
Commonwath Edison 
One First Natidm'Plaza, Chicago, Illinois 
Address Reply to: Post Office Box 767 
Chicago, Illinois 60690 

September 29, 1978 

Director of Nuclear Reactor Regulation 
u.s. Nuclear Regulatory Commission 
Washington, D.C. 20555 

Subject: Dresden Station Units 2 and 3 
Quad-Cities Station Units 1 and 2 
Zion Station Units 1 and 2 
Electrical Cable Penetration Fire 
Barrier Test 
NRC Docket Nos. 50-237/249, 50-254/265 
and 50-295/304 

Reference (a): June 29, 1978 letter from M. s. Turbak to 
George E. Lear titled "Dresden Station 

Dear Sir: 

Units 2 and 3, Quad~cities Station Units 1 
and 2, and Zion Station Units 1 and 2 
Electrical Cable Penetration Fire Barrier Test" 

Per Reference (a), Commonwealth Edison Company 
indicated that on June 19, 1978 a floor section was exposed 
for three hours to a test fire which had characteristics 
defined by the ASTM Ell9-76 "Standard Methods of Fire Tests 
of Building construction and Materials." The floor section 
which was used in this test contained various cable penetrations 
which were fire-stopped with fire barriers typical to those 
found at Dresden, Quad-Cities and Zion Stations •. 

Reference (a) also ·tndicated that a test report was 
being prepared by a third-party observer and that this report 
together with Commonwealth Edison's analysis of the fire barrier 
tests would be submitted by October 1 .• 1978. Attachment I to 
this letter contains these reports. Also included are copies 
of the following five (5) detailed drawings associated with 
these tests. These drawings are numbered as: 
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Commonwealth Edison 

Reactor Regulation 

NR~cket Nos. 50-237/249 
50-254/265 
50-295/304 

Please address any additional questions that you 
might have to this office. 

Per discussions with the NRC Staff, one (1) signed 
original and seventy-nine (79) copies. of this letter and 
Attachment I are included for your use. However, only twenty 
(20) copies of the detailed drawings discussed above are 
included. Additional copies of these drawings will be made 
available upon request. 

attachments 

Very truly yours, 

~if~, 
William F. Nau~ht:[/·~~
Nuclear Licensing Administrator 
Pressurized Water Reactors 
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ATTACHMENT I 

Fire Resistance Test of Cable Penetration 

Fire Stops Which are Typical of Fire Stops 

Installed at Commonwealth Edison Company's 

Dresden, Quad Cities and Zion Stations 

September 28, 1978 



Introduction 

A fire resistance test of cable penetrations utilizing Commonwealth 
Edison Company's (C.E.Co.) fire stopping details was performed on June 19, 1978 
at the United States Gypsum Company Research Center in Des Plaines, Illinois. 
The test consisted of exposing a floor section to a test fire having the char
acteristics defined by ASTM Ell9 1976 "Standard Methods of Fire Tests of Building 
Construction and Materials". The test floor section· was penetrated by various 
cable penetrations which were fitted with fire stops typical of those found in 
Dresden, Quad. Cities, and Zion Stations. 

There are two attachments to this report that supply supportive infer-
ma.tion. 

1. Attachment A - "Proposed Tests of Cable Penetration Fire Stops Used in 
Commonwealth Edison Company's Dresden, Quad Cities, and Zion Stations" dated 
April 13, 1978 .. 

This attachment describes the proposed tests and test methods for 
testing the penetration fire stops. The attachment was submitted as infor
mation to the NRC in a letter to E.G. Case from W.F. Naughton (C.E.Co.) dated 
April 14, 1978. 

Attachment B - "Fire Test of Cable Penetrationi:i Utilizing Commonwealth. Edison 
Company's Fire Stopping Details 11 dated July 27, 1978. · 

This attachment provides details of the construction of the fire stops, 
observations that were made during and after the test, and data that was 
taken during the test. The report was written by Mr. A.H. Gustaferro, a 
consulting engineer, who is independent of C.E.Co. and the U.S. Gypsum Company. 

The U.S. Gypsum Company has been developing a cable penetration fire 
stop system. C.E.Co. has been cooperating with U.S. Gypsum in this development 
work. It will be observed when reviewirig the test report in· Attachment B that 
the floor section that was tested (see Figures 1 and 2 in Attachment B) had more 
penetrations than were used to test the typical C.E.Co. penetration fire stops. 
Actually, one half' of the penetrations had C.E.Co. typical fire stops installed 
and the other half of the penetrations had U.S._ Gypsum designed fire stops in
stalled in them. This was done to provide a comparison of the performance of the 
two types of fire stops under identic'al test conditions. Attachment B is a copy 
of a test report which covers only the performance of the C.E.Co. fire stops. 

During the three-hour fire test, there was no visual observation of 
flaming or fire of the cable on the unexposed side of the .floor. . This was true 
during the test and also during the cooldown period following the termination of 
the test. Based on visual observations and temperature measurements taken on 
the unexposed side of the floor section, it is our opinion that the fire stops 

· passed the test successfully. 
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Test Setup Information 

The floor section used for the test was constructed of light-weight 
concrete with two thicknesses, 4 and 6 inches. See Figure 1 in Attachment B. 
The fire stops installed at Dresden, ·Quad Cities and Zion Stations, except for 
the slots in the control room floor, are all 12 inches thick. Therefore, in 
order to simulate the actual floor thickness and fire stop construction, it 
was necessary in some cases to place a sheet metal sleeve on the unexposed side 
of the floor section to increase the effective floor thickness to a ftill 12 
inches (i.e.: the sleeve was 8 inches long over the 4-inch floor section and 
6 inches long over the 6-inch floor section). See Figures 7, 8 and 9 of Attach
ment B. Where a·pipe sleeve was part of the penetration, the pipe sleeve length 
was allowed to extend beyond the unexposed floor surf ace to make up the thickness 
of an actua.J_ penetration plus the length that a typical pipe sleeve extends above 
the top face of an actual penetration. See Figures 4 and 11 of Attachment B. 

The secondary containment penetrations at Dresden and Quad Cities 
Stations consist of 5-inch diameter conduit sleeves that penetrate the Reactor 
Building wall, which is approximately 4 feet thick. As installed, these sleeves 
are tilted from the horizontal slightly. See Section AA on C.E.Co. drawing 12E. 
2079 dated 11-23-77. Two of these type penetrations were tested in the vertical 
position which is believed to be a more. severe test than one in a horizontal po
sition. The sleeves were arranged so that 4 inches projected below the exposed 
side of the floor section and 44 inches projected above the unexposed side of the 
floor section. See Figures 5 and 10 in Attachment B. 

It is our opinion that simulating the effective thickness of the floor 
and constructing the fire stops to their actU'al. thickness as described above re
sults in a conservative test. That is, the results of a test on a full 12-inch 
thick floor section would yield similar physical results and the temperatures on 
the unexposed side would be equal to or less than those recorded for this test. 

The cable materials tested were 3/c #14 polyethelene insulation with 
a PVC jacket control cable, 9/c #10 butyl rubber insulation with a PVC jacket, 
Jc/ l/o Kerite power cable, and l/c #500 MCM Kerite power cable. 

The J/c #14 PE/PVC control cable construction would not pass the IEEE 
383 vertical flame test. The cable is believed to have flameability character
istics comparable to or greater than the BR/PVC cable construction used at Dresden 
and Quad Cities. This cable was, therefore, substituted for BR/PVC cable since 
the BR/PVC control cable in this size was not available. 

The 9/c #10 BR/PVC c.ontrol cable is one constructed to the same speci
fications as the cable installed at Dresden and Quad Cities. This cable will not 
pass an IEEE 383 vertical flame test. 

Kerite power cable was installed in those penetrations containing power 
cable. This cable will pass an IEEE 383 vertical flame.test~ This cable was 
used in the. test since the more flameable power cable was not available. 



• 

- 3 -

Fire Stop Constr~ction~ Tested 

Attachment A which contains information on proposed tests of cable pene
trations contains a section titled "Fire Stop Constructions to be Tested". The 
following information which is numbered.to correspond to the description in At
tachment.A section on "Fire Stop Constructions to be Tested" provides a more 
detailed description of the actual cable penetration fire stop~ tested. 

1. Cable riser through floor per detail #8, C.E.Co. drawing 12E 6508 dated 
3-16-77. 4" X 18 11 .solid bottom cable tray, control cable. See Attachment 
B Figure 7. The 8-inch sheet metal extension is added to the unexposed side 
of the floor to simulate the 12-inch thickness of an actual penetration. 

2. This detail, which was to be a cable riser similar to #1 above but with power 
cable, was not tested because of the limited number of floor penetrations in 
the test floor section. 

3. Fire stopping main control board floor slot. Section KK, section JJ, or 
section HR C.E.Co. drawing 12E 2161.dated 6-6-77 .. 36 11 X 8 11 slot, four groups 
of· six cables each equally spaced from each other over the length of the slot. 
Control cable. See Attachment B Figure 6. Note that the temperature of a 
bare conductor on the unexposed side of the penetration was measured to de
termine if an uninsulated conductor temperature might reach unacceptable limits. 

4. 5" diameter conduit sleeve used for secondary containment penetrations. 
Section AA C.E.Co. drawing 12E 2079 dated ll-2J-77. Control caple. Two 
samples of .this configuration were tested. One using G.E.Co. Silicone Rubber 
type RTV 108 for a seal. (see Figure ·5 of Attachment B) and a second using 
G.E.Co. Silicone Rubber type RTV 627 for a seal (see Figure 10 of Attachment 
B ). 

5. Cable opening with conduit sleeve per detail 2 C.E.Co. drawing 12E 6508 dated 
3-16-77. Control cable. See Figures 4 and 11 in Attachment B. These sleeves 
are installed normally to project above the.penetration surface a few inches 
which accounts for the sleeve being approximately 15 inches long (i.e.: 12" + 
3"). Two samples are necessary since two different insulating materials were 
used for constructing fire stops. 

6. This detail was to be as shown in detail 2 C.E.Co. drawing 12E 6508 dated 
3-16-77 with a 311 X 18 11 opening using power and control cable. The floor 
section used for testing had a limited number of penetrations and, therefore, 
an 8-inch diameter hole was used to test this fire stop configuration. The 
cross-sectional areas o{ the rectangular versus the round openings are not 
significantly different. The penetration using control cable is.shown on 
Figure 8 of Attachment B, and the penetration using power cable is shown on 
Figure 9 of Attachment B. 

Test Resu1ts 'and Conclusions 

The following comments on test results are numbered to. correspond to the 
numbering used to describe penetration fire stops in the section of this report 
titled "Fire Stop.Constructiona Tested" . 
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Attachment A under the heading "Fire Stop Performance" provides criteria 
for acceptance of a fire stop based on a time rating for the fire stop . 

• 1. Cable riser through a floor. Control cable. 

Figure 7 of Attachment B represents a cable riser penetrating a floor section. 
There was no evidence of flame through or self-ignition of the cable. The 
maximum temperature of the cable jacket measured just above the 811 flange 
was 270°F. This temperature is well below the ignition. temperature of the 
cable. 

At about 30 minutes into the fire test, the cable tray bottom (solid bottom) 
in this opening began to warp.as evidenced by a small crack appearing between 
the back of the cable tray and the floor section. At about 82 minutes, the 
crack had expanded to a maximum width of about 3/4 inch. At this time, small 
flames were observed at the crack. The flames were at the back of the tray 
and, therefore, they did not and could not impinge directly on the cable. The 
size of the crack did not change noticeably for the remainder of the test. 

Notwithstanding the warpage of the tray, the fire stop itself ·did endure the 
entire three--hour fire test without allowing the cables within the cable tray 
to ignite on the unexposed side of ·the floor section. 

2. Cable riser through a floor. Power cable. 

This detail was not tested because the floor.section did not have a sufficient 
number of penetrations available to C.E.Co. to do the test .. 

A penetration containing power cable was tested and is described in item 6 
below and Figure 9 of Attachment B. The temperature of the cable (item 6) 
measured at the top of the fire stop on the unexposed.side of the floor 
section reached a maximum of 440°F at the end of three hoill's. This temperature 
is well below the ignition temperature of the cable. 

The fire stop construction and materials are the same for item 2, cable riser, 
and item 6, penetration through a plain concrete opening. There is no reason 
to believe that the temperature of the power cable in item 2 would exceed that 
measured in item 6. The validity of this assumption can be tested by com
paring the maximum cable temperatures measured for similar penetrations using 
control cable. Items 1 and 6 provide this information. The maximum tempera
ture for the cable riser was 270°F after three hours (item 1) and for the 
plain opening, the temperature was 310°F after three hours (item 6). 

On the basis of the above reasoning, it is our opinion that cable temperatures 
on the unexposed side of a typical cable riser penetration containing power 
cable would not be expected to exceed approximately 4500F which is well below 
the ignition temperature of the cable. 

Since none of the fire stops tested which are similar in construction allowed 
flame to pass through the fire stop from the exposed side to the unexposed 
side of the floor, it is our opinion that flame would not pass through a fire 
stop in a cable riser containing power cable. · 
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We believe, therefore, that the above reasoning justifies a three-hour fire 
rating for a cable riser fire stop constructed as the one tested in item 1 
above but with power cable . 

Ma.in control board floor slot. Control cable. 

Figure 6 of Attachment B represents a penetration at the base of the main 
control boards. There was no evidence of flame through or ignition of the 
cable. The maximum temperature of the cable jackets measured just above the 
l.IDexposed surface of the penetration was 560°F which is below the ignition 
temperature of the cable. 

At about 140 minutes, cracks were observed at the ends of the penetration. 
No flames were observed at these cracks. The temperature at one end increased 
rapidly at about two hours into the test. This probably indicates that the 
crack began at this time although it was not observed l.IDtil 2 hours and 20 
minutes into the test. 

This fire stop can be conservatively given a fire rating of two hours and 
since no flame was observed and no ignition of the cable occurred, a fire 
rating of three hours is justified. 

4. · Secondary containment penetration. Control cable. 

Figures 5 and 10 of Attachment B are representative of secondary containment 
penetrations. There was no evidence of flame through or ignition of the cable 
on the une:icposed side of the floor section. The maximum temperature of the . 
cable jacket measured just above the top of the conduit sleeve was 90°F, which 
is well below the ignition temperature of the cable. 

These fire stops used for secondary containment penetrations are considered 
to have a three-hour fire rating. 

5. Cable penetration through 2-inch conduit sleeve. Control cable. 

Figures 4 and 11 of Attachment B are representative of penetrations using 
small diameter pipe sleeves through floors. There was no evidence of flame 
through or ignition of the cable on the unexposed side of the floor section. 
The maximum temperature of the cable jacket measured just above the top of 
the conduit sleeve was 2JOOF, which is well below the ignition temperature 
of the cable. 

These fire stops used to seal small diameter conduit sleeve penetrations are 
considered to have at least a three-hour fire rating. 

6. Cable penetrations through plain openings in the concrete floors. Control 
and power cable. 

Figure 8 (control cable) and Figure·9 (power cable) of Attachment Bare rep
resentative of penetrations using plain openings in concrete floors. There 
was no _evidence of flame through or ignition of the cable on the tinexposed 
side of the floor section. The maximum temperature of the control cable 
jacket measured.--j-ust. above. the sheet metaLsleev:e was JlOOF. The maximum 
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temperature of the power cable jacket measured just above the sheet metal 
sleeve was 440°F. Both of these temperatures are well below the ignition 
temperature of the cable. 

These fire stops used to seal plain.openings in concrete floors are considered 
to have at least a three-hour fire rating. 

The .U.S. Gypsum Company fire testing laboratory does not have the fa
cilities for.safely performing a hose stream test on a floor section; therefore, 
the hose stream test was not performed. A hose s.tream test has been included· in 
standards as an indication of the structural.performance of the fire.stops when 
subjected to abnormal forces such as failure of a cable support system or falling 
debris. It is not, however, evident to us as to how the application of the hose 
stream test simulates structural performance of a fire stop in a nuclear plant. 
Steel cable trays and hangers are used throughout C.E.Co. plants. These trays 
and hangers can withstand a very substantial fire. In new plants, the support· 
systems are even more substantial than in old plants because of their seismic 
qualification. Cable trays are usually supported in the upper extremities of 
the rooms that they occupy.so there are few objects above that could fall and 
damage a tray system. If structural members are involved, the integrity of a 
fire area would probably be violated arryway, apart from the.fire stops. Cable 
trays themselves offer physical protection from falling objects. Finally, the 
forces of a hose stream test are not representative of actual forces that may be 
imposed on a cable tray system during an abnormal event. 

For the above reasons, we do not believe it imperative that fire stops 
be exposed to a hose stream test subsequent to a fire to determine the qualifi-
cation and rating of a fire stop. · 
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ATTACHMENT A 

Proposed Tests of Cable Penetration Fire Stops 
Used in Commonwealth Edison Company 

Dresden, Quad Cities and Zion Stations 

4/13/78 



• Scope 

This test procedure provides a method of testing cable penetration 
fire stops to .determine their fire resistance as related to time. 
The cable penetration fire stops to be tested will be typical of 
those installed at Dresden, Quad Cities, and Zion Stations. 

Purpose 

The purpose of this test procedure is to establish an acceptable 
method for obtaining fire resistance data by testing cable 
penetration fire stops which are typical of those installed in 
the Commonwealth Edison Company Dresden, Quad Cities and Zion 
plants. The test data Will be used to evaluate the adequacy 
of the installed fire stops at these plants. · 

Introduction 

There are several different types of ca~le penetration fire stops 
which are installed at the Commonwealth Edison Company Dresden, 
Quad Ci ties, and Zion plants. Typical construction of the various 
types of fire stops which have been installed are illustrated on 
the attached drawings: 

Dresden 

12E2079 Revision AC dated 11-23-77 
12E2161 Revision AD dated 6-6-77 
12E6508 Revision C dated 3-16-77. 
12E6508A Revision A dated 3-16-77 

Quad Cities 

4E2079 Revision AC dated 1-29-73 
4E6508 Revision C dated 4-14-77 
4E6508A Revision A dated 4-14~77 

Zion 

22E-0-3130 Revision A dated 9-3-75 

These fire stops have not been tested to determine their fire 
re-sistance performance.- --

The test procedure described herein is to be used to determine 
the fire resistance rating of typical fire stops as installed 
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in the plants. The tests will be made on floor penetrations with 
the assumption being made that the data obtained will be fully 
applicable to wall penetrations. 

The fire stops use either cellular concrete or in organic fiber 
as the fire resistant material. 

The tests will not be performed on penetrations which used cellular 
concrete ~s the fire resistant material. Appendix A provides 
justification for not requiring tests of cellular concrete fire 
stops. 

The fire resistance ratings of the various fire stops as demon
strated by the tests will be used to determine the adequacy of 
existing fire stops in the plant based on the fire loading on 
each side of the fire stop as described in the appropriate Fire 
Hazards Report. 

The cable constructions to be used in the fire stop assemblies 
which are to be tested are di$cussed in Appendix B. 

Control of Fire Tests 

Time.Temperature Curve 

The fire tests of the fire stops shall be controlled by the 
standard time temperature curve as defined in ANSI/ASTM Ell9-1976 
for the time necessary to obtain the fire rating of the fire st?P· 

Expo3ed Side Temperature 

The temperature fixed by the E119 curve shall be the average 
temperature obtained from the readings of thermocouples 
symmetrically disposed and distributed to show the temperature 
for each cable penetration fire stop. A minimum of two thermo
couples shall be used, with not less than 5 thennocouples per 
100 square feet. · 

The thermocouples shall be enclosed in sealed porcelain tubes 
3/4 inch in outside diameter and 1/8 inch in wall thickness or, 
as an alternative in the case of base metal thermocouples, 
enclosed in sealed, standard weight 1/2 inch black wrought steel 
or black wrought iron pipe. The exposed end of the pyrometer tube 
and thermocouple in the flame area shall be not less than 12 
inches. Other types of protecting tubes or pyrometers may be 
used that, give equivalent test r~sults • 

For cable penetrations through floors the junction'of the 
thermocouples shall be placed 12 inches away from the exposed 
face of the test penetration. In the case of cable penetrations 
through walls the thermocouples shall be placed 6 inches away 



from the exposed face of the test penetration.· 

The temperatures shall be read at intervals not exceeding 5 
minutes during the first 2 hours and at intervals of 10 minutes 
or less thereafter. 

Unexposed Side Temperature 

Temperatures on the penetration cold side surfaces shall be 
measured with thermocouples located on the surface of each fire 
stop under test. The temperature on the face of the cable 
penefration fire stop shall be mec::sured. Temperature shall be 
measured at the cable jacket/cable penetration fire stop interface, 
the interface ·between the fire stop and through metallic components 
other than the insulated cable conductor, and on the surface of 
the fire stop material. 

Temperature readings shall be taken at intervals not exceeding 
15 minutes until a reading exceeding 212°F has been obtained at 
any one point. Thereafter, the readings may be taken more 
frequently at the descretionof the tester, but the intervals 
need not be less than 5 minutes. 

Cable.Installation 

The cable within the penetration shall protrude 3 to 5 feet on the 
unexposed siae. The cable on the exposed side shall protrude 
a minimum of 1 foot. Vertical cables in floor penetration tests 
shall be supported on the unexposed side to simulate continuous 
cables as in an actual installation. 

Method of Test 

The qualification of the various cable penetrations fire stops 
shall be by type testing of representative fire stops. Fire 
stop constructions to be tested are described under the heading 
of "Fire.Stop Constructions to be Tested." 

Should a fire stop fail, its opening shall be plugged and tre 
test continued until all fire stops have failed or for three 
hours which ever is the shorter time. 

Records of time to failure of each fire stop shall be kept. 

Fire Stop Constructions to be Tested 

The typical fire stop constructions to be tested are as follows: 

1. Cable riser through floor per detail #8, CECo drawing 12E6508 
dated 3-16-77~ 411 xl8 11 cable tray solid bottom, control cable. 
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Forty percent of cross sectional·':area ·occupied .by cable. ;. 

2. Same as l except for power cable. Forty percent of cross 
sectional area to be occupied by cable. 

3. Fire stopping main control board floor slot. Section KK, 
section JJ, or section HH CECo. drawing 12E-2161 dated 6-6-77. 
3'x8" slot 5 groups of 6 cables each equally spaced from 
each other over the length of the slot. Control cable. 

4. 5" diameter conduit sleeve used for secondary containment 
penetration. Section A-A CECo. drawing 12E2079 dated 11-23-77 
occupied by cable. Control cable. Use GE Co. Silicone 
Rubber type RTV 108 except the duct seal and Oakum are 
replaced with inorga..l'lic fiber and each end is coated with a 
flame retardant mastic. 

5. Cable opening with conduit sleeve per detail 2 CECo •. drawing 
12E6508. 2 11 conduit sleeve. Control cable. 40% of cross 
sectional area of the slee~e to be occupied by cable. 

6. · Cable opening without conduit sleeve or cable pair per detail 
2 CECo. drawing 12E6508 dated 3-16-77 3"xl8" opening, Power 
and Control cable. 40% of cross sectional area occupied by 
ca'ble. 

Fire Stop Perf orn.ance 

Acceptance 

A fire stop shall be considered acceptable if it remains in the 
opening during the fire endurance test without permitting passage 
of flame or the occurrence of flaming ori any element of the un
exposed surface (ie. cable) of the assembly for a period equal 
to the hourly rating for the fire stop. For example, if flaming 
occurs on the unexposed side of the fire stop, whether it is 
caused by passage of flame or self ignition resulting from the 
unexposed side temperature rise in one hour the rating of that 
fire stop will be considered one hour. 

Test Results and Fire Stop Rating 

·The fire stop rating shall be expressed in half hour. or hour 
-time. periods. The test results shall be measured. to .. the nearest 
five minutes • 



Reports shall provide the following information: 

1. Identification and description of the test fire stop. 

2. The rating of the fire stop. 

3.. The unexposed surface temperatures as described under the 
heading Control of Fire Tests - Unexposed Side Temperatures 
for the duration of the test. 

4. A description of the performance of the fire stops during the 
test and after the fire is extinguished including cracks, 
deformation, flaming, and smoke issuance. · 
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Appendix A··.· 

Cellular Concrete Fire Stops 

Cellular concrete fire stops are installed for floor and wall 
openings at Quad Cities and Zion Stations and for some of the 
secondary penetrations at Quad Cities Station. The floor and 
wall penetration fire stops are constructed by completely 
filling the opening to the thickness of the floor or wall. In 
cases where the thickness of the wall is great (ie: 3 feet or 
more) a fire stop of about 12 inches is constructed at each · 
side of the wall. The secondary containment penetrations at 
Quad Cities are constructed by completely filling a 5" conduit 
(about 6 feet long) penetrating the Reactor Building wall with 
cellular concrete. This is accomplished by pouring the material 
into the high end of the conduit until the pipe is completely filled. 

The Portland Cement Association published a Research and 
Development Bulletin in 1970 entitled "Fire Resistance of Light
weight Insulating Concretes" by A.H. Gustaferro, M.S. Abrams 
and Albert Litvin which discusses the fire resistance of cellular 
concretes based on a test program conducted by the Portland 
Cement Association. 

The report indicates that a thickness of 3.5 inches of cellular 
concrete of the type used at Quad Cities and Zion with a dry 
density of from 25 to 45 pounds per cubic ·foot has a fire 
endurance of at least 3 hours. A 6 inch thickness of normal· 
weight concrete (about 150 pounds per cubic feet) has a fire 
endurance.of approximately 3 hours. Cellular concretes for all 
densities have a greater fire·resistance than normal weight 
concrete mixes for equal thicknesses. Since the cellular concrete 
fire stops at Quad Cities and Zion Stations are of thicknesses 
equal to that of the floor or wall which is being penetrated 
the fire resistance of the penetration fire stop is greater than 
the fire resistance of. the floor itself or the wall itself. 

There is no reason to believe that the temperature of the 
unexposed side of cable passing through a cellular concrete 
fire stop would be greater than the temperature of the unexposed 
side of cable passing through a silicone foam or a Multi Cable 
Transit (MCT) fire stop. Therefore, since the silicone foam and 
MCT fire stops.have been tested successfully without a fire occurring 
on the unexposed side it can be reasonably expected that the cable 
passing through a cellular concrete fire stop would not ignite from 
the -rise in temperature across the -fire stop • 
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Based on the above reasoning it is concluded that the cellular 
concrete fire stop assemblies as installed at Quad Cities and 
Zion Stations where the thickness of the fire stop equals the 
thickness of the floor or wall being penetrated would pass a 
three hour ASTM Ell9 fire test. 

It is our opinion, therefore, based on the above reasoning that 
cellular concrete fire stops have a three hour fire resistance 
and, therefore, we do not intend to include tests of these fire 
stops in our proposed fire stop test program. 
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Appendix B 

Cable Construction to· be Used in Tests of Fire Stops 

The control and power cable constructions for cable used outside 
of the primary containment at Dresden and Quad Cities used butyl 
rubber insulation with a PVC jacket. It may well be that these 
cables would not pass an IEEE 383 flame test. 

The control and power cable installed at Zion Station is Kerite 
cable. This cable has been tested and has passed the IEEE 383 
flame test. 

It is proposed that the cable penetration .fire stops be tested 
using a more nameable cable construction only. ·This would result. 
in a more severe test of the fire stop and would, therefore, 
determine a fire resistance for a "worst case" for th_e fire stop •. 

The butyl rubber-PVC cable construction used at Dresden and 
Quad Ci ties is no longer available. The Simpl.ex Wire and Cable 
Company who were the suppliers of this cable .have been out of 
business for several years. The cable construction is not com
monly used in today's market and, therefore, it is not readily 
available from other cable vendors either. 

We propose to use a PE-PVC cable construction for the fire stop 
tests. PE-PVC cable, which has not been constructed to meet the 
IEEE 383 flame test, is believed to have flameability characteristics 
comparable to or greater than the butyl rubber-PVC construction. · 
The NRC sponsoreri test program at Sandia Laboratory has indicated 
the high flameabili ty characteristics of the PE-PVC c~.ble construction. 

It is, therefore, proposed that CECo. use the PE-PVC cable 
construction (which has·not been constructed to meet the IEEE 383 
flame test) in the type tests to establish the fire resistance 
ratings of fire stops which are typical of those installed at 
Dresden, Quad Cities and Zion Stations. 
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-consultants-,-
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THE CONSULTING ENGINEERS GROUP INC. 
1701 E. Lake Avenue • · Glenview, Illinois (Chicago Suburb) 60025 

July 27, 1978 

Mr. Harold K. Stolt 
Station Nuclear Design Engineer 
COMMONWEALTH EDIS ION CO. 
P. 0. Box 767 
Chicago, IL 60690 

Dear Mr. Stolt: 

312 729-0646 

Attached is a report, "Fire Test of Cable Penetrations Utilizing Commonwealth Edison 
Company's Firestopping Details". The report describes a fire test of a simulated 
floor assembly which incorporated several cable penetrations. Firestopping at the 
floor level around the cables was effected by various details which have been used at 
Commonwealth Edison's.power generating stations. The test was conducted on 
June 19, 1978 at the United States Gypsum Company Research Center in Des Plaines, 
Illinois. 

The underside of the floor assembly was subjected to the standard fire exposure 
prescribed by ASTM E119 for more than three hours. All of the firestopping details 
were successful in preventing the cables above the slab from igniting. The report 
gives data on the temperatures recorded on each of the details throughout the test. 

I witnessed the fire test and I was present when the specimen was disassembled. The 
report is based on my observations and interpretation of the test data. 

Respectfully submitted, 

Armand H. Gustaferro 
Registered Structural Engineer No. 2917 
State of rllinois 

AHG: NS 

Enc. 
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FIRE TEST OF CABLE PENETRATIONS UTILIZING 

COMMONWEAL TH EDISON COMPANY'S FIRESTOPPING DETAILS 

INTRODUCTION 

by Armand H. Gustaferro 
Consu I ting Erig ineer 

Commonwealth Edison Company (CECo) utilizes a number of methods for 

firestopping cable penetrations through floors and walls in its power generating 

stations. Engineers from Commonwealth Edison were interested in determining· 

the .relative effectiveness of the various firestopping methods and decided to 

subject some of the typical details to a standard fire exposure, i.e., that 

prescribed by ASTM E119. 

The United States Gypsum Company (USG) which operates a fire testing 

laboratory at its Research Center in Des Plaines, 11 linois, agreed to incorporate 

some of CECo's details in one of its fire test specimens. The specimen was a 

concrete floor with two thicknesses, 4 and 6 in., and numerous retangular and 

circular openings. Most fire resistive floors and walls in power generating stations 

are substantially thicker than 6 in., so attempts were made to increase the thickness 

of firestopping material by placing some of the cables within· vertical pipes, conduits, 

or sheet metal sleeves. 

Prior to the test, it was anticipated that results would be only qualitative 

. and might demonstrate certain shortcoming~. Because one of each of eight details 

was included in the test, it seemed doubtful that test results could be extrapolated 

to estimate the fire endurance of details different than those tested. 

-1-
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SPECIMEN 

A floor slab, sized to fit the USG pilot fire test furnace, was made of light-

weight concrete. The slab was made so that two thicknesses of floors could 

examined. One half of the slab, 7 ft 1 in. by 4 ft 4 in., was 4 in. thick; the other 

half was 6 i.n. thick .. Each half contained six circular openings and two rectangular 

openings, as shown in Fig. 1. The CECo details were incorporated into three 

circular openings, A1, B
1 

and E
1

, in the 6-in. slab, three circular openings, 

E2, G
1 

and H,_, in .the 4-in. slab, and two rectangular openings, c 2 and o
2

, in the 

. . 

4-in. slab. The other eight openings incorporated USG details which are 

described in a separate report. 

The number and type of cables in each penetration are shown in Fig. 2. 

• 
Cables .in Details B1 and G1 were 9 ft long; all other cables were 5 ft long. All 

cables extended approximately 12 in. below the underside of the floor slab. Where 

conduits projected below the floor slab, the cables extended approximately 12 in. 

below the conduit. 

MATERlALS 

Control cables wen~ 'either 3/C #14 made by Anaconda with PE/PVC insulation 

and jackets, or 9/C #10 made by Collyer with BR/PVC insulation and jackets. 

Power cables consisted of 3/C l/O and 1 /C #SOOMCM made by the Kerite 

Company. The insulation is similar mechanically to ethylene propylene but is 

·sulfur cured rather than peroxide cured. The cable jackets are made with a 

thermo-setting compound. They are formulated to have mechanical and weather-

ing properties more closely related to neoprene or hypalon than to materials such 
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as polyethylene and polyvinyl chloride. 

VIMASCO Cable Cqating No. 1A, manufactured by Vimasco Corporation, 

consists of water, sodilJm hexametaphosphate, polyelectrolyte dispersing agent, 

ethylene glycol, short fiber asbestos, liquid chlorinated paraffi_n (72% chlorine), 

Tris (betachloroethyl) phosphate, vinyl acetate copolymer emulsion, aqueous 

dispersion of carbon black pigment, aqueous dispersion of phthalocyanine blue 

pigment, titanium dioxide, antimony oxide, mica, diatomaceous earth and nonionic 

base defoamer. 

·fLAMEMASTIC 71A, made by the Flamemaster Corporation is a waterbase 

compound of thermoplastic resinous binders, flame retardant chemicals and inorganic 

incombustible fibers. 

CERAFIBER is a loose ceramic fiber insulation made predominately of alumina

silica fibers and is manufactured by Johns-Manville. 

CERABOARD, manufactured by Johns-Manville, consists of alumina-silica 

ceramic fibers in bulk form constituents with multi-component inorganic binders. 

The EBONY BOARD used in this test was 1-in. thick ebonized asbestos 

weighing approximately 123 pcf. Ebony board is manufactured by Johns-Manville, 

Denv~r, Colorado, and Nicolet Industries, Ambler, Pennsylvania. 

Two types of SILICONE rubber SEALANT were used, GE RTV108 and GE 

RTV627. Penetration sealant RTV108 is a low viscosity, 100% solid, room-tempera

ture vulcanized silicon rubber with no halogen-containing flame retardants. 

Penetration sealant RTV627 is a low viscosity, 100% solid, room-temperature 

silicone rubber with a non-halogen containing flame retardant per UL-94V-0. 
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·FIBERGLAS Thermal Insulating Wool (TIW), manufactured by Owens-Corning 

Fiberglas, is composed of non-combustible wool with long, resilient, inorganic 

glass fib~rs bonded with a thermosetting resin. 

ASSEMBLY DETAll-5 

Sketches showing the components of the various details are included with 

the data for the individual details in Figs. 3 through 11. Installation of the materia Is 

into each of the details described in this report was done by CECo personnel. 

INSTRUMENTATION 

Locations of thermocouples on the unexposed surfaces of the specimen 

.and various details are shown in Figs. 3 through 11. Thermocouples on the 

top surface of the concrete sfab were placed beneath standard (ASTM El 19) felted 

asbestos pads. Thermocouples on cables and on the sheet metal sleeves or 

collars, were .held in place with screws or wire ties. Thermocouples on rigid 

conduit were positioned by placing the leads into adjacent drilled-in holes and 

then peening the steel around them to ensure intimate contact. Except as noted, 

thermocouples .on conduits and sleeves were located 1 in. above the top surface 

of the slab. Thermocouples placed on horizontal surfaces of protective materials 

were covered with 2 x 2 x 5/32-in. felted asbestos pads. 

FIRE TEST 

The fire test was conducted on June 19, 1978 at the USG Research Center 

in Des ·Plaines, llHnois. No superimposed load was applied to the specimen during 

the fire test. 
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The underside of the specimen was subjected to a fire programmed to repro

duce the time-temperature relationship prescribed in ASTM Method E-119. Fur

nace atmosphere temperatures were monitored by five thermocouples located 

12 in. below the underside of the floor slab. The furnace atmosphere temperature 

(average of the five thermocouples) during the fire test is shown graphically 

in Fig. 12. The furnace atmosphere pressure was not measured, but was probably 

close to neutral just benei;!th the specimen. 

TEST RESULTS 

Observations 

Observations noted during the test were: 

Minutes 

0-1/2. 

2 

3 

4 

6 

7-3/4 

11 

13 

Observations 

.Cable insulation and jackets burning, much smoke in furnace. 

Smoke coming through detail o2 . 

Smoke coming through many details but none from those in 

which the cables are within metal pipes or conduits. 

Cables within the furnace chamber are completely obscured. 

by dense smoke. 

Smoke coming through details c 2, D
2

, and E1 . 

Cables still burning within furnace producing heavy smoke. 

Except for detail D2, most of the smoke coming through the 

specimen has stopped. 

Amount of smoke coming through the specimen is increasing. 

Al I cables in _furnace are f?urning. 
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22 

30 

40 

41 

80 

82 

98 

124 

140 

185 
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White powder forming on cables within furnace. · 

Small opening visible behind cable tray in detail o2 . 

Muffled popping sound audible. 

Muffled popping sound apparently coming .from cables in 

detail c 2 which are blistering and popping. 

Slab has deflected noticeably; bar supporting E1 is tilted. 

Flame~ coming through the opening behind the cable tray . 

in detail D2 . Maximum w·idth of opening is about 3/4 in. 

Something appears to be boiling out from beneath the sleeve 

onto the slab in detail E2 . 

Another muffled popping sound audible. 

Openings have formed at the ends of c
2

. 

Test terminated. 

RECORDED TEMPERATURES 

Figs. 3 through 11 show graphically the recorded temperatures of 

individual thermocouples. 

Unexposed Surface 

Fig. 3 shows the temperatures recorded by thermocouples centered 

under standard (ASTM E 119) 6 x 6-in. felted asbestos pads on the surface 

of the 4-in. and 6-in. concrete slabs. Note that over the 4-in. slab, the 

temperature rose 2S0°F at about 2 hr 02 min of standard fire exposure. At 

3 hr, the temperature over the 6-in. slab rose 187° F. It should also be 

!J:Oted th~t the .s~_ab=see.<:L~en_ha_c:J f:?~~E1. l!'.5eci jn previous fire tests and 

apparently contained little if any free water. 
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Detail A1 

Fig. 4 shows the temperatures recorded for detail A1 together with 

information on cables, protection, and thermocouple locations. 

The annul.ar space between the 2-in. conduit and the 4-in. diameter opening 

in the slab was filled with portland cement mortar. The space between the 

cables and the conduit was filled with Cerafiber and the top and bottom 

coated with Vimasco. 

· .Detail B1 

Fig. 5 shows recorded temperatures and other pertinent information for 

detail s
1

. During fabrication, the conduit was held in a position such 

that one end was 6 in. higher than the other to simulate field conditions. 

After the Cerafiber, silicone sealant and Vimasco coatings were applied, 

the assembly was raised to a vertical position and placed in the 6-in. 

· diam~ter opening. The annular space between the slab and conduit was 

filled with mortar. 

Note that the temperature rise of both the cable and the conduit near the. 

top of the 54-in. !Ong conduit was only about 20°F at 3 hr. 

Detail c
2 

Fig. 6 shows recorded temperatures and other information for detail c
2

. 

The opening size was 8 in. by 36 in. The protection consisted of a 2-in. 

layer of Fiberglas thermal insulating wool supported on a 1-in. Ebony 

board and coated on the top of the Fiberglas with a 1 /2-in. thickness of 

Elamemastic. The Ebony board.and __ the Flamemastit were coated with a 

layer of Vimasco. The Ebony board was supported by two Z-shaped, 

sheet metal sections placed loose (not attached) along the 36-in. sides of the 

opening. 
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Note that after 2 hr, the temperature at the edge of the· opening in

creased rapidly and approached that of the furnace atmosphere, because 

openings were formed at the ends of c 2 . Presumably, the Ebony board 

shortened, resulting in the formation of the openings. 

Until 2 hours, the temperatures on the cables 1 in. above the slab, 

were higher than those on the Flamemastic. Temperatures on stripped wire, 

12 in. above the slab were lower than .those on the unstripped cable 1 in. 

above the slab. After 2 hours, some of the temperature readings appeared 

to be erratic. 

After the test, it appeared that the length of the Ebony' board had 

shortened from 23-1 /2 in. to about 23 in. A precise measurement could not 

be made because the board cracked through two of the cable openings. 

Detail D
2 

Fig. 7 shows recorded temperatures and other information for detail D2 . 

The opening size was 6 in. by 24 in. A 4 x 18-in. solid bottom cable tray 

penetrated through the opening vertically .. Control cables, as shown in 

Fig. 7, were attached to the tray. Protection consisted of an 11-in. thickness 

of Cera fiber supported by a 1-in. layer of Ceraboard. The top and 

bottom of the protection were coated with Vimasco. To simulate a total 

thickness of 12 in., an 8-in. high sheet metal collar was added to the opening 

above the 4-in. slab. 

The maximum recorded temperature at 3 hr for D2 was 311°F and this was 

measured on the sheet metal col_lar. However, during the test a_n opening ap-

. peared between the cable tray and the slab (see Observations), so it is likely 

that the temperature directly over the opening was much high~r, perhaps as 
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. hig.h as 1400 to 1 S00°F. 

Detail E1 
' Fig. 8 shows recorded temperatures and other information for detail E1 . 

To simulate a 12-in. thick slab, a 6-in. sheet metal sleeve was added to the 

opening above the 6-in. thick slab. Protection consisted of an 11-in. layer of 

Cerafiber supported on a 1-in. layer of Ceraboard. The top and bottom of the 

protection were coated with Vimasco. 

The maximum recorded temperature for detail E1 of 309°F at 3 hr was 

measured on a cable 1 in. above the top of the protection. Temperatures on the 

top of the protection and on the sleeve were about 190°F at 3 hr. 

Detail E
2 

Fig.· 9 shows recorded temperatures and other information for ~eta ii E2 . 

To simulate a 12--in. thick slab, an 8-in. high sleeve was added above the 

. 4-in. slab over the 8-in. diameter opening. Power cables were used in E2 . 

The protection consisted of a 12-in. layer of Cerafiber coated on top and 

bottom with Vimasco. The maximum recorded temperature for detail E2 of 

440 °F at 3 hr was measured on a cable 1 in. above the top of the protection. 

Temperatures of about 300°F were recorded at 3 hr on the sleeve and on the 

top surface of the protection. 

Fig, 1 O shows recorded temperatures and other information for detail G1 . 

During fabrication the conduit was held in a position such that one end was 

6 in. higher than_ the other to simulate field conditions. After the Cerafiber, 

silicone sea.lant, and Vimasco were applied, the assembly was raised to a 

vertical position and placed in the 6-in. diameter opening. The annular space 
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between the conduit and the slab was filled with mortar. 

The temperature of the conduit 1 in. above the slab was sss°F at 3 hr, 

but the temperatures near the top of the conduit were only about 90°F at 3 hr. 

Detail H
1 

Fig. 11 shows recorded temperatures and other information for detail H1. 

The annular space between the 2-in. conduit and the 4-in. diameter opening 

in the slab was filled with mortar.· The space between the cables and conduit 

was filled with Fiberglas thermal insulating wool, and the top and bottom. of the 

·protection were coated with Vimasco. The temperature on the cable 1 in. 

above the conduit reached 226°F at 3 hr while that on the conduit 1 in. above 

. 0 
the sl.ab was 489 F at 3 hr. 

DISCUSSIO.N OF RESULTS 

1. The number of variables was such that a direct comparison of the behavior 

of similar materials is possible only for some items. For example, details· 

s 1 and G
1 

are similar except that slab thickness and the silicone sealants 

were different. Thus, it is not possible to determine if differences in 

behavior are due to difference in slab thickness or type of silicone sealant. 

2. There is no universally accepted criterion for a limiting temperature. 

Various values have been suggested ranging from a temperature rise of 

2so°F to a temperature of 1 ooo°F. Other suggested values include a 

temperature rise of 325°F and a temperature of 700°F. 

3. None of the cable jackets or insulation ignited on the unexposed surface 

during the 3-hr test. The maximum recorded temperature of any of the 
- ~- - :._ -

cables was about s20°F. 
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4. Temperatures measured on details passing through the 6-in. slab were lower 

than comparable temperatures on "similar" details passing through the 4-in. 

slab. 

5. Detail c2 afforded the least protection of any of the details included in this 

report. This is not surprising because total thickness of protection was only 

4 in., including a 1-in. thickness of Ebony board which weighs about 123 pct 

and is probably a good conductor of heat. The Ebony board shortened 

slightly during the fire test. 

6. Details s 1 and G
1 

behaved about the same. Temperatures at the tops of 

the 54-in. long conduits rose only about 20°F during three hours of 

exposure. The higher temperature near the base of the conduit in 

detail G1 was probably due to the thinner srab . 

7. Details A1. and H
1 

were somewhat similar. The higher temperatures for 

H1 were probably due to the thinner slab. 

8. Details E.1 and E
2 

were somewhat similar. The higher temperatures for 

E2 were probably due to the thinner slab. 

9. The temperatures recorded on detail D2 were comparatively low, but a 

resilient fire resistant seal is needed between the cable tray and the 

surface of the opening. 

10. Temperatures on the unexposed surface were higher on the thicker conduits 

(larger diameters) than on thinner conduits. 

11. The temperature rise on the power cable conductor was higher than on the 

control cable conductor. 
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