesses
and local fire resistance criteria.

- Monokote-§
meprooring thickness
tollowing the
contour of the beam

following the contour
© . of the deck :

‘Required -
Floor and Roof Thicknasaes

Becausa the complexities of foor
and roof assemblies and the varie
aties ot steel floor configuratioms -
are too graat to list, and because

'Flre Resistance Rating -

4.3.20r1hr. the 1973 ASTM E19 require both -
restrained and unrestrained ralings,
contact the nearest Zonollte repre-
gentativa for thickness requirements.

- Monokote-8 KA
ﬁreproor ng thickneas —-ﬂ
foilowing the .

- contour of the column

Column

'Fire Resistance'Rating | . Required Column Thickness

4hr. 2% 1%"f
3hr. A 1%” Wt
T o2hr A%

%t

- tFor columns W14 x 228 and larger,

; “Monokote-5 ﬁreprcoﬂng tmchnm

2 Requirad Beam Thickness

& Hr. | Restrained | Unrestrained ; 1040 thicknesses are based on
e - ASTM E119 time-temperature
§'4 1% . W S criteria of 1100 F average and
) k. b/ YTy 4 1300 £ maximum. Contact the -

2 3 N . . 1—"" nearest Zonolite rapresentative

& 2 7 ol w” for thickness requirements un-{ -
e 7 » der criteria other than noo/
1| % | ¥ \wxr

MONOKOTE 5 FIREPROOFING

Monokote-5 hreprooling Is the trade name for a fire
protection material developed by Zonolite Construction
Products Divislon, W. R. Grace & Ca., specifically for fast
application, high tire resistance, and low cost The ma-
terial is spray-applied by any one of several plastering
machines. Monokote-5 fireproofing is a cementitious
{plaster), mill-mixed material, requiring only the addition-of
water at the job. It is applied directly ta steel, concrete and
other surfaces l:equiring fire protection.

Monokote-5 fireproofing meets the requirements and is in’
compliance with the U.S. Environmental Protection (EPA) i
Regulation 40 C.F.R., Chapter 1, Subsection 61, 228, .

promulgated by EPA onApril 8, 1973.

TECHNICAL DATA_

FIRE RESISTANCE ' s
Monokota-§ fireproofing has been fire tested and ratad by
Underwriters’ Laboratories, Inc., in accordance with test.
method ASTM E119. Fire ratings up to 4 hours have been
achieved. Each bag of material bears the UL label verifying
compliance with UL’s quality control inspection program and

_the appropriate fire resistance rating.

The 1573 revision to ASTM test method £119 in genenl ).
introducas a new system for rating the hourly performance of
assemblies and structural members and (2) provides for two -
ratings from the sams fire test. The Underwriters’ Labora- -
tories Index of Fire Resistance Ratings refers to two ratings
—one based on time-lemperature performancs {unre-
strained) and the othes based on a combination of structural
and lesser Uime-lamperaturs performance criteria
{resirained). Because lccal bullding codes may not yet have.

" adopted the E119-73 criteria, contact the [udsdlcﬂonal

municipal authority for verification, -

Monokote-5 nreprooﬂng hes been testad for ather propertles -
such as adhesion, corrosion resistance, deflection, bond
impact, surface hardness, air erosion resistance, damage~

. ability resistance, etc. The test results comply with, and In
" most instances exceed, General Services Administration

(GSA) roqulremenu. o

FIRE HAZARD - 7 L T

Tested and reported In accordance with ASTM E-84 by -
Underwriters' Laboratorles, inc. Fiame Spread-10, Fuel
Contributed-5, Smoke Developed-0.

DRY DENSITY

- Approximately 18-20 pctl. Underwriters‘ I.aboratorles. lnc. -

lists 16 pcf as mintmum density,

SPECIFICATION (SHORT FORM)

_Sprayed fireproofing material shall be Monokote-s fire~

proofing as manufactured by Zonolite Canstruction Products
Division, W. R: Grace & Co, or its processing distributor. {t
shall be applied by machine to the thickness required by
local codes and in the areas shown on the drawings. The
method of mixing and apphcatiun shall comply with the
manulacturer’s recommendations,
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Yield

“change in yield.

oG
Ry

T

Supercedes all proviouy
- ..Yield Data-Sheets.

Fireproofing [

In-place yicld is governed by two tactors:
‘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 malterial can be applied in one pass
on a vertical surface without sliding. A water meter aids in producing maximum yield on
a Tepeatable 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 lavel. 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%

Calculating Yield

Yield is determined by dividing the total weight of abalc}h (MONOKOTE <+ water)

by the nozzle density. : .

s

EXAMPLE:
Total Weight
3 bags MK (45 Ibs net) . " =1351bs
36 gallons water (8.34 Ibs/gal) -~~~ = 300 Ibs
- Total Weight 435 Ibs
Nozzle Density (élso applicable for mixer density) ‘
Net weight of full 5 oz Dixie cup X 0.415 . = Nozzle Density Ibs/cu ft
Net weight of full 5 oz Dixie cup - =138grams
138 grams X 0.415 = 57 Ibs/cu ft _
Net weight of full 10 quart pail X 3 = Nozzle Deneity Ibs/cu ft
- Net weight of full 10 quart pail : = 19 Ibs

19 1bs X 3 : =57 ibs/cu ft

Board Foot Yield
" Cubic feet/batch

Total Weight 4351bs - - . .
_N&ifébbﬁg]f;“: —fﬁib-é/—arﬂ_ = 7.63 cu fi per batch <.
Cubic feet/bag _ '
Cubic feet per batch 7.63 cu ft/batch -
MK bags per batch — 3 bags/batch — 254 cu ft per bag

Board feet/bag "~ -

Cubic feet per bag X 12 bd ft per cubic foot .
= 2.54 cu {t/bag X 12 bd fl/cu ft == 30.48 bd it/bag

T e A 7 Copytight 1074, Zonotito and Monokote are régivtered tradamarks of Constiuction Pioducts Division, W. R. Grace & Co, 62

G EIACE vinitemore Ave.. Cambrigge, Mass. 02140. We hope Ihe information given here will bo helpful. It is based on our best

W ] (E

COKSTNULTION PRODUCIS
MK-143 '

knowleidpe, ang we bebove 11 o be rue and accurate. Plpase tcad all statements, recommendalions ©of suggestions herein
i canpunrlion with 0wt condiiens of sale which oppty to all goads supplied by us. We assume 'no responsibility for the use
of thuse swtements, reconimendations of suggestions, nor do we intend them as a recommendation for any use which would
infhnpe 8ny patent or copyright, . .

' Printed in USIA.T2/74
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4. Sco'pe_

a)Work Included

Provide all labor, materials and
equipment required for

"~ complete installation of all
sprayed fireproofing and related
work as shown on the drawings
or specified herein, and in
accordance with all applicable
requirements of the Contract
Documents.

b) Work Not included

1. Structurai steel encased in
concrete.
2. Trowelled plaster as
specified under appropriate .
section. _

- 3. The cleaning of the

. surfaces to receive sprayed
flreprooflng

2. Maierlal

a) The sprayed fireproofing
material shall be MONOKOTE
fireproofing as manufactured by
the Construction Products’
Division, W.R. Grace & Co., or
its processing distributors, All
manufactured material shall be -
-delivered in original, uncpened
packages bearing the namge of
the manufactuier, the brand,
and the UL label verifying
compliance with UL’s quality
control inspection program and
the appropruate fire resistance
‘ratings.

The materials shall be kept dry -
until-ready for use. The
packages of material shall be.
kept off the ground, under
cover, and away from sweating
walls and other damp surfaces.
Material that has been exposed
‘to watcr before aclual use shall
be discarded. Stock is to be
rotated and used before its
exmratlon date

k/RACE

. CONSTRUCTION PRODUCTS mvtSDON
W R, Um( & Co.

b) Water shall be clean, fr¢s>h,
suitable for domestic .

‘consumption, and free from

such amounts of mineral or -
organic substance as would
affect the set of the flreprooflng
materlai

3. Acceptcnce and
Performance Criteria

a) The sprayed fireproofing shall

" have been tested by

Underwriters Laboratories in
accordance with the procedures
of ASTM E119. The structural
steel members shall be
protected with proper
fireproofing thicknesses at

. densities to provide the

following fire resistance ratings:

Steel columns . _ Hours
_Primary steel .

members (Girders) —_Hours

(Restrained)

Hours

(Unrestramed)

Secondary steel
members (Beams) ——_ Hours
. (Restrained)
Hours
{Unrestrained)

b) The sprayed fireproofing
beneath the deck assembly
together with-properly -

proportioned concrete fill above -

the metal decking shall provide
a hour
(restrained/unrestrained) fire
resistant deck assembly as
substantiated by a fire test in

. accordance with the procedures

of ASTM E119, and performed
by Underwriters Laboratories or

-other such recognized testmg

agency.

c) The fneproofing material shall
not be subject to losses from .
the finished application by
sifting, flaking or.dusting. This
performance shall be measured
by the results of a test for
erosion resistance when
subjected to high velocity air
flow across the surface of dried
samples.

. The samples thus tested must

be representative of -

I-17

machine-applied material
similar to that which can be
expected on the project. The air
velocity shall be not less than
feet per minute,
and the duration of the test shall

be at least hours.

Note to Specifier:
Recommended Quality Criteria

(i) The architect will select
and the owner will pay an
independent testing
laboratory to sample and
verify the density of the
direct-to steel fireproofing as
applied. The UL Fire
Resistance Directory (1977)
states: “Densities shown may
be obtained by removing at~
least 6 inch square sections
randomly selected from the
building, subjecting them to
120 F in an oven to constant
weight: usually 24 to 48 hours,
followed by accurate

-weighing, measuring, and
calculation of the density in

- Ibs per cu ft.”

(ii) Contractor shall control
thickness, utilizing a

minimum thickness as’

required. He shall cooperate
with the owner’s inspector in
furnishing samples for tests.

workable depth guage to meet -

4. Insfollaiion

a) Application of sprayed -

fireproofing shall be in
accordance with the printed
instructions of the material
manufacturer and the fire test
report information.

b) All surfaces to which sprayed

fireproofing will be applied shall
be free of oil, grease, dirt, loose
paint, mill scale or any other
matter which would impair
bond. Painted steel surfaces

may require a test application of

the sprayed fireproofing to
determine that the paint
formulation will not impair
adhesion.



c) Appllcatcon of sprayed
fireproofing to the underside of
the roof deck assemblies shall
occur only after roofing
application is complete and roof
traffic has ceased.

d) Al clips, hangero supports,
sleeves and other attachments
to the fireproofing substrates,
as covercd under other sections
of the specifications, are to be
placed by others prior to the

_ application of the hreprooflng

material, where these

attachments can be anticipated -

in advance..

| e) Al patching and repairing of

sprayed fireproofing, due to
cutting by other trades, shall be
performed under this section
and paid for by the trade(s) that
performed the, (,uttmg

8, Temperoture

and Ventilation

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

- temperature to 40 F shall be

maintained for 24 hours before

.. 8nd 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
lacking openings for natural
ventilation, interior air shall be

-~ circulated and exhausted to the

outside by use of temporary
crrculators, exhaust fans, or the

) arr-condr_t:onmg system.

6. 'Clec’m~up

_Aftercomplctron offrreproofrng - |

work, equipment shall be
removed and all exposed wall
and floor areas cleaned of
deposrts of sprayed fireproofing
materlals

Speclﬂccmon (short torm)

Sprayed flroprootmg material
shall be MONOKOTE
fireproofing as manufactured by
the Construction Products
Division, W.R. Grace & Co., or
its processing distributor. It -
shall be applied by machine to

the thickness required by local

e T e e

RS
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code specificationsandas

indicated on all drawings. The
method of mixing and

- application shall comply wrth |

the manufacturer's _

recommendations as set forth in

current literature.
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\ - PROCEDURE MAJOR CHANGE Change No: /

ﬁx’& - PROCESS RECORD Fermanept/Restricted To
(2) STATION: ﬁc Sua e
(3) PROCEDURE TITLE: Aorn ./7;, ool Vﬁcq,a/« wa / (oen Lare,
(4) SECTION(S) OF PROCEDURE AFFECTED: Se e /7.
(5). DESCRIPTION OF CHANGE: (Attach addltlonal pages, if necessary.)

(6)

(7)
(@)

(9)

(10)

s I8 Seal) Aclol olas Use Vimasee crble <orfirg 1-A ar weedid fo

AN A.r SRA/l

| C—Anu/cm Al referer ey To f///co,-la fu/nﬂf om Jl(cfé( (fﬂ!— ﬁfzoc/ctg

o Virnns '3 7
REASON FOR CHNAe® <A <ol

]/coﬂb f&ﬂ/m/f urrd ,or-e-u/uu%/ a/aan /¢}v A/c[#/_z;»

PREPARED BY: Aotle & JC ot __ DATE: ’/_z.,_;o-‘l?
SAFETY EVALUATION :

This change:

Yes No Represents a change to the station or procedures as described

v in the FSAR, or a test or experiment not described in the FSAR?
Yes ' No 2 Requires a change to the station Technical Specifications?
.Yes No o/ Involves an unreviewed safety'question?

If the answer to ‘any of the above is "Yes", attach a detailed explanation."
As appropriate attach a completed "Nuclear Safety Evaluation Check List" form

‘By: Wﬂ:/w , Date:  /2-3.D -—'77

revisie 5v:_ A7) e oz [2-30= )7
Crdss—Discipliﬁary Review By: . ’ N/R:__ Y é Z

TEHPORARY APPROVAL (IF NECESSARY)
“By: : ' (SRO) Date:
By: Date:

(11) APPROVED BY:ML_&W DATE: ]// Lf,/ 7? -

.(12) MISCLLLANEOUS

Rev1ewed/A.p.p.r_cued- By: Date: F~— l/,-? o
Reviewed/Approved By: _Date:

(13) Page 1 of

Reﬁ 14 ‘
9/20/77
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" QA Verif. Dage21

Approval . _Date

1:0

2.0

- 3.0

4.0

5.0

6.0

7.0

8.0

9.0

: ' SRC Review
W_—
¢pe 0 o
DUKE POWER COMPANY '

OCONEE NUCLEAR STATION :
REPAIR OR REPLACEMENT OF "FIRE STOPS'" AND VACUUM CONTROL

Purgose

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 oOr alters an existing fire stop.

References

N/A

Personnel Requirements

Men

Hours

ettt ittt

Safety Consideration

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

radiation work permit as M ra.ﬁ__u\\va .

Unit Status

5.1 Turbine Building = N/A

5.2 Auxiliary Building - N/A
;5.3 Reactor ﬁuilding -~ Unit at cold shutdown

Prerequisite

6.1 Obtain RW'P from Health Physics O-b va,tuu.wv_-s-

6.2 Contact Shift Supervisor prior to beginning work.

——_——_————6 3y Cow“b\:.\' Op\»-&\w\g @A Pv“\by- ~+to b-ﬂ&w\\mn m?k_. K

Repair Part® 6o Qa(o»A Lo(wa,q 6€ Fire <+op LocATioN

7.1 1/8" thiEFﬁkﬂastic, 1/8" thick Armaflex, Monokote -3, Flamemastic.

Special Tools

NIA-

Acceptance Requirements

9.1 Penetration or cable tray sealed and fireproofed.

Y R
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4.0 Interference Items

11.0

12.0

13.0

N/A
Procedure
11.1-
11.2
11.3
11.4
11.5
f-e
Restoration
12.1.
Enclosures
13.1
13;2
13.3
13.4
13.5

For cable trays'benetrating walls install armaflex or 1/8"
thick Glastic as an ailr seal, apply 4" minimum thickness of .
Monokote against the 1/8" thick Glastic for fire protection.

Tor blank pipe sleeves in floors or walls, tack weld in (2)
places a 1/4" steel plate over pipe sleeves. -

Pipe sleeves with cable, piping or instrument lines; install
steel wire or steel supports as required, then apply 4" 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.

‘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. SR '

Safety related contrbl cables crossing power cable tfays
will be sprayed with Flanemastic. : ‘

'§DF4 Mspoctiia Lo S -

Contact Shift Supervisor that work is complete.

Comment Shget

Sketch shoﬁing applicatioh methods

Fire Bafriervfest for cable wall pénetratibnsﬂ
Specification Sheet on Glastic matefial ‘ R

Specification sheet for Moﬁokote -5
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ARMST?ONG
520
ADHESIVE

¢ s 20 Ty e et P WS

Armstrong 520 Adhesive is an air
drying contact adhesive that i1s ex-
cellent for joining seams and butt
joints of Armaflex” Pipe and Sheet
Insulations for line temperatures up
to 220 F. The adhesive may aiso be
used to apply Armaflex Sheet Insu-
lation to flat or curved metal surfaces
that will operate at temperatures up
to 180 F. In addition, 520 Adhesive

may be used for bonding a wide .

variety of materials to many clean,
dry surfaces.

OTHER USES

" 520 Adhesive is excellent for sealing

laps of vapor-barrier jackets-on pipe
insulation. It can also be used for
bondlng rubber or plastic extruded

I_izor.lj_, .

gasket seals to metal,’ ‘plastic, o
wood surfaces; 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.

f

This all-purpose. adhesive is mois-

ture resistant, and it increases in-

.strength and resistance to deteriora-

tion as it ages. 520 Adhesive meets

- Military Specification MIL-A-24179A

and Amend-1 as Type !l, Class 1.
520 Adhesive also meets flamma-
bility classification’ requirerhents not
to exceed 25 for flame spread and

50 for smoke developed by ASTM -

E84 method of test. :

Croes e
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PROPERTIES

Color
Light tan

- Net Weight

6.9 Ib per gallon
Composition . -
Synthetic rubber base with synthetic

resins and fitlers added; hydrocarbon-
and ketone-type solvents

‘Solids Content

Approximately 25% by weight
Coverage ' :

200 sq ft per gallon max, single coat
(depending upon porosity of mate-
rials bonded)

Shelf Life . _

1 'year in-original sealed container

- Minimum Drying Time

3-5 minutes under normal conditions

Temperature Limits
220 f—Armaflex Pipe lInsulation
seams and joints . '

180 F—Tfull-bonding Armaflex Sheet

In_s_ulation

Container Sizes

Half-pint and pint brush top cans and
half-pint, pint, quart, and gallon con-
tainers '
Flammability

Wet: Flash point below 20 F (TOC)
Dry: N

ASTM EB4 Method :

Applied on Asbestos Cenient Board
Flame Spread Classification. . <5
0

“Smoke Developed. . ... ... -

APPLICATION |NST§UCT|ONS

DANGER—Extremely flammable
mixture, vapors may cause flash
fire; vapors may ignite explosively;

prevent buildup of vapors—open all -

windows and doors—use only with
cross ventilation; keep away from
heat, sparks, and open flame; do
not smoke, extinguish all flames
and pilot lights, and turn off stoves,
heaters, electric motors, and other
sourccs of ignition ‘during use and
until all vapors are gone; close con-
tainer after use; avoid prolonged
breathing of vapor and prolonged

 contact with skin; keep out of the

reach of children.

Agitate contents of the container and
apply only to clean, dry. oil-free sur-
faces. For best results, the adhesive

should -be brush-applied in a thin,

uniform coat to both bonding sur-
faces. Allow the adhesive to dry un-

til dry to the touch but tacky under-
slight pressure before joining sur- .

faces. Open time of more than 20

_minutes must be avoided. 520 Ad-

hesive bonds’ instantly, so pieces

_must be positioned accurately as

contact is made. Moderate pressure

" should then be applied to the entire

bonding area to insure complete contact.

it is recommended that the adhe-
sive be applied at temperatures above
40 F and not on heated surfaces.
Where application between 32 F and

" 40 F cannot be avoided, exercise
more care in applying the adhesive

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

Where lines and tanks that are in-
sulated will operate at hot tempera-
tures, 520 Adhesive must cure 3
minimum of 36 hours at room tem-
perature to attain heat resistance for
insulated pipe to 220 F and insulated
tanks and equipment to 180 F.

Adhesive-bonded seams and joints of
Armaflex Pipe Insulation must cure
before solvent-base finishes are ap-
plied. Where the insulation is installed
by adhering seams and butt joints,
the adhesive mustcure 24 to 36 hours.

Adhesive-bonded seams and joints of
Armaflex .Sheet must cure before
solvent-base finishes are applied.
" Where the insulation is installed by
adhering seams and butt joints only,
the adhesive must cure 24 to 36
hours. Where the insulation is in-
stalled against surfaces with full ad-
hesive coverage, requiring wet adhe-
sive at joints, the adhesive must cure
- seven days. '

Where it is necessary to reduce vis-
cosity, 520 Adhesive may be thinned
by slowly adding methyl ethyl ketone
" with thorough mixing. Lacquer thin-
ners should not be used for this
purpose. Thinning is not recom-
mended to recover 520 Adhesive that
has become thick due to solvent
“ evaporation. :

Either methyl ethyl ketone or most
lacquer thinners can be used to clean
fresh residue from tools and work-
pieces. ‘ - '

mstrong

Lancaster, Pennsylvania
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‘ . ARMSTRONG 520 ADHESIVE

- e"\ DESCRIPTION L i

» . @ 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 _ 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 . o : :

¢ Used to adhere Armaflex 22 ‘Sheet with full bonding to flat or curved metal surfaces
i . that will operate up to 180F. ‘ ! A :

a 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. - o

i
3
‘ GENERAL INFORMATION o o : o

i : 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
! | -
4
t
¥

(’}\ ' of materials.

2. Serviceability - 520 Adhesive is resistant to water andvmoistdre vapor and has ek—_i
: - cellent aging properties. It has fair resistance to oil and is resistant to most
aliphatic hydrocarbon solvents but is affected by aromatic golvents.

3; Non-Phasing -~ 520 Adhesive is a noh-phasing.type adhesive; however, éhaking'of
stirring will be beneficial prior to use. : : ' : - o

4._.Shelf Life - Ohe year if stored in ofiginal sealed container at temperatures
' between 60F and 80F . . '

5. Flammability o
: e Wot - Flash point below 20F (TOC)
L €Vﬁ\ s Dry — ASTM E162 Method o
. ' ' National Bureau of Standards Radiant Panel
Applied on Asbestos Cement Board Ny '
‘ : ' ~ » Flame Spread Index : ' . <5
[ L ‘ e Optical Density of Deposited Smoke 0

6. quérage - 200 Sqfﬁ per-gallon max, depending on pofosity of surface.

SPECIAL INFORMATION o - : ' C

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.

8. H
. Y

"

. sk

 memzom | (Armstrong © |Maa-101, PacE 1
f.,. ; : SALES SERVICE » commn céynAnv DATE - 3/18/71
Lo . BULLETIN . . .- " INDUSTRY PRODUCTS DIVISION 520 ADHESIVE
. (REQUISITION BY TH}S_NUMBER o » | | PRODUCT SALES DATA
2 B A INDUSTRIAL INSULATION ~ [MIL-A-241794, Type II, Classl

y
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520 Adhesive is an instant bondlng contact cement; therefore, surfaces to be joined
must be positioned accuratsly. Moderate pressure must be applied to entire joint
area to insure complete contact. ‘ . S /’\\

a. Minimum drying time - 3 to 5 ﬁinutes under normal conditions. Ambient tempera-
tures, conditions of ventilation and woisture 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 N
be between 6OF and 80F and application made at air temperatures above 4OF and
not on heated surfaces. Applications below 40F are to be avoided; however,
where application is necessary between 32F and 4OF, 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.

Heat Resistance - 520 Adhesive resists continuous metal temperaturé of 180F. It = ‘=i
is entirely satisfactory to adhere joints of pipe insulation for temperatures to e
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

o S SV

.7.
8.

cure a minimum of 36 hours at room temperature before turning heat into Armaflex = -
insulated lines and equipment to attain heat resistance of 220F. -

Thinnihg -~ 520 Adhesive is manufactured to a viscosity suitable for brushfapplica-
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.

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

_Militazy Specification Comgliance'-_MIL—A-24179A, Amend 1, as Type II, Class i

DATA

Color - Light tan.

Composition - Synthetic rubber; synthetic resins; fillers added; hydrocarbon and
ketone type solvents. : . N : E

Solids Content - Approximately 25% by weight.

Net Weight - 6.9 1b per gallon. . S |
Brookfield Viscosity - 200-300 cps, #l spindle at 10 rmp at 77F. ' o S,

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 (ﬂh
and prolonged contact with skin. Keep away from children. _ , : R

ICC Classification - Adhesives NOIBN-(Flémmable Liquid)

Container Sizes - 1/2 Pints, 1 Pint, 1 Qﬁart, 1 Gallon in friction top cans.
1/2 Pints, 1 Pint in brush top cans. - . : :

MAA-101, PAGE 2 . - | _ ' - L
DATE - 3/18/71 .@mStrong , - TECHNICAL

- . PRODUCT SALES DATA

COMR COMPANY

R , . SALES SERVICE.
520 ADHESIVE INDUSTRY PRODUCTS DIVISION ‘ BULLETIN ‘

(REQUISITION BY THIS NUMSEF

| \OL-A24179A, Type IT,Glass ] ~  INDUSTRIAL INSULATION T IP-MKT-10-3/71

v



N

1

<

FR/Armaflex Pipe Insulation

DESCRIPTION

"FR/Armaflex Pipe Insulation is a

|- fexible, elastomeric thermal

-insutation, black-in color, supplied
. as slit or unslit-tubing, in nominal

| wall thicknesses of %" and %", in

sizes ranging from %' 1D to
57 IPS. Pre-Cut FR/Armaflex Pipe
. Insulation, supplied in tlat sheet
form is available in nominal walt
thicknesses of %2’ and %'’ for 6",
8, and 10" IPS sizes. The
expanded closed-cell structure of
FR/Armafiex Pipe Insulation makes
it an efficient insulation, and
because of its low water vapor

. permeance, it is ‘considered a
| vapor barrier in itself.

'USES

FR/Armaflex Pipe insulation is

"used to retard heat gain and
" prevent condensation or frost
_formation on cold-water plumbing, .

chilled-water, and refrigeration
lines. It also efficiently reduces .

-heat flow for hot-water plumbing

and liquid-heating and
dual-temperature piping. The .
recommended temperature usage .
range for FR/Armaflex Pipe
Insulatlon is ~40 F to +220 F.

“For use on cold pipes,

FR/Armaflex Pipe Insulation
thicknesses have been calculated
to prevent condensation, as shown
in the table of thickness
recommendations.

APPLICATION

FR/Armafiex Pipe Insulation in
unslit tubular form can be slipped-

. on to piping before it is connected,

or it can be slit lengthwise and

“applied to piping already

connected. Pre-Cut FH/Armaﬂex

Pipe Insulation in flat sheet form is

wrapped around the pipe. In all
cases, butt joints and longitudinal
seams are to be sealed with

"~ Armstrong 520 Adhesive. 520

Adhesive is.a contact adhesive;
therefore, in all cases, both
surfaces to be joined are coated

with adhesive.

Indoors, no protective finish is
required -but may be desirable.
Outdoors, a weather-resistant
protective finish is to be applied.

" The recommended protective finish’

is Armstrong Armatlex™ Finish;
however, other compatible finish
systems are not ruled out.

' SPECIFICATION

COMPLIANCE

FR/Armaflex can be suppiied upon

request to meet:
ASTM C534, Type |- Tubu|ar
ASTM D1056, SBE 41-42 v
‘MIL-C-3133B (MIL STD 670B),
Grade SBE 3 -
HH-1-5738B, Class T-Tubular
HH-L175172

. MIL-P-15280E & Amendment 1,

Form T-Tubular

FLAMMABILITY -

FR/Armatlex is an organic material

specially compounded to be a
tire-retardant insulation: The
tiammability of this insulation has
been tested by exposing a
25-ft-long sample to the ASTM E84
method of test. The ASTM E84 test
entitled “'Surface Burning
Characteristics of Building
Materials’” is a measure of the
tendency of a material to spread
flame and develop smoke; it is not
a measure of total mvolvement

in a fire. .

Flame spread 25 — ASTM EB84
(available nominal

lhlcknesses)

Smoke developed
(available nominai
th|cknesses)

— ASTM EB84

W' 110-
- " - 150

Copyright 1874, Armstrong Cork Company. Lancaster, Pa.
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Industry Products Division, Lancaster, Pa. 17604 -

" FR/Armaflex Pipe Insulation

Average physical properties*®
. v Test Method (See note 4)

Density. b/cu | 6.0 TTTTTTASTM D1622

Thermal conductivity, ,
Btu/hr sq ft (F deg/in.) - . . ) :
.75 F mean temp 0.27 ASTM C177

Notes S
"Qn the heating cycle, Armaflex Pipe Insulations
will withstand lemperatures as high as 220 F.
Where he pipe size is greater than 5 iPS and
Armatiex Pre-Cut Pipe Insulation and Armaflex
Sheet are installed by adhering butt joins and
seams only, the upper temperature limit is

~ Armatiex in the thicknesses noted and within the specified temperature ranges will prevent
cendensation on :ndoor piping under normal design conditions. a.maximum.severity of 85 F
and 70% RH. Armstrong research and held experience ndicate that indoor conditions anywher=2
in the United States seidom excewd this degree of severity. ' '

<+ Armalex in the thicknesses noted and within the specified temperature ranges will prevent
condersation on indoor piping uncer mild des:gn conditions, a maximum severity of 80 F and
50% RH. Typical of these conditrons are most air-conditioned spaces-and arid climates.

Armatlexin the thicknesses noted and wiin the speciied temperalure ranges will prevent:
condersalon on indofr piping under severe design conditions, a maximum seventy of 90 F and
80% RH. Typical of these condions are indGor areas in which escessive moisture is intrccuces
or in grorly ventilated contined areas where the temperature may be depressed below ambie~?

©  {Pipe sizes 67 1PS thru 10" IPS reler to Pre-Cut Pipe Insulation.

220 F. 520 Adhesive may be used with pipe
90 F mean temp ‘ 0.276 - or C518 insulation applications up to 220 F. ) .
ggggr_t_l_sle_l_imi}_,_ﬂq_gg_E_(_§g§ note 1) . 20 = 2A1 - 20 F, flexible Armaflex Insulations .
Lower use limit, deg F (See note 2) - 40 N beconr:e‘ hard and, as temperatures drop telow
Thor =) : ; — 20 F, will ge increasingly brittle; however. this
,Th7e:jmal S;aobollléy, % shrinkage 5.0 ASTM C548 hardening characteristic does not attect thermal
ays. ) : 9 ‘ efficiency or water vapor permeability.
.7 days, 220 F o - 86 e Apphcation below . - 40 F is at user's discretion.
Water vapor permeability, 0.24 ASTM C355 , , o ;
wet cup, permin. o Al e Lo B Sy
e o e e pu— anufactured in nominal %'‘.wall series. Only
Water absorption, % by weight 46 : ASTM D1056 Pre-Cut Pipe Insulation s available in nominal
Ozone resistance - GOOD - %" series for 6" to 10" (PS. .
Odor - __._A.__,_,w__...,:.N_Egr_@JBLE - - 4ASTM method, in some cases. may be
Sizes ‘modified slightly to make resulls more
Walil thickness, inches . %, %, % - meaningtul for end-use application N details are
* (nominalXSee note 3) _ . required, contact Armstrong Cork Co‘mpany.
Inside diameter, tubular form %"ID to 5'{PS - . . O
o Average values are not to be usedlor writin
Length of sections, feet, tubular form 6 - maleria?speci!icaﬁons, Contact Armstrong 'tclng»
inside diameter, Pre-Cut, o 6" to 10" IPS - specification rangss. :
sheet form :
Length of section, feet, 4 : —
Pre-Cut, sheet form
‘Thickness recommendations OFFICES
Pipe Size . : _ Line Temperatures CHARLOTTE, NC 28204
: - . . "IB50F 35 F O F 1341 E. Morehead Street
BASED ON NORMAL DESIGN CONDITIONS® o : S .
3% 1D thru 3" IPS L Nom %''" Nom %' - CHICAGO, IL .
- Over 3" IPS thru 5" IPS Nom %" Nom " S 422 Northwest Highway
6" IPS thru10”IPS Y+ - = . . ‘Nom %" Nom 2" Nom %" Park ‘Ridge, IL 60068
Over 10” IPS - : . : %' Sheet %’ Sheet ~1" Sheet 9e. .
BASED ON MILD DESIGN CONDITIONS®* ’ CINCINNATI, OH 45241
% 1D thru 3" IPS : Nom %’’ Nom %" Nom 2"’ 4100 Executive Park Drive
Over 3" IPS thru 10" 1PS t . Nom 2" Nom 2" Nom 2" ’
Over 10" IPS : %'* Sheet 3%’ Sheet 7'’ Sheet | NEW YORK, NY -
" BASED ON SEVERE DESIGN CONDITIONS**# | ' Park 80 Plaza West—-One _
-], 67 1PS thru 10" IPS § Nom %' Nom % Garden State Parkway at Interstate 80
|* Over 10" IPS 5 %’ Sheet 1% Sheet Saddle Brook, NJ 07662

ST. LOUIS, MO 63105
222 South Meramec Avenue

'SAN FRANCISCO, CA
1814 Ogden Drive
Burlingame, CA 94010

CP.797.378Y

Printed i Unted $1iiag of Amernca
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- FR/Armat!eX‘Sheet IhSuIation- |

DESCRIPTION

FR/Armaflex Sheet Insulation is

a flexible, elastomeric thermal
insulation, black in color, sup- .
plied as flat sheets 36" x 48", in
thicknesses %’ through 17" in %"
.increments (except %’'). It is fur- -
nished with a smooth skin one
side which forms the outer, ex-
posed insulation surface. The =
expanded, closed cell structure of
FR/Armaflex Sheet makes it an
efficient insulation, and because -
of its low water vapor permeance,
it is considered a vapor barrier

in itself. -

USES

FR/Armaflex Sheet is used for all’

applications that cannot be
accomplished by the preformed
tubular insulation also available.
It is particularly adaptable for
insulating ductwork, large piping,
tanks, and vessels. its. flexibility

. allows application to curved and
irregular surfaces. FR/Armaflex

Sheet is very adaptable to making
all types of fitting cover insulations.

The recommended temperature:

“usage range for FR/Armaflex

Sheetis —40 F to +220 F
according to method of applica-
tion. With full adhesive coverage
attachment, the surface to
which it is applied may operate .
to a limit of 180 F. When used
for pipe insulation with adhesive
adhering seams and joints only,
FR/Armaflex Sheet can be

applied to lines that will operate .

to a limit of 220 F.

For use on cold surfaces,
FR/Armaflex Sheet thicknesses
have been calculated to prevent

- condensation, as shown'in.

the table of thickness

" recommendations.

APPLICATION

FR/Armatiex Sheet is instailed

"using Armstrong 520 Adhesive, a

heat-resistant and water vapor-
resistant contact adhesive. For

_application to large flat or curved

metal surfaces such as ducls.
very large pipes, tanks, and
vessels, full adhesive coverage
attachment is used. For applica-
tion as pipe insulation and fitting
covers, only the seams and

joints are adhered with adhesive.

520 Adhesive is a contact adhe-
sive; therefore, in all cases, both

surfaces to be joined are coated

with adhesive.

Indoors, no protective finish is
required but may be desirable.
Outdoors, a weather-resistant
protective finish is to be applied.

‘The recommended protective’

finish is Armstrong Armaftex” _
Finish; however, other compatible
finish systems are not ruled out.

SPECIFICATION
COMPLIANCE:

FR/Armaflex can be supplied
upon request to meet:
ASTM C534, Type Il .
ASTM D1056 SBE 41-42 - -
MIL-C-3133B (MiL STD 670B)
Grade SBE3 -
HH-1-573B, Class S
MIL-P-15280E & Amend-
ment 1, Form S-Sheet

FLAMMABILITY _
FR/Armaflex is an organic mate-
rial speciailly compounded to be

a fire-retardant insulation. The'
flammability of this insutation has
been tested by exposing a 25-ft-
long sample to the ASTM E84
method of test. The ASTM E84 -
test, entitied "*Surface Burning
Characteristics of Building Mate-
rials,” is a measure of the tendency
of a material to spread flame and
develop smoke; it is not a measure

~ of total involvement in a fire.

Fiame spread 25 — ASTM E84

(availabie

thicknesses

1" or less) .
Smoke developed ~— ASTM E84
(available l C
thicknesses)

Va'! 75

%" 110"

V!t 150

Y - 225

1" ~ 290

- Cepyright 1974, Armstrong Cark Company. Lancaster. Pa.
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industry Products Division, Lancaster, Pa. 17604

FR/Armaflex Sheet Insulation

Average physii:al properties®

Test Method (See note 3)

Thickness, inches (See note 4)

(% increments)

Density, Ib/cu ft 6.0 ASTM D1622
Thermal conductivity .
Btu/hr sq ft (F deg/in.)
75 F mean temp 0.28 ASTM C177
90 F mean temp 0.286 or C518
Upper use limit, deg F (See note 1) 220 -
Lower use limit, deg F (See note 2) -40 -
Thermal stability, % shrinkage .
. 7 days, 200 F . 5.0 ASTM C548
7 days, 220 F 6.1
" Water vapor permeability, - 0.17 ASTM C355
wet cup, perm-in. -
Water absorption, % by weight .84 ) ASTM D1056
Qzone resistance GOOD -~
Qdor NEGLIGIBLE -
Sizes 36 x 48 -
Width and length, inches Y to 1 -

Notes

1When Asrmaflex Sheet is installed by adhering
butt joints and seams only, the upper tempera-
ture limit 1s 220 F using 520 Adhesive. Armatiex
Sheet adhered with complele adhesive cover-
age on fiat or curved metal surfaces may be
applied to surfaces that will operate as high as
180 F using 520 Adnesive.

2At - 20 F. flexible Armafiex insulahions become
hard and, as temperatures drop below —20 F.
will be increasingly brittle; however, this harg*
ening charagteristic does not affect thermat
efticiency and resistance to waier vapor
permeability. Application below - 40 Fis al
user's decretion.

3ASTM method. in some cases, may be mod-
itied slightly to make results more meaninglul
for end-use application. it gétails are required.
contact Armstrong. Cork Company.

aArmaflex Sheet in %" thickness not available.

= Average values are not 1o be used for wriling
material specitications. Contact Armstrong for
specification ranges. - .

Thickness recommendations

Ducts—Tanks—Vessels—Equipment
Metal-Surface Temperature

’ ’ - 50 F 35F 0OF 1341 E. Morehead Street
BASED ON.NORMAL DESIGN CONDITIONS - %" %" 1 .
Armatiex 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 ge.

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. ’ .
BASED ON MILD DESIGN CONDITIONS Yo't Yt Yo' NEW YORK, NY
Armaflex in the thicknesses noted and within Park 80 Plaza West—One .
the specified temperature ranges will prevent Garden State Parkway at Interstate 80
condensation indoors under mild design con- Saddle Brook, NJ 07662
ditions, a maximum severity ot 80 F and 50% : L
RH. Typica! of these conditions are most air- ST. LOUIS, MO 63105
conditioned spaces and arid climates. 222 South Meramec Avenue
BASED ON SEVERE DESIGN CONDITIONS %" 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 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 is introduced
or in poorly ventilated. confined areas where
.the temperature may be depressed below
ambient. . s ’

) + muitiple layer

OFFICES
. CHARLOTTE, NC 28204

1P.783 374 Y

Printed i Uridens States of Amenca
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- Standard Armaflex Pipe Insulation

DESCRIPTION

Standard Armaflex Pipe Insulation
is a flexible, elastomeric thermal

insulation, black in color, supplied
as slit or unslit tubing. in nominal.

wall thicknesses of %'*, 2", and
%", in sizes ranging from %" ID
to 5 IPS. Standard Pre-Cut
Armaflex Pipe insulation in flat
sheet form is available in nominal
wall thicknesses of 2’ and %' :
for 6, 8", and 10’ -IPS sizes. The
expanded closed-cell structure of
Armaflex Pipe Insulation makes
it an efficient insulation, and

* because of its low water vapor

" permeance, it is considered a
vapor barrier in itseif.

USES

Standard Armaflex Pipe Insulation
is used to retard heat gain and
prevent condensation or frost
formation on cold-water plumbing,
chilled-water, and refrigeration
‘fines: It also efficiently reduces -

- heat flow for hot-water plumbing
and liquid-heating and dual-
temperature piping. The recom-
mended temperature usage range
for Armaflex Pipe Insulation is

" —~40Fto +220 F.

For use on cold pipes, Armaflex
Pipe Insulation thicknesses have

. -been calculated to prevent con-

densation, as shown in the table
of thickness recommendations.

Standardb_Armaerx Pipe Insulation
is chemically acceptable to USDA
Consumer and Marketing Services.

APPLICATION _
Standard Armaflex; Pipe Insulation
in unslit tubular form can be
slipped on to piping before it is
connected, or it can "be slit

. Iengthwnse and applled to piping

already connected. Pre-Cut
Armaflex Pipe lr]sulatlon in flat
sheet form is wrapped around the
pipe. In all cases, butt joints and
longitudinal seams are-to.be
sealed with Armstrong. 520
Adhesive. 520 Adhesive is'a” .
contact adhesive; therefore, in all
cases, both surfaces to be |omed
are coated wuth adhesive. .

Indoors, no protectwe flﬂlSh is
required but may be désirable.’
Outdoors, a weather-resistant
protective finish is to be applied.
The recommended protective '
finish is Armstrong Armaflex™
Finish; however, other compatible
finish systems are not ruled out. -

SPECIFICATION
COMPLIANCE

Standard Armaflex can be supplied
upon request to meet: ’

v ASTM C534, Type |-Tubular
'‘ASTM D1056, SBE 41-42
MIL-C-3133B (MIL STD 6708’)

Grade SBE 3 .
HH-1-573B, Class T- Tubular

FLAMMABILITY

Standard Armaflex is an organic
material specially compounded

to.retard burning. The flammability

of this insulation has been tested
by exposing samples 6!’ long x 2"
wide x 2'' thick to procedures of
the ASTM D1692 method of test

.entitled "*Flammability of Plastic

Sheeting and Celiular Plastics.”
During this test, the sample is

_ positioned horizontally. This test

method is not intended to be a
criterion of fire hazard; it is not a
measure of total involvement in a

" fire. By this test, burning ceased

in an average of 59 seconds, and

the burning length averaged 1.1" .
distance from the flame-source end. .

* Copy:: g?‘ 1974, Au'\s.rong Cork Company. Lancaster, Pa.
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industry Products Division, Lancaster. Pa. 17604

Standard Armaflex Pipe Insulation

- Average physicai properties™

Test Method (See note 4)

Btu:hr sq ft (F deg/in.)
75 F mean temp
90 F mean-temp

ASTM C177
orCs18

Upper use limit, deg F (See note 1) """ 220
Lower use limit, deg F (‘Sge_no'te-?)__:_

Thermal stabiiity, % shrinkage

7 days. 200 F 5.8 ASTM C548
7 days, 220 F . 6.6

Water vapor permeability. TTTTTTT oA T TTTRASTM €355
wet cup, perm-in.

Water absorption, % by we “TTTTTASTM D1056 T o

Ozone resistance Goob
_NEGLIGIBLE

Sizes

Wall thickness, inches (nomina!) %, Y2, %, ’

Inside diameter, tubular form %" 1D to 5" IPS —

Length ot sections, feet. tubular form 6 -

(See note 3) S

inside diameter, Pre-Cut,
sheet form

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

6" to 10" IPS  —

Notes

10n the heating cycle, Ammatiex Pipe
insulations will withstand temperalures as high
as 220 F. Where the-pipe size 1S greater than
g IPS and Armatlex Pre-Cut Pipe Insulation
and Armatlex Sheet are instalied by adhering
butt joints and seams only, the upper -
temperature limit is 220 F. 520 Adnesive may
be used with pipe insulation applications up to
220 F. . :

2A1 — 20 F, flexible Armaflex Insulations . . -
become hard and, as temperatures drop -below
_ 20 F. will be increasingly brittle: however,
this -hardening charactenstic does not atiect
\hermal efticiency or water vapor permeabity.
Application befow: — 40 F s at user’'s
discretion.

sArmaflex in sefected wall thckness and. inside
diamelers available in 50-ft continuous
tengths.

4ASTM method, in some cases. may be
modified slightly 1o make results more
meaningful for end-use apphication. If details
are required. contact Armstrong Cork Company.

- Average values are not to be used lor writing
material spectications. Contact Armstrong tor .,
specification ranges.

Thickness recommendations

OFFICES

. N ; i CHARLOTTE, NC 28204
1 m r '
Pipe size . S 50F Lmestsereratu esor 1341 E. Morehead Street
BASED ON NORMAL DESIGN CONDITIONS™ :
3" ID thru 3" IPS ~ 1 Nom %" Nom %" Nom %" CHICAGO, L
Over 3" IPS thru 10" IPSt Nom %" Nom %" Nom %" 422 Northwest Highway
Qver 10" IPS : : ) %'" Sheet %'’ Sheet 1" Sheet '|. Park Ridge, IL 60068
BASED ON MILD DESIGN CONDITIONS** ’
% 1D thru 3 IPS ) Nom %" Nom %' Nom VA C‘NClNNATl. OH 45241
Over 3" IPS thru 10" {PS} Nom 2" Nom 2" Nom '2"” 4100 Executive Park Drive
Qver 10" IPS - %'’ Sheet %'’ Sheet ' Sheet .
BASED ON SEVERE DESIGN CONDITIONS™** , NEW YORK, NY
1" 1D thru 10" IPSt . Nom %’ Nom %’ Park 80 Plaza West—One .
Over 10" IPS %' Sheet 1%'' Sheet Garden State Parkway at Interstate 80

Armatiex in the tricknessas noted anl within the specihied temperature ranges will prevent
condensation on Indoor piping under normal design conditions, a maximum severily of 85 F and
70% RH. Armstrong research and tieid expenence indicate that indoor conditions anywhere in
the Unitad States seldom exceed this degree of seventy.

Armatiex in the thicknesses noted and within the specilied lemperatuvé ranges will prevent
condensation on indocf Piping under mitd dssign conditions. @ maximum seventy ot 80 F and
50% RH. Typical of these condiions are most air-conditioned spaces and arid chinates.

20 - Armaflex in the thicknesses noted and within the specified temperature ranges will prevent

.cendensation an Inaoor piping under severe design condilions, @ maximum severity of 90 F and
80% RH. Typicat of these conditions are indoor areas in which excessive moisture 1s introducs:s

or in poorly ventiated contined areas where the temperature may be depressed below ambwent
NOTE: Thichnesses tor zero F ines avalable on request.

tPipe sizes 6 1PS thiy 107 IPS refer 1o Pre Cut Pipe Insulation.

Saddle Brook, NJ 07662

ST. LOUIS, MO 63105
222 South Meramec Avenue

SAN FRANCISCO, CA
1814 Ogden Drive
Burlingame, CA 94010

1P 793-37 4

Preted In United States of Amanca
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Standard Armafiex Sheet Insulation

DESCRIPTION

Armafiex Sheet Insulation is a
flexible, elastomeric thermal
insulation, black in color, supplied
as flat sheets 36" x 48", in
thicknesses %'’ through 1’ in %"

" increments. It is furnished with a

smooth skin one side which forms
the outer, exposed insulation
surface. The expanded, closed-
cell structure of Armaflex Sheet
makes it an efficient insulation,
and because of its low water
vapor permeance, it is considered
a vapor barrier in itself.

USES

Armatfiex Sheet is used for ali
applications that cannot be
accomplished by the preformed
tubular insulation also available.
It is particularly adaptable for
insulating ductwork, large piping,
tanks, and vessels. Its flexibility
allows application to curved and
irregular surfaces. Armaflex Sheet
is very adaptable to making all
types -of fitting cover insulations.

The recommended temperature
usage range for Armaflex Sheet
is —40 F to +220 F according to
method of application. With full
adhesive coverage attachment,
the surface to which it is applied

" may operate to a limit of 180 F.

When used for pipe insulation with
adhesive adhering seams and
joints only, Armaflex Sheet can be
applied to lines that will operate
to a limit of 220 F.

For use on cold surfaces,
Armaflex Sheet thicknesses have
been calculated.to prevent
condensation, as shown in

the table of thickness
recommendations.

APPLICATION

Armaflex Sheet is installed using
Armstrong 520 Adhesive, a
heat-resistant and water-vapor-
resistant contact adhesive. For
application to large flat or curved
metal surfaces such as ducts,
very large pipes, tanks, and
vessels, full adhesive coverage
attachment is used. For application
as pipe insulation and fitting
covers, only the seams and joints
are adhered with adhesive. §20
Adhesive is a contact adhesive;

" theretfore, in all cases, both

surfaces to be joined are coated
with adhesive. )

_Indoors, no protective finish is

required but-may be desirable.

Qutdoors, a weather-resistant’
protective finish is to be applied.
The recommended protective
finish is Armstrong Armaflex™
Finish; however, other compatible
finish systems are not ruled out.

SPECIFICATION.
COMPLIANCE

.Standard Armaflex Sheet can be

supplied upon request to meet:
ASTM C534, Type ll
ASTM D1056 SBE 41-42
MIL-C-3133B (MIL STD 6708),
Grade SBE 3 :
HH-1-5738, Class S

FLAMMABILITY

Standard Armafiex is an organic
material specially compounded to
retard burning. The flammability
of this insulation has been tested
by exposing samples 6" long x 2"
wide x %'’ 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
criterion of fire hazard; it is not a
measure of total involvement in a
fire. By this test, burning ceased

in an average of 65 seconds, and -

the burning length averaged 1.1""

distance from the flame-source end.

Cooveght 1974, Armstrong Cark Company. Lancaster. Pa
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Industry Products Division, Lancaster, Pa. 17604

Sheet Insulation

Average physical properties*™

Test Methoq._@g‘e'_!mt_g_:i_)

Density. Ib/cu ft ) ’ 5.7 ASTM D1622°
Thermal conductivity Tt T T
Btu/hr sq ft (F deg/in.) .
75 F mean temp 0.27 ASTM C177
_ 90 F mean temp .. .. Oere . orCS18
Upper use limit. deg F (See note 1) 220 R T
Lower use limit, deg F (Seenote 2)  -40 T — )
Thermal stability, % shrinkage i B
7 days, 200 F 1.0 ASTM C548
_7days, 220F 50
Water vapor permeabiiity, 04" ASTM C355
__wet cup, perm-i e e
49~ T TASTM D1056
Odor NEGUIGIBLE ~ —
Sires - - piiiai i ~
Width and lengtt, inches 36 x 48 -
Thickness, inches (See note 4) % to 1 -

(% increments)

Notes
1\when Armafiex Sheet 1s instalied by adherning
butt joirts and seams only. the upper tempera-

" qure lirnt 1s 220 F using 520 Adhesive. Arma-

tlex Shee! adhered with complete adhesive
coverage on fiat or curved metal surtaces may
be appled to surtaces that will operaie as high
as 180 F using 520 Adhesive.

2A1 - 20 F. flexible Armatlex Insulations
become hard and. as temperatures drop below
- 20 F. will be increasingly britle; however, :
this hardaning characterislic does not aftect -
thermal efticiéncy and resistance to water

vapor permeability. Application below — 40F is’

at user’s discration,

3ASTM method, in some cases, may be modi- -

_ fiad slightly to make resulls more meantngiul

for end-use application. i defails are required,
contact Armstrong Cork Company.

s Armatlex Sheet in A" lnlr:kneés nol available.

Averare values are not to be used for wning

material specilications. Contacl Armstrong for
specification ranges. .

Thickness recommendations

BASED ON NORMAL DESIGN CONDITIONS
Armaflex in the thicknesses noted and within
the specitied temperature ranges will prevent
condensation indoors under normal design
conditions, a maximum severity of 85 F and
70% RH. Armstrong research and field
experience indicate that indoor conditions
anywhere in the United States seldom exceed
this degree of severity. '

BASED ON MILD DESIGN CONDITIONS
Armaflex in the thicknesses noted and within
the specified temperature 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
Armafiex in the thicknesses noted and within .
the specified temperature ranges will prevent .
condensation indoors under severe design
conditions, a maximum severity of 90 F and
80% RH. Typical of these conditions are indoor
areas in which excessive moislure is introduced
or in poorly ventilated. confined areas where -
the temperature may be depressed below

" ambient.

Ducts—Tanks—Ves'sels—Equip_rﬁent

Metal-Surface Temperature

50 F
3

%

.3/‘11

35F
%"

Vord

1%t

t multiplé layer

OF
1‘u

v

1%t

OFFICES

CHARLOTTE. NC 28204
1341 E. Morehead Street

CHICAGO, 1L
422 Northwest Highway
Park Ridge, il. 60068

CINCINNATI, OH 45241
4100 Executive Park Orive

NEW YORK, NY

Park 80 Plaza West—One

Garden State Parkway at Interstate 80
Saddle Brook, NJ 07662 .

ST. LOUIS, MO 63105
222 South Meramec Avenue

SAN FRANCISCO. CA
1814 Ogden Drive -
Burlingame, CA 94010

. IP-79R-274Y

Printed in United States of Amenca
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: e : _Armaflex Finish is a vinyl lacquer-
: e T : type coating for use over Armstrong
: s : . K Standard Armafiex® and FR/Arma-
\ / n flex Pipe and Sheet Insulation. This

coating provides a high gloss pro-
tective finish for both indoor and
» outdoor installations. 1t brushes on
i easily and may also be airless-
sprayed or roller-coated. Chemically
acceptable to USDA Consumer and
Marketing Service. '

EIE X JURL GRS

COLOND

e AT T AR
e

E Armaflex Finish is available in white
IR and gray standard colors. In situa-
tions where a custom pastel shade
‘is desired, white Armaflex  Finish
can be tinted with selected pigment
pastes recommended for shading or
coloring commercial paints. Sug-
gested pigment suppliers can be 6b-
tained from the nearest Armstrong
district office. Standard colors are
shipped in quart, galion, and 5-
gallon containers.

P
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ADVALTAGER

Excellent Adhesion

Armaflex Finish dries to a durable
film which adheres tightly to clean
Armaflex insulation surfaces.

High Flexibility

The dried finish has approximately
the same degree of flexibility ag
Armaflex. In both indoor and out

‘door applications, it will deform witt

the Armaflex without cracking. Arm
aflex Finish maintains this flexibilit
upon aging and at exposure (i
low temperatures.

Self-Extinguishing ‘

Armaflex Finish has self-extinguist
ing properties. When used on Star
dard Armaflex and FR/Armafle
Armaflex Finish has negligible effe
on their fire-safety characteristic:

[y




standard white and gray

Slep Vi

8.8 Ib per gallon

(opmrnirine .
pigmented plasticized vinyl lacquer

Ligpameart

heavy-bodied. easy brushing

Ay Leaiien

brush, roller, or airless spray

o

300 sq ft per gallon per single brush
coat : '

’[‘l,‘"'.”.‘j‘ ,]‘y;‘.“{-
2 hours minimum for second coat

oy o

. 1-qt and 1-gal cans, 5-gal pails
[T I I A

wet: flash point 64 F (TOC)
dry: self-extinguishing

WARNING—FLAMMABLE
" MIXTURE. DO NOT USE.

NEAR FIRE OR FLAME.
Use adequate ventilation-—keep air.
circulating ® Prohibit smoking &
_Extinguish all flames—pilot lights,
blowtorches, etc. B Avoid heat and .
sparks ® Keep container, closed ®
Avoid prolonged breathing of vapor
and prolonged contact with skin & In
case of excessive inhalation remove
subject to fresh air @ Do not take
internally ® If swallowed, do not in-
duce vomiting; call physician imme-.

diately m Contains xylene ®m Keep
awpy from children

19.2R9.473Y

T AEOTT

Armaflex Finish is applied directly to
clean, dry Armaflex Insulations in
two coats. For best resuits, the Arma- -
flex surface should be wiped with a
cloth -dampened with a nonoily sol-
vent before the first coat is applied.
The second coat may then be ap-

- plied after this coat has dried. Drying

time will vary with conditions, but a
minimum of two hours should be
allowed. No reinforcing mesh is
needed. for outdoor applications. In-
doors, coverage is approximately
300 sq ft per gallon in single brush
coat.

Where Armaflex must be sealed
around metal rods and projections,
use a commercially available latex
caulk. Armaflex Finish should not be
used over -asphaltic surfaces, as dis-
coloration will occur.

W AN Raa |
A R

TOOAPDLY
Armaflex Finish should not be ap-
plied over joints freshly cemented
with Armstrong 520 Adhesive. Dry-
ing time must be altowed as follows:
e 24 to 36 hours for adhesive
joints of Armafiex Pipe Insula-
tion and Armaflex Sheet where
adhesive is applied only tojoints
and seams.
e 7 days where Armafiex Sheet
is applied ‘with full adhesive
bonding. :

I-37

sretrsn ATURE

Although low temperatures will
cause Armaflex Finish to become

more’ viscous in the container, the

product is not deteriorated by cold.
Thickening, however, does fower
covering capacity, and it may be
necessary to thin with xyto!l in cold
weather to maintain normal cover-

ing capacity and ease of application.

RARRE IREE

1f Armaflex Finish becomes wet soon
after application, water spotting may
occur. The spots will disappear-as
the finish dries.

In cool, poorly ventilated areas, sol-
vent odors may persist for as long
as a week after application of Arma-

flex Finish. Any foods that will suffer’

from odor contamination should be
removed during this period.

In most cases, Armaflex Finish

should not be used over conven- -

tional insulations, other flexible in-
sulations, or other building or struc-
tural materials. A test coat applied to
a small area will usually determine
the acceptability of the material un-
der question. ' you have any addi-
tional questions about application to
surfaces other than Armaflex Insu-
lations, consult your nearest Arm-
strong district office or write Arm-
strong Cork Company, Industry

Products Division, Lancaster, Penn-

sylvania 17604.

To clean fresh Finish from work and
tools, use methyl ethyl ketone, xylol,
aromatic naphtha, or methylene
chloride.

CORK COMPANY

Lancaster, Pennsylvania .

mstrong

Printed in United States of Amer

-
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Armaflex Sheet Insulations
average physical properties™

Standard
FR/Armallex Armaflex Test
Shent Sheet Method
Insulation insulalion (S« note 3)
Dienady Wy oot " ot AL LIA DIRDD
Thertat canduclivity
Blu by s 1H(F dngiing) . ’
76 F mean lemp 0.28 0.27 ASTM C177
90 F mean temp 0.286 0.276 or C518
Upper use funid, deg F 220 220 -
(St nate 1)
Lower one ot deg F -~ 40 -40 " -
(See nete )
Thermal stabnbity, »
Yo shankage X . .
7 days. 200 F . 5.0 1.0 ASTM C548
7 days, 220 F 6.1 5.0
SWirter vapor permeability., 0.17 0.1 ASTM C355
weol cup. poerm-in, : -
W.iter absorption, 8.4 49 ASTM D1056
"o Ly weight
Oczone resistance GOOD GOOD : -
Qdor : NEGLIGIBLE NEGLIGIBLE —
Sizes | .
With and length, inches 36 x 48 36 x48 -
Thickness, inches Ya to 1 Vato 1 —
(See nole 4) (% increments) (% increments)

IWwhen Armallex Sheet is installed by adhering butt joints and seams only, the upper temperature limit is
220 F using 520 Adhesive. Armatiex Sheet adhered with complete adhesive coverage on liat or curved metat
surfaces may be applied to surtaces that will operate as high as 180 F using 520 Adhesive.

2At =20 F. fiexible Armallex Insulations become hard
increasingly britlle: however. this hardening characteris

and. as temperatures drop below -20F, will be

lic doas.not affect thermal efficiency and resistance

to water wapor permeability. Application below - 40 F is at user's discretion.

IASTM method. in some cases, may be modilied stightly to make results more meaningtul for end-use appli-
cation it details are reguired. contact Armstrong Cork Company. . .

4armallex Sheet in %' thickness not available.

‘ Average values are not to be used for writing material spacifications Contact Armstrong for specitication

ranges. .

Armaflex Sheet Insulation thickness recommendations

BASED ON NORMAL DESIGN CONDITIONS
Armatlex in the thicknesses noted and within
the specified temperature ranges will pre-
vent condensation indoors. under normal
design conditions, a maximum severity of
85 F and 70% RH. Armstrong research and-
tield experience indicate that indoor condi-
tions anywhere in the United States seldom

- exceed this degree of severity.

BASED ON MILD DESIGN CONDITIONS
Armaflex in the thicknesses noted and within
the specified temperature ranges will pre-
vent condensation indoors under mild de-
sign 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 COvNDlTIONS

Armatlex in the thicknesses noted and within
the specitied temperature ranges will pre-
vent condensation indoors under severe
design conditions, a maximum severity of -
90 F and 80% RH. Typical of these condi-
lions are ndoor areas in which excessive
moisture is introduced or in poorly. venti-
lated. confined areas where the tempera-
ture may be depressed below ambient.

Ducts—Tanks—Vessels—Equipment
© Metal-Surface Temperature

S0F . 3I5F OF
Bt i %" 1
W' o ’ Al 't
Y ] 1" 17"

DESCRIPTION

Armstrong Armafiex Sheet Insulation
is a flexible, elastomeric thermal

" insulation material incorporating
 _.the three most desirable properties

of a low-to-medium-temperature

Copyright 1973. Armstrnng Cork Company. Lancaster, Pa.

“insulation: high insulation efticiency, '

high resistance to transmission of

water vapor, and ease of application.

Armatlex Sheet is available in both
Fire-Retardant (FR) and Standard
types. Physical characteristics of

- I-39
both materials are similar except .
for superior fire-retardant

characteristics of the FR material.

Armatlex Sheet is particularly
adaptable to insulating of large
tanks of all shapes. ductwork,
irregular vessels, and large piping.
Armatlex Sheet inay be apphed
with full adhesive coverage to metal
surfaces that will operate as high
as 180 F. When used. within
recommended usage ranges,
Armaflex Sheet thicknesses have
been calculated to prevent
condensation on cold surtaces.
Temperatures below zero may

require application of Armafiex

Sheet in muitiple layers.

When used for pipe insulation, with
adhesive at seams and joints only,

. Armaflex Sheet can be applied to

lines that will operate as high as
220 F. : C

Flammability—FR/Armaflex Sheet
FR/Armaflex is an organic material-
specially compounded to be a :

_ fire-retardant insulation. The

flammability of this insulation has
been tested by exposing a 25-ft-
jong sample to the ASTM E84 method
of test. The ASTM EB84 test, entitied
“Surface Burning Characteristics of
Building Materials,"” is a measure of
the ability of a material to spread

flame and develop smoke; it is not - :

a measure of total involvement in
afire. .

Flame spread 25 - ASTMES4
(available thicknesses
1" or less) .
Smoke developed ’ — ASTM E84
(avaitable thicknesses)
AL . ..
BN 110 .
i ' 150
%" 225
1" o 290 -

Flammability—Standard Armalfiex
Sheet .
Standard Armafiex is an organic
material specially compounded to
retard burning. The flammability of
this insulation has been tested by
exposing samples 6" long x 2’ wide
x %' thick to procedures of the
ASTM D1692 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
be of considerable value in
comparing flammability of different
materials. By this test, burning
ceased in an average of 65 seconds,
and the burning length averaged 1.1"
distance from the flame-source end.

{



‘When Armafiex Sheet is used with full adhesive
coverage. adhesive is easily applied with
brush or roller.

Specitication Compliance
e FR/Armaflex and
¢ Standard Armaflex Sheet can be
supplied upon request to meet:
ASTM C534, Type |l
‘ASTM D1056 SBE 41 42
_MIL-C-31338 (MIL STD 6708B)
Grade SBE3
 HH-I-573B, Class S
* .FR/Armaflex Sheet can be
supplied upon request to meet:
- MIL-P-15280E & Amendment 1,
. Form S-Sheet

ADVANTAGES

Armafiex is not a thermoplastic. It
is ‘a vulcanized ‘synthetic elastomer
and will not melt or drip during
exposure to heat.

High Insulating Efficiency
* The closed cellular structure of
Armaflex gives it a low average
*k' value. Armaflex re5|sts moisture
and deterioration,’ so thermal
efficiency remains high in service.

Resistance to Moislure Vapor

: The uniformly sized.. closed cells ot
] . Armatiex reduce moisture vapor

] - permeability to a very low level.

Dimensional Stability

When Armaflex Sheet Insulation is
tested at a soaking heat of 220 .F
-for 7 days. shrinkage is about 5%
for Standard material and 6% for
FR material. (See table page 2.) n
application, only the inner surface
is exposed to 220 F, so shrinkage
is considerably less than the

‘test figure. .- :

Wide Temperature Range
"Armaflex Sheet has a wide usage’
‘range from —40F to +180F or

i TR

A thin coating of adhesive also is azz- 2310 -

large surtaces that will be insulated a -~ °
Armaflex Sheet.

+220 F, dependmg on methc* of
installation.

. Smooth Surface
- Armaflex has an exceptiona'i

smooth, uniform outer surfacs
finish. This results in a neat-'zzking
installation, whether the surfzis:is
left unfinished or given a prciactiva
coating. '

Fast, Easy Appiication

“Armaflex Sheet can be appliss
- directly to clean, dry metal s.-faces:

with Armstrong 520 Adhesive
Conventional mechanical suzzorts

" are unnecessary. Low moistue”

vapor permeability eliminates *he
need for a separate vapor bz-ner.
but outdoor installations shc.'d be.
protected against weather wis
Armstrong Armaflex” Finish. 2
vinyl- Iacquer type coahng

1 ' o

v
Y

APPLICATION OF -
FR/ARMAFLEX SHEET

" Note: These specifications refer

throughout to FR/Armaflex.
Standard Armaflex can ke instal’sd

-by the same application techriquses.

1. Sheet Insulation

1.1 General ] )
1.1.1 Insulation shall be fiex:zie.
closed-cell, elastomeric thermal
sheet insulation, Armstrong
FR/Armafiex or approved egual.

_Insulation shall have a flame soread

rating of 25 or less when tested by
ASTM E84 'method'

1.1.2 FR/Armaerx Sheet s* i bﬂ

applied with the smooth. or s«in

“side out. |t is to be applied ms:al

surfaces that will operate as high
as 180 F with full surface bondirg

" of 520 Adhesive.

When adhesive on sheet and surface has .
dried to the touch, the sheet is carefully
) positioned ‘as contact bond is made.

1.1.3 FR/Armaflex Sheet shall be

" adhered with a thin but adequate

coat of 520 Adhesive applied o
both surfaces to be joined.

Be'forev p'reSSing surfaces tog‘ether,
the adhesive shall be allowed to.
dry until dry to the touch but tacky.

- under slight pressure. 520 Adhesive.

is an instant-bonding type; there-
fore, surfaces are to be positioned
accurately as contact is made.

1.1.4 Metal surfaces shail be clean,

dry, and free of all dirt, scale, ]
loose paint, plaster, oil, etc. If the '
metal surface has been primed, a -
test area of approximately two

square feet shall be coated with =
520 Adhesive to determineé whether

_the solvent in the adhesive will
“loosen or lift the primer. If there is

any indication of loosening or lifting
the primer, FR/Armatlex Sheet *

" shail not be applied until the primer

is removed or replaced with

acceptable material.

1.1.5 FR/Armaflex Sheet is not to
be applied over asphaitic surfaces

"where surface bonding is necessary,
- since 520 Adhesive will not bond

to asphalt

1.1.6 Where special corrosion-
resistant coatings are specified for
metal surfaces, they shall be com-
patible with Armstrong 520 Adhesive.

1.2 Application :
1.2.1 APPLICATION TO METAL
TANK, VESSEL, AND EQUIPMENT
SURFACES BY COMPRESSION-
FIT METHOD

1.2.1.1 A coat of 520 Adhesive sh'au

- be applied with brush or short-nap

paint roller to the surface to be

~ insulated. covering enough area to

receive one FR/Armafiex Sheet.
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. ‘1.2.1.2 A coat of 520 Adhesive

shall be applied with brush or
" short-nap paint roller to the back -
" of the FR/Armaflex Sheet, leaving
a % -wide uncoated border around
the porimeter of the sheel

1.2.0.3 The adbesive shall be
allowed to dry until diy to the touch
"but tacky under slight pressure '
before bringing the two surfaces
into contact. '

1.2.1.4 The sheel being installed is
to be positioned in such manner
that it overlaps the edges ot the
previously applied sheet or sheets
by %'’. While held in this position,
the center of the sheet shall be
spot-adhered. The butt edgés-of
‘‘the sheets are to be compressed
into place to achieve a tight joint.
The remainder of the sheet shall
then be bonded by pressing firmly
into place. A small hand roller is
useful for applying pressure.

1.2.1.5 The sheet joint is to be
"spread apart and, by means of a
. small brush, 520 Adhesive shall
be applied to both butt edges
which are then aligned for good
appearance.

1.2.1.6 Vertical joints are to be
staggered where FR/Armaflex
"Sheet is applied to vertical tanks. -
. In the case of horizontal tanks,
the horizontal joints are to be
staggered. '

1.2.2 APPLICATION TO METAL
DUCT SURFACES

1.2.2.1 FR/Armaflex Sheet shall be
adhered to the duct surface using
' 520 Adhesive. Adjacent sheets shall
be applied using the compression--
fit method (see Paragraph 1.2.1).
The adhesive is to be applied on’
both surfaces to be joined with a
brush or short-nap paint roller. The
adhesive shall be allowed to dry
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 titted to the width. The side
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. :

iP-756-1073Y

7.-1.2.2.3 Standing metal duct seams

shall be insulated with the same
FR/Armatlex Insulation thickness

" as installed on the duct surface.

t
1.2.2.3.1 Alternate: Hall sections of
FICArmatlex Pipe Insulation of
proper wall thickiiess may D osed
o msulate standing metal -
duct seams.

1.3 Finishes

1.3.1 INDOOR FINISH*

(specifier shall choose one finish)
(specifier is cautioned that only Armaflex
Finish will withstand excessive flexing
after drying)

1.3.1.1 No finish shall be applied
over FR/Armaflex Sheet insulation. -

1.3.1.2 Two coats of Armaflex Finish
shall be applied directly to the

FR/Armatiex Sheet.

1.3.1.3 Two coats of Armstr'ong' V
Insulcolor® shall be applied directly

to the FR/Armaflex Sheet.

1.3.1.4 Commercially avaitable
{(high-quality interior enamel) (fatex
enamel paint) shall be applied
directly to the FR/Armaflex Sheet.

1.3.2 OUTDOOR FINISH*

(spec)‘fier shall choose one ﬁhish)
(specifier is cautioned that only. .
Armaflex- Finish will withstand excessive

- flexing after drying)

1.3.2.1 Two coats of Armaflex Finish
shall be applied directly to the -
FR/Armaflex Sheet.

1.3.2.2 Two coats of Armstrong
Insulcolor shall be applied over

_ white glass mesh adhered to the

FR/Armaflex Sheet surface with
Insulcolor Lagging Adhesive.

© 1.3.2.3 Two coats of Armstrong

Weatherproot Plastic shall be

~ applied directly to the FR/Armatlex

Sheet with black glass mesh
embedded in the first coat while. wet.

¥ . N

2CAUTION: Only Armaflex-Finish will with-
stand excessive flexing after,drying. For
‘best results, wipe the surtacé of FR/
Armaflex Sheaet with a damp cloth,
preferably dampened with a nonoily

hatore applying Hinish coatings.

The commercinl finlghes are to ho
tentend By Whe uner b dompatibibdy with
1t Avmatiex

solvent to ramove powdarad lubticant ' @

Adhesive-bonded scdinu atid joints of

FR/Armatlex Sheet must cure before
solvent-base finishes are applied. Where
‘the insulation is installed by adhering
seams and butt joints only, the adhesive
must cure 24 to 36 hours. Where the
insulation is installed against surfaces
with full adhesive coverage, requiring
wet adhesive at joints, the adhesive
‘'must cure seven days.

LANCASTER, PA.

Printed 1 United States ot Ar

|






Atmatlex Shoot je the best,

insulation tar outdoor sheel
metal ducts. It is the most
efticient. It is the easicst to

install. Its installed cost is lower.

it looks better. And it needs far
less maintenance.

we'll prove it to you.

Armaflex Sheet is the best
insulation. .

_A single thickness—usually 1/2"—is

all that's required. Armaflex is a
closed-cell elastomeric thermai
insulation that doesn’t require a
separate vapor barrier.

Armafiex is the most efficient.

Armaflex Sheet has a low average
thermal conductivity of 0.27 Btu/hr -

'sq ft (F deg/in.) at 75 F mean
_temperature. Efficiency remains high

because the material has excellent
resistance to water vapor and air

transmission.

‘Armaflex is easiest to install.-

Armaflex comes in convenient
sheets 36'' x 48", It can be cut with
a knife. It conforms easily to
contours. It can be adhered with
brush- or roller-applied contact-

‘type 520-Adhesive, without clips

or pins, and without a separate

. vapor barrier.

Copyright 1973, Armstrong Cork Company, Lancaster, Pa.

- Armaflex peéds far less

Armaflex coals loas installed.

“On many jobs, Arinalles Gan save

upwards of 30% on instatled costs
for insulating outdoor ductwork, -as
opposed to the cost of the most
commonly used conventional

“specification: foil-faced fibrous

glass board, secured with clips
on welded pins and finished with

‘weather-resistant vapor-barrier

mastic, reinforced with glass mesh.

Armaflex 'Iooks better.

The smooth flat surface of Armaflex:

Sheet conforms closely to the metal
surface. In tinished form, ducts.

which have been insulated with

Armaflex Sheet are difficult to

. distinguish from uninsulated

painted-ductwork.

maintenance.
Two coats of Armaflex™ Finish are
all that are required for outdoor-

installation, Armaflex is not affected

by extremes of weather and will not

crack to allow entrance of damaging

moisture. Wind and hail damage is

. minimal, and the vapor barrier of

Armaflex is.not destroyed by
acci‘dental_-bumps or punctures.

Haw to Install Armallex &néd on
Mietal Buct Surfaces

The preferred method for square
and rectangular ducts is to cut and
fit the sheets, using full coverage of
Armstrong 520 Adhesive to adhere
the insulation.

- 1. Measure—Sheets should be sized
with the following application
sequence in mind. Cut the bottom
piece first,-making it the same width
as the duct. Then cut the two side
pieces, so that they extend down
over the edges of the bottom
insulation; keep top edges flush
with the top of the duct. The top”
insulation should be sized so that

it extends over the side insulations.

:

2. Cut—A sharp knife and a straight-
edge are the only tools required.

 Armaflex Sheet cuts cleanly, leaves

no loose tibers.



iDow Corinimneg CORPORATION
¢ _ . ELASTOMIES BUSINESS ' '
FLIZARCTIHTOWN PEARY » FHZARLTHTOWR, KENTUCKY 42704

: CERTIFICATE OF COMPLIANCE

SHIPPED TO ‘ - DATE oo 1/31/18
: Chemtrol.Corp.
" Space C '
14911. Steubner Arln
Houston, Texas 77069

ATTN: Bruce Robson

CUSTOMER P. O. NO. ‘ DOW CORNING INV. NO. CUSTOMER SPECIFICATION
1680 . EKGO6400EL None
PRODUCT LOT NUMBER QUANTITY
DOW_CORMING® 96-081 RTV Adhesive Sealant ER097133 8 x 12x16 oz.

_“EST REPORTS |

Color Pass
- Uniformity : Pass
Extrusion rate, gpm N : - 310
'Skin over time o 6 minutes
Flow, inches . Nil
Thin Section Cure ~ R&D-
Cure Time =~ . . o , 72 hrs/RT
Durometer, Shore A ’ . 61 ‘
Specific Gravity - o o 1.h
Cure Time - o : 7 days/RT
Duroneter, Shore A: : ; 61
Tensile strength, psi . 578
Elongation, % 150
Tear strength, 1b/in . ko ,
Flame Test - ' . ‘ » it is hereby certified that the articles
we‘ight Loss ? % ’ | : ' .1 V Lis:;(i’ficc’obt?ovne rceor?yﬁzln:ﬂr'\};smTl (;t)plfacoobr‘i\i
Self Extinguishing : 8 seconds a‘:e on file sub]eqd to exi:mi}lol?oﬁ.r P

DOW CORNING CORPORATION

LT1 002:1074
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3.. Apply Adhesive~Firs‘t brush- or
roller-coat 520 Adhesive on the

-metal duct surtace. Then coat the

back side of the Armaflex Sheet,
leaving a 1/2"-wide uncoated
border around the outside edges
of the sheet. Allow the adhesive
to dry to the touch but still tacky
under slight pressure before
joining surtaces.

4. Bond—Position the sheet so that it
overlaps the edges of previously
installed.sheet or sheets by 1/8".
Hold the sheet in this position, and
spot-adhere it in the center.

-Compress the butt edges into place

for a tight joint with. adjoining
sheets. Then bond the remainder of

“the sheet by pressing it firmly into

place. A small hand roller wili help
apply pressure. ’

5. Adhere Joints—Spread the joint,
and with a small brush apply 520
Adhesive to both butt edges. Do not
fill joint with adhesive. Align
carefully for good appearance, and
apply pressure to joint.

..xﬁi‘.‘)
6. Standing Seams—These can be

insulated with strips of Armaflex
Sheet, generally cut from scrap.

A

7. Alternate Method--Standing
seams can also be insulated with
half sections of Armaflex Pipe
Insulation, corresponding in:
thickness to the sheet used on
the duct surface. Ends should
be miter-cut to insure tight fit
when bonded.

8. Apply Armaflex Finish—Two coats
of Armafiex Finish, a vinyl-lacquer-
type coating, are all that are required
to provide a high-gloss protective
finish for either outdoor or indoor
installations. Armaftex Finish can be
brushed, roller-coated, or airless-
sprayed. o
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Armaflex Sheet ' L ‘ Industry Products
Insulation ' ~ Division Offices
‘ thickness o _

recommendations - : ' .| .CHARLOTTE. NC 28204

: ‘ : , 1341 E. Morehead Strent

: Ducts—Tanks—Vessels -Equipment

, ‘Metal-Surtace Temperature .

i , v - CHICAGO, IL

: based on '50F 35F OdegF P.O.Box 578

1 normal ' ‘ Park Ridge, IL 60068

[

i design conditions ,

{ Armaflex in the thicknesses noled and CINCINNAT': OH 4524“

% within the specified temperature R Ny W 4100 Executive Park Drive
H ranges will prevent condensation % %. | L .

3 indoors under normal design conditions, ’ ' S :

} . a maximum severity of 85 F and 70% . . . . NEW YORK, NY

i RH. Armstrong résearch and field . ‘ Park 80 Plaza West—One
,(4 experience indicate that indoor condi- Garden State Parkway at Inter

tions anywhere in the United States : ’ : Saddle Brook, NJ 07662
. seldom exceed this degree of seventyA . o

ST. LOUIS, MO 63105
222 South Meramec Avenue

based on . ‘ ' . " | 'SAN FRANCISCO, CA
mild o - . ) ) 1814 Ogden Drive )
design conditions . - . Burlingame, CA 94010
Armafiex in the thicknesses noted and g
within the specified temperature . ,/au' Yrt Yyt
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 . o
severe o C S I
design conditions S
Armaflex in the thicknesses noted and : ‘ . ' i : :
‘within the specified temperature ranges i . .
will prevent condensation indoors o T
under severe design conditions. a * . % 1" 1 /B.
] maximum severity of 90 F and 80% RH.
: Typical of these conditions are indoof
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
(Al Sheets 36" x 48'") )
Thickness (In.) ‘Sheets'per Carton Sq Ft-per Carton
B : 32 384 '
%o - 16. ' . 192
% . : 12 144
V2 . 8 ) ) 96
% . . 7- : 84 -
% v 6 72 : '
1 4 48 _ _ : - . LANCASTER, PA. 17¢
1P-716-673Y : - ) ' o . Printadin L
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(‘ \T WFS!ERN CHI:MICI\L & MANUFI\CTURING CUMPI\NY
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: \ ‘:' AR |.\o4.-|.m. v J N I Y T T ST SR .
- ' ‘ NATED o T : . FIUASCLE ario

iluw. /1’ IR B T P AP v e o e d w'.v ey b vy
. ' {on f\il/u'lu'\. Cofafostving ity o A R Midpitar, Calif
C Phose i 200 e a9 - T e Phivpe, (108 M0t N
: 'Chomtrol Clorp. ‘ A o
530 N. Belt ast, Suite 105 T e e e T
_Hou.;ton, V’lu\a: 770()0 ' ' I o DT L

L We certify that the matex ial deqcmbed below comphes with the followmg N
e speciﬁ.cations . : IR . '

m MATDRIAL PIRE-WALL 50 Part #CT -355-C.
Ll L The general m{rz edicnts are us iolIowa:__

39 75“o M"tgnesmm Ofy bulmtc
6.50% CM=-10 -
719.00% G0~ML | R
e 34,75% -6 Product 76 ¢+ - R . S
Tt 100 Oom o - NI G

Rk BATCH NO 187 and 11477 L T T

QUANTITY - 250 bags SO#-éach

:i;fDATE 01' MANUFACTURE Nov. 13and 14, 1977~ =0 e e

'DATE SHIPDED Nov 14, 1977

"CONTRACTOR Chemtrol Corp

l‘JOB INDENTII‘ICATION 3M ile Island Nuclear Power P]anf #z

Cia 4.:"J013 ADDRI“SS on tho Hxsquo}nwna Rwer, dedletown, Pa. 1705

L \ ~'(‘OMMLNTS In the chemical amlys:c; shceto of the raw matcrmls, chlomdcs ave listed

only as a trace in some, nnd not at all in othor%. Lhereiore, we can sht(. that the Thlogon
contont in Fire~Wall 50 is a "tracp" Cerﬂfied correct
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BJM‘ loth-Manvnllo

Sales Corporation

I-48

Industrial Products Division

Manvitle, New Jersey 08635
(SO 705 LO00

canuary 13, 1978

" Chemtrol Corp.

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

Attn: Mr, J. Shute

THIS 1s TO (‘]"RTIFY TPJ\T OUR STANDARD INSPECTION PROCEDURE
HAS BEEMN USED IN THE INSPECTION OF THE MATERIAL SUPPLIZD 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

PRODUC'I‘ REQUIRJ..\‘IEN'I‘S OF 'THE JOHNS~MANVILLE CORPORATION.
\

- MATERIAL | - SIZE © QUANTITY
Ceraform Board - 1x 24 x 36 ©1020 Sq. Ft.
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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,
160° C mechanical. This laminate offers de-
sign i_n:applications where flame retardance is ~
mandatory, and higher retention of properties -

_, ) after heat aging is desired.

"" \ ‘JA.WLEJ‘ ALl .I..nxu.u_a..uu -

WSS SR BR @ G e e

; PROPERTY CONDITIONING * TEST METHOD UNITS _%\155_5__
© perpenticular Electric Strength, S.T.. Yie" in st A ASTM 0-228 VPM 400,
ﬁ\. Perpencicular Electric Strengih, S.T., Y42 in aif A ASTM D-229 P 50
) Perpendicular Electric Streagth after heat, S.T., %s" m air 600 hes. @ iSO"Q. . ASTM D-229 yPM 350
. Perpendicular Electric Stfength aflef heat, S.T,, %.” in air _ 200 hrs. @ 200°C. A‘STM D223 - |- VPM 0
" Parallel Electric Strength, S. xS, <A ASTM 0-223 bR 40
l Parallel Electric Strength after »w.ale'r,v S.xS. 048/50 ASTM D-229 KY 15
'  Arc Resistance - ' A  ASTM D435 seconds 120
Carban Tracking Resistance ‘A ASTM 0-2302-84T(2) minutes 2
Power Factor, 60 cycle A ) ASTM D-150-557 % 25
Impact Strengih A _ASTMD-29  |FLlbs/lnNotcd 85
Flexural Steength . A ASTM D-229 P.S.). 18,000
Flesural Strength tested @ 130°C.  1he. @ 1X0°C. ASTM 0-223 P, 9,000
Compressive Strength A © ASTM D-229 - P.S.l.. 30,600
Water Absorption @ 23°C. 1. @ 105°C. asTMOZ9 - | Hin2hes 10
_ Water Absorption after lhe}a’t 1000 hrs. @ 150°C. ' _ ASTM D-229 %in24 nrs ‘ 10 '
.. Flame F-!egisténce—‘/z' and ovef A NEMAS.21.1952  |Sec.ign/sec.burn 75/85
P> Flame Resistance— Yis" to under 2 °. A ASTM D.220 Method 1 | Secs. 15
3 \_ . Specific Gravity A ASTM 0192 s
U. L. Recognition Number 23525
N.EM.A. Grade Desigriation . - GPO-2
Shfhda‘td\l:olor- ' ted

‘ Where testing procedure is ébﬁlidable, all testirig has been done on ¥ thick material. All test specimens have been taken from
standard préduction runs. The property values shown are conservative, but because no warranty is implied, test by the user
shanld he done to determine the best material for his application. . S : .
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tion:with plass, ceramic,
* aluminum and most plastics, and paint-
cd. surfuuu

1. PRODUCT NAME v

One-part,
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

Rasic Use: "Silicone Cornstruction

1200 Sealant is used to scal building
joints to prevent the penetraiion of

rain, air, dust, and noise. Silicone Con-
struction Scalant effectively weather-

_proofs junctions of building materials
“and leads to cilective structure conti-

nuity. Silicone Construction 1200 Seal-
ant has been used for sealing curtain
wall joinss, mullion )omls and many
other lmlldm » construction joints. It.is
also used for glazing steel and 2lumi-
num windows (both operating and
fixed), wood windows, interior glass
partitions and skylights.”

General Elné¢tric Silicone Construc-

tion 1200 Scalant has rescaled many -

structures successfully afier failures by
other sealants. For maintenance, sili-
conc sealant can be uscd indoors as
well as outdoors; for example, as a
sealant around wall fixtures and win-
dow sills. It has also been'used to gasket
and seal fixtores and muchinery.
Permanent, watertight bonds, can’
be made with this sealant, in cnvnlnm-
stecl, m.mnc

. The ten-point Soec-Dala® dformat has Loen u;prtv .
guced drem publications copytirhted by CSi,

-19¢4,
1068, 1966, 1967, and veed by permission of The
Construction (per.h'nmnx |ns|xIJle lic., ‘Washing-
tes, D, C. 200

Silicone Rubber Scalant;

This Spec-Data Sheel confenms
to editodal style preseribed by
The Construction Spocilicationg

Institute, The manufaclure e e

sponsible for technical accuracy. .

TABLE L

TYPICAL PROPERTIESt
AFTER 7 DAYS AT 77°F (25°C) AND 50% HELATIVE HUMIDITY

© (12.7 mm) Thick Rod 1”7
Diameter, under 50%

~ Compression for 1 Year)

Tear Strength (Die B, after
1 Year Exposure)

_ Té'ck-Free Time

Curing Time

.Sag; Slum'p ‘

PROPERTY VALUE - TEST METHOD
Hardness (Shore A Scale) 35 ASTM D 2240-68
Ultimate Tensile Strength'. 400 psi " ASTM D 412-68
(at Maximum Elongation) (28.1 kgf/cm?) :
Peel Strength (Glass) 20 Ib/inch TT-S-001543A
: (3.57 kg/cm) {COM-NBS)
: CGSB 19-GP-9
Staining None TT-S-001543A
. o (COM-NBS)
. Weaihering (after 10,000 No Change in
hours in Allas Hardness or
Weatherometer) Color
UV Resistance. - Excellent Weatherometer
Ozone Resistance Excellent ASTM G 23-69
Compression Set (127 10% ASTM D €98-70

35 Ib/inch
(6:25 kg/cm)

<1 hour’
5to 7 Days at.
75°F (25°C),

147 (6.4 mm)
Section

None

.ASTM D 624-54

(Method B)

(1970)

1 These values are nol intended for use in preparing specifications.
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PHOTOGRAPHS OF INSTALLATIONS AND FIRE EXPOSURE PERIOD

IT-1
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TEST SLAB LAYOUT

I1-2



11-3

FIGURE 1. PLACEMENT OF PENETRATION OPENINGS

FIGURE 2. PLACEMENT OF PENETRATION OPENINGS



11-4

FIGURE 3. PLACEMENT OF PIPE PENETRATION AND REBAR

FIGURE 4. PLACEMENT OF PIPE PENETRATION AND REBAR



11-5

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



7

FIGURE 9. VIEWOF SLAB AFTER POUR

FI GURE 10. VIEWOF SLAB AFTER POUR AND CURE



11-8

CABLE TRAYS



11-9

FIGURE 11. CABLE AND CABLE TRAY, BEFORE LOADING



11-10

FIGURE 12. PLACEMENT OF CABLE AND CABLE TRAY



FIGURE 13. PLACEMENT OF CABLE AND CABLE TRAY

FIGURE 14. PLACEMENT OF CABLE AND CABLE TRAY



11-12

FIGURE 15. PLACEMENT OF CABLE AND CABLE TRAY

FIGURE 16. PLACEMENT OF CABLE AND CABLE TRAY



11-13

FIGURE 17. VIEW OF SEALING OF CABLES, UNEXPOSED SIDE



11-14

PENETRATI ON SEAL



11-15

FIGURE 18. UNEXPOSED SURFACE OF SEAL

FIGURE 19. UNEXPOSED SURFACE OF SEAL



11-16

FI GURE 20. UNEXPOSED SURFACE OF SEAL

FI GURE 21. APPLI CATI ON AREA



11-17

FIGURE 22. UNEXPOSED SURFACE OF SEAL

FIGURE 23. EXPOSED SURFACE OF SEAL



11-18

FIGURE 24. EXPOSED SURFACE OF SEAL

FIGURE 25. EXPOSED SURFACE OF SEAL



11-19

FIGURE 26. OVERALL VIEW OF SLAB AFTER ASSEMBLY



11-20

ALCOHCOL APPLI CATI ON



11-21

FIGURE 27. BREATHING APPARATUS



11-22

FI GURE 28. APPLI CATI ON COF ALCCOHOL



11-23

FI GURE 29. APPLI CATI ON OF ALCOHOL



11-24

FI GURE 30. APPLI CATI ON OF ALCOHCL

FIGURE 31. SPILL AREA



11-25

FIGURE 32. SPILL AREA



11-26

FI GURE 33. AIR Cl RCULATI ON



11-27

FI GURE 34. APPLI CATI ON OF ALCCHOL



11-28

FI GURE 35. APPLI CATI ON OF ALCOHOL

FI GURE 35. APPLI CATI ON OF ALCOHCOL



11-29

PRE- TESTI NG



11-30

FIGURE 37. MEASUREMENT OF THE INSIDE OF THE FURNACE

FIGURE 38. VERIFY THE PLACEMENT OF THE THERMOCOUPLE PROBE



11-31

FIGURE 39. VIEW OF CABLE TRAYS PLACEMENT INTO TEST SLAB

FIGURE 40. VIEW OF CABLE TRAYS PLACEMENT INTO TEST SLAB



11-32

FIGURE 41. VIEW OF CABLE TRAYS PLACEMENT INTO TEST SLAB

FIGURE 42. OVERALL VIEW OF TEST SLAB EXPOSED SIDE



11-33

FIGURE 43. OVERALL VI EW OF TEST SLAB EXPOSED SI DE

FI GURE 44. OVERALL VI EWOF TEST SLAB EXPOSED S| DE



11-34

FIGURE 45. PLACEMENT OF TEST SLAB ONTO FURNACE

FIGURE 46. SLAB READY FOR INSTALLATION ON
FURNACE



11-35

FIGURE 47. PLACEMENT OF TEST SLAB ONTO FURNACE



11-36

FIGURE 48. PLACEMENT OF TEST SLAB ONTO FURNACE

FIGURE 49. PLACEMENT OF TEST SLAB ONTO FURNACE



11-37

FIGURE 50. PLACEMENT OF TEST SLAB ONTO FURNACE

FIGURE 51. OVERALL VIEW OF TEST SLAB PLACED ONTO
FURNACE



11-38

FIGURE 52. OVERALL VIEW OF TEST SLAB PLACED ONTO
FURNACE

FIGURE 53. OVERALL VIEW OF TEST SLAB PLACED ONTO
FURNACE



11-39

FIGURE 54. OVERALL VIEW OF TEST SLAB PLACED ONTO
FURNACE



11-40

DURI NG TEST



11-41

FI GURE 55. SMOXKE AT START OF TEST

Os

FI GURE 56. SMOKE AT START OF TEST



00

FIGURE 57.

FIGURE 58.

30 MINUTES INTO TEST

40 MINUTES INTO TEST



11-43

FI GURE 59. 50 M NUTES | NTO TEST

FI GURE 60. VIEW OF EXPOSED SIDE OF TEST SLAB



11-44

FI GURE 61. VIEW OF EXPCSED SIDE OF TEST SLAB

FI GURE 62. VI EW OF EXPOSED SIDE OF TEST SLAB



11-45

FI GURE 63. VIEWOF EXPOSED SIDE OF TEST SLAB

FI GURE 64. VIEW OF EXPOSED SIDE OF TEST SLAB



11-46

AFTER TEST



11-47

FIGURE 65. OVERALL VIEW OF CABLES, UNEXPOSED SIDE



11-48

FIGURE 66. OVERALL VIEW OF CABLES, EXPOSED SIDE

FIGURE 67. OVERALL VIEW OF CABLES, EXPOSED SIDE



11-49

FI GURE 68. OVERALL VI EW OF CABLES, EXPGOSED Sl DE

FI GURE 69. OVERALL VI EW OF TEST SLAB, EXPCSED SI DE



11-50

FIGURE 70. OVERALL VIEW OF TEST SLAB, EXPOSED SIDE



11-51

FIGURE 71. UNEXPCSED SIDE AFTER TEST

FIGURE 72. UNEXPOSED S| DE AFTER TEST



11-52

FIGURE 73. HOSE STREAM TEST
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/CHerTtiol CCI-OrjDDI'& tioll

530 Nouhl t ! last, Suits 10)/112 Aren Code 71:/411 il1l
i TWX: 910 Bi (23
,Hou.ton,exis //0(0
( S Cable: CHELMTPROL

QUALITY CONTROL INSPECTION SIHEET
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: Materi al : Monokot e

Installed By:J.Philiabauml G Col strom I nspected 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. Sanpl es taken
for density verification. Heat applied to slab to speed cure of naterial.
Misture content still above 30%. Al Mnokote nust be fully cured before
slab can be burned. Have continued heat for several weeks! Material still
above 30% noisture content. 4/14/78 Methanol ( CHOH) 99% absol ute added to
penetration to facilitate cure of Monokote. 4/17/78 Mnokote shows that

noi sture content less than 10% Can proceed with slab conpletion. On 4/28/78
decision made to add 6" firewall 50 to all penetrations. k'd by Bob Pace,
Duke Power. 5/1/78 added 6" firewall 50 to penetration. Cables spread where

possible to facilitate flowof material. Sanple taken for density verification.
Material will have 10-day cure before test penetration conplete.

* RETYPED FROM ROUGH ORIGINALS.
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(L)E r-nt ,0o Cior poration 1114

530 North Bieal Suites 105/112 Area Code 713/447-6818
TWX: 910 1111 6223

QUALITY CONTROL INSPECTION SHEET
DUKE POWER COMPANY FIRE TEST NUMBER II

Drawing Number: Slab Number: #4
Penet ration Nunber: B-2 Date of Installation: 3/1/78
Date of Inspection: 3/2/78 Material: dastic 1/8" Metal Bands

1/8" x 1" Monokote 4"

Installed By: G Col stronf J. Philiabaum I nspected 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". Mnokote installed to a depth
of 4 inches. Cables spread where possible to facilitate flow of naterial.
Placed infrared heat lanps on both sides to speed cure of Mnokote. Monokote
curing very slowy. WII| add additional heat to speed cure. Material still
curing very slowy. Misture content still above 30% WII cure continuously
using heat and infrared lights. 4/14/78. Methonol (CH OH) 99% absol ute added
to penetration to facilitate cure of Mnokote. 4/17/78 Misture content still
22% Probable cause is the glastic on the bottom of the penetration retaining

the moisture. WII continue to check noisture content. 4/21/78 Mbisture

bel ow 10% can proceed with penetration conpletion. On 4/28/78 decision made

* RETYPED FROM ROUGH ORIGINALS.



(2)

Drawing Number: Pene. #B-2 Sl ab Nunber :

Coments (Cont.) to add 6" firewall 50 to penetration. C'd by Bob Pace,

Duke Power. 5/1/78 added 6" firewall 50 to penetration. Cables spread where

possible to allow flowof nmaterials. Density sanple taken for verification.

Material will have 10-day cure before test penetration conplete.

* RETYPED FROM ROUGH ORI G NALS
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C1htrol c rporation 111-7

5,3040I’~|t ro 05/2Area COde 713/447'6018
300cEiIt; 105/112-l W X: 910i1 uU23
[Houston, Texas, 77G01 Cable: CHEMTROL

QUALITY CONTROL INSPECTION SHEET
DUKE POWER COMPANY FIRE TEST NUMBER Il

Drawing Nunber : Slab Number: #4
Penetration Number: B-3 Date of Installation: 3/1/78
Date of Inspection: Material: Wre nesh, asbestos cenent

cl oth, Mnokote

Installed By: G.Colstrom/J.Philiabaum I nspected By: Rod Warfield

Comments: Pipe sleeve - 25% cable loading ¢ wire mesh installed then asbestos
cloth, then 4" Mnokote installed. Cables spread to facilitate flow of
material. Infrared heat lanps added to both sides of slab to speed cure.
Mbi sture content still above 30% WI| add additional heat in order to speed

cure. After several weeks Monokote still above 30% noisture content. WII

continue heat and infrared lanps till material is fully cured. 4/14/78 Methonol

(CH OH) 99% absol ute added to penetration to facilitate cure of Monokote material .

April 17, 1978 noisture content bel ow 10% Can now proceed with penetration

conol etion. 4/28/78 Decision made to add 6" firewall 50 to penetration.  G'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 sanple taken for veri

* "[|"YPE| FROM RO @ ORIGINALS.



(2 118

Drawing Number:  Pene. #B-3 Slab Number:

Comments (Cont.) ficat ion. Material wit] havo 10-da CcCirue | o  téf

penetration conplete.

* RETYPED FROM ROUGH ORIGINALS
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C herntr-ol Corpor'ation m-10

OL

D30 North iit Suites 10!/1 Area Code 713/4-17-R110
TWX: 910 881 6223
Cable: ClifMI

QUALITY CONTROL INSPECTION SHEET
DUKE PONER COMPANY FIRE TEST NUMBER Il

Drawing Number: Slab Number: #4

Penetration Number: B-4 Date of Installation: 3/1/78

Date of Inspection: Mat eri al : Wre nesh, asbestos

cl ot h, Monokot e
Installed By: G.Colstrom/J. Philiabaum Inspected By: Rod Warfield
Conent s: Pipe sleeve with 50% cable fill. Added wire mesh then asbestos

cloth, then 4 inches Mnokote. Cables spread where possible to facilitate

flow of material. Infrared heat added to speed the cure of the Monokote.
Monokote cure very slow. WIIl add additional heat to speed cure of material.
Mbi sture content above 30% nmust reduce moisture |evel before addition of
finish material. After several weeks of heat cure, material still above 25%
moi sture level. Mist continue heat cure. 4/14/78 methonol (CHAOH) 99% absol ute
added to .penetrationto facilitate cure of Mnokote nmaterial. April 17, 1978
nmoi sture content now below 10% WII| proceed with penetration conpletion.

4/ 28/ 78. Decision made to add 6 inches firewall 50 to penetration. 'd by

Bob Pace, Duke Power Co. 5/1/78 6 inches firewall 50 added to penetration.

* RETYPED FROM ROUGH ORIGINALS.



(2) Il

Dr awi ng Nunber: Pene. #4 Sl ab Nunber:

Comments (Cont.) Cables spread to allow flow of material. Slab will have 1lo-da.

cure before test. Penetration conplete.

* RETYPED FROM ROUGH ORI G NALS
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Cherntrol Corporationll
Wor [J 0)/ "Area nge 713/4;1-250

QUALITY CONTROL INSPECTION SIHET
DUKE POWER COMPANY FIRE TEST NUMBER II

Drawing Number: Slab Number: #4

Penetration Nunber: 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 lanps to speed

cure of Monokote. Cables spread where possible to facilitate flow of material.
Monokote curing very slowy. WII add additional heat to speed cure of Mbnokote.
After several weeks of heat cure, Monokote noisture level still above 30%

W1l continue heat. 4/14/78 Methonol (CHOH 99% absol ute added to penetration

to speed cure of Monokote. April 17, 1978 noisture content below 10% Can
proceed with final preparation. 4/28/78 decision nmade 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 conplete.

* RETYPED FROM ROUQ! 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 | nspected By: Rod Warfield

Comments:  Pipe sleeve 100% cable fill, wire mesh placed first, then asbestos
cloth rolled, then 4 inches Mnokote. Heat applied to speed cure of Monokote.
Cabl es spread where possible to facilitate flowof naterial. NMbonokote curing
very slowy. Infrared heat lanps to speed cure of material. Material curing
very slowy. Misture content above 30% WII| continue heat and infrared
lanps until noisture level is 10% or less. 4/14/78 Methonol (CHOH) 99%
absolute added to penetration to speed cure of Monokote material. April 17, 1978
moi sture content below 10% 4/28/ 78 decision nade to add 6 inches firewall 50
to penetration. Cables spread where possible to allow flow of nmaterial.

10-day cure on material before burn. Penetration conplete.

* RETYPED FROM ROUGH ORI G NALS.
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Drawing N umber:

[JheCWoetjoraicriAr'ea ooeww 1wl

Cable: CHL Mfb

QUALITY CONTROL INSPECTION SILEET
DUKE POWER COMPANY FIRE TEST NUMBER Il

Slab Number:

Penetration Number: B7 Date of Installation: 2/17/78
Date of Inspection: Material: Monokot e, Asbestos d oth,
Instal | ed By: G Col strom Inspected By: Rod Warfield

Comment s: 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. WII take at |east 48-72 hours of heat

to properly cure Monokote. Cable spread where possible to facilitate flow

of material.

WI1l continue

2/ 20/ 78 Monokote still very wet after 48 hours of heat cure.

heat cure. Unable to finish slab due to material npisture

content. 2/21/78 Mbisture nmeter check shows over 30% noisture at depth

of 2 inches or

m ddl e of Monokote. WII continue to heat cure. 2/22/78

Moi sture check shows 30% noisture still remaining. WII continue to heat

cure. 2/23/78 Moisture check shows over 30% noisture remaining. WIIl con

tinue to heat

* RETYED FROM

cure. 2/24/78 Moisture check still remmins over 30% noisture.

ROUGH ORI G NALS.



111-18

Drawing Number: B7 Slab Number:

Comments (Cont.) Added infrared heat lanps to speed cure. WII check on
2/ 27/ 78 after 48 hours of infrared heat cure. 2/27/78 Misture check still
shows over 30% noisture after 48 hours of infrared heat cure. Unable to
finish slab until full cure is reached on Mnokote. Decision made to allow

Monokote to fully cure before work will proceed. 4/14/78 Methanol (CH OH)
99% Absol ute added to penetration to facilitate cure of material. Heat
added to speed cure. 4/17/78 Mbisture indicator shows noisture content

less than 10% Penetration B7 conplete.

* REYPED FROM ROUMH ORIGINALS
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Checrrltirol Corpor ation 1e002n
530 North d(l E,  Suit's 10/112 Area Code 71

I,ou , T 770 ) WX: 91CH8I
QUALlTY CONTROL INSPECION SHEET
DUKE POWER COMPANY FIRE TEST NIMBER Il
Drawi ng Number: Slab Nunber:
Penetration Number: B8 Date of Installation: 2/ 17/ 78
Date of Inspection: Material: Monokote, Asbestos Cloth,
Wre Mesh
Installed By: c. Colstrom | nspected By: Rod Warfield

Comrents: Pipe sleeve 12.75 0.D. 100% fill with wire mesh flush with exposed

side of slab. Asbestos cloth added to top of wire nesh. 4 inches of Mnokote
added to top of asbestos cloth. Cable spread where possible to facilitate
flow of material. WII| take at |east 48-72 hours of heat to properly cure
Monokote material. 2/20/78 After 48 hours of high heat cure Mnokote still
very wet. WII continue heat in hopes of rapid cure. 2/21/78 Moi sture neter

check shows noisture content 2 inches or mddle of penetration shows noisture

over 30% WII| continue heat cure. 2/22/78 Misture check shows over 30%

noi sture remaining. WIIl continue heat cure. 2/23/78 Misture check shows

over 30% noisture. WII continue heat cure. 2/24/78 Moisture check shows
over 30% noisture. Added infrared heat lanps in hopes of speeding cure.

* RETYPED FR(IM ROUGH ORI G NALS.

623
1:V3



(2)

111-21

Drawing Numbcr: B8 Sl ab Nunbcr:

Conments (Cont.) W Il check moisture on 2/27/78 after 48 hours of infrared

heat cure. 2/27/78 After 48 hours of infrared heat, npisture still over

30% Unable to conplete work on slab until full cure on Mnokote is achieved.

4/ 14/ 78 Methanol (CHOH) 99% Absol ute added to penetration to facilitate

cure. Heat added to speed cure. 4/17/78 Mbisture indicator shows noisture

level less than 10% Penetration B8 conplete.

* RETYPED FROM ROUGH ORIGINALS
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/00 7o F/LL OF /N.SR/./MENT/
AND CONTROL CABLE

/2 P/PE SLEE VE

*bh
, *5r
MONOKOTE SLAB
ASB ESGroS Czorkq F/IE WALL 5

W/ReE  /wnr

Penetrati on B8



Chemtrol Corporation

330 oth BeMast
Hoto Texas 77060

PENEREATA
NO

B- 4
B-5
B-6
-B-7
B-7
B-8

PROJECT NAME

Duke Power

PRQJECT LOCATION  SwRI

PRQJIECT NUMBER

oav NG DAMMIRG
DATE DEPTH
3/2/78 4"
3178 4"
3/1/78 4"
/U784
3178 4
3/1/78 4"
5/1/78 6
5/1/78 6
5/1/78 6"
5/1/78. 6
5/1/78 6

5/1/78

| NSPECTED
BY

RW
RW
RW
RW
RW
RW

RW
RW

RW
RW
RwW

RW01-002

SYSTEM N0 DATE-'&® MARRRH'AL VI SUAL 1 NSPECTI ON
APPL| CATI ON

CTI QG- 1

M 01
M 01
M-01
M-01
M-02
M-02

01-001
01-001
01-001
01-002

01-002
01-002

3/2/78
3/2/78
3/2/78
3/2/78
3/2/78
3/2/78

5 8
5/1/78
5/1/78
5/1/78

5/1/78
5/1/78

/1178

TYPE

Mono
Mono
Mono
Mono
Mono

Mono

FVW50
FW50
FW50
FW50
FW50
FW50

FW500

LOG NUMBER
RECORDED BY

PASS

< X X X X X X

X XX X

Rod Warfield

SEALI NG MATERI AL TRACEABI LI TY LOG
CT/ QG- 3

CTIQC:

Revised 6/1/78

CHEMIROL  ACCEPTANCUSTOMER

RW

RW
RW
RW
RW

DATE | NSPECTCR DATE.

33 _

33

313

3/3

33 .
313

5/1
5/1
5/11

5/11
5/1

REMARKS/ DEVI ATI ONS



Chemtrol Corporation
Norrm33ell East
Hmator Tesa 77060
PROJECT NAME Duke Power LOG NUMBER j 01
PRQJECT LOCATION  SwRI RECORDED BY -
PROJECT NUMBER __ Rod arfiel
SYSTEM PART A PART B PART C
=ZNTIFICATION MG LOT NO  DRUM N0 WGHT GLO N0 DRUMNLR M T 17F
Monocote- i-01 250 1
Monocote- -02 LOO 1 _

(SSHBRENEI AR TP

CT/QC-1
Rev. 6/1/76

PART D
DR

BLEN:
By



Chermtrol Corporation

No Selt East
%nls@s no
PROJECT NAME Duke Power
PRQIECT LOCATI ON SwRI
PRQJECT NUMBER
SYSTEM PART A PART
1ENTIFICATICH MFG LOT NO DRUMNO WGHT  MFG LOT No
0_-001 11377 bNAOO NA

350
6-002 11477 350 q! NA

LOG NUMBER f 02
COMPONENT TRACEABILITY LOG
RECORDED BY * (SYSTEM IDENTIFICATION REGISTER)
Rod Warfiel' CT/QC-1
Rev. 6/1/78
B PART C PART D ~ BLENDED DATE
DRUM NO MFG LOT NO DRUM NO  WGHT FG LOT NU  -DWM -No I B - BLENDED
NA 1BR 5/1/7
_ BRIA NAIE BR 91// 1/ 78w



Cherntrol Corporation

Norh388a East
h.sL Texas 77060
PROJECT NAME: Duke Power LOG NUMBER; 01
PROJECT LOCATION SwRI | NSPECTOR: MATERIAL DENSITY VERIFIC'OON LOG
PROJECT NUMBER: . od Warfield/ Form CT/QC-2
Rev. 6/01/8
SYSTEM Nn. DATE/ TI ME AVB/ MAT PENETRAT N LOCATI ON MATERI AL PCF VI SALI NSPECTI ON | NSPECTOR REMARKS
T QG TEMP ROOM ELEVATI ON TYPE DENSI TY PASS HOLD QC- 4 No. I
01-001 3/ 2/ 78/ AM 8 Slab # Monocot e ._Rw

01-002 3/2/78/PM 88- Slab #1 - Monocot e R



Chermtrol Corporation

33 Nort Belt East
Henb1%Texa 77060

PROJECT NAME: Duke Power LOG NUMBER: 02
PRQIECT LOCATION  SwRI | NSPECTCR: _C- MATERI AL DENSI TY VERIFICATION LOG
Rod Wartield Form CT/QC-2
PROJECT NUMBER: Rev. 6/01/78
SYSTEM NO. DATE/ TI ME AMB/MAT PENETRATI ON  LOCATI ON MATERI AL PCF VIS AL | NSPECTI ON INSPECTOR REMARKS
CT/QC-1 TEMP ROOM ELEVATI ON TYPE DENSI TY PASS HOLD G4 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
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UNEXPOSED SURFACE THERMOCOUPLE DATA



Channel
Nunber

O©oOoO~NOOA, WN -

THERMOCOUPLE LOCATI ONS

Slab #4

Ther mocoupl e
Nunber

Penetration
Nunber / Type
Bl

B6

B5

B3

B8

B7

B2

V-2

Locati on

Mddle of field

At the interface
3" up on the cable
Mddle of field

At the interface
3" up on the cable
Mddle of field

At the interface
3" up on the cable
Mddle of field

At the interface
3" up on the cable
Mddle of field

At the interface
3" up on the cable
Mddle of field

At the interface
3" up on the cable
M ddle of field

At the interface
3" up on the cable
Mddle of field

At the interface
6" up and inside
the cable about 1"
Furnace Average
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Figure |V-1.
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POMWER CA344S
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Figure IV-2. Penetration B2
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Figure IV-3. Penetration B3
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Figure |V-4.
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4I 1 P""‘
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- 7C.
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Figure IV-5. Penetration B5
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Figure IV-6. Penetration B6
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Figure 1V-8. Penetration B8 o]
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TEMPERATURE DATA

Note: Channels 26, 27, and 28 are not part of the test data.



PAGE

TIME
M S

0 1
016
031
046
1 1
116
131
146

546

6 46

716
7 31
746
8 1
8 16
831
8 46
9 1
9 16
9 31
946
10 1
10 16
1031
10 46

11 16
11 31
11 46

12 16

1

HRS CH 1

84
80
91
95
92

100
101
101
100
102
104
100
99
101
99
98
97
97
97
96
97
95
92

91
92
92
92
90
92
91
92
91

LENGTH

Cll 2

80
81
82
83
04
06
87
87
88
89
91
92
94
97
97
97
99
101
101
102
104
105
104
104
103
103
103
103
102
102
102
102
102
101
100

180

CH 3

80
82
84
85
85
87
87
07
80
8C
90
91
93
94
91
93
94
95
95
97
96
97
95
97
95
95
95
96
95
96
94
94
93
94
94
93
92
94
94
94
93
93
92
92
92
93
93
92
93
93

MINUTES

Cl 4

Cil s

80
79
80
80
84
82
85
04
86
87

CH 1

77
7
7
78
79
79
02
82
82
81
02
82
02
82
82
02
83
03
03
83
83
83
83
83
83
85
84
84
84
85
85
04
84
84
04
84
84
84
84
83
82

cu 7

DATE RUN 10 MAY 78

Cill

70
70
79
79
79
80
80
81
81
81
81

81
81
82
02
82
82
82
82

02
82
82
82
83
84
04
03
83
83
83
83
83
83
83
83
03
83
82
82
82
82
02

82
82
02
82
82

CHI13

70
79
79
79
79
79
80
80
00
Cco
00
80
80
80
80
81
01
81
81
01
01
81
81
01

81
81
81

81
81
81
81
01
01
01
81
01
01
81
01
81
01
81
01
81
01
81
81
81



PAGE 2

TIME

M S HRS CH1 CH2 CH3 Cli 4 CH5 CH 6 CH 7 CHO Ci9 CHIO CHil Cl112  CH13 Cl114
1231 93 98 93 82 84 132 62 02 82 a 82 0 01 80
1246 92 98 92 03 84 t12 82 82 02 01 83 81 81 DO
13 1 91 98 91 03 84 83 82 03 82 al 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
6 1 91 98 91 83 84 83 82 03 83 81 83 81 a0

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 al
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 Oi 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 A 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 4 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

TIMC
M S

26 16
2631
2646
27 1
2716
2731
2746
20 1
2816
2831
2846
29 1
2916
2931
2946
30 1
3016
3031
3046
31 1
3116
31 31
3146
32 1
3216
32 31
32 46
33 1
33 16
3331
3346
34 1
3416
3431
34 46

3516
35 31
35 46
36 1
3616
36 31
3646
37 1
3716
37 31
3746
38 1
30 16
3831
38 46
39 1
3916
3931
3946

IIHRG CH 1

92
92
91
92
92
92
92
92
93
93
92
93
92
93
93
92
92
93
93
93
92
92
91
91
91
93
92
94
94
93
93
93
93

CH 2

101
101
101
102
102
102
102
102
102
102
102
102
102
103
104
104
104
104
104
105
104
104
104
104
104
105
106
107
107
100
107
108
108
108
109
110
110
110
110
110
111

111

111

110
110
110
110
110
109
109
110
110
110
111

111

CH 3

CH 4

CH E

85
05
85
05
06
86
85
85
06
86
86
06
06
06
87
87
87
07
07
86
07
07
07
07
88
07
86
86
86
06
07
87
86
86
05
86
86
86
86
06
86
07
07
S

86
06
86
87
07
00
08
07
07
06
87

CH 6
E13
1.3
82
03
03
83
03
03
03
03
03
03
03
03
04
84
04
84
04

.03
03
84
S4
04
04
84
84
83
83
83
84
04
83
83
03
83
03
83
83
03
83
84
04
04
03
04
03
84
04
84
84
04
84
84
84

CH 7

85
05
85
85
CG
85
85
85
SC
05
86
86
86
86
06
06
86
06
07
87
07
o7
87
07
87
87
87
07
87
87
80
88
88
88
87
B8
88
88
S
00
88
89
89
09
89
89
89
09
90
90
90
90
90
90
90

CH 8

04
04
04
85
04
04
85
85
05

a5’

05
85
85
85
85
86
86
06
86
06
85
06
06
86
06
86
07
86
86
06
87
87
87
87
87
87
87
87
87
07
87
87
87
S

sC
00
80
Co
88
00
08
cO
00
89
89

CH 9

04
84
84
8E

05
84
84
04
85
8r
05
85
85
85
06
06
86
06
86
86
86
07
87
87
07
87
06
86
86
06
07
86
86
86
86
06
86
86
06
86
86
87
87
87
07
07
07
07
87
80
08
07
07
07
87

CH10

62
82
02
03
83
83
03
03
03
03
03

83.

83
84
04
04
04
04
84
04
05
05
05
05
86
86
85
85
05
05
06
86
86
06
85
85
86
86
06
06
86
06
07
07
86
86
07
87
07
07
87
07
87
07
07

CHI11

o7
07
86
07
07
88

80
80
88
88
89
89
89
09
89
09
90
90
90
90
91
91
91
91
91
90
90
91
91
91
92

91
90
91
91
91
91
92
92
92
93
93
92
93
92
93
94
94
94
93
93
93
94

CH12

01
82
02
Cc2
82
82
02
02
02
82
82
02
82
83
03
83
03
03
03
83
04
04
84
05
85
04
84
04
04
04
04
E5
85
04
84
04
04
04
85
c5
05
05
ab
85
05
05
05
05
Bf
85
8L
E
BE
85

CH113

83
03
03
03
03
03
83
03
03
03
03
03
03
04
04
84
04
84
84
04
05
05
B5

5
05
05
85
85
85
85
86
86
86
86
06

86.

06
06
86
06
86
86
86
07
07
87
07
07
07
07
0
07
?
07
8



PAGE 4

TIME

M S HRS CH1 ClL2 (13 CH4 CHS5 CHE®6 CH7 Cl10 CHO9 CHIO CHi CHi12 CH13 CH14
0 1 94 111 o1 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 o1 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 o4 113 o1 09 07 04 92 89 80 00 96 06 00 05
42 1 95 113 920 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 9% 116 93 91 89 06 95 92 90 90 98 07 90 06
4416 95 116 95 90 89 05 95 o1 89 920 97 87 90 05
4431 96 117 95 90 89 or 96 o1 09 90 98 87 90 06
4446 96 110 94 91 09 06 926 o1 90 90 99 80 90 86
45 1 96 110 95 ol1. 09 06 96 92 90 90 99 07 90 05
4516 9% 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 20 86 95 92 90 91 100 08 90 87
46 1 97 119 96 92 90 06 95 93 90 o1 100 88 o1 87
4616 98 120 97 92 90 86 95 93 90 o1 100 08 o1 07
4631 95 119 98 90 88 05 94 93 89 o1 99 87 o1 06
4646 96 119 95 91 89 86 95 93 09 o1 99 8 o1 06
47 1 97 119 97 91 89 86 95 94 90 o1 100 8 o1 06
4716 97 119 93 92 89 86 95 93 90 o1 100 07 o1 06
4731 97 110 92 92 89 86 94 94 90 o1 98 88 o1 07
47 46 95 119 95 91 88 86 93 95 90 o1 96 88 o1 86
48 1 94 119 96 o1 S8 86 94 95 90 o1 98 80 o1 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 o1 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 07
49 31 98 121 95 o4 o1 87 97 92 92 92 102 88 92 07
49 46 99 119 94 o4 o1 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 9 93 00 100 95 93 94 105 90 94 09
51 46 99 117 o1 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



HRC c 1

100
100
101
101
101
101
101
101
102
101
102
102
102
101
102
102
103
104
104
103
103
104
103
102
103
104

104
103
103
104
105
105
105
105
103
104
102
104
103
104
103
103
105
105
105
104
105
104
105
104
105
106
106
106

© 2

119
120
120
121
121
121
122
123
123
123
123
124
123
123
124
124
124
125
125
125
125
124
124
124
125
125
125
124
125
126
127
127
127
128
128
128
129
128
129
129
129
129
129
128
129
128
129
129
130
130
131
130
131
131
131

CH 3

95
94
90
98
98
100
103
104
100
102
103
100
101
102

CH 4

98
98
90
99
99
97
97
97
99
97
96
90
97
97
98
98
98
99
100
100
101
98
97
98
100
100
101
101
99
99
100
97
98
99
96
97
96
97
96
98
99
100
100
104
104
103
101
98
98

99
102
101
102
104

C F

94
94
94
95
95
94
93
93
94
93
92
94
93
93
94
94
95
95
95
96
96
94
94
94
96
95
96
96
95
95
96
94
94
94
93

Cl, 6

cn 7

104
105
105
105
105
105
104
105
105
105
104
105
105
105
106
107
107
107
107
100
108
107
107
107
100
109
109
110
109
108
109
100
108
108
108
108
109
109
109
109
110
110
111
113
113
113
113
113
112
112
111
113
112
114
114

CH O

97
96
97
99
99
102
99
98
96
100
99
97
101
90
99
$9
100
90
100
90
99
103
103
100
99
100
99
102
103
102
102
102
102
103
102
102

102’

100
103
100
103
102
103

99
102
102
102
104
103
104
102
102
105
103
104

CH 9

95
95
96
96
95
94
94
94
94
93
94
95
93
94
95
95
95
96
96
97

CH10

96
97
97
97
97
97
97
97
97
97
97
97
97
97
97
90
90
100
99
99
99
99
99
99
99
99
99
100
100
100
101
100
101
101
101
101
101
101
101
101
102
101
101
102
102
103
102
103
101
102
102
102
103
102
102

Ci11

109
109

100
109
108
106
105

107

106
107

105
107
107
108
108
100
100
109
110
109
110
107
106
109
110
111

113
110
108
108
105
100
107
107
104
106
105
100
104
107
105
107
109
112
111

107
110
104
100
105

111
110
111
108

Cit13

95
96
96

97
96
96
96
96
96

96
97
97
97
90
98
98
98
98
98
98
98
99
99
99
99
99
99
100
100
100
100
100
100
100
100
100
100
100
100
101
101
101
101
102
102
102
102
102
102
102
102
102
102



fHRO CH 1

105
105
106
107
107
107
107
106
106
107
106
106
107
107
107
107
106
107
107
107
107
109
109
109
107
106
107
108
108
109
109
109
109
110
110
110
111

111
110
111

109
108
107
109
110
109
110

110
109
110
109
109
109
110
111

CH 2

131
132
133
132
132
132
132
131
132
133
133
134
134
134
133
132
133
133
133
136
136
135
135
136
136
136
136
135
135
136
133
133
134
135
135
134
134
135
134
135
136
135
134
136
135
136
137
137
138
139
138
138
138
138
137

clh 3

105
107
104
105
102
103
105
106
106
108
100
110
107
107
104
105
103
107
109
110
110
110
106
109
111
113
109
109
106
100
104
102
104
103
104
102
105
103
102
106
108
109
109
104
105
110
112
112
111
110
113
112
112
109
106

CH 4

99
102
101
103
105
106
103
101

99
100
102

99
100
102
104
102
105
102

99

99
103
104
108
100
103

98
101
108
107
105
107
108
103
106
109
108
108
112
111
106
104
103
105
107
110
103
106
105
104
104
101
101
103
100
112

CH 5

96
96
96
97
98
98
98
98
97
97
97
96
96
97
99
98
98
99
97
97
98
98
99
96
97
95
98
98
99
99
101
101
99
99
102
103
101
101
103
101
99
98
98
100
102
99
100
99
90
99
97
97
90
100
101

CH 6

93
93
9b
94
95
9'4
9
94
94
94
94
94
9i
95
97
96
96
95
95
9
9;
96
96
96
96
96
97
96
97
97
9?
100
93
97
10)
102
99
100
102
90
90
90
98
98
90
98
98
98
99
98
90
90
98
99
100

CH 7

113
114
114
115
116
116
116
116
116
115
115
115
115
115
116
116
117
116
115
116
116
117
118
116
116
114
116
117
116
118
119
120
119
119
120
120
121
121
122
121
117
117
116
119
120
118
119
110
118
119
116
115
118
120
121

CH 8

103
104
104
103
101
105
106
107
105
105
106
106
104
105
103
107
105
107
100
107
105
105
103
107
108
107
107
107
106
106
106
104
108
109
103
103
105
106
109
111
109
111
111
110
110
110
100
111
111
109
111
107
111
111
111

CH 9

100
101
100

98

98

99

98

99
101

98

98

98
100
100
100
100
104
102
100
101
101
101
103
104
102
103
103
101
103
101
101

99

99
100
101
101
100

99
103
103
102

01110

102
103
103
103
103
105
104
104
106
106
104
105
105
105
105
106
10.5
106
106
106
106
106
107
107
106
107
106
106
106
106
106
107
108
100
108
100
109
109
110
110
110
110
100
100
100
110
110
110
110
110
110
110
109
110
110

Ci1

100
107
111
112
113
109
112
112
111
109
112
109
109
112
114
110
112
111
111
109
113
114
111
107
110
107
114
115
116
115
117
119
112
110
119
120
120
120
121
114
113
113
117
118
118
115
117
114
110
114
113
116
118
122
121

CH12

94
95
95
9
95
96
95
96
97
96
95
95
96
95
96
96
96
96
96
97
97
97
97
98
97
97
96
96
96
97
97
97
98
98
97
98
98
99
100
100
99
98
97
98
98
99
99
99
97
99
99
98
90
98
99

CH13

102
103
103
103
103
104
103
104
104
104
104
104
104
105
105
105
105
105
105
106
106
107
107
107
107
107
107
107
107
107
107
108
108
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109
108
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100
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109
109
109
109
109
109
110
110
110
110
111
110
111
110
111
111



HRS H 1

111
111
110
111
111
109
108
110
112
112
112
112
113
113
114
115
115
115
114
114
112
114
115
115
115
116
115
115
116
116
116
116
116
117
117
116
116

116
116
116
116
117
117
117
117
116
117
117
117
116
117
116
117
116

CH 2

137
137
137
137
137
137
138
138
139
138
138
139
139
140
139
140
139
140
140
140
139
140
140
140
139
139
139
139
140
140
140
140
139
139
139
138
138
138
139
139
140
141
140
139
138
138
138
139
138
139
140
140
140
139
139

CH 3

106
109
111
107
110
112
114
115
108
106
109
111
111

109
107
111

109
111
113
111

114
113
113
108
106
111
111
113
114
112
114
110
109
110
113
107
100
109
111

110
113
112
111

110
109
109
111

110
110
113
113
113
112

111

112

CH 4

111

106
106
109
107
105
110
109
114
111
109
112
110
116
115
111

112
103
108
113
108
115
117
115
116
109
111

108
108

115

113
117
117
117
113
116
116
112
104
104
108
113
118

118

117
117
112
118
116
109
107
111

107
116
114

CH 5

102
100
100
101
99
99
100
101
103
106
103
104
103
104
105
104
104
98
101
102
102
103
105
105
107
104
106
103
102
104
105
107
108
110
106
107
109
106
101
100
102
107
105
109
109
107
106
107
109
105
102
103
101
104
1.S

CH 6

101

99
100
101
100

99

99
100
103
104
102
102
101
102
101
102
103
102
101
102
101
104
104
108
106
103
103
102
102
104
104
106
107
107
104
107
106
104
104
104
103
108
105
108
112
109
104
106
107
104
104
105
104
106
110

CH 7

122
120
120
121
120
118
120
122
123
125
123
123
124
125
126
123
123
119
120
122
121
124
125
126
128
123
125
125
125
127
126
128
129
130
129
129
129
128
124
123
124
126
127
120
131
131
120
130
131
129
126
127
123
126
126

air o

111
110
112
112
111

111

111

111

107
110
112
109
109
109
112
114
110
113
112
113
111

108
108
107
111

114
110
113
110
115
116
115
114
112
115
116
115
114
113
114
114
114
113
112
114
117
116
114
114
114
116
115
114
114
114

ar 9

102
103
104
104
102
100
100
103
104
103
103
103
104
106
105
105
105
103
103
103
102
105
106
106
105
105
105
104
104
105
104
105
106
111
100
112
108
108
108
104
106
108
107
109
111
110
108
111
109
109
107
107
108
109
109

Gtlo

110
110
110
111
111
111
111
111
112
113
113
113
113
113
112
114
112
112
113
113
114
114
114
114
114
114
114
114
114
114
115
116
117
115
115
115
114
115
116
116
116
115
115
114
116
118
117
117
118
110
117
117
117
117
116

CH12

99
99
99

99
99
99
100
101
101
102
101
100
100
100
100
100
101
99
101
101
101
101
101
102
102
101
103
104
103
102
102
102
101
101
100
100
101
101
101
101
101
100
102
103
103
102
102
103
102
103
102
101
101
100

CH13

111
112
112
112
112
112
112
113
113
113
113
114
114
114
114
114
114
114
114
114
115
115
115
115
116
116
115
116
116
116
116
117
116
117
117
116
115
116
116
116
116
117
117
115
117
117
118
119
119
119
119
119
110
118
116



TIME
M S HRS CH11 CH 2 CH 3 CH 4 CH 5 CH 6 CH17 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 16 117 138 112 113 106 101 129 114 107 116 120 100 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
9% 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
9 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 C1I3 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 1172 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 CH 8 Cl1 9 CH10 Ci11 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 1 127 134 115 139 126 124 150 127 127 131 152 111 137 106
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 1 127 129 117 138 120 111? 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 11
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 al 5 CH 6 ChH 7 CHi 8 ci 9 C1110 Cinl 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 Hf RS al 1 CH 2 CHI 3 c 4 Ccl 5 g 6 Cl1 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 31 140 143 133 158 137 130 166 148 140 146 167 125 160 117
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
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
TIME

M

163
164
164
164
164
165
165
165
165
166
166
166
166
167
167
167
167
168
168
168

S
46

16
31
46

16
31
46

16
31
46

16
31
46

16
31

168-46

169
169
169
169
170
170
170
170
171
171
171
171
172
172
172
172
173
173
173
173
174
174
174
174
175
175
175
175
176
176
176
176
177
177

1
16
31
46

16
31
46

16
31
46

16
31
46

16
31
46

16
31
46

16
31
46

16
31
46

16

HRS CH 1

139
140
138
139
140
140
140
140
139
140
140
140
141
142
141

141

141

141

142
142

141

142
140
140
141
141
142
142
142
143
143
143
143
139
141
141
141

141

142
142
142
143
143
144

143
142
143
141

142

143

143
144
144

143

145

CH 2

136
136
133
136
136
135
134
133
132
135
136
136
136
135
134
134
135
135
135
135
135
133
133
135
135
136
135
134
135
135
137
138
138
133
135
136
138
139
143
140
140
141
144
142
146
144
143
140
144
145
143
139
139
149
150

CH 3

129
132
132
131
133
135
131
130
132
132
131

130.

131

132
133
133
131
130
136
135
132
131
133
132
133
132
133
132
132
138
134
132
132
129
134
134
131

133
133
130
131

133

135

138
135

134

133

134

139

138

131

136
136
134
139

CH14

162
161
162
161
153
152
159
162
164
162
162
163
166
165
168
168
169
167
163
162
164
165
163
164
164
165
166
166
168
165
168
166
167
168
162
162
164
163
168
170
168
163
164
160
158
164
165
171
163
163
167
161
161
163
161

CH S

130
136
139
138
132
134
136
137
142
139
130
142
140
140
139
140
140
141
139
139
142
142
143
141

140
142
142
144
142
143
142
144
142
140
141
140
141
145
145
142
139
140
139
138
141
142
142
140
141
143
141
140
141
141

Cll 6

139
131
144
130
125
135
140
145
139
140
134
143
143
141
143
144
135
140
135
140
142
144
139
132
142
137
143
147
146
137
143
141
140
140
134
138
144
135
141
142
136
134
136
131
139
140
138
140
134
143
139
134
134
141
139

CH17

175
173
175
177
171
174
176
178
179
179
179
179
100
182
183
183
182
181
179
181
180
180
179
178
180
180
181
102
182
182
181
103
182
184
179
180
183
181
184
183
183
180
181
179
178
101
184
104
179
183
182
179
179
101
179

CH 8

153
154
156
155
153
153
154
155
156
156
155
156
156
156
157
158
158
158-
156
156
156
157
157
154
155
155
155
156
157
155
157
157
156
157
ISF
156
156
156
154
157
158
155
154
154
156
157
158
159
157
157
169
157
156
158
157

CH 9

144
142
145
141

136

137
137
139
140
130
137
143
140
140
140
139
139
142
142
139
139
142
145
142
144
143
144
139
140
139
140
138
144
146
144
145
147
144
143
147
146
144
144
140
144
144
145
145
141
140
145
142
139
144
142

Ci10

140
147
147
147
148
147
149
148
149
146
147
147
147
148
147
148
148
148
148
147
147
140
148
148

147
147
147
147
148
147
149
149
149
149
148
148
148
148
149
148
150
147
140
149
149
149
149
150
151
150
151
151
151
151

Coill

171

171

170
169
167

170
169
172
174
173
171
174
175
176
175
174
175
174
175
174
176
177
176
175
176
175
175
176
178
176
177
177
178
176
173
175
174
174
175
176
173
175
173
172
173
176
176
173
173
174
176
176
173
177
175

CH12

127
120
127
125

120
130

129
120

127

130

120
127
129
128
129
128
129
120
129
129
130
130
128
128
126
127

130
129
133
132
132
131
130
131
130
127
128
130
129
130
131
129
131
130
130
130
129
113
133
134
132
134
135
134
133

C1il3

161

159
160
160
160
160
156

155

158
156

158
160
160
159
159
161
163
162
160
162
161

162
162
162
160
160
160
161

165
162
164
165
161
162
161
156
158
160
162
162
162
162
163
163
163
162
161
163
165
166
166
166
166
166
166

C1114

110
120
118
117
117
118
117
117
116
117
118
119
119
119
119
117
117
118
119
119
120
120
120
118
119
120
121
119
119
120
119
119
119
120
119
119
120
119
119
121
120
120
120
119
119
120
120
122
120
119
118
118
119
119
119



PAGE

TIME
M1 S

177
177
178
178
178
178
179
179
179
179
180
180
180
180
181

31
46

16
31
46

16
31
46

16
31
46

HRG CH 1

143
144
143
144
144
144
143
144
143
144
143
145
543
3433
3462

CH 2

152
158
150
147
146
145
142
146
149
150
153
150
766
3438
3463

CH 3

133
133
133
137
139
136
134
132
133
134
132
138
947
3440
3463

CH 4

165
168
168
167
165
169
166
166
169
167
169
164
1162
3444
3464

CH 5

142
141
144
146
144
147
142
147
145
146
146
141
1457
3448
3465

CH 6

151
147
142
141
141
147
137
139
139
137
144
135
1729
3448
3466

CH- 7

182
186
105
184
185
185
181
179
181
182
184
395
1896
3449
3467

CH 8

159
160
160
158
157
159
158
158
158
157
160
644
2228
3450
3468

i 9

145
145
146
144
146
146
147
147
142
145
145
976
2640
3452
3470

C1110

152
152
153
153
152
150
150
149
147
149
149
1237
2936
3454
3470

Cli

177
170
177
100
179
177
178
177
175
176
179
1452
3093
3455
3471

C1112

135
137
136
137
133
132
131
130
136
131
133
132
3320
3457
3472

C1113

164
164
162
160
160
163
162
161
164
160
160
163
3398
3458
3472

CH14

121
123
121
122
121
122
120
119
121
121
121
121
3415
3459
3473



SL. AD4-2D

LENGTH - 180 M NUTES DATE RUN 10 MAY 7e
PAGE 1
TIME
M S HRS CH S CH16 CHi 7 CHi 8 CHi 19 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
131 81 80 82 81 81 81 81 84 82 82 642 800 900 1065
146 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
331 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
531 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
1 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



C1116

83
83
83
83
83
83
83
83
83
83
83
83
83
83
83
83
83
83
84
84
84
04
84
84
84
84
84
84
84
04
85
85

CH24

100
101
102
102
103
104
105
106
107
100
109
110
111
112
114
115
116
117
110
119
120
121
123
124
125
126
127
129
130
131
133
134
135
137
139
140
141
142

145
146
147
148
149
152
153
155
156
158
159
161
162
164
166
167

CH26

1580
1596
1567
1607
1592
1621
1623
1644
1646
1657
1657
1669
1673
1688
1693
1696
1697
1700
1699
1699
1698
1702
1700
1667
1670
1702
1713
1727
1739
1745
1725
1747
1766
1775
1755
1748
1792
1807
1816
1823
1020
1823
1823
1810
1814
1813
1819
1826
1830
1840
1853
1844
1841
1835
1831

CH27

1849
1889
1808
1888
1821
1882
1884
1917
19i 7
1937
1938
1959
1964
1991
1998
2000
1998
2001
2002
2000
1995
2003
1991
1913
1915
1981
2003
2029
2049
2050
1992
2038
2066
2078
2019
1994
2087
2114
2124
2132
2120
2125
2130
2105
2118
2119
2127
2135
2138
2150
2166
2143
2137
2131
2121

CH28

2221
2291
2146
2277
2151
2239
2254
2291
2295
2327
2331

2363

2374
2412

2421
2422
2417

2420
2424
2416
2406
2418
2396
2251
2259
2366
2406
2450
2476
2472
2359
2445
2483
2499
2388
2340
2501
2544
2553
2564
2539
2547
2559
2521
2542
2544
2556
2567

2569
2583
2603
2561
2549
2541
2527



PAGE

3

TIME

S

16
31
46
1
16
31
46
1
16
31
46
1
16
31
46
1
16
31
46
1
16
31
46
1
16
31
46
1
16
31
46
1
16
31
46
1
16
31
46
1
16
31
46
1
16
31
46
1
16
31
46
1
16
31
46

HRS CHIS

84
84
84
84
85
84
85
85
85
85
85
85
85
85
85
86
86
86
86
86
86
86
87
87
87
87
87
87
87
87
87
87
07
87
87
87
87
88
88
88
88
88
88
88
89
88
88
B8
88
8
09
09
89
89
9

CHiS

85
86
85
07
86
86
86
65
87
87
06
87
87

87
87
88

89

88
90
91
90
91
92
91
90
90
89
89
91
90
91
89
90
90
91
91
92
91
92
93
92
90
90
91
91
91
92
92
91
91
91
90

CH20

83
83
84
84
84
84
84
84

04

84
84
84
85
85
86
86
86

86
87
07
87
87
88
87
87
87
87
87
88
88
88

88
88
88
B8
88
89
89
89
89
89
89
89
89
89
90
90
90
90

89

196
197
198
200
201
202
204
205
206
207
209
210
211
212
213
214
216
217
218
219
221
222
223
224
226
227
228
229
2.30
231
232
233

CH26

1841
1042
1843
1844
1843
1046
1057
1865
1858
1856
1863
1069
1875
187
1779
1731
1724
1724
1730
1727
1725
1724
1723
1724
1725
1728
1730
1734
1734
1756
1779
1764
1753
1750
1755
1760
1763
1764
1766
1764
1767
1769
1791
1798
1815
1820
1829
1036
1840
1844
1949
1055
1057
1904
1079

C1127

2143
2138
2139
2136
2131
2134
2159
2174
2159
2150
2160
2167
2176
2202
1922
1842
1026
1825
1834
1827
1823
1822
1820
1821
1822
1024
1824
1834
1830
1877
1921
1880
1852
1844
1050
1056
1861
1862
1865
1863
1866
1871
1925
1922
1953
1961
1980
2002
2015
2023
2029
2039
2000
2153
2091

CH28

2562
2549
2550
2543
2529
2538
2579
2606
2579
2561
2575
2503
2593
2642
2131
2021
1995
1993
2005
1994
1989
1987
1984
1985
1985
1986
1987
2003
1994
2077
2143
2061
2018
2001
2011
2020
2025
2027
2030
2027
2030
2045
2113
2128
2170
2178
2212
2248
2272
2203
2)90
'305
2339
2491
2394



C1116

97

99

98

98

99

99
100
100
100
100
101
100
101
102
101
102
102
103
103
104
105
105
105
105
105
106
108
107
106
107
106
106
104
107
108
107
108
109
109
109
108
109
109
109
110
109
110
110
111
111
112
114
114
114
114

CH20

0

39
90
00
90
90
91

90
92
91
02

02
)2
92
93
92
93
94
94
94
94
94
94
94
94
94
95
95
94
93
94
94

94-

95

96
95
95
96
96
96
96
97
96
96
97
97
97
98
99
99

too

CH22

105
104
103
103
103
103
102
103
102
104
103
103
104
103
104
105
104
106
106
106
106
106
105
107
108
108
106
105
106
106
104
108
107
. 108
109
108
109
109
109
109
108
108
107
106
107
108
107
106
108
109
111
110
110
110
109

CH24

235
236
237
238
239
240
241
242
244
244
246
246
247
240
249
250
251

253
254
254
255
256
256
257
258
259
260
261
262
262
263
264
265
266
266
267
267
268
268
269
270
271
272
273
273
274
275
277
277
279
280
281
202
283

C1125

1617
1621
1626
1629
1624
1616
1610
1609
1611
1614
1619
1622
1627
1630
1635
1636
1637
1641
1643
1641
1641
1639
1637
1630
1643
1646
1647
1647
1646
1646
1646
1653
1660
1657
1640
1645
1648
1657
1666
1674
1666
1651
1642
1645
1652
1661
1666
1676
1682
1682
1681
1679
1670
1677
- 1670

CH26

1879
1942
1963
1977
1974
1966
1963
1966
1965
1974
1970
1972
1984
1987
1998
1999
1998
2000
1996
1993
1092
1902
1976
1993
1958
2007
1967
1979
1887
1844
1851
1063
1856
1840
1833
1031
1032
1863
1902
1694
1064
1839
1845
1921
1968
2020
2031
2045
2021
2042
2048
1928
1895
1892
105)1

CH27

2083
2227
2269
2295
2295
2286
2288
2293
2287
2306
2289
2290
2312
2316
2335
2338
2335
2335
2327
2326
2080
2143
2300
2333
2233
2354
2251
2268
2063
1975
2000
2008
1980
1951
1944
1944
1941
2008
2072
2055
1993
1961
1989
2157
2255
2355
2379
2393
2315
2379
2396
2110
2043
2038
2015



HRS CHi$

121
120
121
121
121
122
123
124
124
123
123
121
120
122
122
124
125
122

CHIS

100
102
105
106
106
104
103
107
106
106
104
104
102
100
100
105
106
109
107
107
107
107
106
107
103
105
103
107
106
107
104
106
107
105
103
103
102
106
105
107
105
103
104
104
106
109
106
102
103
104
104
107
104
104
103

C 120

99
100
101
101
101

99

99
1.00
100
100
100
100
100
100
100
101
102
103
102
103
103
102
102
103
102
102
102
103
103
104
103
103
Jo4
103
102
103
103
103
103
103
103
103
105
105
107
105
105
104
104
104
10S
104
106
107
105

CH21

100
102
101
102
101
99
98
99
99
99
98
99
99
99

101
101
102
102
102
103
101
101
102
102
102
102
102
103
102
101
101
101
100
100

99
100

99
100

99

99

99
102
103
105
103
102
101
100
100
102
101
103
104
101

CH22

109
109
111
111
110
112
113
113
112
109
112
112
111
110

112
112
112
110
111

109
113
114
112
110
111

110
112
114
114
113
117
114
117
112
115
113
115
115
115
113
113
113
111

113
113
113
113
115
115
114
116
112
112
118

C123

91
90
91
91
91
91
91
91
92
91
91
91
91
91
91

91
91
92
92
92
92
92
92
92
92
93
92
92
92
92
93
93
93
92
92
92
93
93
93
92
93
93
93
93
93
93
93
93
93
93
93
93
93
94

CH24

284
205
285
287
287
208
209
290
291
292
293
293
295
296
296

298
299
300
300
301
302
303
304
305
305
306
306
307
308
309
310
309
310
311
312
313
313
314
314
314
316
316
318
319
319
319
320
320
319
320
322
323
324
324

CH25

1677
1678
1681
1684
1686
1689
1694
1702
1699
1680
1663
1660
1664
1670
1677
1683
1689
1693
1701
1701
1692
1680
1677
1685
1696
1707
1714
1711
1706
1702
1700
1699
1699
1701
1705
1710
1714
1716
1718
1721
1721
1720
1719
1720
1725
1733
1736
1740
1741
1738
1727
1715
1704
1693
1695

CH26

1937
1946
1977
1916
1876
1919
2023
2041
1966
1877
1842
2004
2018
2029
2049
2039
2049
2050
2064
2064
2058
1915
1065
1869
1887
1942
1971
1984
1969
1956
1936
1923
1914
1923
1912
1911
1915
1919
1904
1907
1906
1903
1901
1903
1909
1957
1996
2018
2028
2037
2039
2012
2019
1997
2013

CH27

2128

2157

2226
2076

1993

2105
2327
2357
2172
2004

1992
2328

2351

2365

2401

2362

2381

2377
2396
2396
2384

2078
1970
1976
2001

2116
2165
2196
2168
2143
2106
2077
2054
2069
2042
2036
2037
2041
2011
2011
2008
2005
2001
2003
2011
2107
2105
2221
2240
2262
2277
2250
2255
2231

2251

CH28

2416

2456
2571
2307

2179
2395
2776

2820
2454
2200
2285
2797
2831
2844
2094
2821
2857

2844
2862
2868

2819

2313

2158
2150
2183
2378
2449
2502
2449
2404
2357
2304
2270
2287
2245
2231
2232
2232
2185
2102
2170
2174
2169
2171
2179
2339
2462
2513
2540
2579
2607
2580
2580
2554
2579



HRS CHIS

102
103
103
103
103
104
104
104
104
104
104
104
104
104
105
105
105
105
105
105
105
105
106
106
106
106
106
106
106
107
107
107
107
108
100
108
108
108
108
108
108
108
108
109
109
109
109
109
108
109
109
110
110
110
110

CH16

124
123
124
126
126
126
127
127
125
124
124
124
124
126
126
125
126
125
125
126
128
129
126
126
125
124
126
128
129
129
129
130
129
130
128
129
129
129

127
126
123
126
130
128
131
130
127
130
127
125
128
130
130
131

C1l7

140
136
138
142
143
140
136
133
140
141
135
139
139
143
141
137
139
130
136
135
137
143
134
139
135
140
143
146
143
145
149
142
143
150
152
145
149
151
146
141
140
137
143
146
140
141
141
140
139
137
137
139
143
150
146

CHIC

106
106
105
105
109
107
105
104
106
103
104
103
106
106
106
104
105
103
105
.104
107
108
107
108
106
106
106
109
109
108
108
107
108
111
109
108
108
109
108
104
104
102
103
107
106
109
108
107
105
105
107
106
105
107
106

Cil19

99

98

99
100
100
100
101
100

99

99

99
100
100
101
101
100
101
100
101
101
101
100
100
100
100
100
101
100
101
101
101
103
101
101
101
101
101
102
103
102
102
102
102
103
103
103
103
102
103
103
102
103
104
104
104

CH20

106
106
107
108
108
108
108
107
107
107
107
107
107
108
109
109
.09
10
109
110
110
110
108
109
108
108
109
109
111
110
110
111
111
111
111
Ji11
111
113
113
111
111
111
112
113
112
113
113
112
113
112
110
112
113
115
114

CH21

102
102
104
106
106
106
106
104
104
104
102
103
104
106
105
106
105
103
103
105
105
106
103
104
102
102
105
106
107
107
107
106
107
100
108
108
108
109
109
105
105
105
107
100
105
107
106
106
106
104
102
106
108
110
109

CH23

94
94
94
94
94
94
94
94
95
94
94
95
94
95
95
95
95
95
95
94
95
95
96
95
96
95
95
95
96
96
97
96
96
97
97
97
97
97
96
96
96
96
96
96
96
96
96
96
96
97
97
96
97
97
97

CH24

325
327
327
328
328
329
330
331
332
332
333
333
334
334
334
335
335
336
337
336
336
337
337
339
339
341
340
341
342
343
343
344
344
346
347
347
350
350
351
351
353
355
354
355
356
357
359
359
360
361
361
363
363
365
366

CH26

2018
2027
2031
2029
2026
1975
2012
1985
1990
2005
1972
1961
1955
1950
1949
1948
1950
1952
1951
1954
1956
1959
1961
1959
1950
1965
1968
1969
1969
1968
1969
1972
1975
1975
1978
1981
1981
1979
1977
1979
1982
1984
1987
1988
1984
1985
1988
1987
1984
2007
2012
2023
2027
2007
2018

CH28

2583
2603
2614
2600
2566
2395
2504
2386
2386
2397
2309
2282
2270
2263
2260
2259
2260
2261
2261
2264
2264
2267
2269
2267
2266
2275
2279
2279
2200
2277
2279
2283
2206
2284
2286
2289
2289
2287
2286
2291
2297
2299
2304
2316
2301
2296
2300
2299
2300
2364
2375
2392
2399
2377
2399



HRS CNi5

110
110
111

111
111

110
110
111

112
112
111

112
112
112
111

113
112

CH17

140
140
145
141
139
139
141
149
149
144
145
144
148
150
148
147
141
138
146
143
145
150
149
154
145
143
145
148
154
143
158
151
153
146
156
147
141
147
143
146
148
146
148
157
155
144
152
.150
145
145
149
137
145
141
142

CHi B

105
109
109
108
109
106
108
112
113
110
109
114
112
113
111
107
107
106
*107
108
111
114
113
115
115
110
109
112
111
112
111
111
108

110
108
106
106
108
110
108
108
110
110
110
107
109
. 113
111
109
108
106
109
106
107

CH19

104
104
104
103
103
104
105
106
106
107
106
106
104
103
104
105
103
105
105
105
106
108
100
107
107
106
106
106
105
107
106
105
105
106
107
107
106
105
105
106
107
107
107
107
107
107
100
100
108
107
107
105
106
106
107

CH20

114
114
114
113
113
114
116
117
116
117
116
117
115
115
116
115
113
115
116
116
118
119
120
119
117
117
117
117
116
118
117
117
117
118
119
119
118
116
115
117
119
119
119
119
119
119
120
120
119
118

17

.18
117
119

CH21

107
108
109
107
105
108
110
112
111
110
111
110
110
110
110
109
104
107
108
108
111
113
115
113
110
111
110
109
110
111
111
111
110
112

114
112
108
106
108
111
112
113
112
113
110
112
113
111
109
109
106
109
100
110

CH22

126
131
129
135
133
130
130
129
130
.134
132
134
131
129
134
132
137
135
136
140
135
136
132
134
136
136
140
137
136
138
136
134
134
141
136
135
137
143
142
144
142
142
140
138
140
143
138
142
141
139
142
144
138
141
140

CH23

97
90
98
90
98
97

98

99

99

99

99

99

99

99

99
100

99

99

99

99
100
100
101
100
100
101
100
100
101
101
101
101
102
101
101
101
101
102
101
102
102
102
102
102
102
103
103
102
102
102
102
102
103
102

CH24

367
368
367
370
372
373
374
375
376
377
378
379
380
381
382
383
384
384
385
386
387
387
388
388
389
389
390
390
391
392
392
392
393
394
395
395
395
396
396
397
397
398
398
398
399
399
400
400
400
401
401
402
402
402
403

CH25

1764
1763
1762
1759
1757
1756
1757
1762
1764
1765
1768
1772
170
1784
1780
1775
1776
1776
1775
1772
1774
1779
1780
1780
1782
1783
1784
1788
1791
1790
1792
1797
1000
1800
1802
1000
1800
1799
1798
1796
1797
1797
1796
1798
1800
1801
1803
1804
1806
1810
1817
1022
101
1,09
1003

CH26

1996
1985
1983
1981

1981

1979

1981

1986

1990
1990
1992
1996
2003
2011

2004
1999
2013
2027
2040
2050
2060
2066
2067

2064

2050
2050

2054
2037
2028
2024
2024
2029
2032
2032
2032
2032
2031

2034
2030
2026
2028
2029
2028
2028
2032
2033
2035
2037
2040
2044
20!2
2056
2049
2037
2029

CH27

2135
2115

2113
2110
2111
2108
2111
2117
2122
2120
2122
2125
2132
2144
2134
2129
2157
2184
2211

2235
2253
2261
2260
2255

2226
2226
2231

2192
2172
2164
2163
2167
2169
2169
2168
2169
2169
2174
2167
2162
2164
2165
2165
2164
2168
2171
2173
2176
2179
2183
2193
2193
2185
2170
2161

CH28

23136

2308
2304
2301
2303
2299
2302
2309
2315
2312

2314
2317
2324
2339
2327
2322
2369
2409
2447
2492
2515
2526
2524
2514

2466
2470
2477
2411
2379
2367
2363
2366
2369
2368
2366
2367
2369
2377
2366
2360
2362
2363
2363
2362
2366
2369
2371
2375
2378
2303
2393
2392
23C2
2365
2354



TI ME

S

16
31
46
1
16
31
46
1
16
31
46
1
16
31
46
1
16
31
46
1
16
31
46
1
16
31
46
1
16
31
46
1
16
31
46
1
16
31
46
1
16
31
46
1
16
31
46
1
16
31
46
1
16
31
46

HRS CH S

115
116
117
116
117
117
117
117
118
117
117
117
119
119
119
119
119
119
120
120
120
120
119
120
119
119
120
120
121
121
121
121
121
122
122
122
121
122
122
123
123
123
123
123
123
124
124
123
124
124
124
125
125
125
124

CH16

133
133
131
127
130
130
132
133
135
132
133
134
137
138
138
139
137
137
138
139
133
130
134
136
135
135
135
140
139
140
139
140
140
139
139
140
140
139

137

137

134
137

139
139
138
140
135
136

137
138
138
135
136
140

141

CH17

139
140
142
139
144
138
137
144
144
142
140
147
144
143
150
143
141
144
146
142
138
139
144
145
145
148
148
148
146
152
145
149
150
156
152
150
153
150
149
147
141
150
149
148
152
149
141
148
147
150
152
150
154
150
152

CHI 8

109
108
109
109
113
108
108
111
109
109
111
111
111
110
114
111
108
111
111
114
110
108
109
110
111
111
110
115
115
118
112
112
117
115
113
115
114
111
111
109
113
116
113
114
114
116
111
113
115
114
114
116
118
116
116

CH19

107
107
107
106
107
107
107
107
108
107
108
108
108
109
109
109
109
109
109
109
108
108
108
108
108
109
109
110
110
111

111

111
111
112
111
111

112
110
111

111
111

111

112
112
112
113
111

111
111

111

112
112
112
113
113

CH21

111
110
109
107
109
111
112
112
110
110
111
113
112
114
115
114
112
113
115
114
110
111

112
113
114
114
114
116
115
115
113
114
116
117
116
117
119
113
113
112
113
115
117
117
118
116
113
116
114
116
116
114
116
118
118

147
144
145
150
146
152
151
151
152
152
146
143
143
154
152
143
148
147
148
151
148
146
148

CH23

102
102
103
103
103
103
102
103
103
103
103
103
103
103
105
104
105
104
105
105
105
104
103
104
105
105
105
105
105
106
106
105
106
106
107
107
107
107
106
107
107
107
108
108
108
108
108
107
108
108
107
108
108
109
109

CH24

403
404
404
404
405
405
406
406
407
407
408
408
408
409
409
409
410
410
410
411
411
411
412
412
412
413
413
413
414
414
414
415
415
416
416
416
417
417
417
418
418
419
419
419
420
420
420
421
421
422
422
422
423
423
423

CH25

1801
1806
1813
1820
1820
1814
1005
1801
1797
1798
1800
1803
1809
1813
1818
1821
1824
1825
1824
1822
1826
1830
1829
1829
1829
1827
1825
1822
1821
1821
1822
1824
1825
1826
1826
129
1832
1831
1830
1832
1834
1839
1840
1841
1840
1844
1845
1841
1037
1938
1030
1043
103
1041
1830

CH26

2025

2033
2041

2051

2053
2046
2039
2036
2033
2034
2037
2042
2048
2053
2059
2062
2063
2064
2062
2056
2063
2071
2097
2119
2126

2138
2147
2149

2146
2149
2148
2155

2136
2101

2105
2110
2113
2110
2091

2085
2084
2090
2090
2102
2093
2092
2092
2086
2083
2083
2004
2007
2008
2085
2002

CH27

2154
2165
2173
2187
2190
2182
2176
2174
2171
2173
2176
2183
2190
2195
2203
2206
2206
2206
2203
2194
2205
2214
2264
2306
2324
2348
2367
2369
2370
2377
2372
2388
2349
2279
2288
2292
2297
2291
2257
2242
2239
2244
2253
2265
2249
2243
2242
2234
2232
2232
2232
2234
2235
2231
2227

CH28

2346

2358
2368
2384

2387

2380

2375

2374
2371

2372
2377

2385

2394
2399

2407
2410

2409
2408
2404
2392
2407
2421
2498

2566

2589
2627
2660
2672
2675
2681
2674
2697
2624
2522
2535

2538

2547

2536

2483
2459
2453
2457
2482
2493
2465
2454
2451
2443
2440
2440
2439
2440
2442
2437
2433



TIME

M

109
109
109
109
110
110
110
110
111
111
111
111
112
112
112
112
113
113
113
113
114
114
114
114
115
115
115
115
116
116
116
116
117
117
117
117
118
118
118
118
119
119
119
119
120
120
120
120
121
121
121
121
122
122
122

S

16
31
46

16
31
46

16
31
46

16
31
46

16
31
46

16
31
46

16
46

16
31
46

16
31
46

16
31
46

16
31
46
16
46
16
31
46

16
31

HRS CHiS

124
125
125
125
126
127
127
126
127
126
127
127
128
128
127
128
126
127
129
129
129
129
129
129
129
128
129
130
130
129
130
131
132
131
132
133
134
133
133
134
134
134
135
135
135
135
135
135
134
135
137
136
137
136
137

CH16

143
141
135
138
140
142
143
142
142
143
141
145
144
145
143
139
141
143
144
144
140
142
143
138
135
138
139
144
142
145
144
145
147
144
144
143
143
144
144
143
145
148
145
143
140
140
142
144
143
143
144
145
146
145
144

CH17

156
154
150
154
157
156
155
155
153
160
153
154
154
154
152
151
155
154
154
155
155
156
153
146
154
152
156
158
158
154
158
161
159
160
160
166
160
159
159
162
156
162
159
155
151
152
155
161
155
164
155
163
162
157
156

CH18

117
116
112
114
116
117
116
116
115
119
116
115
114
116
114
113
116
115
116
‘114
115
117

CH19

113
113
112
113
112
113
114
114
114
113
115
115
115
115
115
114
113
114
113
114
114
114
114
113
114
114
114
116
116
115
116
117
116
114
116
116
118
118
117
117
118
117
116
117
116
116
117
116
116
115
116
116
117
117
117

CH20

127
128
125
126
126
128
129
128
128
128
129
130
130
129
128
127
A28
129
129
129
128
129
128
127
127
128
129
131
131
130
131
133
[32
130
130
131
132
132
131
132
132
132
132
131
130
132
133
132
132
132
131
132
133
133
132

CH21

119
118

115
118
118

120
121

119
120

120
120
121

121

120
118
118
119
118
120
119
118
119
117
114
116
117
120
121

121

121

123
124
123
122
122
122
123
124
123
123
123
123
122
121
120
122
121
121
122
122
122
122
123
123
122

CH22

145
149
150
149
144
144
149
151

150
146
148
147
146
149
153
148
150
152
150
152
152
153
154
159
152
147
148
147
151

151

148
153
154
152
154
154
152
154
155
152
155
152
150
152
149
147
153
151
152
145
149
150
149
146
152

CH23

109
108
109
109
108
109
110
110
109
110
109
110
110
109
110
111

110
110
111

111

111

111

111

112
111

111

112
112
112
112
113
113
114
112
113
113
113
114
114
114
115
115
115
114
114
114
115
115
116
115
115
115
116
115
114

CH24

424
424
424
425
425
425
425
426
427
427
428
428
429
429
429
430
430
430
430
430
430
430
430
430
430
431
432
433
433
434
434
434
434
435
435
435
436
436
436
437
437
437
437
437
437
438
438
438
438
438
438
438
439
439
439

CH26

2080
2079

2003

2090
2091

2098

2090

2008

2090

2089
2088
2038
2089
2090
2091

2093
2095

2098
2102
2102

2100

2099

2100

2103

2106

2105

2100
2097
2093
2089
2087
2088
2093
2097
2100
2099
2096
2093
2090
2086
2087
2091
2102
2106
2095
2110
2115
2118
2117
2116
2113
2112
211.1
2117
2119

CH27

2225
2223
2229
2236
2237
2243
2238
2234
2237
2236
2236
2235
2235
2237
2239
2243
2243
2247
2251
2252
2249
2248
2249
2253
2256
2255
2250
2245
2240
2234
2231
2231
2236
2240
2243
2240
2236
2233
2230
2226
2227
2232
2244
2248
2237
2257
2264
2269
2260
2269
2266
2264
2263
2270
2271

CH28

2430
2429
2435
2442
2444
2449
2444
2441
2444
2443
2443
2442
2441
2445
2447
2452
2450
2455
2460
2461
2458
2457
2458
2463
2466
2465
2459
2453
2447
2440
2435
2435
2440
2444
2446
2442
2438
2435
2431
2427
2428
2434
2447
2452
2442
2465
2473
2480
2479
2400
2478
2476
2476
2483
2484



PACE 10

TI ME
M S

122 46
123 1
123 16
123 31
123 46
124 1
124 16
124 31
124 46
125 1
125 16
125 31
125 46
126 1
126 16
126 31
126 46
127 1
127 16
127 31
127 46
128 1
128 16
128 31
128 46
129 1
129 16
129 31
129 46
130 1
130 16
130 31
130 46
131 1
131 16
131 31
131 46

132 16
132 31
132 46
133 1
133 16
133 31
133 46
134 1
134 16
134 31
134 46
135 1
135 16
135 31
135 46
136 1
136 16

HRS CH S

137
137
136
135
136
137
139
139
139
140
142
142
142
142
141
142
142
141
140
140
140
140
142
140
141
142

144
145
144
144
144
144
145
145
145
145
145
145
145
144
145
144
146
145
144
144
144
145
143
142
142
145
147
147

CH16

148
147
147
146
146
145
143
145
145
146
146
146
145

147
150
151
147
146
144
146
146
142
144
146
149
148
148
150
149
148
148
147
148
150
150
147
147
150
149
150
150
148
147
144
145
146
147
147
149
147
148
152
152
153

CH17

162
163
170
164
161
166
158
164
165
162
161
158
157
162
162
161
166
163
164
165
164
159
160
163
166
167
162
160
163
162
159
161
161
166
175
163
164
163
163
166
166
168
165
160
158
168
167
168
165
167
166
177
72
166
172

CH18

120
120
123
121
122
123
121
122
125
126
125
123
122
125
124
123
123
123
124
124
126
121
121
121
125
125
123
123
122
121
123
119
120
125
126
127
125
124
126
124
126
127
124
125
121
125
125
126
128
126
126
130
131
132
120

CH19

117
117
117
117
119
119
118
119
118
119
120
122
120
119
119
120
120
120
120
120
120
120
120
120
120
120
119
121
121
122
120
120
119
120
120
120
119
119
120
119
119
120
120
119
119
119
121
122
122
121
121.
122
123
123
124

CH20

133
132
132
133
135
134
132
133
134
134
135
135
133
133
134
135
135
135
135
135
136
134
133
135
135
135
135
136
137
137
136
135
135
137
137
136
137
137
137
137
137
138
138
136
135
136
137
138
138
1:8
130
139
140
140
3(1

CH21

123
123
124
125
126
124
123
124
125
126
128
125
122
124
125
125
126
126
126
126
127
123
122
125
126
126
126
125
126
126
126
125
126
127
126
127
128
127
128
128
128
128
129
125
125
126
127
128
128
129
129
130
131
131
131

CH22

151
149
150
149
152
157
161
158
157
157
160
163
165
156
156
153
160
154
157
157
154
157
161
156
158
159
155
161
156
158
163
163
160
159
157
155
149
149
156
157
159
155
151
159
158
158
153
156
159
164
157
164
164
167
162

CH23

115
115
115
116
117
117
117
116
117
118
118
118
118
117
117
117
117
118
118
119
118
118
118
118
119
118
118
118
118
119
120
120
119
119
121
120
120
120
120
120
120
120
120
121
121
121
121
122
122
122
122
123
122
123
123

CH24

440
440
441

441

441

441

442

442

442
443

443
444
444
444
445
445
445
445
446
446
447
447
447
448
448
449
449
449
450
450
450
451
451
452
452
453
453
453
454
454
454
455
455
456
456
457
457
458
458
458
459
459
459
460
460

CH25

1858
1857
1855
1851

1849
1849
1853
1856
1857
1857
1858
1857
1855
1855
1856
1860
1863
1864
1862
1861
1861
1863
1867
1866
1864
1866
1869
1873
1870
1867
1870
1873
1874
1879
1882
1882
1882
1880
1879
1881
1879
1877
1879
1878
1878
1877
1874
1872
1870
1870
1872
1873
1874
1074
1877

CH26

2120
2113
2098
2081
2102
2103
2107
2111
2112
2113
2113
2112
2111
2111
2114
2117
2120
2121
2121
2119
2120
2122
2127
2127
2126
2128
2132
2135
2133
2128
2133
2135
2136
2141
2144
2142
2142
2141
2141
2143
2142
2141
2143
2141
2139
2136
2135
2132
2132
2133
2135
2137
2138
2138
2141

CH27

2271
2264
2248
2228
2253
2255
2259
2264

2265
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2267

2265
2264
2265
2268
2271

2275
2275
2276
2274

2276
2279
2285
2286
2284
2286
2292
2294
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2286
2292
2293
2294
2301
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2300
2299
2299
2301
2302
2301

2303
2300
2297
2291
2292
2290
2290
2292
2293
2296
2298
2297
2301

CH28

2483
2476
2458
2436
2465
2466
2471
2477
2477
2478
2479
2478
2477
2479
2482
2485
2489
2490
2491
2489
2491
2495
2502
2503
2502
2505
2510
2512
2509
2504
2510
2511
2512
2519
2522
2517
2516
2515
2516
2519
2521
2519
2521
2517
2514
2507
2509
2507
2507
2509
2511
2514
2516
2516
2519



PACE 11

TI ME

M S HRS CH' S 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 46 150 150 165 125 125 141 131 161 125 471 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 1.27 127 143 134 162 127 476 1893 2167 2334 2559

150 1 153 . 155 174 128 127 14e, 134 159 127 477 1895 2171 2339 2564
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1906
1906
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CH28
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2578
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PACE 13

TI ME

M S HRS CH15 CH16 CH17 CHi 8 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 1 154 156 182 127 132 148 136 169 137 506 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
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RATE OF RI SE DATA
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Rate of Rise - Slab 4
5-Mnute Intervals (Cont'd)

M N 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
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Rate of Rise Data - Slab 4
10-M nute Intervals (Cont'd)

M N: SEC CH15 CH16 CHL7 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-M nut e
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DATA SYSTEM
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V-2

DATA SYSTEM

To record thermécouple datavfrom_the unexposed side of the test
penetratiqns and the furnace temperature, it was necessary‘to employ a
data system capable of handling fifty channels of data. This system was
comprised of a aigital temperature recorder, a papér tape recorder-reader,
a minicomputer, and a large computer center.

Thermocoupleé were directly wired.to Kaye Instruments, Digital
Temperaturé Recorders. These units supply a data presentation of thermo—.
couple output in degrees Farenheit in column format. The Kaye recorderé
are parallelea to paper tape recorders.

There were two 8-level Facit recorders used during the test to
record ;he actﬁal 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 température. For actual placement of thermdéouple
locations, see Figures IV—l to IV-8, Appendix IV.

Two forﬁs of data were taken from the recorder. One was a priﬁted
copy of listings 6f temperature and the other is an 8-level punch tapeb
which is used as an inpﬁt source to the Wang 2200T computer system.

The Wang system éccepts the 8—1ev¢l punch tape via a high speed tape
recorder, where it is stored on a permaﬁent 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.



The Wang also has the options to plot all temperatufe 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 commqnicated 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 Southwes£ 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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Figure V-2

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.




VACUUM SYSTEM
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VACUUM SYSTEM

Aé requested by individual sponsors, it is possible to impose
a differential pressuré 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 furnacé 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 thé faced burning of cable insulation
on the exposed side. To put a negative pressure on the unexposed side
involves cdnstruction of a large ¢hamber that seals to the cold side of
the test élab.' Thié enclosure is’fhén attached to a‘high volume, high
pressure biower as shown in Figure VII-l; Confrol of the pressure levél

5 obtained by dampers at thie iutake of the biuwer ot vun the enclosure

ke

itself.

Because the chamber restricts freé access of air on the unex-
posed side of the furnace, it is possible to obtain higher teﬁperatures
on the cold side than normal. However, early testsvihdicated thaf 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.



VI-3
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Figure VI-1. Vacuum System



4).

5)
§)
7)
8)

9)

The vacuum enclosure i1s mated to the test slab by
a three inch angle seal surface. The seal 1s made
by a large bead of standard air conditioning duct
putty. . :

The enclosure and slab are fastened together using
C-Clamps.

The blower and duct assembly are attached and sealed
to the vacuum enclosure.

The blower is started and the selected vacuum is
established.

Inspection‘of the penetration seals is accomplished
from the inside of the furnace with the vacuum on.

Once all seals have been vérified, the vacuum system

is allowed to establish steady state for five minutes

prior to the start of the fire exposure period.

VI-4

‘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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SLAB #4 (B1-B8)

TIME FURNACE TEMPERATURE REMARKS PRESSURE
Actual Hr:Mins Actual ‘Required ) AP.L AP.R.
7:20 -5 - 79°F : ‘
7:25 0 79°F Smoke from inside 1.2 1.3
7:30 5 1445°F 1000°F OK 1.1 1.3
7:35 . 10 1243°F 1300°F © 0K 1.2 1.3
7:40 15 1370°F 1399°F OK 1.1 1.3
7:45 20 1440°TF 1462°F Smoke clearing 1.1 1.3
7:50 25 1519°F - 1510°F OK 1.1 1.3
7:55 30 1545°F 1550°F 0K 1.1 1.3
8:00 35 1583°F -~ 1584°F OK 1.1 1.3
8:05 - 40 . 1610°F 1613°F OK 1.1 1.3
8:10 - 45 1632°F 1638°F OK 1.0 1.3
8:15 50 1655°F | 1661°F OK 1.0 1.2
8:20 | 55 1680°F 1681°F OK 1.0 1.2
8:25 1:00 1692°F 1700°F OK 0.95 | 1.15
8:30 1:05 1717°F 1718°F OK 0.95 { 1.15
8:35 1:10 1739°F 1735°F _ © 0K 0.95 | 1.15
8:40 1:15 1743°F | 1750°F OK 0.95 | 1.15
8:45 1:20 - 1759°F 1765°F OK 0.90 | 1.15
8:50 1:25 1769°F 1779°F Adjustment of AP.L.| 1.0 1.3
| 8:55 1:30 1790°F 1792°F OK 1.0 | 1.3
9:00 1:35 1800°F - 1804°F _ OK 1.0 1.2
9:05 1:40 1811°F 1815°F OK 1.0 1.2
9:10 1:45 1822°F 1826°F - 0K 1.0 1.2
| 9:15 1:50 1836°F 1835°F OK 1.0 1.2
9:20 1:55 1845°F 1843°F OK 1.0 1.2
19:25 2:00 1846°F © 1850°F OK 1.0 1.2
9:30 2:05 1848°F 1856°F | OK 1.0 1.2
1 9:35 2:10 -~ 1859°F 1862°F OK 0.95 { 1.15
9:40 2:15 1862°F 1868°F OK 0.95 ] 1.15
1 9:45 2:20 1876°F 1875°F OK 0.95 | 1.15
9:50 2:25 1880°F © 1881°F ' OK 0.95 | 1.15
9:55 2:30 1884°F | 1883°F OK 0.95 | 1.10
10:00 2:35 1895°F 1894°F )4 0.95 { 1.10
10:05 2:40 . 1900°F 1900°F OK 0.95 | 1.10
10:10 2:45 1908°F 1906°F OK 0.95 1} 1.10
10:15 2:50 1912°F |- 1912°F OK 0.95 | 1.10
10:20 2:55 1906°F 1918°F - OK 0.951{ 1.10
10:25 3:00 1940°F 1925°F "L 0K 0.95 | 1.10
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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 penetratlons 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 wused 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 1length of time. A fire rating for a 32
barrier may be arrived at by testipng 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, durlng the spec1f1ed time, it 35
contains the fire and its surface uﬂexposed to the fire does not
Qﬁat 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 spec1f1ed standard
fire hose test on the hot face.

Caution Re: ANSI/ASTM E119, Limitations | _ : uo

E119 cautions that its results give only a relative measure 42
of fire performance of comparable barriers (paragraph. 2.2), u3
that it does not measure degree of control or limitation of :
: smoke or products of combustion through  the assembly 45
‘ (paragraph 2.4.3), and does not consider the effect of 46
conventicnal openings, i.e., electrical receptacle outlets or
prlumbing pipe, etc. (paragraph 2. u.e).
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Standard Fire in E119

The standaxd fire is defined by a time-temperature
relationship which must be produced by the test furnace. ' The
seven defined p01nts on this curve are given as follows:

1,000 F (538 C) + at 5 min

1,300 F (704 C) at 10 min

1,550 F (843 C) . at 30 min

1,700 ¥ (527 C) at 1 hr

1,850 F (1,030 C) at" 2 hr

2,000 F (1,093 C) at 4 hr
2,300 F (1,260 C) at B8 hr or more

A more detailed description is given in ANSI/ASTM E119
Appendlx A1 which lists intervening points and tabulates the
-integrated area undexr the tlme-temperature curve as a
function of time.

The same standard fire is used on the cable penetration fire
test. -

Fundamental Difference Between a Fire Test on a Barrier Alone
, and a Penetration/Barrier Combination

' The flre resistive barrier described above has a relatxvely low

thermal conduct1v1Ly so that it can maintain a 1,300-1,600 F

temperature difference between the face exposed to , fire and the

opposite face. A cable penetration has a metallic electrical
conductor which has a very high thermal conductance. It may have

many large copper conductors and steel trays or conduits or metal

parts of the penetration, all of which pass through the barrier.
on the cool side of the barrier, these metal parts are
necessarily at a higher temperature than the wall adjacent to the
penetration. The stop material filling the interstices Dbetween
cables or between cables and the barrier should give comparable
thermal conductance to the barrier itself, in addition to
resisting the fire.

Thus the higher temperature rise of the metallic parts of the
penetration presents a new and different 'problem and.may make it
impossible to wuse the same pass-fail criteria as for the
barriers. An obvious failure occurs when sufficient heat is
transmitted so that the insulation of the cable on the cold side
bursts into flame. This is discussed further in Section 2.3.
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Max imum Allowable Cable Penetration Fire Stop Face Temperature

If one examines the temperatures across the unexposed face of the

cable penetration fire stop near the end of a three-hour test,

‘the temperatures will vary widely depending on the distance from

a cable or a raceway. 7The temperature of the unexposed face of
the cable penetration fire stop material at a point away from the

- cable or the raceway will also depend on the thermal conductivity

of the cable penetration fire stop material. The maximun
_ temperature on that face is the important one. If - this
" temperature 1is at the interface between the cable jacket and . the
cable penetration fire stop material, and this temperature. rises

- %o the self-ignition temperature of the cable jacket or- the . stop

materlal a fire-may result.

Thus, the test procedure finds the maximum temperature on the
unexposed cable penetration fire stop face and compares it with a
Qawlmum allowable temperature. -The maximum allowable temperature

is defined as one at which the 1nsu1at10n systems expected to be
‘used should not ignite.

The maximum allowable temperature is arrived at by an examination
of the known ignition temperatures of 1nsulat1ng materials.
Ignition temperature is measured by a procedure in ASTM D1929-68
(ANSI K65.111—1971) ®"Standard Methods of Test for the Ignition

 Properties of Plastics.®™ This is described as a hot-air 1gn1tlon.

furnace. The values obtalned represent the lowest ambient air
temperature that will cause ignition of the material under the
conditions of test. Measured properties are wflash-ignition
temperature® where an igniting source 1is present (small gas
flame) and "self-ignition temperature,®™ where ignition occurs
‘spontaneously. .

For ignition, there must be adequate temperature; the combustible
gases released from the hot insulation must be mixed w1th the
correct proportion of aire.

The requ11ed temperature to cause ignition would be much higher
than the ASTM value because the hot gases released are swept away
by air drafts, and a higher temperature is needed to produce a
higher rate of release of gases so that an ignitable gas/alr
ratio can be attained. Thus, there is a good factor of safety in
the assigned maximum allowable temperature.

Typical values of the ignition temperatures as determined in
ASTM D1929—68 (ANSI D1929-68) are given below in deg F:

A
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Material _ Flash~Ignition Self-Ignition
Cotton ,  B46-511 490
Newspaper nys : yys5
Pine shavings ' 406-507 500
Wool ' 401 -
Polyethylene 645 ' 660
Polyvinyl chloride 735 - 850
rolytetrafluroethylene —_—- ' , 986
Polyvinyl chloride-acetate 608-644 815-1,035
Polystyrene : ' 635-680 - 910-925

Nylon 66. - 750-790 788-806

The maximum allowable temperature selected for a cable
penetration fire stop should be based on the self-ignition
temperature of the outer cable covering the fire stop materials,

‘or materials in contact with the cable penetration fire stop,

whichever has the lower self-ignition temperature. For cable
penetration fire stops the self-ignition temperatures of the
outer cable covering and fire stop materials are generally above
700 Fo ’ : : ’ .

The  maximum allowable temperature 1is the actual measured
temperature on the unexposed side and not temperature rise. This
is because the ignition of a given material occurs at a specifiic
temperature F. '

What This Standard Does Not Do, and Problems Yet to Be
Covered '

‘Pressure Seals

- A penetration  fire stop and the fire barrier itself should,

in some locations, function as a seal to maintain any
existing pressure difference and should not pass through hot
gases or smoke. It should maintain that ability for the
duration of the rating test. While this problem is
recognized, the present standard does not address it, nor
does the E119 test. This should be a future task.

If it is desired by the user of this standard, he can specify
an added test, outside the scope of this standard and
supplementing  the information it provides, which would
require a check of the ability of the penetration to maintain
a differential pressure before, during, and after the fire
test. There has been no standard .method yet proposed and
accepted for checking this seal during a fire test.
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Ampacity Derating Due to Penetration Stops

It is recognized that the thermal insulating characteristics
of a penetration fire stop may : _ have an effect on
the ampacity of the cables passing through the penetration.
Design of the fire stop should address this effect. However,
ampacity considerations are not a part of the quallflcatlon
test and, consequently, are not within the scope of this
standard. '

Furnaces used in these rating tests are sometimes operated at
lower than atmospheric pressure, and thus hot gases or smoke
would not tend to leak outward but cold air would tend to
flow inward toward the fire. This test may not represent a

_typlcal situation in a real fire and should be. the subject of

future investigations.

Test Limitation and Cautions

Teeored o S e &} o ~€ Fhna ‘1\00 ‘\—\wwr\r 1«\ ﬁ\TC’T /\QW wt14a 14
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this test is run with a specific standard fire. - This fire

may or may not be as severe as fires actually experlenced and

hence may not predict the performance of the . cable
penetratlon fire stop barrier combination in Tactual service.
It is the judgment of those experienced in the field that
relative performance is accurately portrayed and the relative
values may be used as ‘a basis for englneerlng judgment in a
particular design situation.

The test, as already pointed out, gives no 1nformat10n on the
necesclty, if any, for ampacity deratlng of cables within the
cable penetration, nor does it give any indication of the
Capablllty of the stop to maintain a pressure differential
between the opposing faces of the barrier before, durlng, or

after a fire test.

Furthermore, the user must consider the higher temperature of
those components emerging from the face of the barxier not

exposed to fire, e.g., the conductors and metallic elements,

such as the +tray, conduit, or structural parts of the
penetration. These higher temperatures must be considered by
the designer who will perform a hazards analysis and will
take steps necessary to counter these hazards if any are

found.
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Electric Penetration Assemblies in Containment Structures

Electric penetration assemblies in containment structures are
not covered in this document. For gquidance in this area,
refer to IEEE Standard 317.

Seismic, Radiation} Aging, and LOCA

Although it is recognized that seismic, radiation, aging, and
LOCA conditions may be required to be considered and
evaluated for nuclear power plants, these effects are not

~within the scope of this standard. For guidance in these

areas, refer to IEEE-344-1975 and IEEE 323-1974.
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CABLE PENETRATION FIRE STOP QUALIFICATION TEST

1.0 SCOPE

)

This standard provides direction for establishing type tests
for qualifying the performance of cable penetration fire
stops when mounted in rated fire barrlprs.

PURPOSE

| The purpose of this standard is to establish type tests to

assure that cable penetration fire stops meet the required
fire ratinge.

2.1 General

The requirements presented 1nclude the pr1nc1oles and
procedures for testing. These test requirenments, when
met, will confirm the adequacy of the cable penetration
fire stop design under flre conditions tested.

2.2 ”Applicabili_l

Cable penetration fire stops that meet the requlrements
outlined herein are intended for use in power—gemerating
stations including nuclear-generating stations, as well
as other - applicable commercial -and industrial
installations. Among the categories of cables covered,

but not limited to, are those used for power, control,
and instrumentation services.

.3 Method of Approaéh

N

When a cable penetration is wused in a rated fire-
resistive barrier, the fire stop should remain intact
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
must limit the flow of heat or gases through from the
fire side as indicated by a relatively cool surface, one
whose temperature will not ignite gases, cotton waste,
" or NFPA Class A materials which require a temperature of
approximately 400 F (in E119 this is expressed as 250 F
above ambient). With a fire stop, however, there are
always metallic conductors and perhaps structural
portions of the penetration which present good thermal
conduction paths through the fire stop and whose
temperatures at the point of exit may exceed markedly
the approximately 400 F expected of the unpenetrated
wall. The temperature can be such that the insulation
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and jacket on the cable may ignite, indicating a failure
of the stop. These higher temperatures of the metallic
through—portions of the penetration must be considered
and evaluated by the user/designer. ‘

3.0 DEFINITIONS

These definitions establish the meanings of words in the
context of their use in this standard: '

3.1 Unexposed Side

The side of a fire-rated wall, floor-ceiling assembly,
or floor which is opposite to the fire side. Also
referred to as cold 51de.

3.2 Fire Resistive Barrier

A wall, floor, or floor-ceiling assembly erected to
prevent the spread of fire. {To be effective. fire
barriers  must have sufficient fire resistance to
withstand the effects of the most severe fire that may
be expected to occur in the area adjacent to  the fire
barrier and must provide a . complete barrier to the
spread of fire.) :

[N
|
w

 Fire Resistive Barrier Rating

This is expressed in time (hours and minutes) and
indicates that the wall, floor, or floor-ceiling
assembly can withstand, w1thout failure, exposure to a
standard fire for that perlod of time. The test fire
procedure and acceptance criteria are defined in
ANSI/ASTM E119—1976,‘ :

3.4 Flre Ratlng

The term applied to cable penetration fire stops to
indicate the endurance in time (hours and minutes) to
the = standard time-temperature curve in ANSI/ASTM
E119-76, while satisfying the acceptance criteria
specified in this standard. :

Cable Penetration Fire Stop

jw
’
(8,

’Materlal, devices, or an assembly of parts providing
cable penetrations through fire-rated walls, floors, or

flooxr ceiling assemblles, and maintaining their required .

- fire rating.
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Cable Penetration

3.6
An assembly or group of assemblies for electrical
conductors to enter and continue through a fire-rated
structural wall, floor, or floor—ceiling assembly.
2,7 Raceva
Any channel that is designed and used expressly for
supporting or enclosing wires, cable, or bus bars.
' Raceways consist. primarily of, but are not restricted
to, cable trays and conduits.
3.8 Module}
An opening "in a fire resitive barrier so located and
spaced from adjacent modules (openings) . that its
respective cable penetration fire stop's performance
will not affect the performance of cable penetration
fire stops in any adjacent module. A module may take on
any shape to permit the passaqe of cables from one or
any number Sf raciwayse '
TEST DESCRIPTION
4.1 General

‘This section describes the methods for testiﬁg cable

penetratlon fire stops around cables penetratlng a fire

_re31st1ve barrier.

5.1.1 Applicability

These  methods shall be applicable to
assemblies or groups of cables and materials
or components which comprise the fire stop
~ that will be installed in a fire resistive
barrier wall,. floor, ox floor-ceiling
assembly. . It 1is mnot the 1ntent, of this
standard to test the wall, ' floor, floor-
ceiling assembly or eother structural members
of the fire resistive barrier. Therefore, no
simulated structural loading is required.

3;1-2 _ Penetration Fire Stop Components -

Excluding Cable

Individual components: of the fire stop sy<tem
shall have a flame spread rating of 25 or less
in accordance with ASTM E8G. gpmponents to

36k

366

367

36%
36%

372
374
374
377
380

382

38:Z

380
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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.

Method of Testing

Qualification shall be by type testing of an .

actual full-sized cable penetration fire stop
or module indicative of installed conditions.

Test Experience

Cable penetration fire. stops and/or modules

that have successfully functioned undexr - test
can be considered qualified for equal or less
severe fire  rating. Testing ‘in the
floor/ceiling position qualifies the cable
penetration fire stops for either floor or

wall penetration provided the  cable
penetration fire  stop - under test is
constructed symmetrically so as to provide
equal resistance o - fire <from cithier  side.

For unsymmetrical design, refer to 4.3.5.

4.2 Test Specimens

4.2.1

Generxal

The type tests specified shall be for power,
control, and instrumentation (including signal
and communications} cables. The cable
penetration fire stops shall be installed in

modules or openings through fire-rated

barriers, which may be  lined with metallic
components. Cables may penetrate these
openings either directly without a raceway or
within a metallic raceway depending on the

‘intended installed configuration.

Cable Selection and Raceway Fill“

The selection of the sizes, construction, and
materials of the cables and cable penetration
opening fill to be used in the test shall be
representative of the cables used in the fire
stop under actual installed conditions.

398
4o
403
404
407

409
410
412

413
414
415
418.
420

422

422

425
426

427

437
439

440
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The cable sizes and cable penetration fire 443
stop fill listed in Table I may be used. If Luy
these sizes, constructions, or fills are not '
indicative of the actual installed conditions,

wore suitable selections shall be used. It is 447
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 rminimum, 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 450
fills as well as minimim and maximum should be

. tested in the openings. If these designs are 455
= . - Successfully tested, then ail . 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 " 359
. Dimensions and Type L 461

The opening dimensions and type of cable U463
penetration fire stops to be tested shall be
representative of the type o 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 U467
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 5469
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 876
modules are also qualified. Likewise, arrays 477
of openings or modules which are successfully
tested shall qualify similar arrays with the
same or larger spacing. _ 578

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 andiProcedure ' 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
paragraph 10.1. ’ ,

B.3.2 '~ System Test ‘ | o - 4oy

The cable penetration fire stop shall be U496

" tested as a complete  system. The raceway 497
mounting and anchoring to the fire stop
assembly, the cable arrangement, including 49°
attachment to raceway and the raceway £ill, 500
shall bhe 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 5713
an actual penetration in which the raceway
passes through the fire barrier, the test 5ilb

. 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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Orientation

Testlng in the floor/ceiling position-

qualifies the cable penetration fire stop for
either a floor or wall penetration. Cable
penetration fire stops that are symmetrlcal
with respect to design and location in the

wall/flooxr need only be fire tested on one

sidea Cable penetratlon fire. stop deq1gnsv
which are unsymmetrlcal in design or 1location

nay require . testing on both sides  for
qualification. For example of unsymmetrical
designs and location, refer to Appendxx 3.

Time—Temperature Curve

The test penetration module shall be subJected
to the standard tlme—temporature curve in
ANSI/ASTM E119-1976 ixeproduced in Appendix 1)
for the time necessary to obtain the required
fixe rating. :

Exposed Side Test Instrumentation

The temperature fixed by the curve shall be

'~ deemed to be the average temperature obtained

from the  readings of not less than three
thermocouples symmetrically disposed and
distributed to show the temperature for each
cable penetration fire stopa Additional
thermocouples shall be used, as necessary, for
larger test specimens. The thermocouples
shall be enclosed in sealed porcelain tubes
3/4 in. (19 mm) in outside diameter and
1/8 in. (3 mm) in wall thickness, or, as an
alternative in the case of base = metal

thermocouples, enclosed in sealed, standard-

weight, 1/2 in. (13 nm), black wrought steel
or black wrought iron pipe.. The exposed
length of the pyrometer tube and thermocouple
in the flame area shall be not less than
12 in. (305 mm). Other types of protecting
tubes or pyrometers may be used that, under
test conditions, give the same indications as
the above standard. For cable penetrations
through floors or flooxr/ceiling assemblies,
the junction of the thermocouples shall be
placed 12 in. away from the exposed face of
the test . penetration at the beginning of the
test and, during the test, shall not touch the

517

519
520
522

546

547
547

54¢

550
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sample as a result of its deflection. In the
case of cable penetration through walls, the
thermocouples shall be placed 6 in. (152 mm)
away from the exposed face of the test
penetration at the beginning of the test and
shall not touch the test penetratlon durlng
the test, in the event of deflectlon.

Exposed Side Temperature_Readlnq Intervals

The temperatures shall be read at intervals
not exceeding 5 min during the first 2 hr, and

thereafter the intervals may be 1ncreased to

not more than 10 min.

Flame Source Accuracy

The accuracy of thé flame source control shall
he such that the area under the  time-
temperature curve, obtained by averaglng the
results from the pyrometer readilngs, is wiiliin
the following tolerances, or exceeds the

corresponding area under the standard time—
temperature curve in Appendix Al.

Fire Test

Duration | , Tolerance
1 hr or less 10%
Over 7 hr to 2 hr 7.5%

‘Over 2 hr ‘ - 5%

Unexposed Side Temperature

Temperatures on the penetration cold side
surfaces shall be measured with thermocouples.
A minimum of three. thermocouples shall be

Jocated on the surface of each fire stop under
test. The maximum temperature on the face of

.~ the cable penetratlon fire stop shall be

measured . As a minimum, temperature shall be
measured at the cable jacket/cable penetration
fire stop interface, the interface between the
fire stop, and throuqh metallic components
other than the insulated cable conductor, and
on the surface of the fire stop material.
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§.3-71 Unexposed Side Temperature keading Intervals 592

remperature  readings  shall be taken at 5S4
intervals not exceeding 15 min until a reading 5855
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 o - | 600

A hose stream test shall be conducted 602
immediately following the end of the fire
endurance test and removal, if necessary, of 603
the test slab.

. gpr_ power—genératinq stations including 606
nuclear-generating stations, a 1 1/2 in. hose 607
O ~discharging through a nozzle approved, for use 608

on fires inm electrical eguipment producing 2
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 othexr 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 , ‘ S 621

9 | 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 624

——

limits specified, oxr any visible flame on the unexposed side, 620
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 1in 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 requlred fire ratlng.

5.1.2 Transmission of heat  through the cable 640
' penetration fire stop shall not xaise the 641
temperature on its unexposed surface above the
self-ignition temperature as determined in 642
ASTM D1929-68/ANST K65.111~1971 of the outer
cable covering, the cable penetration fire 643
‘stop material, or material in contact with the
cable penetration fire stop, when measured 1in
accordance with 4.3.70 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 6495
opening through the test specimen.
6.0 DOCUMENTATION OF TESTING , S 653

'Folloatng 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, Ehe following data shall be recorded: 662
.g. Manufacturer of cable . 664
Q; Manufacturexr®s designation for cable and generlc name of 667

materials used A 668
C. Temperature, current, and voltage rating .of éable 672
d. Physical dimensions lncludlnq conductor size 1nsu1at10n 674

and jdcket thickness _ 675
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_e. Miscellaneous construction details including type of 677
f. Manufacturer of fire stop materials or devices 6€0

qe. Manufacturer of fire stop designation and geheric name 682
of materials and/or devices : 683

h. Environmental conditions, such as air ambient, air 685
currxents , ' , v 686

" i. Details of hose stream test - 688

b Complete- description of materials surrounding the fire €90
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
Arawinags, 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
1ncluded in the documentatlon.

'Installatlon methods shall be ‘described 1nclud1ng any Quality 705
Assurance data applicable to the specific materials and 706
installation methods used.

7.0 REFERENCES ' 705

The following documents were used as references in preparlng 711
this guide and may be useful in interpretation of its 712
meaning: :

ANSI/ASTM E-119-76 Standard Methods of Fire Tests of 715
Building Construction and Materials 716

. ASTM EBU4-76 . Standard Method of Test for Surface 719
— Burning Characteristics ot Bulldlng 720
' -Materlals 721
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Standard Method for Measuring of
Test for Flammability of Plastics
Using Oxygen Index Method

Standard for Electric Penetration
Assemblies in Containment Structure
for Nuclear Generating Stations

Standard Methods of Test for the
Ignition Properties of Plastics
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TABLE I

SUGGESTED REPRESENTATIVE CABLES

AND CABLL PENETRAIION FIRE STOP OPENING FILL FOR TYPE TESTS
Cable Fire Stop | ' Fraction of Total®
Penetration Size Cable and P11l foxr Each
Type Cable o Construction - Penetration Type
Mediwn voltage 3/C No. 6 AWG 1/3
power (2-15 kv) : 3/C No. 2/0 1/3

' : 3/C No. 4/0 1/3
Iow voltage : '3/C No. 6 AWG . /3
power - 3/C No. 2/0 " 4/3
: | 3/C No. 4/0 - 1/3
Q Control and | 7/C No. 12 | 172 .
Instrumentation 1 pr No. 16 AWG ' 1/2
_ ' shielded

£ Total £ill is the total quantity of cable to be installed in

: the test penetratlon. For example, this ~ould be 40 pércent.
of the cross—sectional area of the rac¢way penetration or
racewaye :
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TABLE II ~ 10
 SUGGESTED REPRESENTATIVE : 12
PENRETRATION OPENING DIMENSIONS , 13
Cable Pire N . _ 16
Stop Penetration ' Cross~Sectional Slab _ 17
Tvpe - Structural _ Dimensions - Thickness 18
Round - No metal sleeve; 6" diameter 12® or 6© 20
cables pass through without o : _ 21
raceway ' , A 22
Round - No metal sleeve; - 6% diareter - 12® or 6% 25
cables pass through in 25
metal raceway ' : 26
. Round - Metal sleeve; 6? diameter 12® or 6% 28
- cables pass through without o . 29
raceway - : 30
Round - Metal sleeve; 6% diameter - 12® or 6" 32
cables pass through in ' | E 33
raceway . _ - : ' _ - 38
Rectangular - No metal 8% x §2% or 48" 127 or 6% 36
sleeve; cables pass through ‘ : 37
without raceway ‘ o ' 38
Rectangular — No metal 8™ x 42% or 48® 12* or 6© z
sleeve; cables pass through : ' 3%
- in metal racewvay _ H
Rectangular - Metal 8% x 42" or 48® 32" or 6% N
sleeve; cables pass ‘ 35
through without raceway . _ _ 26
Rectangular — Metal 8% x 42% or 48% 12% or 69 38
sleeve; cables pass _ : 3

through in raceway ‘ : : ’ . 50
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APPENDIX 1

Al, STANDARD TIME-TEMPERATURE CURVE FOR CONTROL OF FIRE TESTS

Time

Arca Above 68 F Base

Arca Abowe 20 C Base

Temperaturs, Temperature,
b:mia o F. deg F-min deg Foh deg € deg C-min 63 Cb
0:00 63 00 0 20 00 (]
005 1 000 233 » 538 1 2% 2
010 t 300 119 129 704 4 300, ”
015 4399 14 150 236 760 7 860 131
0:20 | 2462 20 970 350 195 11 650 194
028 1 510 28 050 4638 821 15 590 260
0:30 30 .35 360 589 84) 19 650 28
¢35 § 584 42 860 .4 862 23 810 x>
040 1613 50 510 842 . 873 28 060 453
045 1 638 S8 300 971 892 32 3% 840
0:50 { 661 66 200 1 103 905 36 180 613
055 1 68t 74 220 1237 916 41 230 687
1:00 1 700 . -82 330 1IN 927 435 740 762
£:05 1 18 $0 540 1 509 937 50 300 838
(M) 1735 98 830 { 647 846 54 910 915
118 1750 107 200 17187 955 59 560 993
1:20 - 1 765 115 650 1923 963 64 250 fon
1:25 1779 . 124 180 2 070 T 97 63 990 1150
1:30 112 132 760 -221 978 73 760 129
135 1 BO4 141 420 2 357 985 8 560 1308
1:40 1815 150 120 2 502 (-] 33 400 1 390
1:45 T 326 158 890 2 648 996 33 280 14Tt
1:50 1 835 167 700 2 7195 1 ool 93 170 1 553
1:55 1 843 176 550 2 942 - 1 006 98 080 1 635
209 L850 185 440 3 051 1 010 103 020 1m
Zi0 i 852 203 330 3355 HE 1) 112 50 i
220 | 875 221 330 3 689 1 024 122 980 2 049
230 1888 239 470 3 %1 1-031 133 040 207
2:40 1 900 257 720 T4 295 1038 143 180 233
2:50 1912 276 110 4 602 1045 153 350 2 5%
3:00 1 925 294 610 4 %910 1 052 163 670 2728
3:10 1 938 313 2%0 sl i 0% 174 030 2 500 .
320 1 950 332 0c0 551 1 056 184 450 30
330 1 962 350 890 5 843 1 on 194 940 3 249
3:40 1975 369 890 6 165 1079 205 $00 3 428
3:50 | 988 - 389 030 6 484 1 086 216 130 - 3 602
4:00 2 000 408 280 6 805 1093 216 820 ) %0
4:10 2012 427 670 7128 1100 237 550 .. 3 90
420 2 025 447 150 7 453 1107 248 430 4 140
430 2038 466 810 7 780 1114 259 340 432
4:40 2 050 486 %0 8 110 1121 270 310 ‘4 508
450 2 062 " 506.450 8 431 1128 281 30 4 639
5:00 2075 526 450 8 T4 1S 292 470 4374
510 2 033 546 580 9 110 1142 303 &80 5 061 -
5:20 2100 566 840 9 447 1149 314 910 5 248
5:30 2 112 587 220 9 187 1156 - 326 240 $ 437
540 2125 607 730 10 129 1163 337 630 s &7
5:50 2138 628 360 10 473 1-170 349 090 S 818
6:00 2 150 649 120 10 819 1 60 620 6 010
610 2162 670 000 1167 1184 372°230 6 204
6:20 2175 691 010 n 57 191, 383 900 6 1938
6:30 2188 712 140 11 869 1198 395 &40 6 594
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CARIE  PENETRATION TYPE TESTS

A-2.1

/, s

CTYPICAL C ROSS SECTIONS
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Fig A2
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A-2.2 EXAmPLE OF SINGLE
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PASS THROUVLGH FIRE
RESISTIVE BA—RE)_EQ

TYpE TEST

1]

Feaax

. TEST SLAR

Filg  A2.2

"FouR INDIVIDUAL MobyuLEs EACH

WITH ONE OPENING
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‘ A-2,3 MULTI-OPENING S)NGLE mMobULE TYPRE TEST ~ExAmPLE

~-MODILILE
/_

TEST SLAB

Fie, A2,3-1
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| FUTURE

' | _Few . SPACE
® =
B e

i Fx F—% Frmax 1

» | any ' " 3 #i l
- g -
Fsut:: ?EE | | Fouw l

TEsT SLAp

Fig  A2.3-2

WoTEZ IF TEST FAcLITy witL PERMIT BoTH muLTI-DPENING
SINGLE MopULES SHownN - 48oUE coulld BE TESTED
SIMULTANEOBUSLY.
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ST . SLAB THICKNESS, IF MN SLAB THICENESS 1S QUALITIEDL
ALL LARGER THICKNESSES OF SImiLAR DESIGN ARE ALSO
GQUALI FIED o : '

A B, C LARGEST DIMENSIONT OF OPENING To 8&

’ GUALIFIED . ITF LARGEST A,8,C Dimention 15
GoaLl FIED, ALL SMALLER A,B,C°3 OF SIMILAR
DESICN ARE ALSO QUACIFIED

 )<,‘>><2)><3 A AIMUM SEPARATION To BE QUALIFIED, TF X, X, Y;

IS QUALIFIED ALL LARGER X, Xog X3 _ARE ALSO QuALIFIED
Foan MAximuw  PERCENT CABLE FILL To ®BE QUALIFIED

Friro MINIMUM PERECEMT CASLE FILL UVSED, XIF DESIGM 1S
To BRE QUALIFIED FoR SPARES; THEN Fpyy = O pERCEN T

Fq INTER™ME B/ATE  PERCEWT CABLE FILL [ USVALLY TAXEWN A5

(Frurx + Frn ) /2
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PROCEDURE FOR MOISTURE REMOVAL

FROM MONOKOTE ®



VIII-2
PROCEDURE FOR MOISTURE REMOVAL FROM MONOKOTE®

After application of Monokoted§ in four-inch layers in penetra-
tions B9 'B10, B1l, B12 and B13 (see Figure VIII -1), the test slab was
maintained at an elevated temperature (100 to 150 F) to cure (remove
excess moisture) the Monokote69 for final seal assembly. After some two

'months; the m01sturc leve]s were still in excess of 30%Z a measureo By a
Weston Moisture Meter Model No..8009 Type No. 1 Serial No. 6432. Callsito
W. R. Grace, who manufactures,the materials resulted in no assistance in
the moisture retention problems Furthermore, discussions of possible
treatments to apply to thc a]ready installed MonokoteCD were met with some
disinterest.

After a discussion of the. problem with Duke Power personnel, SwRl
proposed a proceoure.to effect a rapid cure of the MonokomaGQ The'procedure
was to thoroughly flush the material with anhydrous metb?l alcohol and .
then to elevate Ihe bu1]ding temperatnre up to 130° to 150 F. Anhydrous
methyl alcohol has an'affinity to absorb water and also is easily vaporized.

To vefif? the procedure, a sample of Monokoteda was prepared and
poureo into a one-half gallon can. .After twelve hours, the section was
removed and placed on a sieve screen for treatment with alcohol. This_nas
accomplished by ponting the quuid 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 lSOOF
and allowed to bake for 24 hours. When weighed,-the sample had encountered
significant weight loss with no effect to itsbstructufe. The sample was
placed in the oven again and after 48 hours, itawas 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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Figure VIII-1.
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tréatmunt of the test penctrations was plénnud.

The slab enclosure building was vacaied except for the test slabs
containing Monokote . A fifty-five gallon drum of anhydrous methyl
alcohol (99.9% ARSOLUTE) was placed outside of the Building and a hand%
“pump wag attached. Leading.from the pump to the test Qiab was a new 5/8-
inch gardeu_hose. The building was opened on two sides. One side was for
personhel access and fresh air intake and the other was for exhaust air and
had a large-volume fan (4 x 4 ft) to iﬁduce a draft which would dilute
escaping vapors. Also located outside both openings were fire extinguishers.

The personnel involvéd with applicétion of the élcohol wore self-
contained breathing apparatuses. One of thé individuals was from SwRI and
was responsible for application of the alcohol and the othet was from'
Chemtrol Corporation and was responsible for quality control for the opetatfont
Dlrectlng thie appllcatlon was the prOJect manager while stationed outside tﬁt
bun]dlng were one man operating the pump and two (2) men on fire extinguishare.,
Thelapplication took.about 20 minutes. Photographs of the operation arve
'iﬁcluded in Appendix II.

After application, the building was qloéed and.the teﬁperature ele-
vated to 130°F using electric heaters. The building and the test slabs
were under constant surveLllance for the next six hours. Periodic moisture
cbecks‘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 asscmbly.
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