
'• Commonwea14tdiso~ 
One First National Plaza, Chicago, Illinois 
Address Reply to: Post.Q.ffice .Box 767 
Chicago, Illinois 60690 

• 
June 25, 

· ~r. Dennis M. Crutchfield, Chief 
Operating Reactors Branch #5 
Division of Licensing 
U.S. Nuclear Regulatory Commission 
Washington D.C. 20555 

Subject: Dresden 2 
SEP Topic VIII-4, "Electrical Penetrations of 

Reactor Containment" 
NRC Docket 50-237 

Reference: a) Dennis M. Crutchfield letter of March 26, 1981 
to J.S. Abel 

Dear Mr. Crutchfield: 

In the above·referenced letter the staff requested that Edison_· 
. provide ~pecific information concerning typical electrical penetrations 
of Dresden Unit 2. 

' . 
Attached is a report prepared by Sargent & Lundy which 

addresses the specific staff rioncerns ~nd removes some of the 
conservatisms in the original topic report. · 

,Please address any qu~~tions you may have concerning this 
matter to this office. 

One (1) signed original and thirty-nine (39) copies of this 
transmittal have been provided for your use. 

NPS :-mnh 
0255a/ 1 .P 
Attachment 
cc: RIII Resident Inspector Dresden 

810 7 0 2 0 1>4~' 

Very truly yours, 

:J/R~ 
T.J. Rausch 
Nuclear Licensing 
Administrator 
Boiling Water Reactors 
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A single circuit breaker to protect a penetration serving 
a Class lE circuit or a non-safety circuit containing only 
components that are qualified to Class lE requirements is 
acceptable provided that each component of such circuit is 
qualified.to the accident environment; // 
A circuit whose loads inside containment are not required 
to mitigate the consequences of accidents may be auto
matically disconnected from its power source on receipt 
of an accident signal or it may be maintained deenergized 
by positive means such as those outlined in Branch Technical 
Position ICSB 18 (PSB} of Appendix 8A ·to the Standard Review 
Plan whenever containm.ent integrity . is requ.ired." 

III. LOW VOLTAGE PENETRATION EVALUATION 

The typical. 480V penetration circuit analyzed b~ the NRC was 
that of the Recirculating Pump 2A Motor Operated Discharge 
Valve M02-0202-5A. The single line for this particular circuit 
is shown in Figure 1. It should be noted that the maximum 
fault current that can flow through the penetration of this 
particular circuit is only l,OOOA. A value of 7,525A had 
previously been reported to the NRC. The impedance of the 
210 feet of 3/C,. #10 cond\lctor from the MCC to the Drywell 
penetration is primarily responsible for limiting the maximum 
fault current through the penetration to lOOOA. The value of 
7,525A was the maximum expected fault current for any of the 
480V penetrations some of which have conductor sizes as large 
as 3 /C, # 1/0. 

In addition, the 480V molded case circuit breaker that provides 
primary fault protection is a General Electric Type TEF-40A. 
The NRC had been tole that this was a G.E. Type TEF-50A since 
this iS What the drawings had indicated; however I a field . 
inspection confirmed that this breaker was a G.E. Type 
TEF-40A. 
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I. INTRODUCTION 

COMMONWEALTH EDISON COMPANY 
ADEQUACY OF OVERCURRENT PROTECTION 

FOR ELECTRICAL PENETRATIONS 
DRESDEN - UNIT2 

__/' 

The NRC analyzed the overcurrent protection associated with 
two typical Dresden Unit 2 penetrations .. · and concluded that 
neither the typicial low voltage penetration (X205E) or the 
typical medium voltage penetration (X202D) had adequate over
current protection. They reported their conclusions along 
with an explanation of their method of analysis in a Jun~ 12, 
1980 letter to Commonwealth Edison Company (CECO) . The NRC 
recognized various conservative assumptions associated with 
their method.of analysis and, therefore, requested CECO in 

i 

a March 26, 1981 letter to perform more realistic c~lculations. 
CECO was to inform the NRC of any intended corrective actions 
in the event thatthe more realistic calculations did not 
demonstrate the adequacy of the overcurrent protection. 

This·report outlines· the procedures employed to remove some 
of the overly conservative assumptions associated with the 

·method of analysis utilized by the NRC and then summarizes 
the results of these more detailed calculations, Any intended 
corrective actions that are still required will also be · 
presented .. 

II. OVERCURRENT PROTECTION REQUIREMENTS FOR ELECTRICAL PENETRATION 
CIRCUITS AT DRESDEN 2 

In an attachment to their March 26, 1981 letter to CECO, the. 
NRC outlined the following basic overcurrent protection 
requirements for electrical penetration circuits at Dresden 
Unit 2. 

"1. The .basic requirement of Regulatory Guide 1. 63 that all 
penetration circuits, Class lE or non-Class lE, be provided 
with overcurrent protection in conformance with the redun
dancy and.testability requirements of .IEEE Std 279-1971 
should be met; 
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After analyzing this particular penetration circuit, the 
NRC concluded: 

"With the initial penetration temperattire at 146°C (LOCA), 
penetration X205E does not meet current requirements of RG 1.63 
and IEEE Std. 317 with a failure of the primary breaker. It 
does not meet the requirements for fault currents less than 
750 amps or above 2200 amps even if the primary breaker operates 
as designed." · 

The NRC method of analysis and their basis for the above 
conclusions are apparent from Figure 2 • 

. As.can be seen from Figure 2, the NRC determined the penetration's 
capability by applying the classical Onderdonk formula 

. A2 · . T2 + 234 
(t = -:-2- (. 0297) log (T. ) . The NRC assumed th.e 

· I 1 + 234 
initial conductor temperature (T1) was 146°C and the fina·l 
maximum allowable conductor temperature (T2l was 171°C. We 
feel that this method of analysis understates the penetration's 
capability for the following reasons: · · 

1. The initial conductor temperature (T1 ) , under LOCA 
conditions, will be less than 146°C. . . 

2 •.. The final maximum allowable conductor temperature (T2) 
is greater than 171°C. 

3. The Onderdonk equation does not account for the heat 
dissipated from the conductor to the environment. 

The basic approach we utilized to eliminate the above~meli.tioned 
overly·conservative assumptions is outlined below. 

A. Initial Conductor Temperature 

The NRCassumed the initial conductor temperature (T1) 
to be 146°C since this will be the peak drywell environment 
temperature during a LOCA condition •. Figure 3 illustrates 

lo."' 
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the temperature versus time characteristics for the drywell 
environment following a LOCA. Also plotted on Figure 3 
is·the calculated conductor temperature profile following 
a LOCA. This curve was developed by solving.the energy 
balance equation (energy into cable = change in cable 
internal energy). The initial conductor temperature was / 
chosen to be 150°F since this represents the maximum __./ 
steady state drywell environment temperature during 
normal operating conditions. An initial conductor 
temperature higher than the environment temperature 
is not expected since this particular circuit does not 
carry current continuously. Furthermore~- the heating 
due to neighboring cables can also be considered neg lig.ible, 
since the majority of these cables do not carry a current 
continuously. In order to simplify the analysis the 
cable was represented as a uniform material. We feel 
this assumption overstates the initial conductor temperature 
and, therefore, is conservative. Based upon the above 
analysis, we feel that the penetrations capability should 
be based upon an initial conductor temperature -of 110°C 
rather than 146°C. 

B. ·Final Conductor Temperature 

·The NRC assumed the final maximum allowable conductor 
temperature (T2) to be 171°C since the penetration 
satisfactorily passed the leak rate test after being 
exposed to a 171°C environment for six hours. ·If the 
penetration can withstand 171°C for six hours, it is 
reasonable to assume thatit can withstand higher 
temperatures for shorter time durations. Most insulating 
materials have time temperature withstand characteristics 
that follow the class Arrhenius Model (Log (time) = 
-~ + B). It was determined that the ·penetration could 
~emp . . 
withstand 328°C-for four seconds. One of the medium 
voltage penetrations underwent. a short .circuit test 
of 50,000A for four seconds. According to the Onderdonk 
equation, applying 50,000A to a medium voltage (1,000 MCM) 
penetration for ~our seconds results in a final conductor 
temperature of 328°C (it was assumed that the initial 
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conductor temperature was 25°C). Assuming that the 
penetration's time temperature withstand characteristics 
followed the Arrhenius model and that the penetration 
could withstand 171°C for six hours as well as 328°C 
for four seconds, we developed the following time 
temperature withstand characteristics for the penetration: 

1 
Log. t (hrs) = 6340 <Tr>u> - 13. s 

-There is, of course, some· unknown amount of inherent 
conservatism in this approach. since·· the- penetration 
did not.fail during· either the six-hour, 171°C or the 
four second, 328°C test. · 

Based upon the above analysis, we concluded that the 
penetrations have at least the following temperature 
capabilities: 

Duration (sec) 

t < 4 sec 

4 < t < 10 

.. 10 < t < 100 

100 .. < t < 1000 

c. Heat Dissipation 

Max. Temp. Capability 

328 °C . 

306°C 

2sa 0 c 
217 °C 

_ __./ 
,/ 

The conservative assumption of ignoring the heat dissipated 
from the _cable to the environment has little impact on the 
results as long as the ~otal time duration is short (i.e., 
times normally associated with short circuit conditions) . 
However, the impact of this assumption can become significant 
when considering longer time durations such as those associated 
with overload conditions. This conservative assumption can 
be removed by solving the following energy balanc.e equation: 

Energy Generated = 6. Internal Energy + Energy Loss· 

. ··- - . ·-~ ......... ·-. ,. ···-r·--·~-- -· .. . 
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The impact of removing all three of the above-mentioned 
conservative assumptions from the NRC's estimate of 
the penetrations capability is illustrated in Figure 4. 

Based on this new penetration capability curve, it is 
clear from Figure 4 that the molded case circuit breaker 
(G.E. Type TEF-40A) provides adequate.primary penetration 
protection for all fault currents between 600A and the -···__, 
maximum fault level of lOOOA. It is also clear that the 
overload device (G.E. Type CR124L028 Heater-CR123k 19.4B) 
provides adequate primary penetration protection for 
current values below 200A. 

Since the manufacturers current-time characteristics for 
the overload device stopped at :::200A, it is not clear 
whether or not this device provides primary penetration 
protection for current magnitudes between 200-600A. 
Conversations with various manufacturers have indicated 
that for currents beyond 200A, they expect the heater 
to fuse. They have also indicated that the fusing of 
this heater may result in a short circuit at the heater 
terminals. If the fusing of the heater produced a 
short circuit, the current flowing through the penetration 
would be diverted to the newly created fault and the 
molded case breaker would quickly deenergize the circuit .. 
The amount of penetration protection provided by the 
overload device will be verified by performing .tests 
to determine the overload devic~s characteristics for 
current~ between 200-600A. If the tests indicate that 
the overload device does in fact provide primary 
penetration protection between 200 and 600A, it can 
be concluded that the penetration has adequate primary 
protection. 

Since th1s.particular circuit is going to be environmentally 
qualified there is no need to provide backup protection. 
This is in accordance with the previously mentioned overcurrent 
protection· requirements as outlined by the NRC. 

·-c· . -~, 
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. IV. INTENDED CORRECTIVE ACTION FOR LOW VOLTAGE PENETRATION 

1981 

A. Perform tests on the overload device (G.E. Type CR124L028 
Heater CR123k 19.4B) to verify that it provides primary 
penetration protection for currents between 200 and 6-00A. 

B. Environmentally qualify the circuit. 

V. MEDIUM VOLTAGE PENETRATION EVALUATION 

The typical 4160V penetration circuit analyzed by the 
NRC was that of Recirculating Pump 2A. The single line 
for this particular circuit is shown in Figure 5. 

·After analyzing this particular penetration circuit the NRC 
concluded: 

-"From LOCAtemperature initially, p~netration X202D.does not 
meet current requirements of RG 1.63 and IEEE Std. 317 with 
a failure of the line overcurrent relay since the differential 
current relay cannot be assumed to operate for a three-phase 
short circuit. With a failure of the-differential current 
relay under LOCA temperature, the penetration does not meet 
current requirements for fault currents less than 1200 amps." 

We do not agree with the NRC that. the differential current 
relay cannot be relied upon to detect three phase faults. 
We feel that the differential relay ~ill detect any fault 
6ondition that results in any one or more of the phase currents 
flowing through the generator being different from the 
corresponding phase current flowing through the motor by 
more than 120A. Detailed schematics of the differential 
scheme are provided in Figures 6 and 7. 

Figure 8 demonstrates how the NRC concluded thatthe over
current relay.would nbt protect the penetration for overload 
or fault currents less than 1200A. 

We have determined that the capability of the penetration is 
greater than that shown by the NRC. In this particular case, 

-· .· ......... ""''• .......... . ··-~ 
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we feel the most significant understatement of the pen~trations' 
capability is a result of utilizing 171°C as the final maximum 
allowable conductor temperature. Based upon the previous 
explanation given for the low voltage penetration, we feel 
that the maximum allowable conductor temperature varies from 
217°C to 328°C depending upon the time duration. -The effect 
of utilizing this variable final conductor temperature 
rather than 171°C is illustrated in Figure 8. Utilizing 
this modified penetration capability curve, it is clear 
that the penetration has both primary and backup fault \,,_. 
protection. The differential relay provides excellent 
fault protection but does not provide overload protection. 
The primary overload protection for this circuit is provided 
by the overcurrent relay. ut1lizing the modified penetration 
capability curve shown in Figure B, it can be conclbded that 
the overcurrent relay provides adequate overload protection. 
It is not necessary to provide· backup overload protection 
for this particular circuit since this circuit is 
automatically deenergizedduring a LOCA condition. 

It should he noted that under normal conditions, the curr~nt 
seen by the overcurrent relay is about twice the current seen 
by each penetration (since the current e~~entially divides 
evenly .between the two penetrations). The penetration capability 
curves along with the relay curves for this normal condition 
are shown in Figure 9. 

. . 
The NRC requested verification that this penetration circuit 
satisified the single failure criterion; however, it i~ not 
necessary for this circuit to satisfy the. ~bove crit~rion.since 
it is automatically tripped .during a LOCA. · · 

Based upon the above analysis, it can be concluded that the 
medium voltage penetration circuit currently meets the previously 
mentioned overcurrent protection requirements. Consequently, 
no corrective action is required for this penetration circuit • 

. .' .. -... 7 ... ' ....... ' . ·~ .. ~· ...• ·- -·· ' .:.~x.. 
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