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5. 

	

Letter from J. L . Hansen (Exelon Generation Company, LLC) to U. S . 
NRC, "Additional Information Supporting Request for License Amendment 
to Establish Total Battery Connector Resistance Acceptance Criteria in 
Technical Specifications Surveillance Requirements 3.8.4.2 and 3.8.4.5," 
dated October 15, 2008 

6. 

	

Letter from J . S. Wiebe (U . S. NRC) to C. G . Pardee (Exelon Generation 
Company, LLC), "Quad Cities Nuclear Power Station, Units 1 and 2 - 
Request for Additional Information Related to Total Battery Resistance 
Technical Specification Change (TAC Nos. MD7539 and MD7540)," 
dated October 28, 2008 

In Reference 1, Exelon Generation Company, LLC (EGC) requested an amendment to 
Renewed Facility Operating License Nos. DPR-29 and DPR-30 for Quad Cities Nuclear Power 
Station (QCNPS), Units 1 and 2 . The proposed change revises the battery acceptance criteria 
in Technical Specification (TS) Surveillance Requirements (SR) 3.8 .4.2 and 3 .8.4 .5 . 

In References 2 and 4, the NRC requested additional information to complete its review . In 
response to References 2 and 4, EGC provided References 3 and 5, respectively . In Reference 
6, the NRC requested additional information to complete its review . In response to Reference 6, 
EGC is providing the Attachment 1, which supplements EGC's initial Reference 1 request 
(Attachments 4 and 5) and includes a proposed license condition (Attachment 6) . Attachments 
2, 3, and 8 provide additional support discussed in Attachment 1 . 

EGC has reviewed the information supporting a finding of no significant hazards consideration 
that was previously provided to the NRC in Attachment 1 of Reference 1 . The original no 
significant hazards consideration was revised to reflect the changes provided in Attachments 4 
and 5. The revised no significant hazards consideration is provided in Attachment 7. This 
evaluation continues to demonstrate that the information provided in this submittal supports the 
conclusion that the proposed license amendment does not involve a significant hazards 
consideration . 

In a telephone communication on November 19, 2008 between EGC and members of the NRC, 
it was agreed that the information requested in Reference 6 would be submitted by December 9, 
2008 . The attached response is being submitted in accordance with this agreement . 

There are no regulatory commitments contained in this letter . Should you have any questions 
concerning this letter, please contact Michelle Yun at (630) 657-2818. 

I declare under penalty of perjury that the foregoing is true and correct . Executed on the 9th 
day of December 2008. 

Jeffte9ft- Hansen 
Manager - Licensing 

-J 
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cc: 

	

NRC Senior Resident Inspector 
NRC Regional Administrator, Region III 

Attachment 1 : Response to Request for Additional Information 
Attachment 2: Calculation QDC-8300-E-1587, Revision 001 
Attachment 3: Engineering Change 365045, Revision 002 
Attachment 4: Markup of Revised Proposed Technical Specifications Pages 
Attachment 5: Markup of Revised Proposed Technical Specifications Bases Pages 
Attachment 6: Proposed License Condition 
Attachment 7: Updated No Significant Hazards Consideration Evaluation 
Attachment 8: Excerpt from Calculation 9149-20-19-1, Revision 010 



NRC Request 1 

Response 

ATTACHMENT 1 
Response to Request for Additional Information 

Provide the operability limits for the QCNPS, Units 1 and 2, battery inter-cell connection 
resistance and the overall battery resistance. Provide supporting documentation and 
calculations that show how these values were determined. 

Inter-cell Connection Resistance Operability Limits 

As discussed in Reference 1, the 150 micro-ohm resistance value was not initially established 
as an absolute limit for battery operability. The value was based on industry experience as a 
threshold for identifying localized degradation so that issues potentially affecting battery 
performance are promptly identified and corrected. As discussed in Reference 2, the industry is 
proposing to relocate Surveillance Requirements (SRs) related to verifying connection 
resistances to a licensee-controlled battery maintenance program . As stated in TSTF-500, 
these SRs do not necessarily verify that the equipment is capable of performing its safety 
function and are typically a preventive maintenance-type activity . 

IEEE Std 450-1995 (Reference 3) states that resistance readings more than 20% above the 
installation value or ceiling value established by the manufacturer could indicate required 
corrective actions for corrosion or loose connections . Verifying inter-cell connection resistances 
and connection corrosion is discussed in Section 4 of IEEE Std 450, "Maintenance ." Service 
tests, discussed in Section 5, "Test schedule," are used to determine if the battery : 1) meets its 
specification or manufacturer's rating, 2) performance is within acceptable limits, and 3) meets 
the design requirements of the system. NUREGs-1430 through -1434 define 
OPERABLE/OPERABILITY as when a system is "capable of performing its specified safety 
function(s) ." In accordance with IEEE Std 450-1995, common industry practice, and the 
definition of operability, EGC establishes operability of the QCNPS safety-related batteries by 
service tests, which are executed via SRs 3.8.4.7 and 3.8.4.8 . 

Due to the fact that the existing surveillance requirement limit for inter-cell battery connections 
(i.e ., 150 micro-ohms) does not directly establish operability, EGC is amending its license 
amendment request, submitted December 21, 2007, to remove the 150 micro-ohm surveillance 
requirement from TS 3.8.4 . This individual connection resistance requirement will be replaced 
by a requirement to verify aggregate battery connection resistance, which is more 
representative of battery operability and satisfies 10 CFR 50.36 requirements . These revised 
proposed TS are provided in Attachment 4. As described in IEEE 450, limits associated with 
individual connection resistance will continue to be included in routine battery surveillances to 
ensure maintenance activities are performed as necessary. 

Aggregate Battery Connection Resistance Operability Limits 

The operability limits for the overall allowable battery resistance are contained in Table 3 of 
Calculation QDC-8300-E-1587, Revision 001 (Attachment 2) . These values will be placed in the 
bases section of the TS. The applicable portions of this table are shown below. 



ATTACHMENT 1 
Response to Request for Additional Information 

The values in this table are determined, in part, by the use of the Electrical Load Monitoring 
System (ELMS) computer program . The ELMS-DC program is used to determine the required 
size of the safety-related batteries at QCNPS and is based on the methodologies outlined in 
IEEE-485 . This computer program, along with its implementing calculation, was prepared and is 
maintained under EGC's Quality Assurance Program. 

The inputs to the ELMS-DC program are the currents drawn by the loads connected to the DC 
system and their time durations . ELMS-DC uses this information along with the battery 
manufacturer's discharge curves to verify that the selected battery cells are adequate to support 
the load profile and determine any remaining capacity (margin) left in the battery . In addition, 
ELMS-DC also calculates the worst-case voltage the battery will produce during the load profile. 
This voltage, when subtracted from the Updated Final Safety Analysis Report (UFSAR) required 
voltages of 105 VDC and 210 VDC for the 125 VDC and 250 VDC batteries, respectively, 
provides a voltage margin that can be used in conjunction with the load currents to determine 
how much inter-cell resistance is allowed (i.e ., using Ohm's Law). 

Since modifications to the plant occasionally add or remove loads connected to the batteries, 
these modifications can affect the amount of inter-cell resistance that is allowed . Modifications 
to the DC system, as well as the changes made to the battery sizing calculations discussed 
above (ELMS-DC), are controlled in accordance with 10 CFR 50.59, "Changes, tests, and 
experiments." To ensure sufficient control of aggregate battery connection resistance values, 
EGC is proposing a license condition to be included in the QCNPS renewed facility operating 
licenses DPR-29 and DPR-30 as described in Attachment 6. 

NRC Request 2 

Provide the full calculation for the 70 micro ohm [sic] inter-cell connection resistance value that 
was identified in your initial submittal and later summarized in your August 14, 2008, [sic] 
response to a staff request for information . Also, describe any assumptions that were made 
when preparing the calculation . 

Response 

The 70 micro-ohm inter-cell connection resistance value that is being used as an interim 
acceptance criteria was derived in Engineering Change (EC) 365045, Revision 002 (Attachment 
3) . The methodology used in this EC differs from that of Calculation QDC-8300-E-1587 
discussed in Question 1 above. EC 365045 uses actual test data from the battery's latest 
service test to arrive at available margin left in the battery. Using this voltage margin, along with 
the maximum current draw by the battery, a total resistance can be determined via Ohm's Law 
which is then divided by the number of inter-cell connections to determine the 70 micro-ohm 

Battery RAccept-CrIteria 

U1 125 VDC (Normal) 2900 ILQ 
U1 125 VDC (Alternate) 2900 
U1 250 VDC 7000 

U2 125VDC (Normal) 2800 
U2 125VDC (Alternate) 2800 
U2 250 

-_ 
VDC 

-~ 
7000 



ATTACHMENT 1 
Response to Request for Additional Information 

value . Calculation QDC-8300-E-1587, however, uses the battery sizing program (ELMS-DC) to 
determine how much margin will be left in the battery at the end of its service life . From this 
remaining margin, along with the battery's maximum current, total inter-cell resistance values 
can be determined . 

EC 365045 uses assumptions to simplify the analysis . The batteries are of a two post per 
polarity design . The resistance between posts A and B shown on Figure 2 of EC 365045 is 
extremely small and can be neglected . Since this resistance is accounted for in the battery 
manufacturer's discharge curve, this assumption is valid. To account for the battery's 
interconnecting cables, test equipment inaccuracies, and other parameters that may affect the 
inter-cell resistance values, a 120% design margin is incorporated into the 70 micro-ohm value . 
The 120% design margin is a conservative value based on the way the batteries are sized per 
IEEE 485 (i .e ., all the inrush currents are assumed to occur simultaneously and last for a full 
minute) . 

NRC Request 3 

Demonstrate that there is adequate voltage (after allowing for voltage drop through the 
conductors) for safe shutdown equipment to perform the required safety functions when the 
battery terminal voltage approaches the design limit of 105 volts. 

Response 

Per NRC clarification provided on October 27th , 2008, EGC is providing explanation of the 
assumptions related to the design voltage requirements . Calculation QDC-8300-E-1587, 
referenced in Question 1, demonstrates that there is adequate voltage by assuming that the 105 
VDC minimum value (210 VDC for the 250 VDC batteries) is at the terminals of the 125 VDC 
batteries . The voltage drop calculations that ensure safe shutdown equipment will operate 
properly under accident conditions also assume 105 VDC at the battery terminals and account 
for the voltage drop in the cables that connect the battery to the first main DC bus . For 
example, voltage drop Calculation 9149-20-19-1 for the safety related switchgear breaker close 
and trip coils uses actual measured lengths for the cables that extend from the battery terminals 
to the main DC bus (Attachment 8) . 

References : 

1) Letter from J. L. Hansen (Exelon Generation Company, LLC) to U.S. NRC, "Additional 
Information Supporting Request for License Amendment to Establish Total Battery 
Connector Resistance Acceptance Criteria in Technical Specifications Surveillance 
Requirements 3 .8 .4.2 and 3.8.4.5," dated August 14, 2008 

2) TSTF-500, "DC Electrical Rewrite - Update to TSTF-360," Revision 1, transmitted to 
NRC on November 6, 2008 

3) IEEE Std 450-1995 
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Puroose/Obiective 

This calculation is in response to a 2006 NRC Component Design Basis Inspection (CDBI) 
finding which concluded that the maximum intercell resistance value of 150 micro-ohms 
specified in surveillance requirement SR 3.8.4.5 of the Technical Specifications was non-
conservative (Ref . 12). Specifically, if all the intercell connection resistances were allowed to 
reach their 150 micro-ohm limit, the voltage drop produced by the worst case battery loading 
would cause the battery terminal voltage to drop below its UFSAR requirement of 105 VDC and 
210 VDC for the 125 and 250 VDC batteries respectively (UFSAR Section 8.3.2) . 

This calculation will determine a conservative, yet realistic, resistance value for each safety 
related battery in use at Quad Cities Station. The existing 150 micro-ohm value will remain in the 
Technical Specifications as a limit for each battery intercell connection . However, new resistance 
limits for the entire battery string will be calculated and will become an additional acceptance 
criteria in Technical Specifications SR 3.8.4.5 with the actual resistance values in the Bases. 

Methodology and Acceptance Criteria 

Battery strings are formed by a series connection of the positive and negative terminal posts of 
individual cells. The positive post of one cell is connected to the negative post of the next cell by 
intercell connector plates which are bolted to each post . This intercell connection, however, 
produces a small resistance which drops the overall battery terminal voltage. Excessive 
corrosion on the battery posts can cause the intercell connection resistance to increase which 
could drop the terminal voltage to a point where the 105 VDC and 210 VDC minimum 
requirements may not be met. Per Reference 1, the battery cell manufacturer accounts for 
normal intercell connection resistance in it's battery cell discharge curves . Any resistance 
beyond this value must be accounted for by the DC system designer . This includes the added 
resistance from the following sources: 

1 . 

	

Elevated intercell connector resistance due to corrosion 
2. 

	

Resistance from the inter-rack jumper cable connections 
3. 

	

Resistance from the inter-tier jumper cable connections 
4. 

	

Resistance of the cable lug to post connection at the battery terminals 

CC-AA-309-1001 
Revision 4 

Figure 1 below is a representation of a typical battery configuration showing the various resistive 
elements . The number of cells is dependant on the battery's total voltage . Figure 2 is a 
schematic representation of this battery arrangement. 

R1 



To 125 VDC or 
250 VDC 
MCCs 
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Battery Cell 
(two posts per polarity) 

Ncel, 

Intercell 
Connector 

Plates 

Fiqure 1 

Nc,II = Number of intercell connectors 
NInter-Tier = Number of inter-tier connections 
NInter-Rack = Number of inter-rack connections 
RBattery = Total battery resistance due to connections 
I I,,,, = Maximum current from duty cycle 

Inter-rack 
Connector 
(cable) 

Figure 2 

NInter-Tier 
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Renter-Rack 

RIR-Cable 

Inter-tier 
Connector 
(cable) 

Rlntercen = Resistance of intercell conn. 
Renter-Tier = Resistance of inter-tier conn . 
RInter-Rack = Resistance of inter-rack conn . 
RIT-Cable = Resistance of inter-tier cables 
RIR-Cable = Resistance of inter-rack cables 
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Basic Methodol09v 

Maintenance personnel check battery intercell resistances with a micro-ohm meter. This is done 
by placing the micro-ohm meter across the positive post of one cell and the negative post of next 
adjacent cell . The resistance value obtained is actually the sum of the normal intercell connector 
resistance (which is already accounted for in the battery manufacturer's discharge curves) plus 
any additional resistance due to degradation of the plate-to-post connection (e.g . corrosion) . It is 
this additional resistance that is a concern when maintaining the UFSAR minimum voltage 
requirement (105 VDC, 210 VDC) . If this resistance becomes high enough, it would remove the 
remaining capacity in the battery and cause the battery terminal voltage to drop below the 
minimum requirement. 

The ELMS-DC program will be used to determine the total allowable battery string resistance 
based on the remaining battery capacity of each of the six safety related batteries. The following 
steps will be used for each battery to determine this minimum allowable resistance : 

1 . 

	

From references 2 and 3, the latest ELMS-DC files will be identified for each battery. 

2. 

	

From the applicable ELMS-DC file, the "Battery Minimum Volts" will be increased slightly 
until a positive remaining battery capacity Oust above 0%) is found. The voltage that 
produces this result will be designated as VMin. The difference between Vluun and the 
minimum required voltage (e.g . 105 VDC) is the amount of margin that exists to mitigate 
any increase resistance due to corrosion. This value will be designated as VX. Therefore, 

4. 

VX = VMin - VRequired 

3. 

	

From reference 1, the battery manufacturer allows for a 0.020 volt drop across each 
intercell, inter-tier, and inter-rack connection . From references 2 and 3, both the 125 VDC 
and 250 VDC batteries utilize NCN-21 cells manufactured by GNB. From the data sheet 
for these batteries (Ref . 2, page R1), the NCN-21 cells have a 1-hour discharge rate of 
750 amps when discharged to 1 .75 volts/cell . From Ohm's Law, the cell manufacturer's 
design intercell resistance is, 

R 

	

_ VDmP - Manut 

	

_ 

	

0.020 Volts 

	

= 

	

26.67 
I, -Hour 

	

750 Amps 

To determine the total resistance accounted for in the vendor discharge curves, the 
intercell resistance RIB will be multiplied by the number of intercell connectors, inter-tier 
connections, inter-rack connections, and the feed cable to lug connections . Since the 
vendor assumes the same voltage drop for each type of connection, the various 
connections will be combined into a single sum. The total vendor resistance is, 

Rvend.r = (Rlc)(Ncell + Nlnter-tier + Nlnter-Rack + Rug-Post) = (Rlc)(NTotal-con .) 

Where; Ncell 
Nlnter-Tier 
Nlnter-Rack 
Rug-Post 

Number of intercell connections 
Number of inter-tier connections 
Number of inter-rack connections 
Number of post to lug connections 

CC-AA-309-1001 
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5. The added allowable resistance due to the remaining margin in the battery is found from 
Ohm's Law, 

6. 

Desic n Inputs 

RMargln 
VX 
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where, 

	

VX = Voltage difference calculated in step 2 

IMAX = Maximum current from duty cycle . 

The total allowable measured resistance, RTotal-Allow, is the sum of the vendor allowable 
resistance plus the extra allowable resistance due to the remaining battery capacity . 

RTotal-Allow = RVendor + RMargin 

RTotal-Allow is the resistance value that will be compared to the actual field 
measurements taken per the Technical Specification surveillance . Note that the 
measurements taken at the inter-tier and inter-rack connection points will include 
the resistance of the jumper cables that extend between the tiers and racks. 
Since they are included in the measurements, they are not involved in the above 
computations . RTotal-Allow is the value that must be met to ensure the UFSAR 
required minimum voltage is maintained . 

Assumptions _/ Engineering Judgments 

1 . 

	

The 125 VDC Alternate Batteries for Unit 1 and 2 utilize the same cell type and load 
profiles as the Normal 125 VDC Batteries . The Alternate batteries are also enveloped by 
the Normal batteries in regards to the number and type of connections. The acceptance 
criteria for the Unit 1(2) 125 VDC Alternate batteries will be the same as the Unit 1(2) 
Normal 125 VDC batteries . This is verified from references 2, 3, 4, 5, and 6. 

1 . 

	

Table 1 contains the design inputs for each battery. 

Table 1 

R1 

Battery ELMS-DC 
File 

Number 
of Cells 

Intercell 
Conn. 

Inter-tier 
Conn. 

Inter-Rack 
Conn. 

Post-lug 
Conn. 

Ref. 

U1 125 VDC Q1D5YLS.M67 58 56 1 0 2 2,4 
U1 250 VDC Q1 D6250V.M25 120 115 2 2 2 3,4 

U2 125VDC Q2D5YLS.M69 58 52 2 3 2 2,6 
U2 250 VDC Q2D6250V.M24 T 

T 
120 113 j 2 4 2 3,7 
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R1 10 . 

	

Unit 2 125 VDC Battery ELMS-DC Datafile Q2D5YLS .M69, 29KB, 6/5/08,10:58 AM 
11 . 

	

Unit 2 250 VDC Battery ELMS-DC Datafile Q2D6250V.M24, 21 KB, 7/18/08, 6:47 AM 
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Calculations 

The total allowable resistance for each battery string will be calculated from steps 1 through 6 of 
the methodology as stated above . The following is a summary of this methodology along with a 
table of calculated values (Table 2) . 

Equation 1 : 

Equation 2 : 

	

Rvendor = (Rlc)(Nconn) 

Equation 3 : 

	

RMargin = 

Equation 4: 

VX = VMin - VRequired 
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VX = Voltage margin available from ELMS 
VMin = Max voltage in ELMS that produces 0% (approx) remaining margin 
VRequired = Minimum required battery voltage per the UFSAR 

Rvendor = resistance accounted for in the vendor's discharge curves 
R ic = voltage drop allowed by the vendor for each connection = 26 .67 ~LQ 
NC,ln = total number of cell connections 

VX 

Isvtax 

RMargin = extra resistance due to the margin in ELMS 
l m.,X = maximum current from the duty cycle 

RTotal-Allow = RVendor -f" RMargin 

RTotal-Allow = Maximum allowable resistance value when summing all 
intercell, inter-tier, inter-rack, post-lug micro-ohm 
measurements 
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Summary and Conclusions 

Table 2 
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The latest ELMS-DC files were used to determine the minimum battery intercell, inter-tier, and 
inter-rack resistances to ensure that minimum battery voltage levels are maintained . Table 3 is a 
summary of these results along with recommended acceptance criteria to be used in the 
Technical Specification surveillances . Note that the recommended acceptance criteria are lower 
than the calculated total allowable resistances. This adds conservatism and allows for small 
changes in battery loading to occur without revising the surveillance procedure. 

Table 3 

Final 
[Last Page] 

R1 

R1 

Battery ELMS-DC 
Base File 

New ELMS-DC 
Intercell File 

RTow-Aljow RAccept-Criteria 

U1 125 VDC Normal Q1 D5YLS.M67 Q1 D5YLS.102 3232 2900 psl 
U1 125 VDC Alternate 01 D5YLS.M67 Q1 D5YLS.102 3232 2900 
U1 250 VDC Q1 D6250V .M25 Q1 D6250V.102 12,411 7000 

U2125VDC Normal Q2D5YLS.M69 Q2D5YLS.102 3052 2800 
U2125VDC Alternate Q2D5YLS.M69 Q2D5YLS.102 3052 2800 
U2 250 VDC 02D6250V.M24 02D6250V.102 12,329 7000 

Battery V VR 
VX - _ -NC 

ortn 
RV r IM RM I RTotat-Allow 

U1 125 VDC 106.1 V 105 V 1 .1 V 59 663 A 1659 3232 
U1 250 VDC 217 .1 V 210 V 7.1 V 121 ' 73 A 9184 12,411 ijD 

U2 125 VDC 106.0 V 105 V 1 .0 V 

59 

676 A 1479 s2 3052 
U2 250 VDC 217 .1 V 210 V 1 7.1 V~ 121 3227 T 780 A 9102 12,329 



Unit 1 125 VDC Battery 

ELMS-DC File - Intercells 

Q1 D5YLS.102 

Calc No: QDC-8300-E-1587, Rev. 001 
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1 
UTILITY : 

	

Commonwealth Edison Company 

	

STATION : QUAD CITIES 

	

UNIT : 1 

	

USER : DWW 
DATA FILE : c :\elmsdc\gld5yls .i02 

	

DATE : 10-22-08 
Unit 1 125 VDC Battery Intercell Maximum Resistance Limits 
------------------------------------------------------------------------ 

BATTERY SIZING CALCULATION 

Lowest Expected Electrolyte Temp : 65 .00 

	

Cell Mfg : GNB (IEEE-450,1987) 
Minimum Battery Voltage . . . . . . . . . : 106 .10 

	

Cell Type : NCX (MODELS NCX-17, NCX-21, AND NCX-27) 
Minimum Cell Voltage . . . . . . . . . . . : 

	

1 .829 

	

No . Cells : 

	

58 

	

No . Pos . Plates : 

	

10 

(1) 1 

	

(2) 

	

i 

	

(3) 

	

I 

	

(4) 

	

I 

	

(5) 

	

(6) 

	

(7) 
Change in 

	

Duration 

	

Time to End 

	

capacity at 

	

Req'd Section Size 
Load 

	

Load 

	

( of Period 

	

of Section 

	

' T min. rate 

	

(3) / (6) 
SectionlPeriodl 

	

(amperes) 

	

I 

	

(amperes) 

	

I (minutes) I 

	

(minutes) 

	

Amps/Pos (RT)l 

	

Positive Plates 

I 

	

1 

	

Al - 662 .137 

	

Al -0 

	

662 .137 

	

M1 - 

	

1 

	

T - M1 

	

- 

	

1 

	

90 .246 

	

7 .337 
Total = 

	

7 .337 
_______________ _____________________I------------ ~---------- ----------- ------------- ~___________________ 

7 .371 
-4 .345 

Total = 

	

3 .026 
~___________________ 

7 .476 
j 

	

-4 .406 
( 

	

1 .063 
Total = 

	

4 .133 

7 .656 
-4 .512 
1 .089 

-1_073 
= 3 .160 

---------- 
7 .693 

-4 .534 
1 .094 

-1 .078 
.498 

= 3 .673 
--------
7 .731 

-4 .556 
1 .099 
1 .083 
.500 
.338 

. 

	

i 

	

I 

	

To tat 

	

- . 

	

1 .353 
_______________I____ . 

	

____________I___ 

	

------ ~_____-______ 

Calc No : QDC-8300-E-1587, Rev. 001 
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i 
I 

3 
4 

. ..----- 

A3 - 

j A4 - 
365 .089 
270.039 

I--------------- 

A3 -A2 = 
A4 -A3 = 

--------------------- 

95 .050 
-95 .050 

! M3 = 
M4 = 

3 
5 

T = M3 + . .+M4 = 8 87 .320 j 
( T - M4 - 5 88 .574 

Total 
'____________I____ .,__ ._ . .__ . ..__ .____ _____________I______ 

5 1 Al = 662 .137 Al -0 662 .137 Ml 1 T = MI + . .+M5 -- 11 86 .066 
2 ( A2 - 270 .039 A2 -Al = -392 .098 M2 = 1 T = M2 + . .+M5 = 10 j 86 .484 
3 A3 - 365 .089 A3 -A2 = 95 .050 M3 = 3 T = M3 + . .+MS = 9 86 .902 

I 4 ( A4 - 270 .039 A4 -A3 -95_050 M4 5 T = M4 + . .+M5 6 88 .156 
5 A5 = 314 .962 AS -A4 44 .923 M5 - 1 T - M5 = 1 90 .246 

Total 

6 1 
--------------- 
Al = 662 .137 

-------- - 
Al -0 = 

- - ------ 
662 .137 

------------ 
; M1 = 1 

------------- 
T = M1 + . .+M6 12 85 .648 ( 

2 A2 = 270 .039 A2 -Al 392 .098 M2 = 1 T = M2 + . .+M6 = 11 86 .066 
., A3 - 365 .089 A3 -A2 = 95 .050 M3 = 3 T = M3 + . .+M6 10 86 .484 
4 ! A4 = 270 .039 A4 -A3 = 95 .050 M4 5 T = M4 --M,; = 7 87 .738 j 

AS = 314 .962 AS -A4 = 44 .923 M5 = 1 T = MS . . " M(, = 2 ' 89 .828 I 

A6 - 284 .483 A6 AS = 0 .479 M6 = 1 T = Mf. = 1 90 .246 

2 1 
2 

A1 = 
A2 = 

662 .137 
270 .039 

Al -0 - 
A2 -Al 

662 .137 
-392 .098 

____________-__I_-________________-__I____________I-------- 

M1 = 
M2 = 

1 
1 

T - MI + . .+M2 2 I 
T = M2 1 

_ ___---------- 

89 .828 
90 .246 

------------- 
3 j 1 Al = 662 .137 Al -0 = 662 .137 M1 = I T = M1 + . .+M3 5 j 88 .574 

2 A2 = 270 .039 A2 -Al = -392_098 M2 1 T = M2 + . .+M3 = 4 88 .992 
3 A3 = 365 .089 A3 -A2 95 .050 M3 - 3 T = M3 = 3 

' ( 
89 .410 

4 1 
--------------- 
Al = 662 .137 

---------- 
A1 -0 - 

----- --- 
662 .137 

------------ 
M1 1 

-------- ------------- 
T - M1 + . .+M4 ~ 10 86-484 

2 A2 - 270 .039 A2 -A1 -392 .098 M2 = 1 T = M2 + . .+M4 - 9 86 .902 
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UTILITY : 

	

Commonwealth Edison Company 

	

STATION : QUAD CITIES 

	

UNIT : 1 

	

USER : DWW 

DATA FILE : c :\elmsdc\gld5yls .i02 

	

DATE : 10-22-08 

Unit 1 125 VDC Battery Intercell Maximum Resistance Limits 

BATTERY SIZING CALCULATION 

Lowest Expected Electrolyte Temp : 65 .00 

	

Cell Mfg : GNB (IEEE-450,1987) 

Minimum Battery Voltage . . . . . . . - . : 

	

106 .10 

	

Cell Type : 

	

NCX 

	

(MODELS NCX-17, 

	

NCX-21, 

	

AND NCX-27) 

Minimum Cell Voltage . . . . . . . . . . . . : 1 .829 

	

No . Cells : 58 

	

No . POs . Plates : 10 

(1) 

	

(2) 

	

) 

	

(3) 

	

(4) 

	

) 

	

(5) 

	

j 

	

(6) 

	

) 

	

(7) 

____-______ ..____) 

	

T 

	

- 

	

Ml 

	

+ . .+MB 

j 

	

T 

	

- 

	

M2 

	

+ . . .M8 

j 

	

T 

	

= 

	

M3 

	

+ . .+M8 

T 

	

, 

	

M4 

	

+ . .+M8 

T 

	

= 

	

MS 

	

+ . .+M8 

T 

	

= 

	

M6 

	

+ . .+M8 

T 

	

= 

	

M7 

	

+ . .+MB 

T 

	

= 

	

MB 

--------------- - 

T = M1 + . .+M9 = 60 ) 

	

58 .922 

	

) 

	

11 .237 

T = M2 + . .+M9 

	

59 j 

	

59 .352 

	

j 

	

-6 .606 

T = M3 + . .+M9 

	

58 ) 

	

59 .781 

	

) 

	

1 .590 

T - M4 + . .+M9 = 55 ) 

	

61 .069 

	

-1 .556 

T = M5 + . .+M9 - 50 ) 

	

63 .216 

	

j 

	

.711 

T = M6 + . .+M9 

	

49 ) 

	

63 .646 

	

1 

	

- .479 

T -- M7 + . .+M9 = 48 J 

	

64 .075 

	

- .237 

T = M8 + . .+M9 

	

45 j 

	

65 .363 

	

- .151 

T s M9 

	

30 

	

71 .804 

	

-1 .424 

j 

	

r Total = 

	

3 .085 

-------------- 

	

______-J ----------- 
___-_____-_ 

	

----------- --------- 

	

- 

	

____ 

Change in Duration 

Load j Load j of Period 
SectionjPericdj (amperes) (amperes) (minutes) 

7 J 1 ) Al = 662 .137 ) Al -0 - 662 .137 j M1 1 
2 ) A2 = 270 .039 j A2 -Al -392 .098 ) M2 1 
3 J A3 - 365 .089 J A3 -A2 - 95 .050 [ M3 = 3 

J 4 J A4 - 270 .039 A4 -A3 -95 .050 ) M4 = 5 

J 5 ) A5 - 314 .962 ) A5 -A4 44 .923 ) M5 1 
J 6 ) A6 - 284 .483 A6 AS = -30 .479 ) M6 = 1 

7 J A7 = 269 .329 A7 -A6 -15 .154 ) M7 = 3 

_________ ..____ I__ .. _ .. . . . __ .. 
--------- ------------ 

B ) 1 j Al = 662 .137 ( Al -0 662 .137 ) M1 = 1 
2 ) A2 = 270 .039 ) A2 -Al -392 .098 ) M2 = 1 

j 3 ) A3 = 365 .089 ) A3 -A2 95 .050 ) M3 3 

4 j A4 = 270 .039 A4 -A3 = -95 .050 M4 5 

j 5 ) A5 = 314 .962 AS -A4 = 44 .923 j M5 = 1 1 
J 6 ) A6 = 284 .483 ) A6 AS = -30 .479 1 M6 1 1 

7 j A7 = 269 .329 j A7 A6 -15 .154 J M7 = 3 1 

I 8 ) AS - 259 .449 j A8 -A7 = -9 .880 J MB = 15 ) 

j 
_______________J_ ._ ..- ____-________j------------ 

)9 ' 1 ) Al 662 .137 ! Al 0 662 .137 J M1 = 1 

( 2 ) A2 = 270 .039 ! A2 Al -392 .098 J M2 = 1 I 

3 J A3 - 365 .089 ( A3 -A2 95 .050 ) M3 = 3 J 

4 ) A4 = 270 .039 ) A4 A3 -95 .050 ) M4 = 5 I 

5 J AS = 314 .962 ! A7 A4 = 44 .923 M5 = 1 

6 ) A6 = 284 .483 ! A6 AS _ -30 .479 ) M6 = 1 J 

7 j A7 = 269 .329 ) A7 A6 = -15 .154 M7 - 3 j 
8 ) A8 = 259 .449 1 Ae A7 = -9.880 ) M8 = 15 j 

j 9 ) A9 - 157 .196 A9 AS = 102 .253 ) M9 = 30 

______j___ 
Total = 3 .234 

________ ._I 

30 71 .604 I 
--------- - --------- 

.221 

= 29 7 .643 ) -5 .398 

= 28 ) 73 .482 I 1 .294 

= 25 j 76 .001 ) -1 .251 

= 20 ) 80 .198 .560 

= 19 ) 81 .037 ! - .376 

= 18 ( 81 .876 - .185 

15 ) 84 .395 - .117 

) Total = 3 .749 
------ )_-________ . - -------------------- 

) Time to End ) Capacity at ) Req'd Section Size 

of Section j T min . rate J (3i / (6) 

j (minutes) )Amps/Pos (RT)j Positive Plates 

) T = M1 + . .+M7 15 ) 84 .395 ( 7 .846 

J T - M2 + . .+M7 14 j 84 .813 J -4 .623 

) T = M3 + . .+M7 13 J 85.230 ( 1 .115 

j T = M4 + . .+M7 - 10 j 86 .484 -1 .099 

) T = M5 + . .+M7 = 5 ) 88 .574 ) .507 

) T = M6 + . .+M7 = 4 J 88 .992 j - .342 

j T - M7 - 3 ) 89 .410 - .169 
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UTILITY : 

	

Commonwealth Edison Company 

	

STATION: QUAD CITIES 

	

UNIT : 1 

	

USER : DWW 
DATA FILE : c :\elmsdc\gld5yls .i02 

	

DATE : 10-22-08 
Unit 1 125 VDC Battery rntercell Maximum Resistance Limits 
-------------------------------- ------ - -------- -------------------------------------------------- --------------------- 

BATTERY SIZING CALCULATION 

________--_-__-I- --___--__-_______I____________I_- .- ._--_________-____I____- __ - I . .-__ . .------------
Maximum section size - Uncorrected size 'US) = 

	

7.337 

	

from period 1 

US X TEMP . CORR . X DESIGN MARGIN X AGING FACTOR = MINIMUM REQUIRED SIZE 
7 .337 1 .08 

	

1 .00 

	

1 .25 

	

9.905 

Selected battery pos plates - 10 

	

I Battery capacity remaining = 

	

9% 

Calc No : QDC-8300-E-1587, Rev. 001 
Attachment A 
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-_ =====I=__=--I-zs-====sa=a~~_=_ ---_m=s-=z=9-=I=--==_------I------ =----------- =---1=--- -=__iz=-===_=am... . 
10 I 1 ( Al = 662 .137 I Al -0 662 .137 I M1 I I T = M1 + . .+M10 = 240 1 28 .477 I 23 .251 

I 2 I A2 - 270 .039 A2 Al -392 .098 ( M2 1 T = M2 + . .+M10 = 239 1 28 .575 -13 .722 
3 I A3 - 365 .089 I A3 -A2 95 .050 I M3 = 3 I T = M3 + . .+M10 = 238 1 28 .672 j 3 .315 

I 4 I A4 - 270 .039 I A4 -A3 = -95 .050 I M4 - 5 I T M4 +- .+M10 = 235 1 28 .963 -3 .282 

I 5 I AS = 314 .962 I A5 -A4 = 44 .923 I MS - I I T < M5 + . .+M10 = 230 1 29-449 j 1 .525 

I 6 I A6 - 284 .483 I A6 -A5 - -30 .479 I M6 - 1 I T = M6 + . .+M10 = 229 29 .546 -1 .032 
7 I A7 = 269 .329 I A7 -A6 -15 .154 I M7 = 3 I T = M7 + . .+M10 = 228 1 29 .644 - .511 

I 8 I A8 = 259.449 A8 -A7 = -9 .880 I M8 - 15 I T = M8 + . .+M10 - 225 1 29 .935 - .330 
9 I A9 = 157 .196 'f A9 -A8 -102 .253 I M9 - 30 I T = M9 + . .+M10 = 210 I 31 .393 -3 .257 

I 10 I A10= 155 .889 I AID A9 = -1 .307 i M10 = 180 T = M10 = 180 I 34 .308 - .038 

I I I I I ; Total = 5 .920 

Lowest Expected 
Minimum Battery 

Electrolyte 
Voltage . . . . . . . . . : 

Temp : 65-00 
106-10 

Cell Mfg : GNS 
Cell Type : NCX (MODELS 

(IEEE-450,1987) 
NCX-17, NCX-21, AND NCX-27) 

Minimum Cell Voltage . . . . . . . . . . . . 1 .829 No . Cells : 58 No . Pos . Plates : 10 

i (1) I (2) I (3) I (4) I (5) I (6) I (7) 

I I I Change in ( Duration Time to End I Capacity at I Req'd Section Size 
I I Load I Load I of Period I of Section i T min . rate I (3) / (6) 

SectionlPeriodl (amperes) I (amperes) I (minutes) I (minutes) (Amps/Pos (RT) I Positive Plates 
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BATTERY SIZING CALCULATION 

RT curve points used to size battery : 
TIME 

	

AMPS PER 
(MIN) 

	

POS PLATE 

0 90 .73 
1 90 .25 

15 84 .39 
30 71 .80 
60 58 .92 
90 48 .47 

120 43 .66 
180 34 .31 
240 28 .48 
300 24 .49 
490 17 .26 



Unit 1 250 VDC Battery 

ELMS-DC File - Intercells 

01 D6250V .102 

Calc No: QDC-8300-E-1587, Rev . 001 
Attachment A 
Page No: A6 of A22 



SARGENT & LUNDY, ENGINEERS 
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PROJECT NUMBER : 

	

PAGE : 

	

1 
UTILITY : 

	

Commonwealth Edison Company 

	

STATION: QUAD CITIES 

	

UNIT: 1 

	

USER : DWW 
DATA FILE : c :\elmsdc\gld6250v.i02 

	

DATE : 10-22-08 
Unit 1 250 VDC Battery Intercell Maximum Resistance Limits 
------------------------------------- - --------------------------------- 

	

-----------------------------------------

BATTERY SIZING CALCULATION 

Lowest Expected Electrolyte Temp : 65 .00 

	

Cell Mfg : GNB (IEEE-450,1987) 
Minimum Battery Voltage. . . . . . . . . : 217 .10 

	

Cell Type : NCX (MODELS NCX-17, NCX-21, AND NCX-27) 
Minimum Cell Voltage . . . . . . . . . . . . : 1 .809 

	

No . Cells : 120 

	

No . Pos . Plates : 10 

I (1) 

------------------ 

(2) 

	

I 

	

(3) 

	

i (4) 

	

I 

	

(5) 

	

I 

	

(6) 

	

(7) 
I 

	

I 

	

I 

	

Change in 

	

I Duration 

	

Time to End 

	

I Capacity at ! Req'd Section Size 
I 

	

Load 

	

Load 

	

of Period I 

	

of Section 

	

I T min_ rate 

	

(3) / (6) 
SectionlPeriodl 

	

(amperes) 

	

I 

	

(amperes) 

	

(minutes) I 

	

(minutes) 

	

(Amps/Pos (RT)I 

	

Positive Plates 

_-______________I_____ . 

	

_________________~___ ._ 

	

__ ----------- 

--------------- =====__ _~~__ =====y=I===_=__==_==1=====____=====a__>==_al===a==_=_====1 _= -__-====-------- 
1 I 1 I AI - 772 .699 I Al -0 772 .699 I MI = 1 T = M1 = 1 I 106 .177 I 7 .277 

I ( I I I ( Total = 7 .277 
__________-____I_____________________I____________I______________________I_____________I___________________ 

2 I 1 I Al = 772 .699 I Al -0 772 .699 I M1 - 1 I T - MI + . .+M2 2 I 105 .084 I 7 .353 
2 I A2 - 183 .959 A2 -A1 -588 .740 I M2 = 1 I T = M2 = 1 I 106 .177 I -5 .545 

I I I I I ( Total = 1 .808 
_______________ ________ ..____________l .______ ._ .___ ..I _____________________I__________ _ ..I___________________ 

3 I 1 I Al - 772 .699 Al -0 = 772 .699 I M1 = 1 I T - M1 + . .+M3 7 I 99 .621 7 .756 
2 I A2 - 183 .959 A2 -A1 _ -588 .740 ( M2 = 1 I T = M2 + . .+M3 = 6 I 100 .714 I -5 .846 

I 3 A3 = 142 .459 I A3 -A2 = -41 .500 f M3 = 5 I T = M3 m 5 I 101 .806 - .408 
I I I ( ! Total = 1 .503 

-------------- I -------- ._______I__________ . . .___ ______ ____ ._____I______- .-_ _ ------------ 
4 I 1 Al = 772 .699 Al -0 = 772 .699 M1 = 1 T - M1 + . .+M4 - 9 I 97 .435 ! 7 .930 

2 I A2 = 183 .959 A2 -Al - -588 .740 I M2 = 1 I T = M2 + . .+M4 = 8 ( 98 .528 I -5-975 

I 3 I A3 = 142 .459 A3 -A2 - -41 .500 I M3 = 5 T = M3 + . .+M4 = 7 I 99 .621 - .417 

I 4 I A4 - 273 .699 I A4 -A3 = 131 .240 I M4 = 2 j T - M4 2 ( 105 .084 I 1 .249 

I ! I i ( ( Total - 2 .787 
_____________________ I _- -------- ---------------------- ------------ ------------------- 

5 I 1 I Al = 772 .699 ; Al -0 = 772 .699 I Ml = 1 j T = M1 + . .+M5 30 I 81 .243 9 .511 
2 I A2 = 183 .959 I A2 -Al - -588 .740 I M2 = 1 T = M2 + . .+M5 29 I 81 .886 I -7 .190 
3 I A3 - 142 .459 ( A3 -A2 - -41 .500 I M3 = 5 T = M3 + . .+M5 - 28 I 82 .528 - .503 

I 4 I A4 - 273 .699 I A4 -A3 = 131 .240 I M4 - 2 T = M4 + . .+M5 23 I 85 .740 1 .531 
I 5 I A5 - 166 .639 I A5 -A4 = -107 .060 I M5 = 21 ! T = M5 = 21 I 87 .025 -1 .230 

I I I ' Total = 2 .119 
_______ .___ _ _I- ___________________I___ . . . _____________________I__ ____ _ I ---------------- 

6 I 1 Al = 772 .699 I Al -0 772 .699 I M1 = 1 ; T = Ml + . .+M6 = 120 ( 46 .445 16 .637 
I 2 A2 = 183 .959 I A2 -Al = -588 .740 M2 = 1 T - M2 + . .+M6 - 119 ( 46 .630 -12 .626 
I 3 I A3 - 142 .459 I A3 -A2 = -41 .500 I M3 = ., ! T = M3 + . .+M6 = 118 ( 46 .816 - .886 

4 I A4 = 273 .699 - A4 -A3 - 131 .240 i M4 - 2 T = M4 +_ .+M6 = 113 ( 47 .744 : 2 .749 
I 5 I A5 = 166 .639 AS -A4 = -107 .060 I M5 = 21 ! T = MS + . .+M6 - 111 ( 48 .115 -2 .225 

I 6 I A6 - 162 .6 9 A5 A5 = -4 .000 1 M6 _ yG = M6 90 I 52 c: : . - - .077 
I I I Total = 3 .572 
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Unit 1 250 VDC Battery Intercell Maximum Resistance Limits 
--------------------------------------------------------------------------------------- 

BATTERY SIZING CALCULATION 

Lowest Expected Electrolyte Temp : 65 .00 

	

Cell Mfg : GNB 
Minimum Battery Voltage . . . . . . . . . : 217 .10 

	

Cell Type : NCX 
Minimum Cell Voltage . . . . . . . . . . . . : 1 .809 

	

No . Cells : 120 

I (1) I 

	

(2) 

	

(3) 

------------------- 

(IEEE-450,1987) 
(MODELS NCX-17, NCX-21, AND NCX-27) 

No . Pos . Plates : 10 

PROJECT NUMBER : 

	

PAGE : 

	

2 
UNIT : 1 

	

USER : DWW 
DATE : 10-22-08 

1 

	

(4) 

	

1 

	

(5) 

	

1 

	

(6) 

	

1 

	

(7) 

------------------- I . . 

	

1____-. . ._____________ 

talc No: QDC-8300-E-1587, Rev. 001 
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------- I------ I------------ I _____ ..-______-__-___I______ __ I______________________I___________ _I___________________ 
8 1 1 Al 772 .699 I Al -0 = 772 .699 M1 = 1 T - M1 + . .+M8 - 122 I 46 .084 I 16 .767 

2 I A2 = 183 .959 A2 -Al - -588 .740 M2 = 1 I T = M2 + . .+M8 = 121 I 46 .264 I -12 .726 
J 3 I A3 = 142 .459 I A3 -A2 = -41 .500 I M3 I T - M3 + . .+M8 = 120 I 46 .445 I - .894 

4 I A4 = 273 .699 I A4 -A3 131 .240 i M4 = 2 T = M4 + . .+M8 - 115 I 47 .373 j 2 .770 

I 5 I A5 = 166 .639{ AS -A4 = -107 .060 I M5 = 21 j T = MS + . .+M8 = 113 i 47 .744 I -2 .242 
I 6 ( A6 = 162 .039 I A6 -AS -4 .000 j M6 = 90 T = M6 + . .+M8 92 51 .642 I - .077 

I 7 A7 194 .009 I A7 -A6 = 31 .370 M7 = 1 I T = M7 + . .+M8 - 2 I 105_084 .299 
8 I A8 = 150 .259 I A8 -A7 m -43 .750 I M8 = 1 T - M8 = 1 I 106 .177 - .412 

I I I I I Total = 3 .485 
--------- .----- I ..____________________i_ ._- 1-_____________________I_______ ._____I___-_ ..___________-. 

9 I 1 Al = 772 .699 I Al -0 = 772 .699 I M1 1 1 T = M1 + . .+M9 = 123 ( 45 .904 I 16 .833 

I 2 1 A2 = 183 .959 A2 -Al = -588 .740 1 M2 = .. T - M2 + . .+M9 - 122 1 46 .084 I -12 .775 
I 3 I A3 142 .459 I A3 -A2 -41 .500 M3 = 5 T = M3 + . .+M9 = 121 ( 46 .264 I - .897 

I 4 I A4 = 273 .699 A4 -A3 = 131 .240 1 M4 = 2 T = M4 + . .+M9 = 116 j 47 .187 2 .781 

I 5 A5 = 166-639 AS -A4 = -107 .060 ! MS - 27 . T - M5 + . .+M9 - 114 1 47 .558 I -2 .251 

I 6 I A6 = 162 .639 I A6 -AS - -4 .000 M6 = 90 T = M6 + . .+M9 93 I 51 .456 - .078 

I 7 I A7 = 194 .009 y A7 -A6 - 31 .370 { M7 = 1 T = M7 + . .+M9 = 3 I 103 .992 I .302 

1 8 I A8 = 150 259 A8 -A7 = -43 .750 { M8 = 3 ! T = M8 + . .+M9 = 2 j 105 .084 I - .416 
I 9 I A9 = 1n9 .479 I A9 -A8 = 18 .220 1 M9 _ = T - M9 - 1 106 .177 I .172 

I I i i Total = 3 .670 

I 

SectioniPeriodl 

I 
( Load I 

(amperes) I 

Change 
Load 

(amperes) 
=ag==o(==sa--I=========r=-=-I=a=-===----=====_==1=====__==__=I=====_=-===------ 

in Duration 
of 

I 

Period 
(minutes) 

I Time to End 
j of Section 
1 (minutes) 

I 
I 
Capacity at 
T min . rate 

(Amps/Pos 
====I .=___a.=} 

I Req'd 

I (3) 
(RT)I Positive 

====I=====a==----------- 

Section Size 
/ (6) 

Plates 

7 I 1 I Al = 772 .699 ( Al -0 - 772 .699 M1 1 I T = Ml + . .+M7 = 121 1 46 .264 1 16 .702 

I 2 I A2 = 183 .959 I A2 -Al = -588 .740 I M2 1 I T = M2 + . .+M7 = 120 I 46 .445 1 -12 .676 
I 3 I A3 - 142 .459 ( A3 -A2 = -41 .500 I M3 5 ( T s M3 + . .+M7 = 119 I 46 .630 1 - .890 
I 4 I A4 = 273 .699 I A4 -A3 131 .240 I M4 2 I T = M4 + . .+M7 114 I 47 .558 I 2 .760 

I 5 I AS = 166 .639 I AS -A4 = -107 .060 I M5 21 I T =M5 + . .+M7 = 112 47 .930 I -2 .234 

I 6 I A6 - 162 .639 I A6 -AS = -4 .000 I M6 90 ( T = M6 + . .+M7 = 91 51 .1327 I - .077 
7 I A7 = 194 .009 A7 -A6 = 31 .370 I M7 1 I T = M7 = 1 106 .177 I .295 

I I I I I Total - 3 .880 



SARGENT & LUNDY, ENGINEERS 

	

CHICAGO, ILLINOIS 

	

ELMS-DC VERSION 2 .00 

	

PROJECT NUMBER : 

	

PAGE : 

	

3 
UTILITY : 

	

Commonwealth Edison Company 

	

STATION : QUAD CITIES 

	

UNIT: 1 

	

USER : DWW 
DATA FILE : c :\elmsdc\gld6250v .i02 

	

DATE : 10-22-08 
Unit 1 250 VDC Battery Intercell Maximum Resistance Limits 

BATTERY SIZING CALCULATION 

Lowest Expected Electrolyte Temp : 65 .00 

	

Cell Mfg : GNB (IEEE-450,1987) 
Minimum Battery Voltage . . . . . . . . . : 217 .10 

	

Cell Type : NCX (MODELS NCx-17, NC%-21, AND NCx-27) 
Minimum Cell Voltage . . . . . . . . . . . . : 1 .809 

	

No . Cells : 120 

	

No . Pos . Plates : 10 

i (1) I 

	

(2) 

	

(3) 

	

I 

	

(4) 

	

I 

	

(5) 

	

I 

	

(6) 

	

(7) 

I 

	

Time to End 
of Section 
(minutes) 

I T = Ml + .,+M10 
I T = M2 + . .+M10 
I T = M3 + . .+M10 

I T = M4 + . .+M10 

j T = M5 + . .+M10 

I T m M6 + . .+M10 

j T = M7 + . .+M10 
T - M8 + . .+M10 

I T - M9 + . .+M10 

j T = M10 

I 

11 I 1 

I 2 

j 3 

j 4 

I 5 
I 6 

j 7 
8 

j 9 

j 10 

I 11 

j 

12 j 1 

I 2 
3 

j 4 
j 5 

j 6 

j 7 

I 8 
j 9 

j 10 

j 11 

I 12 

	

A12= 1 ;1 .939 j A12-All = 

	

217.680 

	

M12 = 

	

1 I T - M12 

	

= 

	

1 

	

106 .177 

	

j 

	

2 .050 
Total = 

	

7 .064 
I_ ------------ _ 

	

_______________ . . . 

	

_I . , .---------- _ 

Calc No : QDC-8300-E-1587, Rev. 001 
Attachment A 
Page No: A9 of A22 

________ _________ ---------------------- ______ .______I_______________ .__ 

Al = 772 .699 I Al -0 772 .699 j M1 = 1 I T = M1 + . .+M12 - 240 ! 29 .469 26 .221 
A2 = 183 .959 j A2 -Al -588 .740 ! M2 1 I T = M2 + . .+M12 = 239 29 .571 -19 .909 

.I A3 = 142 .459 I A3 -A2 - -41 .500 j M3 = 5 T = M3 + . .+M12 = 238 1 29 .674 I -1 .399 
I A4 = 273_699 I A4 -A3 = 131 .240 1 M4 _ 2 I T = M4 + . .+M12 - 233 30 .187 4 .348 
AS = 166 .639 AS -A4 = -107 .060 - M5 = 21 I T = M5 + . .+M12 = 231 30 .392 I -3 .523 

! A5 = 162 6_9 I A6 -AS - -4 .000 M6 = 90 I T - M6 + . .+M12 = 210 : _,= .545 - .123 
! A7 - 194 .009 A7 -A6 = 31 .370 M7 = 1 I T - M7 +_ .+M12 = 120 46,445 I .675 
! A8 = 150 .259 A8 -A7 = -43 .750 M8 = 1 I T = M8 + . .+M12 = 119 46 .630 - .938 
j A9 = 168 .479 I A9 -A8 - 18 .220 M9 = 1 I T - M9 + .,+M12 = 118 46 .816 I .389 
A10= 142 .259 I A10-A9 -26 .220 M10 = 1 I T = M10+_ .+M12 - 117 47 .002 j - .558 

( All= 134 .259 j All-A10 = -8 .000 Mll = 115 T = Mll+ . .+M12 = 116 ` 47 .187 j - .170 

__________ .____I-____________________j_-__________j______________________I_ ._________ -~_ . ------ ___- .._______ 

I A1 = 772 .699 j Al -0 = 772 .699 I M1 = 1 I T - M1 + ._+Mll = 239 29 .571 f 26 .130 
A2 - 183 .959 A2 -Al --- -588 .740 ( M2 - 1 I T = M2 + . .+Mll - 238 j 29 .674 I -19 .840 

I A3 = 142 .459 A3 -A2 = -41 .500 ; M3 = 5 j T = M3 +, .+Mll - 237 29 .776 I 1 .394 
; A4 = 273 .699 I A4 -A3 - 131 .240 M4 - 2 I T = M4 + . .+M11 = 232 j 30 .289 j 4 .333 
I AS = 166 .639 ( AS -A4 -107 .060 MS = 21 j T - MS + .,+Mll - 230 1 30 .494 I -3 .511 
I A6 = 162 .639 j A6 -AS = -4 .000 I M6 - 90 I T = M6 + . .+Mll - 209 1 32 .648 j - .123 
A7 = 194 .009 I A7 -A6 = 31 .370 I M7 = 1 j T = M7 +, .+M11 = 119 46 .630 673 

I AB = 150 .259 ( A8 -A7 - -43 .750 ! 148 I I T = M8 + . .+Mll - 118 46 .816 I - .935 
j A9 = 168 .479 j A9 -A8 = 18 .220 j M9 = 1 j T = M9 + . .+M11 = 117 j 47 .002 I .388 

I A10= 142 .259 I A10-A9 -26 .220 j M10 = 1 I T = M10+ . .+Mll = 116 ( 47 .187 I - .556 
All= 134 .259 All-A10 = -8 .000 ! M11 - 115 I T - M11 = 115 47 .373 j - .169 

j I I ( ( Total = 4 .997 

SectionjPeriodl 
Load 

(amperes) I 

Change 
Load 

(amperes) 

in i Duration 
of 

I (minutes) 
Period 

10 j 1 I Al - 772 .699 j Al -0 772 .699 I M1 = 1 

I 2 A2 - 183 .959 I A2 -A1 = -588 .740 I M2 - 1 

j 3 I A3 = 142 .459 I A3 -A2 = -41 .500 I M3 - 5 
4 j A4 = 273 .699 I A4 -A3 131 .240 I M4 = 2 

j 5 I A5 = 166 .639 AS -A4 s -107 .060 M5 - 21 

I 6 j A6 - 162 .639 j A6 -A5 = -4 .000 j M6 - 90 

j 7 I A7 - 194 .009 A7 -A6 31 .370 M7 - 1 

j 8 I A8 - 150 .259 I AB -A7 -43 .750 I M8 - 1 
j 9 j A9 = 168 .479 A9 -A8 = 18 .220 I M9 = 1 

j 10 ( A10= 
I j 

142 .259 I A10-A9 

I 

= -26 .220 I M10 = 

1 

1 

I 
jA 

capacity 
T min. rate 
ps/Pos (RT) 

t I Req'd S 
j (3) 
I Positive 

ction Size 
/ (6) 
Plates 

= 124 1 45 .723 I 16 .899 
- 123 1 49 .904 j _12 .826 
= 122 j 46 .084 I - .901 
- 117 1 47 .002 I 2 .792 
- 115 j 47 .373 j -2 .260 
- 94 I 51 .271 j - .078 
- 4 i 102 .899 I .305 
= 3 j 103 .992 I - .421 
- 2 ( 105 .084 173 
= 1 I 106 .177 I - .247 

I 1 Total = 3 .438 
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UNIT: 1 

	

USER : DWW 
DATE : 10-22-08 

SARGENT & LUNDY, ENGINEERS 

	

CHICAGO, ILLINOIS 
UTILITY : 

	

Commonwealth Edison Company 
DATA FILE : c :\elmsdc\g1d6250v .i02 
Unit 1 250 VDC Battery Intercell Maximum Resistance Limits 

BATTERY SIZING CALCULATION 

I (1) I 

	

(z) 

	

I 
I 

	

I 
Load I 

SectionlPeriodl (amperes) I 

Lowest Expected Electrolyte Temp : 65 .00 
Minimum Battery Voltage . . . . . . . . . : 217 .10 
Minimum Cell Voltage . . . . . . . . . . . . . 1 .809 

	

No . Cells : 

(3) 
Change 

Load 
(amperes) 

Maximum section size - Uncorrected size (US) - 

	

7 .277 

	

from period 1 

In 

Cell Mfg : 
Cell Type : 

i4 
Duration 

I of Period 
(minutes) 

GNB (IEEE-450,1987) 
NCX (MODELS NCX-17, NCX-21, AND NCX-27) 
120 

	

No . Pos . Plates : 10 

US X TEMP- CORR . X DESIGN MARGIN X AGING FACTOR = MINIMUM REQUIRED SIZE 
7 .277 1 .08 

	

1.00 

	

1.25 

	

9.825 

(5) 
Time to End 
of Section 
(minutes) 

Selected battery pos plates - 10 

	

I Battery capacity remaining = 

	

1 .8% 

I 

	

(6) 

	

I 

	

(7) 
capacity at I Req'd Section Size 

I T min . rate I 

	

(3) / (6) 
(Amps/Pos (RT)I 

	

Positive Plates 

Calc No : QDC-8300-E-1587, Rev. 001 
Attachment A 
Page No: A10 of 
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UTILITY : 

	

Commonwealth Edison Company 

	

STATIGN : QUAD CITIES 

	

UNIT : 1 

	

USER : DWW 
DATA FILE : c :\elmsdc\gld6250v .i02 

	

DATE : 10-22-08 
Unit 1 250 VDC Battery Intercell Maximum Resistance Limits 
------------------------------------------------------- - --------------------------------------------------------------

BATTERY SIZING CALCULATION 

RT curve points used to size battery : 
TIME 

	

AMPS PER 
(MIN) 

	

POS PLATE 

0 106 .66 
1 106 .18 

15 90 .88 
30 81 .24 
60 63 .92 
90 52 .01 
120 46 .44 
180 35 .62 
240 29 .47 
300 25 .40 
480 17 .59 



Unit 2 125 VDC Battery 

ELMS-DC File - Intercells 

02D5YLS.102 

Calc No : QDC-8300-E-1587, Rev. 001 
Attachment A 
Page No: A12 of A22 
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PROJECT NUMBER : 08646 

	

PAGE : 

	

1 
UTILITY : 

	

Commonwealth Edison Company 

	

STATION : QUAD CITIES 

	

UNIT : 2 

	

USER : DWW 
DATA FILE : c :\elmsdc\g2d5yls .i02 

	

DATE : 10-22-08 
Unit 2 125 VDC Battery Intercell Maximum Resistance Limits 

BATTERY SIZING CALCULATION 

Calc No: QDC-8300-E-1587, Rev. 001 
Attachment A 
Page No: Al 3 of A22 

Lowest Expected Electrolyte Temp : 65 .00 

	

Cell Mfg : GNB (IEEE-450,1987) 

______________I___ . 

	

___J____________J___ . _ 

	

------------- 
I 

	

- 

J 2 
3 

J 4 

J 

A2 - 
A3 = 

( A4 = 

256 .991 J A2 -Al - -418_394 M2 = 1 J T = M2 + .-+M4 = 9 I 
352 .041 j A3 -A2 - 95 .050 M3 = 3 T = M3 + . .+M4 = 8 ( 
256 .991 A4 -A3 -95 .050 M4 - 5. T = M4 - 5 

J J 

87 .807 J 
88 .285 ( 
89 .717 J 

Total = 

-4 .765 
1 .077 
1 .059 
2 .986 

_______________J_______________________________-___-_________ . ._-_______J_____________J-________ .--________ 

5 J 1 ! Al - 675 .385 Al -0 = 675 .385 J Ml = 1 j 7 = M1 + . .+M5 = 11 1 86 .852 J 7 .776 
J 2 22 = 256 .991 J A2 -Al = -418 .394 M2 1 J T - M2 + . .+M5 = 10 1 87 .330 l -4 .791 
J 3 J A3 = 352 .041 A3 -A2 = 95,050 I M3 - 3 T = M3 * . .+M5 9 1 87,807 1 .082 

4 A4 = 256 .991 A4 -A3 = -95 .050 J M4 - 5 T - M4 + . .+M5 6 1 89 .239 -1 .065 
J 5 A5 = 302 .008 A5 -A4 45 .017 J M5 1 T = M5 = 1 J 91 .626 J .491 

l J J Total = 3 .494 
.. . . . . J . . . .. . I--------------- J_____ ._ . . . _ ..- .______J____________I-------- ._ 

------------- .______ ------- 

6 6 1 J Al = 675 .385 { Al -0 675_385 M1 1 ( T - Ml + . . .M6 = 12 86 .375 7 .819 
2 A2 = 256 .991 J A2 -Al = 418 .394 J M2 1 J T = M2 + . .+M6 m 11 J 86 .852 J -4 .817 
3 A3 = 352 .041 A3 -A2 = 95 .050 M3 3 ( T = M3 + .,+M6 = 10 J 87 .330 1 .088 
4 ! A4 = 256 .991 ( A4 A3 - 95 .050 J M4 5 J T = M4 + - " M6 = 7 J 88 .762 J 1 .071 

AS -- 302 .008 J AS A4 = 45 .017 j MS = 1 ( T - M5 + . . .WF, 2 l 91 .149 ' .494 
A6 = 271 .529 A6 7,5 = 479 M6 1 J T = M6 91 .626 J 333 

J l ( J Total = 3 .131 

___=__=J=====aJ=========----==I=-= ------------=_ ==Jr~======s~=~~=_=== =z=====_=z==.==_-~a==a===7=Q-=a~====______-___-_-_~~ 

1 

J 

1 Al = 675 .385 Al -0 675 .385 J M1 1 J T = M1 1 l 91 .626 ( 
l Total - 

_______________J________________l------------ 
---------------------- _____________J________ .__________ 

7 .371 
7 .371 

2 J 1 Al - 675 .385 J Al -0 675 .385 Ml - 1 ( T - MI + . .+M2 y 2 J 91 .149 l. 7 .410 
I 2 ( A2 - 256 .991 A2 -Al -418 .394 J M2 1 T - M2 1 91 .626 J -4 .566 

J l Total = 2 .843 
_______________J____________________-J____________J___-_______ .__________J____________- ------------------- 

3 1 ) Al = 675 .385 J Al -0 = 675 .385 M1 = 1 T - M1 + . .+M3 5 J 89 .717 7 .528 
J 2 A2 = 256 .991 A2 -Al = -418 .394 M2 1 ( T = M2 + . .+M3 = 4 l 90 .194 J -4 .639 

3 A3 - 352 .041 J A3 -A2 = 95 .050 M3 3 l T = M3 - 3 90 .672 1 .048 
J J J ( Total = 3 .937 

- J ---- .-------- . . . . .___ _J____________J____ ._______ .__ ._______J_____________I . . . ._ ___ . . . ._________ 

4 1 J Al - 675 .385 Al -0 = 675 .385 J MI = 1 T = MI + . .+M4 = 10 ( 87 .330 7 .734 

Minimum Battery Voltage . . . . . . . . . : 
Minimum Cell Voltage . . . . . . . . . . . . : 

106 .00 
1 .828 

Cell Type : NCX 
No . Cells : 58 

(MODELS NCX--17, NCX-21, 
No . 

AND NCX-27) 
Pos . Plates : 10 

Change in Duration J Time to End capacity at Req'd Section Size 
Load J Load ( of Period J of Section T min . rate (3) / (6) 

SectioniPeriodl (amperes) I (amperes) I (minutes) l (minutes) JAmps/Pos (RT)J Positive Plates 
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2 
STATION : QUAD CITIES 

	

UNIT: 2 

	

USER : DWW 
DATE : 10-22-08 

SARGENT & LUNDY, ENGINEERS 

	

CHICAGO, ILLINOIS 
UTILITY : 

	

Commonwealth Edison Company 
DATA FILE : c :\elmsdc\g2d5yls .i02 
Unit 2 125 VDC Battery Intercell Maximum Resistance Limits 

BATTERY SIZING CALCULATION 

Lowest Expected Electrolyte Temp : 65 .00 

	

Cell Mfg: GNB 
Minimum Battery Voltage . . . . . . . . . : 106 .00 

	

Cell Type : NCX 
Minimum Cell Voltage . . . . . . . . . . . : 

	

1.828 

	

No . Cells : 

	

58 

I (1) l 

	

(2) 

	

(3) 

	

( 

	

(4) 
( 

	

l 

	

Change in 

	

1 Duration 

l 

	

Load 

	

Load 

	

l of Period 
SectionlPeriodl (amperes) j 

	

(amperes) 

	

I (minutes) 
__=====I======I===an=----==_==1======__===========-=1--------====I=-===--====s_=-=----1-==-___== .==i=====_=_====------- 

__I-------------- .1 

	

----- I------------ 

	

_-_- 

(IEEE-450,1987) 
(MODELS NCX-17, NCX-21, AND NCX--27) 

No . Pos . Plates : 10 

(5) 
Time to End 
of Section 
(minutes) 

1 

	

(6) 

	

1 

	

(7) 

i Capacity at 1 Req'd Section size 

l T min . rate 1 

	

(3) / (6) 
(Amps/Pos (RT)j 

	

Positive Plates 

Calc No : QDC-8300-E-1587, Rev. 001 
Attachment A 
Page No: AA14 of A22 , 

---------- 1__________ . . 

	

- -________ 

7 1 1 I Al - 675 .385 ( Al -0 - 675 .385 1 M1 1 T - M1 + . .+M7 = 15 ( 84 .943 7 .951 

i 2 i A2 - 256 .991 I A2 -A1 = -418 .394 i M2 1 T = M2 + . .+M7 - 14 1 85 .420 1 -4 .898 

1 3 l A3 - 352 .041 ( A3 -A2 = 95 .050 i M3 3 T - M3 + . .+M7 = 13 1 85 .898 I 1 .107 
l 4 A4 - 256 .991 1 A4 -A3 = -95 .050 l M4 5 T =. M4 + . .+M7 - 10 1 87 .330 1 -1 .088 

i 5 1 AS = 302 .008 1 A5 -A4 = 45 .017 i M5 1 T - M5 + .-+M7 _ 5 l 89 .717 l .502 

l 6 1 A6 = 271 .529 I A6 AS -30 .479 M6 1 T = M6 + . .+M7 - 4 l 90 .194 - .338 
1 7 A7 = 256 .375 1 A7 -A6 = -15 .154 I M7 3 T ~ M7 3 i 90 .672 1 - .167 

1 I I I I I Total = 3 .068 

--------------- 1---- _-_ ____________t---------------------- I------------- .I _-__-_-__________- 

8 1 1 1 Al = 675 .385 I Al -0 675 .385 l M1 = 1 T - M1 + . .+M8 = 30 72 .625 1 9 .300 
1 2 1 A2 = 256 .991 A2 -Al -418 .394 1 M2 - 1 T = M2 +_ .+M8 = 29 73 .446 I -5 .697 

3 1 A3 = 352 .041 'I A3 -A2 = 95 .050 I M3 3 T = M3 + . .+M8 = 28 74 .268 j 1 .280 
f 4 I A4 = 256 .991 A4 -A3 = -95 .050 1 M4 = S T = M4 + . .+M8 = 25 76 .731 -1 .239 

1 5 ( AS = 302 .008 ! AS -A4 = 45 .017 1 MS = 1 T = M5 + . .+M8 20 80 .837 .557 
1 6 1 A6 = 271 .529 j A6 AS = -30 .479 1 M6 = 1 T = M6 + . .+M8 = 19 81 .658 - .373 

7 1 A7 = 256 .375 ( A7 A6 = -15 .154 l M7 3 T = M7 + . .+M8 = 18 82 .479 - .184 

j 8 1 A8 = 244 .935 1 A8 -A7 -11 .440 1 M8 15 T = M8 15 84 .943 ! - .135 

I 1 I I I Total - 3 .509 

--------------- 1 - -------- I------------ I---------------------- __________---, ---------------- 

9 1 1 1 Al - 675 .385 ! Al 0 = 675 .385 I M1 - 1 1 T = M1 + . .+M9 = 60 1 59 .353 11 .379 
l 2 I A2 - 256 .991 1 A2 -A1 = -418 .394 M2 - 1 1 T = M2 + . .+M9 59 1 59 .796 -6 .997 

3 I A3 = 352 .041 ; A3 A2 = 95 .050 l M3 3 1 T = M3 + . .+M9 = 58 l 60-236 1 1 .578 

l 4 ( A4 - 256 .991 ( A4 A3 = 95 .050 ( M4 = 5 1 T = M4 + . .+M9 = 55 1 61 .565 -1 .544 
5 1 A5 = 302 .008 AS A4 = 45 .017 l M5 = 1 l T = M5 + . .+M9 50 l 63 .777 706 
6 l A6 - 271 .529 A6 AS = -30-479 1 M6 1 T = M6 + . .+M9 = 49 1 64 .220 - .475 
7 1 A7 - 256 .375 I A7 A6 = -15 .154 1 M7 - 3 l T = M7 + . .+M9 = 48 l 64 .662 - .234 
8 1 A8 - 244 .935 I A8 A7 = -11 .440 1 M8 15 I T = M6 +- .+M9 = 45 l 65 .989 - .173 
9 1 A9 - 148 .245 A9 A8 = -96 .690 1 M9 30 1 T = M9 = 30 l 72 .625 1 .331 

I I l : Total = 2-908 
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3 
UTILITY : 

	

Commonwealth Edison Company 

	

STATION : QUAD CITIES 

	

UNIT : 2 

	

USER: DWW 
DATA FILE : c :\elmsdc\g2d5yls .102 

	

DATE : 10-22-08 
Unit 2 125 VDC Battery Intercell Maximum Resistance Limits 
---------------------------------------------------------------------- 
BATTERY SIZING CALCULATION 

Lowest Expected Electrolyte Temp : 65 .00 

	

Cell Mfg : GNB (IEEE-450,1987) 
Minimum Battery Voltage . . . . . . . . . : 106 .00 

	

Cell Type : NCX (MODELS NCX-17, NCX-21, AND NCX-27) 
Minimum Cell Voltage . . . . . . . . . . . . : 1 .828 

	

No . Cells : 58 

	

No . Pos . Plates : 10 

(1) 

	

(2) 

	

I 

	

(3) 

	

1 (4) 

	

(5) 

	

1 

	

(6) 

	

I 

	

(7) 

( 

	

I Total = 

	

5.575 
__ 

	

--------------- 

	

---------- -______- .-- . .I_--__-___-___________-I______-_-_ . . .' . .,-______--_____-- 
Maximum section size = Uncorrected size (US) = 

	

7 .371 

	

from period 1 

I I 

	

I 

US X TEMP . CORR . X DESIGN MARGIN X AGING FACTOR = MINIMUM REQUIRED SIZE 
7 .371 1 .08 

	

1 .00 

	

1.25 

	

9.951 

Selected battery pos plates = 10 

	

1 Battery capacity remaining - 

	

5% 

-------------------------------------------------- 

I 
I 

SectionjPeriodl 
xr,. ..m-s'z.=-n 

I 
Load I 

(amperes) ( 
~ --------------- 

Change in I Duration 
Load of Period 

(amperes) (minutes) 

I Time to End 
( of Section I 
( (minutes) 

--------------- 

Capacity at 
T min . rate 

Amps/Pos 
1 =------- 

I 
(RT)L 

Req'd 
(3) 

Positive 

=-===I====--= 

Section Size 
/ (6) 

Plates 

----- =-=-= 
10 ( 1 I Al = 675 .385 Al -0 675 .385 M1 = 1 I T > M1 + .-+M10 = 240 28 .563 I 23 .645 

I 2 A2 = 256 .991 A2 -Al -418 .394 I M2 I T = M2 + . .+MIO = 239 1 28 .661 -14 .598 
I 3 I A3 m 352 .041 I A3 -A2 95 .050 I M3 m 3 I T m M3 + . .+MIO = 238 1 28 .759 I 3 .305 

4 A4 e 256 .991 I A4 -A3 = -95 .050 M4 y 5 T = M4 +_ .+M10 = 235 29.052 I -3 .272 
5 I AS = 302 .008 A5 -A4 = 45 .017 ( MS x I T = MS + . .+M10 a 230 29 .540 I 1 .524 

I 6 A6 = 271 .529 A6 -A5 -30 .479 M6 - I T m M6 + . .+M10 = 229 29 .638 I -1 .028 
7 ( A7 z 256 .375 A7 -A6 -15 .154 M7 = 3 I T = M7 + . .+M10 = 228 29 .735 ( - .510 

I 8 I A8 = 244 .935 } A8 -A7 = -11 .440 I M8 15 I T = M8 + . .+M10 = 225 ( 30 .028 I - .381 
I 9 I A9 = 148 .245 59 -A8 -96 .690 j M9 = 30 I T = M9 + . .+MIO a 210 I 31 .493 1 -3 .070 
I 10 I A10- 146 .862 ? A10-A9 = -1 .383 I M10 = 180 I T = M10 = 180 34 .423 I - .040 
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STATION: QUAD CITIES 
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USER: DWW 
DATA FILE : c :\elmsdc\g2d5yls .i02 

	

DATE : 10-22-08 
Unit 2 125 VDC Battery Intercell Maximum Resistance Limits 

BATTERY SIZING CALCULATION 

RT curve points used to size battery : 
TIME 

	

AMPS PER 
(MIN) 

	

POS PLATE 

0 92 .11 
1 91 .63 

15 84 .94 
30 72 .63 
60 59 .35 
90 48 .77 

120 43 .90 
180 34 .42 
240 28 .56 
300 24 .57 
480 17 .28 

Calc No : QDC-8300-E-1587, Rev. 001 
Attachment A 
Page No: A16 of A22 



Unit 2 250 VDC Battery 

ELMS-DC File - Intercells 

02D6250V .102 
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SARGENT 6. LUNDY, ENGINEERS 

	

CHICAGO, ILLINOIS 

	

ELMS-DC VERSION 2 .00 

	

PROJECT NUMBER : 1013202 

	

PAGE : 

	

1 
UTILITY : 

	

Commonwealth Edison Company 

	

STATION : QUAD CITIES 

	

UNIT : 2 

	

USER : DWW 

DATA FILE : c :\elmsdc\g2d6250v .i02 

	

DATE: 10-22-08 
Unit 2 250 VDC Battery Intercell Maximum Resistance Limits 

BATTERY SIZING CALCULATION 

Lowest Expected Electrolyte Temp : 65 .00 

	

Cell Mfg : GNB (IEEE-450,1987) 
Minimum Battery voltage . . . . . . . . . : 217 .10 

	

Cell Type : NCX (MODELS NCX-17, NCX-21, AND NCX-27) 
Minimum Cell Voltage . . . . . . . . . . . . : 1 .809 

	

No . Cells : 120 

	

No . Pos . Plates : 10 

(1) 

	

(2) 

	

(3) 

	

' (4) 

	

(5) 

	

(6) 

	

(7) 

-ital = 

	

3.523 
____________'_______ 

	

_______________I___ . 

	

--------------_____________ 

3 
4 

( A3 = 
A4 - 

140 .169 A3 -A2 
270 .119 A4 -A3 

------------ 

= -41 .500 
= 129 .950 

_ .._ .I___ .___________ .______I------------ 

M3 = 
M4 

5 T = M3 + . .+M4 - 7 
2 T =. M4 2 

._____________________I------- 

99 .621 
105 .084 

. 

- .417 
j 1 .237 
Total = 2 .753 

---------------- 

5 ( 1 ' Al = 779 .689 Al -0 = 779 .689 M1 = 1 T = M1 + . .+M5 30 81 .243 9 .597 
2 A2 - 181 .669 A2 -Al = -598 .020 M2 = 1 ( T = M2 + . .+M5 = 29 81 .886 -7 .303 
3 A3 = 140 .169 A3 -A2 -41 .500 M3 - 5 ! T = M3 + . .+M5 = 28 82 .528 - .503 
4 A4 - 270 .119 A4 -A3 = 129 .950 M4 = 2 T = M4 + . .+M5 - 23 85 .740 1 .516 
5 AS = 164 .349 A5 -A4 = -105 .770 M5 = 21 T = M5 21 87 .025 -1 .215 

" Total = 2 .091 
______________ .' . . .- .________________I------- ._ ---------------- ---------------_ .____________ 

6 6 1 Al = 779 .689 Al -0 779 .689 M1 1 T = M1 + . .+M6 - 120 46 .44 ; 16 .787 
2 A2 - 181 .669 r A2 -Al -598 .020 M2 = 1 T = M2 +, .+M6 - 119 46 .v , -,j -12 .825 
3 A3 - 140 .169 j A3 A2 = -41 .500 M3 = 5 i T = M3 + . .+M6 - 118 46_21%, - .886 
4 A4 = 270 .119 A4 A3 129 .950 M4 2 T = M4 + . .+M6 = 113 47 .%4q 2 .722 
5 A5 = 164 .349 AS A4 = -105 .770 M5 = 21 T = M5 + . .+M6 = 111 48 .1i" -2 .198 
6 A6 = 160 ._{49 A( .,- _ -4 .000 M6 = 1, 0 T = M6 90 _2 . . - .077 

SectionlPeriodi 

Change in 
Load Load 

(amperes) I (amperes) 

Duration Time to End capacity at Req'd Section Size 
of Period j of Section T min . rate } (3) / (6) 
(minutes) (minutes) Amps/Pos (RT)l Positive Plates 

1 1 Al - 779 .689 Al -0 = 779 .689 M1 1 T = M1 = 1 106 .177 7 .343 
Total = 7 .343 

--------------- '_____________________I------------ ______________________ ----------- . .~ . ..,________________ 

2 1 Al - 779 .689 Al -0 - 779 .689 M1 - 1 T = M1 + . .+M2 2 105 .084 7 .420 
2 A2 - 181 .669 j A2 -Al = -598 .020 M2 - 1 T - M2 = 1 ( 106 .177 -5 .632 

I Total - 1 .787 
_______________ _____________________ ------------ ____ _________________'_____ .__ 

----- ----------------- 
3 1 Al = 779 .689 Al -0 = 779 .689 M1 = 1 T = M1 + . .+M3 -- 7 99 .621 7 .827 

2 A2 - 181 .669 A2 -Al = -598 .020 M2 = 1 T - M2 + . .+M3 = 6 100 .714 -5 .938 
3 A3 -- 140 .169 A3 -A2 -41 .500 M3 5 T - M3 = 5 ! 101 .806 - .408 

Total = 1 .481 
_--__________- .-I_ _ ._________________'________ .__ . . ---------------------- _~___ . ._____- . j . . --------------- 

4 1 Al - 7'79 .699 Al -0 = 779 .689 M1 - 1 1 T = M1 + . .+M4 - 9 97 .435 8 .002 
2 A2 - 181 .669 A2 -Al ~ -598 .020 M2 = 1 T = M2 + . .+M4 = 8 98 .528 -6 .070 
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PROJECT NUMBER : 1013202 

	

PAGE : 

	

2 

UTILITY : 

	

Commonwealth Edison Company 

	

STATION : QUAD CITIES 

	

UNIT : 2 

	

USER : DWW 

DATA FILE : c :\elmsdc\g2d6250v.i02 

	

DATE : 10-22-08 

Unit 2 250 VDC Battery Intercell Maximum Resistance Limits 

BATTERY SIZING CALCULATION 

Lowest Expected Electrolyte Temp : 65 .00 

	

Cell Mfgc GNB (IEEE-450,1987) 

Minimum Battery Voltage . . . . . . . . . : 217 .10 

	

Cell Type : NCX (MODELS NCX-17, NCX-21, AND NCX-27) 

Minimum Cell Voltage . . . . . . . . . . . . : 1 .809 

	

No . Cells : 120 

	

No . Pos . Plates : 10 

(1) 

	

(2) 

	

(3) 

	

(4) 1 

	

(5) 

	

I (6) 

	

(7) 
Change in 

	

Duration 

	

Time to End 

	

Capacity at I Req'd Section Size 

~__ ._ ._________________, . 

	

--------------------- 

	

. ---------------- 

Calc No: QDC-8300-E-1587, Rev . 001 
Attachment A 
Page No : A19 of A22 

I ( Load Load ( of Period of Section T min . rate I (3) / (6) 

SectionjPeriodj (amperes) I (amperes) ( (minutes) (minutes) (Amps/Pos (RT)j Positive Plates 

7 ( 1 Al = 779 .689 Al -0 = 779 .689 M1 = 1 T - M1 + . .+M7 - 121 ( 46 .264 I 16 .853 

2 A2 = 181 .669 A2 -Al -598 .020 M2 1 T - M2 + . .+M7 - 120 46 .445 I -12 .876 

3 A3 = 140 .169 ( A3 -A2 = -41 .500 M3 = 5 T = M3 + . .+M7 - 119 46 .630 I - .890 

4 I A4 = 270.119 I A4 -A3 - 129 .950 M4 2 ; T - M4 + . .+M7 = 114 1 47 .558 2 .732 

5 I AS = 164 .349 A6 -A4 = -105 .770 l, M5 21 I T - M5 + . .+M7 - 112 I 47 .930 -2 .207 

6 A6 = 160 .349 A6 -AS -4 .000 M6 90 I T = M6 + . .+M7 91 51 .827 - .077 

7 I A7 = 191 .779 A7 -A6 - 31 .430 M7 1 T = M7 = 1 1 106 .177 I .296 

( I I Total = 3 .831 
______ -------- --------------------- 

______________________I__ .___________I___________________ 
8 1 Al = 779.689 Al -0 - 779 .689 Ml 1 T = M1 + . .+M8 - 122 46 .084 16 .919 

` 2 A2 = 181 .669 A2 -Al = -598 .020 M2 1 T = M2 + . .+M8 = 121 j 46 .264 -12 .926 

3 A3 - 140 .169 A3 -A2 = -41 .500 M3 = 5 T - M3 + . .+M8 = 120 46 .445 - .894 

4 I A4 = 270 .119 A4 -A3 129 .950 M4 2 T = M4 + . .+M8 = 115 47 .373 2 .743 

5 AS = 164 .349 AS -A4 = -105 .770 M5 21 T = M5 + . .+M8 - 113 47 .744 -2 .215 

6 ( A6 - 160 .349 A6 -AS -4 .000 M6 = 90 T = M6 + . .+M8 = 92 51 .642 ( - .077 

7 A7 - 191 .779 A7 -A6 = 31 .430 M7 1 T - M7 + . .+M8 2 105 .084 .299 

8 A8 = 147 .969 A8 -A7 - -43 .810 M8 = 1 T = M8 = 1 106 .177 - .413 

I ( Total = 3_436 

--------------- _____________________ ------ ------------------ _________________-____I__-_______-__I___________-_______ 
9 ( 1 ( Al = 779 .689 Al -0 = 779 .689 j M1 = 1 T = M1 + . .+M9 = 123 45 .904 16 .985 

I 2 A2 - 181 .669 A2 -Al - -598 .020 M2 = 1 T = M2 + . .+M9 = 122 46 .084 -12 .977 

I 3 A3 = 140 .169 A3 -A2 -41 .500 M3 = 5 T - M3 + . .+M9 - 121 46 .264 - .897 

j 4 I A4 = 270.119 A4 -A3 129 .950 M4 = 2 j T = M4 + . .+M9 = 116 47 .187 2 .754 

I 5 AS - 164 .349 ; AS -A4 -105 .770 MS = 21 T = MS + . .+M9 = 114 47 .558 j -2 .224 

6 A6 = 160 .349 A6 -AS -4 .000 M6 = 90 j T = M6 + . .+M9 93 I 51 .456 - .078 

7 A7 - 191 .779 I A7 -A6 31 .430 M7 = 1 T = M7 + . .+M9 3 103 .992 .302 

8 ( A8 = 147 .969 A8 -A7 -43 .810 I M8 = 1 T = M8 + . .+M9 - 2 105 .084 ( - .417 

9 I A9 = 166 .349 ' A9 -A8 18 .380 ' M9 = 1 T = M9 1 106 .177 .173 

Total a 3 .622 
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CHICAGO, ILLINOIS 

	

ELMS-DC VERSION 2 .00 

	

PROJECT NUMBER : 1013202 

	

PAGE : 

	

3 
UTILITY : 

	

Commonwealth Edison Company 

	

STATION : QUAD CITIES 

	

UNIT : 2 

	

USER : DWW 
DATA FILE : c :\elmsdc\g2d6250v .i02 

	

DATE : 10-22-08 
Unit 2 250 VDC Battery Intercell Maximum Resistance Limits 

BATTERY SIZING CALCULATION 

Lowest Expected Electrolyte Temp : 65 .00 

	

Cell Mfg : GNB (IEEE-450,1987) 
Minimum Battery Voltage . . . . . . . . . : 217 .10 

	

Cell Type : NCX (MODELS NCX-17, NCX-21, AND NCX-27) 
Minimum Cell Voltage . . . . . . . . . . . . : 1 .809 

	

No . Cells : 120 

	

No . Pos . Plates : 10 

(1) 

	

(2) 

	

I 

	

(3) 

	

(4) 

	

(5) 

	

I 

	

(6) 

	

1 

	

(7) 

Change in 

	

Duration 

	

Time to End 

	

Capacity at 

	

Req'd Section Size 
Load 

	

Load 

	

of Period j 

	

of Section 

	

T min . rate 

	

(3) / (6) 
SectionlPeriodl 

	

(amperes) 

	

I 

	

(amperes) 

	

I (minutes) 

	

(minutes) 

	

jAmps/Pos (RT)j 

	

Positive Plates 

1 Total = 

	

7.054 
----------------- 

	

-------------- 

	

I _______________- 

Calc No: QDC-8300-E-1587, Rev . 001 

Attachment A 

Page No: A of A22 

-------I ------1g_=as======----1-----====zgas===a-s=1-==_<=_-__==I==_==--=-=-=---=a===a=1====---------I ------- _==s==s===s- 

10 1 Al = 779 .689 ' Al -0 779 .689 M1 1 T = Ml + . .+M10 = 124 1 45 .723 1 17 .052 
2 A2 - 181 .669 A2 -Al -598 .020 M2 1 T g M2 + . .+M10 s 123 1 45 .904 1 -13 .028 
3 A3 - 140 .169 A3 -A2 = -41 .500 M3 = 5 T = M3 + . .+M10 = 122 46 .084 ' - .901 
4 A4 - 270.119 A4 -A3 129 .950 M4 2 T = M4 + . .+M10 = 117 47 .002 1 2 .765 
5 AS - 164 .349 AS -A4 = -105 .770 M5 = 21 T = M5 +, .+M10 - 115 47,373 -2 .233 
6 A6 - 160 .349 A6 -A5 g -4 .000 M6 = 90 T = M6 + . .+M10 = 94 51 .271 - .078 
7 A7 - 191 .779 A7 -A6 = 31 .430 M7 1 ; T = M7 + . .+M10 = 4 102 .899 ( .305 
8 A8 - 147 .969 AS -A7 = -43 .810 M8 - 1 T M8 + . .+M10 = 3 1 103 .992 - .421 
9 A9 = 166 .349 A9 -A8 = 18 .380 M9 = 1 ( T = M9 + . .+M10 = 2 1 105 .084 .175 

10 A10= 139_969 A10-A9 -26 .380 M10 = 1 T = M10 = 1 [ 106 .177 - .248 
I Total = 3 .389 

.--------------- ~________ ___________ ..(__ . . - . --------------------- . . ----------- -._________I________________ . 

11 1 j Al = 779 .689 I Al -0 = 779 .689 M1 1 T - M1 + . .+Mll = 239 29 .571 26 .366 
2 A2 = 181 .669 A2 -A1 = -598 .020 ' M2 I T = M2 + . .+Mll - 238 1 29 .674 j -20 .153 
3 ;" A3 - 140 .169 A3 -A2 -41 .500 M3 = 5 ; T = M3 + .,+Mll = 237 29 .776 -1 .394 
4 A4 - 270 .119 A4 -A3 129 .950 ! M4 2 ! T = M4 + . .+M11 = 232 30 .289 4 .290 
5 AS - 164 .349 AS -A4 -105 .770 MS = 21 T - MS + . .+Mll = 230 ; 30 .494 -3 .469 
6 A6 = 160 .349 A6 -A5 = -4 .000 M6 = 90 T = M6 + . .+Mll - 209 32 .648 ( - .123 

+ 7 A7 - 191 .779 A7 -A6 - 31 .430 M7 = 1 T - M7 + . .+MI1 - 119 46 .630 .674 
8 j A8 - 147 .969 1 AS -A7 -43 .810 M8 = 1 j T = M8 + . .+Mll = 118 j 46 .616 - .936 
9 A9 = 166 .349 A9 -AB - 18 .380 i, M9 = 1 T = M9 + . .+Mll - 117 47 .002 I .391 

10 A10= 139 .969 A10-A9 = -26 .380 M10 = 1 ! T = M10+ . .+Mll - 116 47 .187 - .559 
11 ( All= 131 .969 All-A10 = -8 .000 M11 = 115 ; T = Mll - 115 47 .373 i - .169 

Total = 4 .920 

-------------------- --------------------- _~-_______-_______-_------------------- 
12 12 1 Al = 779 .689 Al -0 779 .689 M1 - 1 J T = M1 + . .+M12 = 240 29 .469 26 .458 

2 A2 = 181 .6669 A2 -Al -598 .020 M2 - 1 T = M2 + . .+M12 - 239 f 29 .571 ! -20 .223 
3 A3 - 140-169 A3 -A2 = -41 .500 M3 - - T = M3 + . .+M12 = 238 j 23 .674 -1 .399 
4 ( A4 = 270-119 A4 -A3 = 129 .950 4 M4 - 2 T = M4 + . .+M12 = 233 ?0 .187 f 4 .305 
5 AS = 1F4 .?49 " AS -A4 -105 .770 M°_-. tl T = M5 +_ .+M12 - 231 _i).392 -3 .480 
6 A6 = 160 .34 :, ' A6 -AS = -4 .000 ! M6 _ T = M6 + . .+M12 = 210 _2 .545 - .123 
7 A7 = 1+1 .773 ! A7 -A6 -- 31 .430 ! 117 . = M7 + . .+M12 = 120 ' 46 .445 .677 
8 A8 = 147 .969 A8 -A7 = -43 .810 ME - _ , T = MS + . .+M12 - 119 ` 46 .630 J -_940 
9 ( A9 - 166 .349 I A9 -AS 18 .380 ( M9 T = M9 + . .+M12 = 118 46 .816 .393 

10 A10= 139 .969 A10-A9 s -26 .380 f M1~? ) ' T = M10+ . .+M12 = 117 47 .002 - .561 
11 All= 131 . .Q69 1 All-A10 - -8 .000 ! M1 .1 - :15 T = Mll+ . .+M12 - 116 ( 47 .,87 - .170 
12 A12- A12-All = 224 .770 Mi ." - T = M12 = 1 ' .r76-177 2 .117 
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CHICAGO, ILLINOIS 

	

ELMS-DC VERSION 2 .00 
UTILITY : 

	

Commonwealth Edison Company 

	

STATION : QUAD CITIES 
DATA FILE : c :\elmsdc\g2d6250v .i02 
Unit 2 250 VDC Battery Intercell Maximum Resistance Limits 
----------------------------------------------------------- 

BATTERY SIZING CALCULATION 

(IEEE-450,1987) 
(MODELS NCX-17, 

Lowest Expected Electrolyte Temp : 65 .00 

	

Cell Mfg : GNB 
Minimum Battery Voltage- . . . . . . . . : 217 .10 

	

Cell Type : NCX 
Minimum Cell voltage . . . . . . . . . . . . : 

	

1 .809 

	

No . 

	

Cells : 

	

120 

I (1> I 

	

(2) 

	

I 

	

(3) 

	

I 

	

(4) 

	

! 

	

(5) 
I 

	

Change in 

	

I Duration 

	

I 

	

Time to End i 
I, 

	

Load 

	

I 

	

Load 

	

I of Period 

	

of Section 
SectionjPeriodj (amperes) I 

	

(amperes) 

	

I (minutes) j 
==_z=e=1==a=-_I=-===Q---=--- 

	

z__==a====-s=_=~=z3cY=------ --==----=-==-==1 a--=a=z-=a==-1==sea_-__>xms-----> 
Maximum section size = Uncorrected size (US) m 

	

7 .343 

	

from period 1 

US X TEMP . CORP . X DESIGN MARGIN X AGING FACTOR = MINIMUM REQUIRED SIZE 
7 .343 1 .08 

	

1.00 

	

1 .25 

	

9.913 

Selected battery pos plates = 10 

	

I Battery capacity remaining - 

	

.98 

----------------------------------
PROJECT NUMBER : 1013202 

	

PAGE : 

	

4 
UNIT : 2 

	

USER : DWW 
DATE : 10-22-08 

NCX-21, AND NCX-27) 
No . Pos . Plates : 10 

i 

	

(6) 

	

I 

	

(7) 
I Capacity at 

	

Req'd Section Size 
I T min. rate I 

	

(3) / (6) 
(minutes) 

	

(Amps/Pos (RT)I 

	

Positive Plates 

Calc No : QDC-8300-E-1587, Rev. 001 
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PROJECT NUMBER : 1013202 

	

PAGE: - 5 
UTILITY : 

	

Commonwealth Edison Company 

	

STATION : QUAD CITIES 

	

UNIT: 2 

	

USER : DWW 
DATA FILE : c :\elmsdc\g2d6250v .i02 

	

DATE : 10-22-08 
Unit 2 250 VDC Battery Intercell Maximum Resistance Limits 

BATTERY SIZING CALCULATION 

RT curve points used to size battery: 
TIME 

	

AMPS PER 
(MIN) 

	

POS PLATE 

0 106 .66 
1 106 .18 

15 90 .88 
30 81 .24 
60 63 .92 
90 52 .01 

120 46 .44 
180 35 .62 
240 29 .47 
300 25 .40 
480 17 .59 

------------------------ 
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List of Abbreviations 

AMPS Amperes 
AUX Auxiliary 
BK Blank 
BKR Breaker 
BKUP Backup 
BLO Blow 
CKT Circuit 
CLG Cooling 
C Closed 
CW Cooling Water 
CCSWP Containment Cooling Service Water Pump 
CONT Continued 
COMPT Compartment 
DC Direct Current 
DG Diesel Generator 
ESC Escape 
EXCIT Excitation 
FD Feed 
FL Flow 
FR Fire 
GE General Electric 
HPCI High Pressure Coolant Injection 
I Current 
INJ Injection 
LGT Lighting 
LPCI Low Pressure Coolant Injection 
LOCA Loss of Coolant Accident 
LOOP Loss of Offsite Power 
MN Main 
NO Number 
0 Ohms 
PROT Protection 
RB Reactor Building 
RECIRC Recirculating 
REF Reference 
RLY Relay 
REG Regulator 
RES Reserve 
RW Radwaste 
RWB Radwaste Building 
FIX Reactor 
SEC Second 
SWP Service Water Pump 
SWGR Switchgear 
T Trip 
t Time 
TRANSF Transformer 
UV Undervoltage 
VENT Ventilation 
W Watts 
WTR Water 
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CALCULATION NO. 7318-32-19-1 PAGE NO. 18 

PANEL_ LOAD SUMMARY 

As described in the Revision Summaries Section for Rev . 36 (page 2.19), the load for each of the 4 kV switchgear 
was previously calculated for a Loss of Power Only (LOOP) condition and for a Loss of Coolant Accident (LOCA) 
coincident with a LOOP condition . The contributions from the four switchgear, on each battery, were added 
together, thus causing the inrush peak currents of different switchgear to be added . To resolve this, two scenarios 
were compared for each battery and it was determined that the bounding model for the Unit 1 battery would reflect 
a LOOP coincident with a LOCA on 4 kV switchgear 13 and 13-1 with a LOOP only for switchgear 24 and 24-1 . 
For the Unit 2 battery, the bounding model is a LOOP coincident with a LOCA on 23 and 23-1 and a LOOP only 
on 14 and 14-1 . The comparison to support this conclusion is included in Attachment C of this calculation . 

Below is a table summary for the 125 VDC distribution panels : 

REVISION- NO. 30 

TABLE BUS or PANEL PAGES 

1 Turbine Bldg . 125 VDC Main Bus 1A-1 19 
2 Turbine Bldg . 125 VDC Main Bus 1A-2 20 
3 Reactor Bldg . 125 VDC Distr. Pnl . # 1 21 
4 Turbine Bldg. 125 VDC Res . Bus 2B-1 22-23 
5 Turbine Bldg . 125 VDC Res . Bus 2B-2 24 
6 Turbine Bldg. 125 VDC Main Bus 2A-1 25 
7 Turbine Bldg . 125 VDC Main Bus 2A-2 26 
8 Reactor Bldg . 125 VDC Distr . Pnl . # 2 27 
9 _Turbine Bldg. 125 VDC Res. Bus 1B-1 28-29 
10 Turbine Bldg. 125 VDC Res. Bus 1B-2 30 
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19 

Table: 1 (1 of 1) Bus : Turbine Bldg. 125 VDC Main Bus 1A-1 

Note 1 : SWGR 13 Load profile for LOOP and LOCA, refer to pages 74.0-75 . 

REVISION NO. 40 

Ckt . # 1 min . 4 min . 10 min . 15 min . 30 min . 90 min . 30 min . 60 min . 
0 - 5 sec . 5 - 10 sec . 10 - 50 sec . 50 - 60 sec . 1 - 5 min . 5 - 15 min . 15 - 30 min . 30 - 60 min . 60 -150min . 150 - 180 min . 180 - 240 min . 

1 SWGR 13 Note 1 
2 0 0 0 0 0 0 0 0 0 0 0 
3 0.768 0.768 0.768 0.768 0.768 0.768 0.768 0.768 0.384 0.384 0.384 
5 2.64 2.64 2.64 2.64 2.64 2.64 2.64 2.64 2.64 2.64 2.64 
6 2.709 2.709 2.709 2.709 2.709 2.709 2.709 2.709 2.709 2.709 2.709 
7 0.1 0.1 0.18 0.1 0.18 0.18 0.1 0.1 0 .1 0.1 0 .1 
8 0.42 0.42 0.42 0.42 0.42 0.42 0.42 0.42 0.42 0.42 0.42 

11 3.245 3.245 2.405 2.405 3.245 3.245 1 .205 1 .205 1 .205 1 .205 1 .205 
16 6.032 6.032 6.032 6.032 6.032 6.032 6.032 6.032 6.032 6.032 6.032 
18 0.725 0.725 0.725 0.725 0.725 0.725 0.725 0.725 0.725 0.725 0.725 
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Table: 2 1 of 1 Bus : Turbine Bldg. 125 VDC Main Bus 1A-2 

REVISION NO. 40 

R40 

R40 

Ckt. # 1 mina- - _ 4 -min. 10 min. 15 min . 30 min . 90 min . 30 min. 60 min . 
0 - 5 sec . 5 -10 sec . 10 - 50 sec . 50 - 60 sec . 1 - 5 min . 5 -15 min . 15 - 30 min . 30 - 60 min . 60 -150min . 150 - 180 min. 180 - 240 min . 

1 19.24 1 .24 1 .24 1 .24 1 .24 1 .24 1 .24 1 .24 1 .24 1 .24 1 .24 
2 0 0 0 0 0 0 0 0 0 0 0 
3 3.31 3.31 1 .41 1 .41 1 .41 1 .41 1 .41 1 .41 1 .41 1 .41 1 .41 
4 0 0 0 0 0 0 0 0 0 0 0 
5 0 0 0 0 0 0 0 0 0 0 0 
6 12.932 0.932 0.932 0.932 0.932 0.932 0.932 0 0 0 0 
7 54 54 54 54 54 54 54 54 54 , 54 54 
8 9.223 7.147 7.147 7.147 7.147 7.147 7.147 0 0 0 0 
9 0 0 0 0 0 0 0 0 0 0 0 
10 8.21 6 .96 6.96 6.96 6 .96 6.96 6 .96 0 0 0 0 
11 0 0 0 0 0 0 0 0 0 0 0 
14 29.6 29.6 29 .6 29.6 29.6 29.6 29.6 0 0 0 0 
15 1 .58 1 .58 1 .58 1 .58 1 .58 1 .58 1 .58 1 .58 1 .58 1 .58 1 .58 
16 21 .6 21 .6 21 .6 21 .6 21 .6 21 .6 21 .6 0 0 0 0 
17 12.8 12.8 12.8 12.8 12.8 12.8 12.8 0 0 0 0 
18 0 0 0 0 0 0 0 0 0 0 0 
19 0 0 0 0 0 0 0 0 0 0 0 
20 1 .023 1 .023 1 .023 1 .023 1 .023 1 .023 1 .023 1 .023 1 .023 1 .023 1 .023 
21 0.65 0.65 0.65 0.65 0.65 0.65 0.65 0 0 0 0 
22 0 .8 0.8 0.8 0.8 0.8 0.8 0.8 0 0 0 0 
23 5 5 5 5 5 5 5 0 0 0 0 
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Table: 3 (1 of 1) Bus : Reactor Bldg. 125 VDC Distr. PnI . # 1 

Note 1 : SWGR 13-1 Load profile for LOOP and LOCA, rotor to pages 82-86. 
Note 2 : Refer to page 31 . 

REVISION NO. 40 

I R40 

Ckt . # i min . 4 min . 10 min . 15 min . 30 min . 90 min . 30 min . 60 min . 
0 - 5 sec . 5 - 10 sec . 10 - 50 sec . 50 - 60 sec . 1 - 5 min . 5 -15 min . 15 - 30 min . 30 - 60 min . 60 - 150min . 150 - 180 min . 180 - 240 min . 

1 SWGR 13-1 Note 1 
2 0 0 0 0 0 0 0 0 0 0 0 
3 57.14 3.26 5.24 3.34 5.26 5.26 3.34 3.34 3.34 3.34 3.34 
4 0 0 0 0 0 0 0 0 0 0 0 
5 36 .8 36 .8 36.8 36.8 36.8 36.8 36.8 36.8 36.8 36.8 36.8 
6 0.12 0.12 0.12 0.12 0.12 0.12 0.12 0 0 0 0 
7 1 .6 1 .6 1 .6 1 .6 1 .6 1 .6 1 .6 1 .6 1 .6 1 .6 1 .6 
8 0.64 0.64 0.64 0.64 0.64 0.64 0.64 0 0 0 0 

10 PNL 2201-32 Note 2 
12 0.08 0.08 0.08 0.08 0.08 0.08 0.08 0.08 0.08 0.08 0.08 
13 66.772 30.783 22.177 2.917 0.464 0.464 0.464 0.464 0.464 0.464 0.464 
15 0 0 0 0 0 0 0 0 0 0 0 
17 0.5 0.5 0.5 0.5 0.5 0.5 0.5 0.5 0.5 0.5 0.5 
18 0.5 0.5 0.5 0.5 0.5 0.5 0.5 0.5 0.5 0.5 0.5 
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Table: 4 1 of 2 Bus : Turbine Bldg. 125 VDC Res. Bus 2B-1 

Note 1 : SWGR 24 Load profile for LOOP only, rotor to pages 133-138. 
Note 2 : SWGR 24-1 Load profile for LOOP only, refer to pages 144-148. 

REVISION NO. 39 
D 

Ckt. # 1 min. 4 min. 10 min. 15 min. 30 min. 90 min. 30 min. 60 min . 
0 - 5 sec . 5 - 10 sec . 0 - 60 sec . 1 - 5 min . 5 -15 min . 15 - 30 min. 30 - 60 min. 60 -150min. 150 - 180 min. 180 - 240 min. 

1 65.266 3.23 3.29 5.13 5.13 3.41 3.41 3.41 3.41 3.41 

2 0 0 

On 

0 0 0 0 0 0 0 0 
3 0 0 0 0 0 0 0 0 0 
4 SWGR 24-1 Note 1 
5 0 0 0 0 0 0 0 0 0 0 0 
6 SWGR 24 Note 2 
7 0 0 0 0 0 0 0 0 0 0 0 
8 0.08 0.08 0.08 0.08 0.08 0.08 0.08 0.08 0.08 0.08 0.08 
9 0.1 0.1 0.18 0.1 0.18 0.18 0.1 0.1 0.1 0.1 0.1 
10 2.16 2.16 2.16 2.16 2.16 2.16 0.1 0 0 0 0 
12 0.38 0.38 0.38 0.38 0.38 0.38 0.38 0.38 0.38 0.38 0.38 
13 66.621 30.834 21 .564 2..328 2..328 2..328 2..328 2. .328 2. .328 2. .328 2..328 
14 0.9 0.9 0.9 0.9 0.9 0.9 0.9 0 0 0 0 
16 1 .95 1 .95 1 .95 1 .95 1 .95 1 .95 1 .95 0 0 0 0 
18 1 .3 1 .3 2.6 2.6 2.6 2.6 2.6 2.6 2.6 2.6 2.6 
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Table: 4 (2 of 2 Bus : Turbine Bldg. 125 VDC Res. Bus 2B-1 

REVISION NO. 40 

Ckt . # 1 min . 4 min . 10 min . 15 min . 30 min . 90 min . 30 min . 60 min . 
0 - 5 sec. 5 - 10 sec . 10 - 50 sec . 50 - 60 sec . 1 - 5 min . 5 - 15 min . 15 - 30 min. 30 - 60 min . 60 - 150min . 150 - 180 min . 180 - 240 min . 

19 0 0 0 0 0 0 0 0 0 0 0 
20 0.232 0.232 0.232 0.232 0.232 0.232 0.232 0.232 0.116 0.116 0.116 
21 2.96 2.96 2.12 2.12 2.12 2.12 1 .3 1 .3 1 .3 1 .3 1 .3 
22 2.96 2.96 2.12 2.12 2.12 2.12 1 .3 1 .3 1 .3 1 .3 1 .3 
23 2.917 2 .917 2.917 2.917 2.957 2.957 2.957 2.957 2.957 2.957 2.957 
27 0.68 0.68 0.68 0.68 0.68 0.68 0.34 0 0 0 0 
28 4.77 4.77 4.77 4.77 4.77 4.77 4.77 0 0 0 0 
31 1 .456 1 .456 1 .456 1 .456 1 .456 1 .456 1 .456 1 .456 1 .456 1 .456 1 .456 
32 6.56 6.56 6.56 6.56 6.56 6.56 6.56 6.56 6.56 6.56 6.56 
33 5.2 5.2 5.2 5.2 5.2 5.2 5.2 0 0 0 0 
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Table : 5 1 of 1 Bus : Turbine Bldg. 125 VDC Res. Bus 2B-2 

REVISION NO. 39 
D 

I R39 

Ckt . # 1 min . 4 min. 10 min . 15 min . 30 min . 90 min. 30 min . 60 min . 

10 - 5 sec . 5 - 10 sec . 10 - 50 sec . 50 - 60 sec . 1 - 5 min . 5 - 15 min. 15 - 30 min . 30 - 60 min . 60 - 150min . 150 -- 180 min. 180 - 240 min . 
1 0 0 0 0 0 0 0 0 0 0 0 
2 19.24 1 .24 1 .24 1 .24 1 .24 1 .24 1 .24 1 .24 1 .24 1 .24 __1 .24 
5 72.9 12.9 5.67 5.67 5.67 5.67 5.67 0 0 0 0 
6 0 0 0 0 0 0 0 0 0 0 0 
7 0 0 0 0 0 0 0 0 0 0 0 
8 0 0 0 0 0 0 0 0 0 0 0 
14 0 0 0 0 0 0 0 0 0 0 0 
16 0 0 0 0 0 0 0 0 0 0 
18 0 0 0 0 0 0 

0,111 
0 0 0 0 0 

20 0 0 0 0 0 0 0 0 0 0 0 
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Table: 6 1 of 1 Bus : Turbine Bldg. 125 VDC Main Bus 2A-1 

Note 1 : SWGR 23 Load profile for LOOP & LOCA, refer to pages 118.0-119 . 

REVISION NO. 40 
D 

Ckt. # min . 
160 

90 min . 30 min . 60 min . 
5 - 15 min . 15 - 30 min . 30 - 60 min. - 150min . 150 - 180 min . 180 - 240 min . 

.' 0.803 0.803 0.803 0.803 0.803 0.803 0 .803 "0.803 0.401 0.401 - 0.401 
4 0 0 0 0 0 0 0 0 0 0 0 
©®~ 2.6 2 .6 2 .6 2.6 2.6 2.6 2.6 2.6 2.6 

2 .769 2.769 2.769 2.769 2.769 2.769 2.769 2.769 2.769 
+ 0.18 0.1 0.18 0.18 0.1 0.1 0 .1 0.1 0 .1 

8 20 .42 20.42 20.42 20.42 20.421 20.42 20.42 0.42 0.42 0.42 0.42 
11 2.96 2.96 ®_ ®® 0.92 0.92 0.92 0.92 0.92 
16 6 .176 6.176 6.176 6.176 6.176 6.176 6.176 6.176 6.176 6.176 6.176 
18 0.725 

_ 
0.725 0.725 0.725 0.725 0.725 0.725 0.725 0.725 0.725 0.725 



CALCULATION NO. 7318~32-19-1 PAGE NO. 

	

26 

REVISION NO . 40 

Table: 7 1 of 1 Bus : Turbine Bldg- 125 VDC Main Bus 2A-2 

R40 

I R40 

Ckt . # 1 min. 4 min . 10 min . 15 min . 30 min . 90 min . 30 min . 60 min . 
0 - 5 sec . 5 - 10 sec. 10 - 50 sec . 50 - 60 sec . 1 - 5 min . 5 - 15 min. 15 - 30 min. 30 - 60 min . 60 - 150min . 150 - 180 min. 180 - 240 min . 

1 19.24 1 .24 1 .24 1 .24 1 .24 1 .24 1 .24 0 0 0 0 
3 33.31 3.31 1 .41 1 .41 1 .41 1 .41 1 .41 0 0 0 0 
6 12.932 0.932 0.932 0.932 0.932 0.932 0.932 0.064 0.064 0.064 0.064 
7 3 3 3 3 3 3 3 3 3 3 3 
8 9.668 8.128 8.128 8.128 8 .128 8.128 8.128 0 0 0 0 
9 0 0 0 0 0 0 0 0 0 0 0 
10 8.743 6.675 6.675 6.675 6.675 6.675 6.675 0 0 0 0 
11 47 47 47 47 47 47 47 47 47 47 47 
13 30 30 30 30 30 30 30 0 0 0 0 
15 1 .58 1 .58 1 .58 1 .58 1 .58 1 .58 1 .58 1 .58 1 .58 1 .58 1 .58 
20 1 .023 1 .023 1 .023 1 .023 1 .023 1 .023 0.553 0.553 0.553 0.553 0.553 _ 

~21 0.8 0.8 0.8 0.8 0.8 0.8 0.8 0 0 0 0 
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Table : 8 (1 of 1) Bus : Reactor Bldg . 125 VDC Distr . PnI . #2 

Note 1 : SW GR 23-1 Load profile for LOOP & LOCA, refer to pages 126-130 . 
Note 2 : Refer to pages 31 . 

REVISION NO. 40 

Ckt7#= 
_ ~ 

30 min . 90 min . 34 min . 
1180 

60 min . 
0 - 5 sec . 5 - 10 sec . 10 - 50 sec . 50 - 60 sec . 15 - 30 mina 30 - 60 min . 60 - 150min . 150 - 180 min . - 240 min . 

_ __6 
0.12 0.12 0.12 0.12 0.12 . 0.12 0.12 0 

0 0 

1 .6 1 .6 1 .6 1 .6 1 .6 1 .6 1 .6 1 .6 1 .6 1 .6 1 .6 t 8 0.64 0.64 0.64 0.64 0.64 0.64 0.64 0 0 0 0 
9 1 .6 1 .6 1 .6 1 .6 1 .6 1 .6 1 .6 1 .6 1 .6 1 .6 1,6 
10 _ . 

0 0 0 0 4 0 
- . 
0 _0 .0 

0 
© 0.5 0.5 0.5 0.5 0.5 0.5 0.5 0.5 0.5 0.5 0.5 
'~ 66.93 30.943 22.337 3.037 1 .008 1 .008 1 .008 1,008 1 .008 1 .008 1 .008 

14 0.5 0.5 0.5 0.5 0.5 0.5 0.5 0.5 0.5 0.5 0.5 
15 0.08 0.08 0.08 0.08 0.08 0.08 0.08 0.08 0.08 0.08 0.08 
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Table: 9 1 of 2 Bus : Turbine Bldg. 125 VDC Res. Bus 1 B-1 

Note 1 : SWGR 14 Load profile for LOOP only, refer to pages 89-94 . 
Note 2 : SWGR 14-1 Load profile for LOOP only, refer to pages 99-103 . 

REVISION NO. 39 

Ckt . # 1 min. 4 min. 10 min . 15 min . 30 min . 90 min . 30 min . 60 min . 

0 - 5 sec . 5 -10 sec . 10 - 50 sec . 50 - 60 sec . 1 - 5 min . 5 -15 min . 115-30 min . 30 - 6f} min . 60 -150min . 150 - 180 min . 180 - 240 min . 

1 60.49 3.191 4.87 3.25 5.09 5.09 3.37 3.37 3.37 3.37 3.37 

4 SWGR 14.1 Note 1 
6 _ . 1 x k 

7 7.07 1 .08 1 .08 1 .08 1 .08 .1 .08 1 .08 1 .08 1 .08 1 .08 1 .08 
8 0.08 0.08 0 .08 0.08 0.08 0.08 0.08 0.08 0.08 0.08 0 .08 
9 0 .1 0 .1 0.18~ 0.1 0.18 0 .18 0.1 0 .1 0.1 0 .1 0.1 
®®~i 5.25 5.25 0.1 0 0 0 0 

1 .28 1 .28 1 .28 0 0 0 0 
0.38 0.38 0.38 0.38 0.38 0.38 0.38 

2.264 2.264 2.264 2.264 2.264 2 .264 2.264 
14 0.9 0.9 0.9 0.9 0.9 0.9 0.9 0 0 0 0 
16 1 .95 1 .95 1 .95 1 .95 1 .95 1 .95 1 .95 0 0 0 0 
17 4.76 4.76 4.76 4.76 4.76 4.76 4.76 0 0 0 0 
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Table: 9 2 of 2 Bus : Turbine Bldg. 125 VDC Res. Bus 1 B-1 

REVISION NO. 40 
D 

Ckt. # 1 min. 4 min . 10 min. 15 min. 30 min . 90 min . 30 min . 60 min . 
0 - 5 sec . 5 -10 sec . 10 - 50 sec. 50 - 60 sec . 1 - 5 min . 5 -15 min. 15 - 30 min . 30 - 60 min . 60 -150min . 150 - 180 min . 180 - 240 min . 

18 3.046 3.046 3.046 3.046 3.046 3.046 3.046 3.046 3.046 3.046 3.046 
20 0.348 0.348 0.348 0.348 0.348 0.348 0.348 0.348 0.174 0.174 0.174 
21 2.96 2.12 2.12 2.12 1 .3 1 .3 1 .3 1 .3 1 .3 1 .3 1 .3 
22 3.245 3.245 2.405 2.405 2.405 2.405 1 .585 1 .3 1 .3 1 .3 1 .3 
23 2.892 2 .892 2.892 2.892 2.892 2.892 2.892 2.892 2.892 2.892 2.892 
27 0.93 0.93 0.93 0.93 0.93 0.93 0.93 0 0 0 0 
28 4.77 4.77 4.77 4.77 4.77 4.77 4.77 0 0 0 0 
31 1 .456 1 .456 1 .456 1 .456 1 .456 1 .456 1 .456 1 .456 1 .456 1 .456 1 .456 
32 6.416 6.416 6 .416 6.416 6.416 6 .416 6.416 6.416 6.416 6.416 6 .416 
33 11 .7 11 .7 11 .7 11 .7 9.3 9.3 9.3 0 0 0 0 
361 1 .4 1 .4 1 .4 1 .4 1 .4 1 .4 1 .4 0 0 0 0 
38 0.4 0.4 0.4 0.4 0.4 0.4 0.4 0 0 0 0 
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Table: 10 1 of 1 Bus : Turbine Bldg. 125 VDC Res. Bus 18-2 

REVISION NO. 39 
D 

I R39 

Ckt. # 1 min. 4 min. 10 min. 15 min. 30 min. 90 min. 30 min . 60 min. 

0 - 5 sec. 5 - 10 sec . 10 - 50 sec. 50 - 60 sec. 11 - 5 min. 5 -15 min. 15 - 30 min. 30 - 60 min. 60 - 150min . 150 - 180 min. 180 - 240 min. 

2 19.24 1 .24 1 .24 1 .24 1 .24 1 .24 1 .24 1 .24 1 .24 1 .24 1 .24 

5 72 .9 12.9 5.67 5.67 5.67 5.67 5.67 0 0 0 0 
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Panel Load_ Summa_rv (Cont.) 

The Auto Blowdown Panel 2201-32 profile is as described below, per PI-83 S040-QH-0507 . 
The existing power operated relief valves (PORV) that were installed on Unit 2 were removed 
under EC 343933 and replaced with electromatic relief valves (ERV) due to reliability issues . 
EC 343933 restored Unit 2 to its pre-PORV configuration including the control logic. The Unit 
2 Auto Blowdown loading is therefore, the same as the Unit 1 Auto Blowdown logic as shown 
below. Note that the Unit 2 loading is slightly higher due to solenoid 2-0203-3A replacement 
per EC 360191 . 

Panel 2201-32 

Time 

	

Current 

0 - 2 minutes (min) 

	

1 .61 A 
2 min - 4 min 30 seconds (sec) 

	

96.66 A 
4 min 30 sec - 60 min 

	

1 .61 A 
60 min - 240 min 

	

0.803 A 

Panel 2202-32 

Time 

	

Current 

0 - 2 minutes (min) 

	

1 .67 A 
2 min - 4 min 30 seconds (sec) 

	

96.72 A 
4 min 30 sec - 60 min 

	

1.67 A 
60 min - 240 min 

	

0.863 A 

CC-AA-309-1001 
Revision 4 

Rev. 40 

Rev. 40 

Rev. 40 
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Conclusion (Copt.) 

Revision 38 : 

The results of the updated runs show that the battery capacity is not exceeded for Quad Cities Units 
One or Two . 

Revision $9: 

The results of the updated runs show that the battery capacity is not exceeded for Quad Cities Units 
One or Two. 

Revision 40: 

CC-AA-309-1001 
Revision 4 

The results of the updated runs show that the battery capacity is not exceeded for Quad Cities Units 
One or Two under Load Shed conditions . 

Dataset - File 
Size 

File 
Date 

Tim ----- Unit - Min Req'd 
Size 

Actual 
Size 

Remaining 
Man. in 

QlD5YLS.E13 28 KB 6/5/08 10:52 AM 1 8.478 10 15.2% 
Q1 D5YLS .M67 28 KB 6/5/08 10:43 AM 1 8.478 10 15.2% 

0205YLS.E13 29 KB 6/5/08 11 :06 AM 2 8.648 10 13.5% 
02D5YLS.M69 1 

_ 
29 KB 615/08 10:58 AM 2 8.648 10 13.5% 

Dataset Condition Unit Min Req'd 
Size 

Actual Size Remaining 
-Margin 

Q1 D5YLS.E12 Load Shed 1 9.203 10 8.0% 
Q1 D5YLS.M64 Load Shed 1 9.183 10 8.2% 
Q2D5YLS.E12 Load Shed 2 9.124 1 0 8.8% 
Q2D5YLS.M66 Load Shed 2 T 8.936 

__ 
T 10 T 

_ 
10.6% 

Dataset Condition Unit Min Req'd 
Size 

Actual Size Remaining 
Margin 

01 D5YLS.E11 Load Shed 1 7.639 10 23.6% 
Qi D5YLS.M51 Load Shed 1 8.183 10 18.2% 
Q2D5YLS.Ell Load Shed 2 7.760 10 22.4% 
Q2D5YLS.M53 Load Shed 2 8.019 10 19.8% 
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The Analog Trip System (ATS) and Anticipated Transient Without Scram (ATWS) system panels are 
powered from the Unit 1 and Unit 2 125 VDC Batteries . These panels contain various circuit cards, 
relays, and indicating lights which operate at the 24 VDC level. They also provide power to process 
transmitters and signal isolators. These panels are powered from 125 VDC buses via inverters and 
internal power supplies which drop the voltage to 24 VDC. 

The purpose of this section of the calculation is to determine the loading on the 125 VDC batteries from 
the above referenced components . For conservatism, all components will be assumed energized and all 
4-20 ma signal loops will be assumed to be fully loaded at 20 ma. 

Figures 1 and 2 below are simplified one-line diagrams of the ATS and ATWS panels in relation to their 
associated power feeds. The reference drawings on the figures are the source documents where the 
loading information was obtained . All load elements are then tabulated to determine the total loading at 
24 VDC and then scaled to the 125 VDC system . The scaled 125 VDC load values are the load currents 
used in the ELMS-DC files. 

Design Input 1 : The master trip units (MTU) have a maximum power consumption of 26 ma (24 
VDC) per Reference 112. 

Design Input 2: The slave trip units (STU) have a maximum power consumption of 75 ma (24 VDC) per 
Reference 112. 

Design Input 3: The trip relays at Panels -70A(B) and -73A(B) are Agastat EGP series relays per 
drawings 4E-6857 (Rev. W) and 4E-7850 (Rev. V) . These relay have a 6 watt power 
consumption, or, 6W / 24 Volts = 250 ma per Reference 113. 

Design input 4: The trip relays at Panels -73AA(BB) are Potter and Brumfield KUP141315-24 type 
relays per drawings 4E-6857 (Rev . W) and 4E-7850 (Rev . V) . These relays have a 
power consumption of 1 .8 watts, or, 1 .8 W / 24 Volts = 75 ma per Reference 114. 

Design Input 5: From Reference 115, the signal isolators have a maximum power requirement of 5 
watts, or, 5 W / 24 Votes = 208 ma. 

Design Input 6: Based on panel walkdowns, the indicating lights are of the panel mounted type similar 
to General Electric Model ET-16. These lights utilize #1819 bulbs which have a load of 
0 .04 amps (via Grainger website) . For conservatism, a value of 25 ma will be used . 

Design Input 7: Panels -70A(B) and -73AA(BB) contain internal power supplies which convert 120 
VAC and 125 VDC power to 24 VDC. A review of typical manufacturer's data sheets for 
these types of power supplies (e.g . Lambda) shows power supply efficiencies of 70- 
75%. A 70% efficiency will be assumed for this evaluation . This value is conservative 
due to the fact that all components are assumed energized and fully loaded . 

Design Input 8: The 125 VDC to 120 VAC 1000 VA inverters (PS3A, PS3B, and PS4) have a full load 
output rating of 8.3 amps AC with an input of 16 amps DC 075VDC. (Reference 111) 
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ATS ! ATWS Panel Loadinq Analvsis (font,) 

(4E-6857) 

125 vdc :24 vdc 

Unit 1 
125 VDC 
Battery 

ATS Panel 

	

Inverter 

	

Inverter 
2201-73AA 

	

2-0263-P S4 

	

2-0263-PS3B 

Figure 1 

120 vac :24 vdc 

CC-AA-309-1001 
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120 vac :24 vdc 

ATS Panel 

	

ATWS Panel 
2202-73BB 

	

2202-70B 

(4E-6857) 

	

(4E-7850) 
(4E-6860) (4E-7861) 

(4E-6577C) (4E-7850) (4E-7573C) 
(4E-6577D) 24 vdc 24 

~~ 
(4 _7573E) 

(4E-6577F) 2201-73A 2202-73B (4E-7573F) 
(Lower Card File) (Lower Card File) (4E-7850C) 
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ATS / ATWS Panel Loading Analysis (Copt.) 

The following tables are tabulations of all the load elements at each panel: 

Bus 1A-1, Circuit 16 

The total loading on the 120 VAC to 24 VDC power supply at Panel 2201-70A is 10.961 amps. 
Converting this to the 120 VAC level and using a 70% efficiency (design input 7), the total loading on 
upstream inverter 1-0263-PS3A will be, 

_ l 
1120 VAC = ( 

24 
120 

VDC 
VAC ~ 

i 
0.7 

1(10.961 amps) = 3.132 amps AC 

To reflect this load value to the 125 VDC input to PS3A, design input 8 is used as shown below, 

Inverter Output Loading = 3.132 amps = 37.7% 
8 .3 amps 

Inverter Input Loading = (0.377)(16 Amps DC) = 6.032 Amps DC 

The loading at Bus 1A-1, Circuit 16 = 6.032 amps DC 

CC-AA-309-1001 
Revision 4 

Panel Load 
Element 

Reference 
Drawing 

Current 
(Amps ® 24 VDC 

Quantity Total Current 
(Amps 0 24 VDC 

2201-70A Indicating Light 4E-6577C 0.250 2 0.500 
2201-70A Relay A astat 4E-6577C 0.250 1 0.250 
2201-70A Signal lsolator 4E-6577C 0.208 1 0.208 
2201-70A _ Master Trip Unit 4E-65770_ 0.260 __ 4 1 .040 
2201-70A Slave Trip Unit 4E-6577D 0.075 8 0.600 
2201-70A Relay A astat 4E-6577D 0.250 14 3.500 
2201-70A Relay A astat 4E-6577F 0.250 2 0.500 

2201-73A Master Trip Unit 4E-6857 0.260 8 2.080 
2201-73A Slave Trip Unit 4E-6857 0.075 1 0.075 
2201-73A Relay A astat 4E-6857 0.250 8 2.000 
2201-73A Si nallsolator 4E-6857 0.208 1 0.208 

Total 10.961 Am os _ J 
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Bus 1A-1, Circuit 18 
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The total loading on the 125 VDC to 24 VDC power supply at Panel 2201-73AA is 2.645 amps. 
Converting this to the 125 VDC level and using a 70% efficiency (design input 7), the total loading on 
Bus 1 A-1, Circuit 18 will be, 

I'zsv°c-_ 

	

24 VDC ~ 1 
(125 VDC 

	

0.7) 
(2.645 amps) = 0.725 amps DC 

The loading at Bus 1 A-1, Circuit 18 = 0.725 amps DC 

Panel
_ 

Load 
Element 

Reference 
Drawln " 

Current 
" s 0 24 VDC 

Quantity Total Current 
Am 0 24 VDC 

2201-73AA Master Trip Unit 4E-6857 0.260 7 1 .820 
2201-73AA Slave Trip Unit 4E-6857 0.075 2 0.150 
2201-73AA Relay KUP 4E-6857 0.075 9 0.675 

Total Am.)* 2.645 
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Bus 2B-1, Circuit 31 
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The total loading on the 120 VAC to 24 VDC power supply at Panel 2202-73BB is 2.645 amps. 
Converting this to the 120 VAC level and using a 70% efficiency (design input 7), the total loading on 
upstream inverter 2-0263-PS4 will be, 

1120 VAC = 

	

24 VDC ~ 1 )(2 .645 amps) = 0.756 amps AC 
(T20 VAC 

	

0 .7 

To reflect this load value to the 125 VDC input to PS4, design input 8 is used as shown below, 

Inverter Output Loading = 0756 amps = 9.1% 
8.3 amps 

Inverter Input Loading = (0.091)(16 Amps DC) = 1 .456 Amps DC 

The loading at Bus 2B-1, Circuit 31 = 1 .456 amps DC 

Panel Load 
Element 

Reference 
Drawing 

Current 
(Am 

Quantity Total Current 
s*24VDC) 

2202-73BB Master Trip Unit 4E-7850 0.260 7 1 .820 
2202-738B Slave Trip Unit 4E-7850 0.075 2 0.150 
2202-73BB Relay KUP 4E-7850 0.075 9 0.675 

Total 2.645 Amps 
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Bus 2B-1, Circuit 32 
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The total loading on the 120 VAC to 24 VDC power supply at Panel 2202-70B is 11 .900 amps. 
Converting this to the 120 VAC level and using a 70% efficiency (design input 7), the total loading on 
upstream inverter 2-0263-PS3B will be, 

1120 VAC = 

	

24 VDC 
V7)(1 

1 .900 amps) = 3.4 amps AC 
(120 VAC 

To reflect this load value to the 125 VDC input to PS3B, design input 8 is used as shown below, 

3.4 Inverter Ou ut Loading = 8.3 
amps 
amps = 41 .0% 

8.3 

Inverter Input Loading = (0.410)(16 Amps DC) = 6.56 Amps DC 

The loading at Bus 2B-1, Circuit 32 = 6.56 amps DC 

Panel Load 
Element 

Reference 
Drawing 

Current 
(Amps 0 24 VDC 

Quantity Total Current 
(Amps 0 24 VDC 

2202-70B Indicating Light 4E-7573C 0.250 2 0.500 
2202-70B Relay A astat 4E-7573C 0.250 2 0.500 
2202-70B Signal Isolator 4E-7573C 0.208 1 0.208 
2202-708 Master Trip Unit 4E-7573E 0.260 4 1 .040 
2202-708 Slave Trip Unit 4E-7573E 0.075 8 0.600 
2202-70B Relay A astat 4E-7573E 0.250 14 3.500 
2202-70B Relay A astat 4E-7573F 0.250 2 0.500 
2202-70B Relay A astat 4E-7850C 0.250 1 0.250 

2202-73B Master Trip Unit 4E-7850 0.260 7 1 .820 
2202-73B Slave Trip Unit 4E-7850 0.075 2 0.150 
2202-73B Relay A astat 4E-7850 0.250 8 2.000 
2202-73B Signal Isolator 4E-7850 0.208 4 0.832 

Total 11 .900 Amps 
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ATS / ATWS Panel Loadin Analysis(Cont . 

Unit 2 
125 VDC 
Battery 

Bus 2A-1 

	

Bus 113-1 

125 vdc :120 vac 

	

I 

	

125 vdc :24 vdc 

	

1 125 vdc :120 vac 

	

1 125 Ac :120 vac 

Inverter 

	

ATS Panel 

	

Inverter 

	

Inverter 
2-0263-PS3A 

	

2202-73AA 

	

1-0263-PS4 

	

1-0263-PS38 

Figure 2 

f 

(4E-7850) 

	

(4E-6857) 
(4E-7860) 

	

(4E-6861) 
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0 
32 

120 vac :24 vdc 
(4E-7850) 

ATWS Panel 
2202-70A 

120 vac 

ATS Panel 
2201-7388 

:24 vdc 120 vac :24 vdc 

ATWS Panel 
2201-708 

(4E-7573C) (4E-6857) (4E-6577C) 
(4E-7573D) 24 vdc 24 vdc (4E-6577E) 
(4E-7573F) 2202-73A 2201-738 (4E-6577F) 

(Lower Card File) (Lower Cans File) (4E-6857C) 
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The total loading on the 120 VAC to 24 VDC power supply at Panel 2202-70A is 11 .211 amps. 
Converting this to the 120 VAC level and using a 70% efficiency (design input 7), the total loading on 
upstream inverter 2-0263-PS3A will be, 

1120VAC= 

	

24 VDC 

	

1 

	

(11 .211 amps) = 3.203 amps AC 
(120 VAC 

	

0.7 

To reflect this load value to the 125 VDC input to PS3A, design input 8 is used as shown below, 

Inverter Output Loading = 3
.203 amps = 38 .6% 
8.3 amps 

Inverter Input Loading = (0.386)(16 Amps DC) = 6.176 Amps DC 

The loading at Bus 2A-1, Circuit 16 = 6.176 amps DC 

Panel Load 
Element 

Reference 
Drawing 

Current 
(Amps 0 24 VDC 

Quantity Total Current 
(Amps 0 24 VDC 

2202-70A Indicating Light 4E-7573C 0.250 2 0.500 
2202-70A Relay A astat) 4E-7573C 0.250 2 0.500 
2202-70A Signal Isolator 4E-7573C 0.208 1 0.208 
2202-70A Master Trip Unit 4E-7573D 0.260 4 1.040 
2202-70A Slave Trip Unit 4E-7573D 0.075 8 0.600 
2202-70A Relay A astat 4E-7573D 0.250 14 3.500 
2202-70A Relay A astat 4E-7573F 0.250 2 0.500 

2202-73A Master Trip Unit 4E-7850 0.260 8 2.080 
2202-73A Slave Trip Unit 4E-7850 0.075 1 0.075 
2202-73A Relay A astat 4E-7850 0.250 8 2.000 
2202-73A Signal Isolator 4E-7850 0.208 1 0.208 

Total 11 .211 Amps - _ J 
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Bus 2A-1, Circuit 18 
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The total loading on the 125 VDC to 24 VDC power supply at Panel 2202-73AA is 2 .645 amps . 
Converting this to the 125 VDC level and using a 70% efficiency (design input 7), the total loading on 
Bus 2A-1, Circuit 18 will be, 

1125 voc = 

	

24 VDC ~ 1 )(2.645 amps) = 0.725 amps DC 
(125 VDC 0.7 

The loading at Bus 2A-1, Circuit 18 = 0.725 amps DC 

Panel Load 
Element 

Reference 
Drawln " 

Current 
" s ® 24 VDC 

Quantity Total Current 
(Amps 0 24 VDC 

2202-73AA Master Trip Unit 4E-7850 0.260 7 1 .820 
2202-73AA Slave Trip Unit 4E-7850 0.075 2 0.150 
2202-73AA Relay KUP 4E-7850 0.075 9 0.675 

Total Amps 2.645 
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ATS / ATWS Panel Loading Analysis (Coat.) 

Bus 1B-1, Circuit 31 

The total loading on the 120 VAC to 24 VDC power supply at Panel 2201-73BB is 2.645 amps. 
Converting this to the 120 VAC level and using a 70% efficiency (design input 7), the total loading on 
upstream inverter 1-0263-PS4 will be, 

1120 VAC = (120 
24 VDC 

VAC~01 
)(2.645 amps) = 0.756 amps AC 

To reflect this load value to the 125 VDC input to PS4, design input 8 is used as shown below, 

Inverter Output Loading = 0756 amps = 9.1% 
8.3 amps 

Inverter Input Loading = (0.091)(16 Amps DC) = 1 .456 Amps DC 

The loading at Bus 1 B-1, Circuit 31 = 1 .456 amps DC 

CC-AA-309-1001 
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Panel Load 
Element 

Reference 
Drawin W 

Current 
(Amps t$ 24 VDC 

Quantity Total Current 
(Amps 0 24 VDC 

2201-73BB Master Trip Unit 4E-6857 0.260 7 1 .820 
2201-73BB Slave Trip Unit 4E-6857 0.075 2 0.150 
2201-73BB Relay KUP 4E-6857 0.075 9 0.675 

Total 2.645 Amps 
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ATS / ATWS Panel Loading Analysis (Cont.) 

Bus 1 B-1, Circuit 32 

The total loading on the 120 VAC to 24 VDC power supply at Panel 2201-70B is 11 .65 amps. 
Converting this to the 120 VAC level and using a 70% efficiency (design input 7), the total loading on 
upstream inverter 1-0263-PS3B will be, 

1120 VAC = 
24 VDC 

	

1 

	

((11 .65 amps) = 3.329 amps AC 
120 VAC 0.7 

To reflect this load value to the 125 VDC input to PS3B, design input 8 is used as shown below, 

Inverter Output Loading = 3329 amps = 40.1 
8.3 amps 

Inverter Input Loading = (0.401)(16 Amps DC) = 6.416 Amps DC 

The loading at Bus 1 B-1, Circuit 32 = 6.416 amps DC 

CC-AA-309-1001 
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Panel Load 
Element 

Reference 
Drawing 

Current 
(Amps 0 24 VDC 

Ouantlty Total Current 
(Amps ® 24 VDC 

2201-70B Indicating Light 4E-6577C 0.250 2 0.500 
2201-70B Relay A astat 4E-6577C 0.250 1 0.250 
2201-708 Signal Isolator 4E-6577C 0.208 1 0.208 
2201-708 Master Trip Unit _4E_-6577E 0.260 4 1 .040 
2201-70B Slave Trip Unit 4E-6577E 0.075 8 0.600 
2201-70B Relay (Age astat 4E-6577E 0.250 14 3.500 
2201-708 Relay A stat 4E-6857C 0.250 1 0.250 
2201-70B Relay A astat 4E-6577F 0.250 2 0.500 

2201-73B Master Trip Unit 4E-6857 0.260 7 1 .820 
2201-73B Slave Trip Unit 4E-6857 0.075 2 0.150 
2201-738 Rela A astat 4E-6857 0.250 8 2 .00 
2201-73B Signal Isolator 4E-6857 0.208 4 0.832 

Total 11.65 Am s 
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ATS / ATWS Panel Lo_adinc i-Analysis _onta 

The following table contains a summary of the loading values for the ATS and ATWS panels . These are 
the continuous current values that were used as inputs for the applicable ELMS-DC data files. 

125 VDC Battery 125 VDC Bus Circuit Current (Amps DC 

Unit 1 IA-1 16 6.032 Amps 
Unit 1 1A-1 18 0.725 Amps 
Unit 1 213-1 31 1 .456 Amps 
Unit 1 213-1 32 6.56 Amps 

Unit 2 2A-1 16 6.176 Amps 
Unit 2 2A-1 18 0.725 Amps 
Unit 2 113-1 31_ 1 .456 Amps 
Unit 2 1 

_ 

B-1 32 6.416 Amps 
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4 kV SYVITC_HGEAR LOAD ANALYSIS 

The relay analysis for 4 kV Switchgear Buses 13, 13-1, 14, 14-1, 23, 23-1, 24, and 24-1 revealed that 
the relay schemes for 4 kV Switchgear Buses 13 and 23, Switchgear 14 and 24, Switchgear 13-1 and 
23-1, and Switchgear 14-1 and 24-1 are similar. It should be noted that 4 kV Switchgear 14-1 only has 
3 HFA relays in the undervoltage (UV) circuit, whereas Switchgear 24-1 has 4 HFA relays . Also, 4 kV 
Switchgear 14-1 had one additional Agastat relay energized from 10 s to the duration than Switchgear 
24-1 . Therefore, an enveloping case was developed for Switchgear 14-1 and 24-1 . The tables below 
show the relays present in the various Switchgear Buses . Revision 36 modified the 4 kV switchgear 
breaker operation times as detailed In Attachment B. In conjunction with this review, the relay 
quantities shown below were reviewed on a sample basis and found to be consistent/bounding with the 
current configuration. Based on Assumption 3 .0, all the relays In each switchgear are energized during 
the entire duration of the load cycle. This Is a conservatism method of modeling the switchgear circuits, 
however, the relay loads are small compared to the total switchgear loads; therefore, this approach 
does not Introduce an excessive conservatism on the total loading of the switchgear/battery . 

4 kV Switchgear 13 (used for Swgr 13 and 23) 

3 

2 

Relay Type 
HFA Relay 
HGA Relay 

UV Relay 

4 kV Switchgear 24 (used for Swgr 14 and 24) 

REVISION NO. 38 

Qty- Relay Type 
4 HFA Relay 
1 HGA Relay 
2 UV Relay 
2 UV Relay 
1 HFA Relay 
1 Miscellaneous Relay 
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4 kV SWITCHGEAR LOAD ANALYSIS (cont.) 

4 kV Switchgear 13-1 

4 kV Switchgear 23-1 

CC-AA-309-1001 
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R40 

R40 

840 

Otyw Relay Type 
4 HFA Relay 
2 UV Relay 
2 A astat T. D. Relay 
1 A astat Continuous Relay 
1 A astat Continuous Relay 
1 HGA Relay 
2 UV Relay 2`d Level UV Relay ITE-27N 
1 HGA Relay (Interpmlxig Relay) 

W y. Relay Type 
3 HFA Relay 
1 Josl n Clark Relay 
2 UV Relay 
2 A astat T.D . Relay 
1 A astat Continuous Relay 
1 A astat Continuous Relay 
1 HGA Relay 
2 UV Relay 2"° Level UV Relay ITE-27N 
1 HGA Relay (InterpiYhig Relay) 
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4 kV SWITCHGEAR LOAD ANALYSIS (cont.) 

Enveloping Case for Switchgear 14-1 and 24-1 (used for Swgr 14-1 and 24-1) 

The SBO breaker remains tripped when there is a LOCA on either unit . Since the scenario modeled is 
a LOOP on both Units 1 and 2 and a LOCA on one unit, SBO breaker is not modeled as closing. 

For simplicity, any SBO diesel generator relay included in the previous tables was not removed. This 
approach does not introduce excessive conservatism on the total loading of the switchgear . 

REVISION NO-.MT 

ER!-Re-lay Type 
4 HFA Relay 
2 UV Relay 
2 A astat T.D. Relay 
1 A astat Continuous Relay 
2 A stat Continuous Relay 
1 HFA Relay 
1 HGA Relay 
2 UV Relay 2"d Level UV Relay ITE-27N 
2 IAC Relay 
1 SA-1 Relay 
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DESCRIPTION OF THE TABLE HEADINGS 

On-Line 

The On-Line condition is the condition the plant was operating at when the LOOP/LOCA condition was 
sensed . If 2 out of 3 pumps normally operate under a full power condition but all 3 could be operating, 
3 were shown to be operating for conservatism . The numbers used here were shown as an example 
and may differ from what is actually shown in the tables . 

LOOP/LOOP and LOCA (t=1 sec.) 

This column shows the breaker status for the equipment after all the breakers complete their actuation 
(i .e . t=1 sec.) on a LOOP or LOOP and LOCA signal . 

LOOP/LOOP and LOCA (After) 

COMED COMPANY 
CALCULATION PAGE 

PAGE NO. 65 

This column reflects the breaker status of the equipment after the 4 kV Buses have reloaded to deal 
with the Design Base Accident (LOOP or a LOOP and LOCA scenario). 

REVISION NO. 36 - 1 
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Bus 1A-1 Circuit 1 

	

Page 1 of 12 

	

JR36 
4kV SwItchgear Bus 13 Main Feed 

4kV Switchgear 13 AC Loads 

R36 

$ - This is a spare breaker with the control power fuses pulled . No do load Is assumed. 
Only 1 pump is energized when the EDK3 is supplying power. 

	

JR36 

REVISION NO. : 

	

36 

Bkr. If Service AC Bkr. Status S/D Rev. 
On-Line LOOP/ 

LOOP & 
LOCA 
t=1 

LOOP/ 
LOOP & 
LOCA 
After 

152-1301 480V Switch ear 15 C T T/T 4E-1347 J 
152-1302 Cond . & Booster Pump 1A C T T/T 4E-1370 M 
152-1303 Main Feed T T T/T 4E-1342 X 
152-1304 CRD Feed Pump 1A C T C/T 4E-1416 0 
152-1305 Service Water Pump 1A C T CIT 4E-1391 H 
152-1306 Circ. Water Pump 1A C T T/T 4E-1368 K 
152-1307 Cond . & Booster Pump 1B C T T/T 4E-1370 M 
152-1308 RHR SWP 1 B T T C'/C' 4E-1438P R 
152-1309 Reserve Feed C T T/T 4E-1342 X 
152-1310 CIrc . Water Pump 1 B C T T/T 4E-1368 K 
152-1311 RHR SWP 1A T T C'/C' 4E-1438P R 
152-1312 Bus 13-1 Feed C T C/C 4E-1344 SH . 1, C 
152-1313 480V Swit ear 1A C T T/T 4E-685 F 
152-1314 are Breaker $ $ $ -- --- 
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NOTES 
1.) The UV relay circuit would have one HGA relay energized. 

REVISION NO. : 
-3
6 
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4kV Switchgear 13 
NORMAL CONDITION 

1 

Page 2 
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of 12 
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JR36 

The maximum do load on the circuit under normal condition is : 
Time 

10 lights for closed breakers (0 0.154 each) 10 x 0.154 = 1 .540 Os-8hr IR36 
3 lights far tripped breakers (0 0.231 each) 3 x 0.231 = 0.69 ' 836 
No switching of breakers 
Relays energized: 

0 HEA 0 x 5.400 = 0.000 
0 HFA 0 x 0.062 = 0.000 
1 HGA 1 x 0.038 = 0.038 
0 UV Relay 0 x 0.070 = 0.000 

TOTAL = 2.271 Amps 
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4kV Switchgear 13 
LOOP Condition 
The maximum do load on the circuit under LO 

0 lights for closed breakers (® 0.154 each) 
0 breaker closing coils 
0 lights for closing breakers (0 0.231 each) 
3 lights for tripped breakers (0 0.231 each) 
10 breaker tripping coils 
10 lights for tripping breakers (0 0.231 each) 

Relays energized: 
0 HEA 
3 HFA 
1 HGA 
2 UV Relay 

0 lights for closed breakers (0 0.154 each) 
0 breaker closing coils 
0 lights for closing breakers (® 0.231 each) 
13 lights for tripped breakers (® 0.231 each) 
0 breaker tripping coils 
0 lights for tripping breakers (0 0.231 each) 

Relays energized: 
0 HEA 
3 HFA 
1 HGA 
2 UV Relay 

0 lights for closed breakers(* 0.154 each) 
1 breaker closing coils (Peak) 
0 breaker closing coils (Continuous) 
1 

	

lights for closing breakers (® 0.231 each) 
12 lights for tripped breakers (9 0.231 each) 
0 breaker tripping coils 
0 lights for tripping breakers (® 0.231 each) 

Relays energized: 
0 HEA 
3 HFA 
1 HGA 
2 UV Relay 

REVISION NO.: 

	

36 

[Page No. 

Page 3 of 12 JR36 

P condition is : 
Time 

0 x 0.154 = 0.000 Os-Is R36 
0 x 15.000 = 0.000 R36 (Ref . 88 & 89) 
0 x 0.231 = 0.000 R36 
3 x 0.231 = 0.693 R36 

10 x 1 .080 = 10.800 R36 (Ref . 88 & 89) 
10 x 0.231 = 2 .310 P36 

0 x 5.400 = 0.000 
3 x 0.062 = 0.186 
1 x 0.038 = 0.038 
2 x 0.070 = 0.140 
TOTAL = 14.167 Amps JR36 

Time 
0 x 0.154 = 0.000 1s-10m R36 
0 x 15.000 = 0.000 R36 (Ref. 88 & 89) 
0 x 0.231 = 0.000 R36 

13 x 0.231 = 3.003 836 
0 x 1 .080 = 0.000 R36 (Ref . 88 & 89) 
0 x 0.231 = 0.000 R36 

0 x 5.400 = 0.000 
3 x 0.062 = 0.186 
1 x 0.038 = 0.038 
2 x 0.070 = 0.140 
TOTAL 3.367 Amps JR36 

Time R36 
0 x 0.154 = 0.000 10m-10m2s R36 
1 x 15.000 = 15.000 R36 (Ref . 88 & 89) 
0 x 5.000 = 0.000 R36 
1 x 0.231 = 0.231 R36 

12 x 0.231 = 2.772 R36 
0 x 1 .080 = 0.000 R36 (Ref . 88 & 89) 
0 x 0.231 = 0.000 R36 

0 x 5.400 = 0.000 `A36 
3 x 0.062 = 0.18 , R36 
1 x 0.038 = 0.038 
2 x 0.070 = 0.140 R36 
TOTAL = 18.367 Amps IR36 
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4kV Switchgear 13 
LOOP Condition 

Page 4 of 12 

Pa e No-. 6~4- 

JR36 

Time 
0 lights for closed breakers (0 0.154 each) 0 x 0.154 = 0.000 10m2s-10m15s R36 
0 breaker closing coils (Peak) 0 x 15.000 = 0.000 R36 (Ref. 88 & 89) 
1 breaker closing coils (Continuous) 1 x 5.000 = 5.000 R36 
1 lights for closing breakers (0 0.231 each) 1 x 0.231 = 0.231 R36 
12 lights for tripped breakers (0 0.231 each) 12 x 0.231 = 2.772 R36 
0 breaker tripping coils 0 x 1 .080 = 0.000 R36 (Ref . 88 & 89) 
0 lights for tripping breakers (0 0.231 each) 0 x 0.231 = 0.000 R36 

Relays energized: 
0 HEA 0 x 5.400 = 0.000 (R36 
3 HFA 3 x 0.062 = 0.18 { 836 
1 HGA 1 x 0.038 = 0.038 
2 UV Relay 2 x 0.070 = 0.140 

TOTAL = 8.367 Amps 
IR36 
R36 

Time 
1 lights for closed breakers (0 0.154 each) 1 x 0.154 = 0.154 10m15s-10m17s R36 
1 breaker closing coils (Peak) 1 x 15.000 = 15.000 R36 (Ref . 88 & 89) 
0 breaker closing coils (Continuous) 0 x 5.000 = 0.000 R36 
1 lights for closing breakers (0 0.231 each) 1 x 0.231 = 0.231 R36 
11 lights for tripped breakers (0 0.231 each) 11 x 0.231 = 2.541 R36 
0 breaker tripping coils 0 x 1 .080 = 0.000 R36 (Ref. 88 & 89) 
0 lights for tripping breakers (0 0.231 each) 0 x 0.231 = 0.000 R36 

Relays energized: 
0 HEA 0 x 5.400 = 0.000 
3 HFA 3 x 0.062 = 0.186 

IR36 
R36 

1 HGA 1 x 0.038 = 0.038 
2 UV Relay 2 x 0.070 = 0.140 

TOTAL = 18.290 Amps 
~R36 
R36 

Time R36 
1 lights for closed breakers (0 0.154 each) 1 x 0.154 = 0.154 10m17s-10m30s R36 
0 breaker closing coils (Peak) 0 x 15.000 = 0.000 R36 (Ref. 88 & 89) 
1 breaker closing coils (Continuous) 1 x 5.000 = 5.000 R36 
1 lights for closing breakers (0 0.231 each) 1 x 0.231 = 0.231 R36 
t 1 lights for tripped breakers (0 0.231 each) 11 x 0.231 = 2.541 R36 
0 breaker tripping coils 0 x 1 .080 = 0.000 R36 (Ref. 88 & 89) 
0 lights for tripping breakers (0 0.231 each) 0 x 0.231 = 0.000 R36 

Relays energized: R36 
0 HEA 0 x 5.400 = 0.000 R36 
3 HFA 3 x 0.062 = 0.186 R36 
1 HGA 1 x 0.038 = 0.038 R36 
2 UV Relay 2 x 0.070 = 0.140 R36 

TOTAL = 8.290 Amps R36 



COMMONWEALTH EDISON COMPANY 
CALCULATION NO.: 7318-32-19-1 )Page No. '70 

4kV Switchgear 13 
LOOP Condition 

2 lights for closed breakers (0 0.154 each) 
0 breaker closing coils (Peak) 
0 breaker closing coils (Continuous) 
0 lights for closing breakers (®I 0.231 each) 
11 lights for tripped breakers (0 0.231 each) 
0 breaker tripping coils 
0 lights for tripping breakers (® 0.231 each) 

Relays energized: 
0 HEA 
3 HFA 
1 

	

HGA 
2 UV Relay 

2 lights for closed breakers (® 0.154 each) 
1 

	

breaker closing coils (Peak) 
0 breaker closing coils (Continuous) 
1 

	

lights for closing breakers (0 0.231 each) 
10 lights for tripped breakers (® 0.231 each) 
0 breaker tripping coils 
0 lights for tripping breakers (® 0.231 each) 

Relays energized: 
0 HEA 
3 HFA 
1 

	

HGA 
2 UV Relay 

2 lights for closed breakers (® 0.154 each) 
0 breaker closing coils (Peak) 
1 breaker closing coils (Continuous) 
1 lights for closing breakers (0 0.231 each) 
10 lights for tripped breakers (0 0.231 each) 
0 breaker tripping coifs 
0 lights for tripping breakers (® 0.231 each) 

Relays energized: 
0 HEA 
3 HFA 
1 

	

HGA 
2 UV Relay 

REVISION NO. : 
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Page 5 of 12 JR36 
IR36 

Time R36 
2 x 0.154 = 0.308 10m30s-10m45s R36 
0 x 15.000 = 0.000 R36 (Ref. 88 & 89) 
0 x 5.000 = 0.000 R36 
0 x 0.231 = 0.000 R36 

11 x 0.231 = 2.541 R36 
0 x 1 .080 = 0.000 R36 (Ref . 88 & 89) 
0 x 0.231 = 0.000 R36 

R36 
0 x 5.400 = 0.000 R36 
3 x 0.062 = 0.186 A36 
1 x 0.038 = 0.038 R36 
2 x 0.070 = 0.140 R36 

TOTAL _ 3.213 Amps R36 

Time R36 
2 x 0.154 = 0.308 10m45s-10m47s R36 
1 x 15.000 = 15.000 R36 (Ref . 88 & 89) 
0 x 5.000 = 0.000 R36 
1 x 0.231 = 0.231 R36 

10 x 0.231 = 2.310 R36 
0 x 1 .080 = 0.000 R36 (Ref . 88 & 89) 
0 x 0.231 = 0.000 R36 

R36 
0 x 5.400 = 0.000 R36 
3 x 0.062 = 0.186 R36 
1 x 0.038 = 0.038 R36 
2 x 0.070 = 0.140 836 
TOTAL = 18.213 Amps R36 

Time R36 
2 x 0.154 = 0.308 10m47s-11 m R36 
0 x 15.000 = 0.000 R36 (Ref . 88 & 89) 
1 x 5.000 = 5.000 R36 
1 x 0.231 = 0.231 R36 

10 x 0.231 = 2.310 R36 
0 x 1.080 = 0.000 R36 (Ref. 88 & 89) 
0 x 0.231 = 0.000 R36 

R36 
0 x 5.400 = 0.000 R36 
3 x 0.062 = 0.186 R36 
1 x 0.038 = 0.038 R36 
2 x 0.070 = 0.140 R36 
TOTAL = 8.213 Amps R36 
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R36 
R36 

Time R36 
3 lights for closed breakers (® 0.154 each) 3 x 0.154 = 0.462 11 m-11 ml 5s R36 
0 breaker closing coils (Peak) 0 x 15.000 = 0.000 R36 (Ref . 88 & 89) 
0 breaker closing coils (Continuous) 0 x 5.000 = 0.000 R36 
0 lights for closing breakers (® 0.231 each) 0 x 0.231 = 0.000 R36 
10 lights for tripped breakers (® 0.231 each) 10 x 0.231 = 2.310 R36 
0 breaker tripping coils 0 x 1 .080 = 0.000 R36 (Ref. 88 & 89) 
0 lights for tripping breakers(* 0.231 each) 0 x 0.231 = 0.000 R36 

Relays energized: R36 
0 HEA 0 x 5.400 = 0.000 R36 
3 HFA 3 x 0.062 = 0.186 R36 
1 HGA 1 x 0.038 = 0.038 R36 
2 UV Relay 2 x 0.070 = 0.140 R36 

TOTAL = 3.136 Amps R36 

Time R36 
3 lights for closed breakers (0 0.154 each) 3 x 0.154 = 0.462 11m15s-11m17s R36 
1 breaker closing coils (Peak) 1 x 15.000 = 15.000 R36 (Ref. 88 & 89) 
0 breaker closing coils (Continuous) 0 x 5.000 = 0.000 R36 
1 lights for closing breakers (0 0.231 each) 1 x 0.231 = 0.231 R36 
9 lights for tripped breakers (® 0.231 each) 9 x 0.231 = 2.079 R36 
0 breaker tripping coils 0 x 1 .080 = 0.000 R36 (Ref. 88 & 89) 
0 lights for tripping breakers (0 0.231 each) 0 x 0.231 = 0.000 R36 

Relays energized: R36 
0 HEA 0 x 5.400 = 0.000 R36 
3 HFA 3 x 0.062 = 0.186 R36 
1 HGA 1 x 0.038 = 0.038 R36 
2 UV Relay 2 x 0.070 = 0.140 R36 

TOTAL = 18.136 Amps R36 

Time R36 
3 lights for closed breakers (® 0.154 each) 3 x 0.154 = 0.462 11m17s-11m30s R36 
0 breaker dosing coils (Peak) 0 x 15.000 = 0.000 R36 (Ref. 88 & 89) 
1 breaker closing coils (Continuous) 1 x 5.000 = 5.000 R36 
1 lights for dosing breakers (® 0.231 each) 1 x 0.231 = 0.231 R36 
9 lights for tripped breakers (® 0.231 each) 9 x 0.231 = 2.079 R36 
0 breaker tripping coils 0 x 1 .080 = 0.000 R36 (Ref . 88 & 89) 
0 lights for tripping breakers (® 0.231 each) 0 x 0.231 = 0.000 R36 

Relays energized: R36 
0 HEA 0 x 5.400 = 0.000 R36 
3 HFA 3 x 0.062 = 0.186 R36 
1 HGA 1 x 0.038 = 0.038 R36 
2 UV Relay 2 x 0.070 = 0.140 R36 

TOTAL = 8.136 Amps R36 



89) 

9) 

REVISION NO. : 

	

36 

	

j
- 

	

_r 

	

_- 

CO M NWEALTH EDISON COMPANY 
CULATIU Page No. -71- 

4kV Switchgear 13 Pags 7 of 12 JR36 

LOOP Condition R36 
Time R36 

4 lights for closed breakers (® 0.154 each) 4 x 0.154 = 0.616 11m30s-end R36 
0 breaker closing coils (Peak) 0 x 15.000 = 0.000 R36 (Ref. 88 & 
0 breaker closing coils (Continuous) 0 x 5.000 = 0.000 R36 
0 lights for closing breakers (® 0.231 each) 0 x 0.231 = 0.000 R36 
9 lights for tripped breakers (® 0.231 each) 9 x 0.231 = 2.079 R36 
0 breaker tripping coils 0 x 1 .080 = 0.000 R36 (Ref . 88 & 

80 lights for tripping breakers (® 0.231 each) 0 x 0.231 = 0.000 R36 
Relays energized: R36 

0 HEA 0 x 5.400 = 0.000 R36 
3 HFA 3 x 0.062 = 0.186 R36 
1 HGA 1 x 0.038 = 0.038 R36 
2 UV Relay 2 x 0.070 = 0.140 R36 

TOTAL = 3.059 Amps R36 
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4kV Switchgear 13 
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JR36 
LOOP Condition 
NOTES 
1 .) At t--Os all closed breakers trip . 4kV SWGR 13 sheds all load. 
2.) At Ws all 4kV SWGR 13 loads have been shed (i .e. all breakers have completed tripping). 
3.) At t=10m feed breaker to 4kV SWGR 13-1 closes . 

	

R36 
4.) At t=10m15s feed breaker to RHR SWP 1A or 113 closes. 

	

R36 
5.) At t=10m45s feed breaker to SW Pump 1A closes. 

	

R36 
6.) At t=11m15s feed breaker to CRD Feed Pump 1A closes . 

	

R36 

R36 

REVISION NO . : 
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JR36 
LOOP & LOCA Condition 
The maximum do load on the circuit under LOOP & LOCA condition is : 

Time 
0 lights for closed breakers (0 0.154 each) 

	

0 

	

x 

	

0.154 = 

	

0.000 

	

Os-1s 

	

R36 
0 breaker closing coils 

	

0 

	

x 

	

15.000 = 

	

0.000 

	

R36 

	

(Ref. 88 & 89) 
0 lights for closing breakers (® 0.231 each) 

	

0 

	

x 

	

0.231 

	

= 

	

0.000 

	

R36 
3 lights for tripped breakers (® 0.231 each) 

	

3 

	

x 

	

0.231 

	

= 

	

0.693 

	

R36 

REVISION NO . : 

	

36 

	

-- 

10 breaker tripping coils 
10 lights for tripping breakers (® 0.231 each) 

Relays energized: 

10 x 
10 x 

1 .080 
0.231 

= 10.800 
= 2.310 

R36 
836 

(Ref. 88 & 89) 

0 HEA 0 x 5.400 = 0.000 
3 HFA 3 x 0.062 = 0.186 
1 HGA 1 x 0.038 = 0.038 
2 UV Relay 2 x 0.070 = 0.140 

TOTAL = 14.167 Amps IF136 

Time 
0 lights for closed breakers (® 0.154 each) 0 x 0.154 = 0.000 1s-10m15s R36 
0 breaker closing coils 0 x 15.000 = 0.000 R36 (Ref. 88 & 89) 
0 lights for closing breakers (® 0.231 each) 0 x 0.231 = 0.000 R36 
13 lights for tripped breakers (® 0.231 each) 13 x 0.231 = 3.003 R36 
0 breaker tripping coils 0 x 1.080 = 0.000 R36 (Ref . 88 & 89) 
0 lights for tripping breakers (Q 0.231 each) 0 x 0.231 = 0.000 R36 

Relays energized: 
0 HEA 0 x 5.400 = 0.000 
3 HFA 3 x 0.062 = 0.186 
1 HGA 1 x 0.038 = 0.038 
2 LN Relay 2 x 0.070 = 0.140 

TOTAL = 3.367 Amps JR36 

Time 
0 lights for dosed breakers (® 0.154 each) 0 x 0.154 = 0.000 10m15s-10m17s R36 
1 breaker closing coils (Peak) 1 x 15.000 = 15.000 R36 (Ref. 88 & 89) 
0 breaker closing coils (Continuous) 0 x 5.000 = 0.000 R36 
1 lights for closing breakers (0 0.231 each) 1 x 0.231 = 0.231 R36 
12 lights for tripped breakers (0 0.231 each) 12 x 0.231 = 2.772 R36 
0 breaker tripping coils 0 x 1 .080 = 0.000 R36 (Ref. 88 & 89) 
0 lights for tripping breakers (® 0.231 each) 0 x 0.231 = 0.000 R36 

Relays energized: 
0 HEA 0 x 5.400 = 0.000 
3 HFA 3 x 0.062 = 0.186 

IR36 
R36 

1 HGA 1 x 0.038 = 0.038 
2 UV Relay 2 x 0.070 = 0.140 A36 

TOTAL = 18.367 Amps IR36 



COMMONWEALTH EDISON COMPANY 
CALCULATION NO. , 7318-32-19-1 

4kV Switchgear 13 
LOOP & LOCA Condition 

0 lights for closed breakers (0 0.154 each) 
0 breaker closing coils (Peak) 
1 

	

breaker closing coils (Continuous) 
1 

	

lights for closing breakers (® 0.231 each) 
12 lights for tripped breakers (® 0.231 each) 
0 breaker tripping coils 
0 lights for tripping breakers (® 0.231 each) 

Relays energized: 
0 HEA 
3 HFA 
1 HGA 
2 UV Relay 

1 

	

lights for closed breakers (0 0.154 each) 
1 

	

breaker closing coils (Peak) 
0 breaker closing coils (Continuous) 
1 

	

lights for closing breakers (® 0.231 each) 
11 lights for tripped breakers (® 0.231 each) 
0 breaker tripping coils 
0 lights for tripping breakers (0 0.231 each) 

Relays energized: 
0 HEA 
3 HFA 
1 HGA 
2 UV Relay 

1 

	

lights for closed breakers (9 0.154 each) 
0 breaker closing coils (Peak) 
1 

	

breaker closing coils (Continuous) 
1 lights for closing breakers (® 0.231 each) 
11 lights for tripped breakers (0 0.231 each) 
0 breaker tripping coils 
0 lights for tripping breakers (® 0.231 each) 

Relays energized: 
0 HEA 
3 HFA 
1 

	

HGA 
2 UV Relay 

REVISION NO . : 

	

36 
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Time 
0 x 0.154 = 0.000 10m17s-10m30s R36 
0 x 15.000 = 0.000 R36 (Ref . 88 & 89) 
1 x 5.000 = 5.000 R36 
1 x 0.231 = 0.231 R36 

12 x 0.231 = 2.772 R36 
0 x 1 .080 = 0.000 R36 (Ref . 88 & 89) 
0 x 0.231 = 0.000 R36 

0 x 5.400 = 0.000 
3 x 0.062 = 0.186 

IR36 
R36 

1 x 0.038 = 0.038 
2 x 0.070 = 0.140 
TOTAL = 8.367 Amps R0

36 
36 

Time 
1 x 0.154 = 0.154 lOm30s-10m32s R36 
1 x 15.000 = 15.000 R36 (Ref . 88 & 89) 
0 x 5.000 = 0.000 R36 
1 x 0.231 = 0.231 R36 

11 x 0.231 = 2.541 R36 
0 x 1.080 = 0.000 R36 (Ref . 88 & 89) 
0 x 0.231 = 0.000 R36 

0 x 5.400 = 0.000 R36 
3 x 0.062 = 0.186 IR36 
1 x 0.038 = 0.038 
2 x 0.070 = 0.140 4A36 
TOTAL = 18.290 Amp ` R36 

Time R36 
1 x 0.154 = 0.154 10m32s-10m45s R36 
0 x 15.000 = 0.000 R36 (Ref. 88 & 89) 
1 x 5.000 = 5.000 R36 
1 x 0.231 = 0.231 R36 

11 x 0.231 = 2.541 R36 
0 x 1 .080 = O.000 R36 (Ref. 88 & 89) 
0 x 0.231 = 0.000 R36 

P36 
0 x 5.400 = 0.000 R36 
3 x 0.062 = 0.186 R36 
1 x 0.038 = 0.038 R36 
2 x 0.070 = 0.140 R36 
TOTAL 8.290 Amps R36 



88 & 89) 

88 & 89) 

REVISION NO.: 

	

36 

	

- 

	

f- . 

COMMONWEALTH EDISON COMPANY 
CALCULATION NO.: 7318-32-19-1 

4kV Swltchgear 13 
LOOP de LOCA Condition 
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R36 
R36 

Time R36 
2 lights for closed breakers (® 0.154 each) 2 x 0.154 = 0.308 10m45s-end R36 
0 breaker closing coils (Peak) 0 x 15.000 = 0.000 836 (Ref . 
0 breaker closing coils (Continuous) 0 x 5.000 = 0.000 R36 
0 lights for closing breakers (® 0.231 each) 0 x 0.231 = 0.000 R36 
11 lights for tripped breakers (0 0.231 each) 11 x 0.231 = 2.541 836 
0 breaker tripping coils 0 x 1 .080 = 0.000 R36 (Ref. 
0 lights for tripping breakers (® 0.231 each) 0 x 0.231 = 0.000 R36 

Relays energized: R36 
0 HEA 0 x 5.400 = 0.000 R36 
3 HFA 3 x 0.062 = 0.186 R36 
1 HGA 1 x 0.038 = 0.038 R36 
2 UV Relay 2 x 0.070 = 0.140 836 

TOTAL 3.213 Amps R36 
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JR36 
LOOP & LOCA Condition 
NOTES 
1 .) At t--Os all closed breakers trip. 4kV SWGR 13 sheds all load. 
2.) At Ws all 4kV SWGR 13 loads have been shed (i .e . all breakers have completed tripping). 
3.) At t=10m15s feed breaker to 4kV SWGR 13-1 closes. 

	

IR36 
4.) At t=10m30s feed breaker to RHR SWP 1A or 18 closes . 

	

R36 

R36 

REVISION NO . : - 36 
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JR36 
4kV Switchgear Bus 13-1 Main Feed 

4kV Switchgear 13-1 AC Loads 

'NOTE: 

	

The SBO breaker remains tripped when there Is a LOCH on either unit . Since the 
scenario modeled is a LOOP on both units 1 & 2 and a LOCA on one unit, the SBO 
breaker is not modeled as closing . 

" Only 1 pump remains energized at the end of the LOOP & LOCA scenario. 

Pale No. 7 d 

R36 

REVISION NO.: 

	

36 

Bkr. # Service AC Bkr. Status S/D Rev. 
On-line LOOP/ 

LOOP & 
LOCA 
0=11) 

LOOP/ 
LOOP & 
LOCA 
(After) 

152-1321 DG 1/2 T T C/C 4E-1345 SHA, BB 
152-1322 Core Spray Pump 1A T T TfC 4E-1429 M 
152-1323 Pum House C T T/T 4E-1387D H 
152-1324 RHR Pum 18 T T T/C" 4E-14380 Q 
152-1325 480V Switch ear 18 C C C/C 4E-1349 SH.1 Q 
152-1326 480V Transformer 10 C T T/T 4E-6230 B 
152-1327 Main Feed C T C/C 4E-1344 SH.3 E 
152-1328 RHR Pump 1 A T T 0'3 4E-14380 Q 
152-1329 Div. i Cross-Tie to Bus 23-1 T T T/T 4E-1345 SH.4 A 

,1 52-1330 TSBO - _ Dt3 
' 
-T ~ _ T - ~_ T/T --- --- 
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!CALCULATION NO.: 731&32-19-1 

4kV Swttchgear 13-1 
NORMAL CONDITION 
The maximum do load on the circuit under normal condition is : 

Page 2 of 13 

tPage Na.--r7 

JR36 

Time 
4 lights for closed breakers (0 0.154 each) 4 x 0.154 = 0.616 Os-8hr A36 
6 lights for tripped breakers (0 0.231 each) 6 x 0.231 = 1 .386 IR36 

No switching of breakers 
Relays energized- 

0 SA-1 Relay 0 x 0.055 = 0.000 
1 Agastat Relay 1 z 0.064 = 0.064 
0 HFA 0 x 0.062 = 0.000 
1 HGA 1 x 0.038 = 0.038 
2 UV Relay 2 x 0.070 = 0.140 

TOTAL = 2.244 Amps 



COMMONWEALTH EDISON COMPANY 
CALCULATION NO.: 7318-32-19-1 

4kV Swfichgear 13-1 
LOOP Condltlon 

Revision 40 

Page 3 of 13 

Page No. 78 

The maximum do load on the circuit under LOOP condition is: 
Time 

1 lights for closed breakers (0 0.154 each) 1 x 0.154 = 0.154 Os-is 
0 breaker closing coils 0 x 15.000 - 0.000 (Ref . 90) 
0 lights for closing breakers (0 0.231 each) 0 x 0.231 = 0.000 
6 lights for tripped breakers (0 0.231 each) 6 x 0.231 = 1 .386 
3 breaker tripping coils 3 x 1 .080 = 3.240 (Ref . 90) 
3 lights for tripping breakers (0 0.231 each) 3 x 0.231 = 0.693 

Relays energized: 
0 SA-1 Relay 0 x 0.055 = 0.000 
4 Agastat Relay 4 x 0.064 = 0.256 
3 HFA 3 x 0.062 = 0.186 JR40 
1 HGA 1 x 0.038 = 0.038 
4 UV Relay 4 x 0.070 = 0.280 
1 Joslyn Clark Retay 1 x 0.150 = 0.150 R40 

TOTAL = 6.383 Amps R40 

Time 
1 lights for closed breakers (0 0.154 each) 1 x 0.154 = 0.154 1s-10s 
0 breaker closing coils 0 x 15.000 = 0.000 (Ref . 90) 
0 lights for closing breakers (0 0.231 each) 0 x 0.231 = 0.000 
9 lights for tripped breakers (0 0.231 each) 9 x 0.231 = 2.079 
0 breaker tripping coils 0 x 1 .080 = 0.000 (Ref . 90) 
0 lights for tripping breakers (0 0.231 each) 0 x 0.231 = 0.000 

Relays energized: 
0 SA-1 Relay 0 x 0.055 = 0.000 
4 Agastat Relay 4 x 0.064 = 0.256 
3 HFA 3 x 0.062 = 0.186 JR40 
1 HGA 1 x 0.038 = 0.038 
4 UV Relay 4 x 0.070 = 0.280 
1 Joslyn Clark Relay 1 x 0.150 = 0.150 

TOTAL = 3.143 Amps 
IR40 
R40 

Time 
1 lights for closed breakers (0 0.154 each) 1 x 0.154 = 0.154 10s-12s 
1 breaker closing coils (Peak) 1 x 15.000 = 15.000 (Ref . 90) 
0 breaker closing coils (Continuous) 0 x 5.000 = 0.000 
1 lights for closing breakers (0 0.231 each) 1 x 0.231 = 0.231 
8 lights for tripped breakers (0 0.231 each) 8 x 0.231 = 1.848 
0 breaker tripping coils 0 x 1 .080 = 0.000 (Ref . 90) 
0 lights for tripping breakers (0 0.231 each) 0 x 0.231 = 0.000 

Relays energized: 
1 Interposing Relay 1 x 0.235 = 0.235 
0 SA-1 Relay 0 x 0.055 = 0.000 
4 Agastat Relay 4 x 0.084 = 0.256 
3 HFA 3 x 0.062 = 0.186 JR40 
1 HGA 1 x 0.038 = 0.038 
4 UV Relay 4 x 0.070 = 0.280 
1 Joslyn Clark Relay 1 x 0.150 = 0.150 R40 

TOTAL = 18.378 Amps IR40 



COMMONWEALTH EDISON COMPANY 
CALCULATION NO. : 7318-32-19-1 

4kV Switchgear 13-1 
LOOP Condition 

1 

	

lights for closed breakers (® 0.154 each) 
0 breaker closing coils (Peak) 
1 

	

breaker closing coils (Continuous) 
1 

	

lights for closing breakers (0 0.231 each) 
8 lights for tripped breakers (® 0.231 each) 
0 breaker tripping coils 
0 lights for tripping breakers (® 0.231 each) 

Relays energized: 
0 SA-1 Relay 
4 Agastat Relay 
3 HFA 
1 HGA 
4 UV Relay 
1 Joslyn Clark Relay 

2 lights for closed breakers (® 0.154 each) 
0 breaker closing coils (Peak) 
0 breaker closing coils (Continuous) 
0 lights for closing breakers (® 0.231 each) 
8 lights for tripped breakers (0 0.231 each) 
0 breaker tripping coils 
0 lights for tripping breakers (0 0.231 each) 

Relays energized: 
0 SA-1 Relay 
4 Agastat Relay 
3 HFA 
1 HGA 
4 UV Relay 
1 Joslyn Clark Relay 

2 lights for closed breakers (0 0.154 each) 
1 

	

breaker closing coils (Peak) 
0 breaker closing coils (Continuous) 
1 

	

lights for closing breakers (® 0.231 each) 
8 lights for tripped breakers (® 0.231 each) 
0 breaker tripping coils 
0 lights for tripping breakers (® 0.231 each) 

Relays energized: 
0 SA-1 Relay 
4 Agastat Relay 
3 HFA 
1 HGA 
4 UV Relay 
1 Joslyn Clark Relay 

~- Revision 40 
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Time 
1 x 0.154 = 0.154 12s-25s 
0 x 15.000 = 0.000 (Ref . 90) 
1 x 5.000 = 5.000 
1 x 0.231 = 0.231 
8 x 0.231 = 1 .848 
0 x 1 .080 = 0.000 (Ref . 90) 
0 x 0.231 = 0.000 

0 x 0.055 = 0.000 
4 x 0.064 = 0.256 
3 x 0.062 = 0.188 JR40 
1 x 0.038 = 0.038 
4 x 0.070 = 0.280 
1 x 0.150 = 0.150 'R40 

TOTAL = 8.143 Amps f R40 

Time 
2 x 0.154 = 0.308 25s-10m 
0 x 15.000 = 0.000 (Ref . 90) 
0 x 5.000 = 0.000 
0 x 0.231 = 0.000 
8 x 0.231 = 1 .848 
0 x 1 .080 = 0.000 (Ref. 90) 
0 x 0.231 = 0.000 

0 x 0.055 = 0.000 
4 x 0.084 = 0.256 
3 x 0.082 = 0.188 JR40 
1 x 0.038 = 0.038 
4 x 0.070 = 0.280 
1 x 0.150 = 0.150 

TOTAL 3.088 Amps 
~R40 
R40 

Time 
2 x 0.154 = 0.308 10rn-10m2s 
1 x 15.000 = 15.000 (Ref . 90) 
0 x 5.000 = 0.000 
1 x 0.231 = 0.231 
8 x 0.231 = 1 .848 
0 x 1 .080 = 0.000 (Ref . 90) 
0 x 0.231 = 0.000 

0 x 0.055 = 0.000 
4 x 0.064 = 0.256 
3 x 0.062 = 0.186 JR40 
1 x 0.038 = 0.038 
4 x 0.070 = 0.280 
1 x 0.150 = 0.150 R40 

TOTAL = 18 .297 Amps IA40 
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CALCULATION NO. : 7318-32-19-1 

4kV Switchgear 13-1 
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Time 
2 lights for closed breakers (® 0.154 each) 2 x 0.154 = 0.308 10m2s-10m15s 
0 breaker closing coils (Peak) 0 x 15.000 = 0.000 (Ref . 90) 
1 breaker closing coils (Continuous) 1 x 5.000 = 5.000 
1 lights for closing breakers (® 0.231 each) 1 x 0.231 = 0.231 
8 lights for tripped breakers (® 0.231 each) 8 x 0.231 = 1.848 
0 breaker tripping coils 0 x 1 .080 = 0.000 (Ref . 90) 
0 lights for tripping breakers (® 0.231 each) 0 x 0.231 = 0.000 

Relays energized: 
0 SA-1 Relay 0 x 0.055 = 0.000 
4 Agastat Relay 4 x 0.064 - 0.256 
3 HFA 3 x 0.062 = 0.186 JR40 
1 HGA 1 x 0.038 = 0.038 
4 UV Relay 4 x 0.070 = 0.280 
1 Joslyn Clark Relay 1 x 0.150 = 0.150 ,R40 

TOTAL 8.297 Amps IR40 
Time 

3 lights for closed breakers (® 0.154 each) 3 x 0.154 - 0.462 10m15s-end 
0 breaker closing coils (Peak) 0 x 15.000 = 0.000 (Ref . 90) 
0 breaker closing coils (Continuous) 0 x 5.000 = 0.000 
0 lights for closing breakers (& 0.231 each) 0 x 0.231 = 0.000 
8 lights for tripped breakers (® 0.231 each) 8 x 0.231 = 1 .848 
0 breaker tripping coils 0 x 1 .080 = 0.000 (Ref. 90) 
0 lights for tripping breakers (® 0.231 each) 0 x 0.231 = 0.000 

Relays energized: 
0 SA-1 Relay 0 x 0.055 = 0.000 
4 Agastat Relay 4 x 0.064 = 0.256 
3 HFA 3 x 0.062 = 0.186 JR40 
1 HGA 1 x 0.038 = 0.038 
4 UV Relay 4 x 0.070 = 0.280 
1 Joslyn Clark Relay 1 x 0.150 = 0.150 R40 

TOTAL = 3.220 Amts IR40 
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LOOP Condition 
NOTES 
1 .) At t=0s all closed breakers trip except for 480V SWGR 18 feed. 4kV SWGR 13-1 sheds loads . 
2 .) At t= Is all 4kV SWGR 13-1 loads have been shed except for 480V SWGR 18 

(i .e. all breakers have completed tripping) . 
3 .) At t=1 0s DG 112 breaker closes . 
4 .) At t=1 0m close Main Feed breaker to 4kV SWGR 13 . 
NOTE : 

The SBO breaker remains tripped when there is a LOCA on either unit . 
Since the scenario modeled is a LOOP on both units 1 & 2 and a LOCA on 
one unit, the SBO breaker is not modeled as closing. 



COMMONWEALTH EDISON COMPANY 
CALCULATION NO. : 7318-32-19-1 

4kV Switchgear 13-1 
LOOP & LOCA Condition 
The maximum do load on the circuit under LOOP 

1 lights for closed breakers (0 0.154 each) 
0 breaker closing coils (Peak) 
0 breaker closing coils (Continuous) 
0 lights for closing breakers (0 0.231 each) 
6 lights for tripped breakers (0 0.231 each) 
3 breaker tripping coils 
3 lights for tripping breakers (0 0.231 each) 

Relays energized: 
0 SA-1 Relay 
4 Agastat Relay 
3 HFA 
1 HGA 
4 UV Relay 
1 Joslyn Clark Relay 

1 

	

lights for dosed breakers (0 0.154 each) 
0 breaker closing coils (Peak) 
0 breaker closing coils (Continuous) 
0 lights for closing breakers (0 0.231 each) 
9 lights far tripped breakers (0 0.231 each) 
0 breaker tripping coils 
0 lights for tripping breakers (0 0.231 each) 

Relays energized: 
0 SA-1 Relay 
4 Agastat Relay 
3 HFA 
1 HGA 
4 UV Relay 
1 Joslyn Clark Relay 

1 lights for closed breakers (0 0.154 each) 
1 

	

breaker closing coils (Peak) 
0 breaker closing coils (Continuous) 
1 

	

lights for closing breakers (0 0.231 each) 
8 lights for tripped breakers (0 0.231 each) 
0 breaker tripping coils 
0 lights for tripping breakers (0 0.231 each) 

Relays energized: 
1 Interposing Relay 
0 SA-1 Relay 
4 Agastat Relay 
3 HFA 
1 HGA 
4 UV Relay 
1 Joslyn Clark Relay 

Revision 40 
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& LOCA condition Is: 
Time 

1 x 0.154 = 0.154 0s-1s 
0 x 15.000 = 0.000 (Ref . 90) 
0 x 5.000 = 0.000 
0 x 0.231 = 0.000 
6 x 0.231 = 1 .386 
3 x 1.080 = 3.240 (Ref. 90) 
3 x 0.231 = 0.693 

0 x 0.055 = 0.000 
4 x 0.064 = 0.256 
3 x 0.062 = 0.186 JR40 
1 x 0.038 = 0.038 
4 x 0.070 = 0.280 
1 x 0.150 = 0.150 840 

TOTAL = 6.383 Amps IR40 

Time 
1 x 0.154 = 0.154 Is-10S 
0 x 15.000 = 0.000 (Ref. 90) 
0 x 5.000 = 0.000 
0 x 0.231 = 0.000 
9 x 0.231 = 2.079 
0 x 1 .080 = 0.000 (Ref . 90) 
0 x 0.231 = 0M0 

0 x 0.055 = 0.000 
4 x 0.064 = 0.256 
3 x 0.062 = 0.186 JR40 
1 x 0.038 = 0.038 
4 x 0.070 = 0.280 
1 x 0.150 = 0.150 

TOTAL 3.143 Amps 
~R40 
R40 

Time 
1 x 0.154 = 0.154 10s-12s 
1 x 15.000 = 15.000 (Ref . 90) 
0 x 5.000 = 0.000 
1 x 0.231 = 0.231 
8 x 0.231 = 1 .848 
0 x 1 .080 = 0.000 (Ref . 90) 
0 x 0.231 = 0.000 

1 x 0.235 = 0.235 
0 x 0.055 = 0.000 
4 x 0.064 = 0.256 
3 x 0.062 = 0.186 JR40 
1 x 0.038 = 0.038 
4 x 0.070 = 0.280 
1 x 0.150 = 0.150 R40 

TOTAL = 18.378 Arms IR40 



COMMONWEALTH EDISON COMPANY 
CALCULATION NO. : 7318-32-19-1
_ _ _ 

4kV Switchgear 13-1 
LOOP & LOCA Coriciftlon 

1 

	

lights for closed breakers (® 0.154 each) 
0 breaker closing coils (Peak) 
1 breaker closing coils (Continuous) 
1 

	

lights for closing breakers (® 0.231 each) 
8 lights for tripped breakers (® 0.231 each) 
0 breaker tripping coils 
0 lights for tripping breakers (® 0.231 each) 

Relays energized: 
0 SA-1 Relay 
4 Agastat Relay 
3 HFA 
1 HGA 
4 UV Relay 
1 Joslyn Clark Relay 

1 

	

lights for closed breakers (® 0.154 each) 
1 

	

breaker closing coils (Peak) 
1 

	

breaker closing coils (Continuous) 
2 lights for closing breakers (® 0.231 each) 
7 lights for tripped breakers (® 0.231 each) 
0 breaker tripping coils 
0 lights for tripping breakers (® 0.231 each) 

Relays energized: 
0 SA-1 Relay 
4 Agastat Relay 
3 HFA 
1 HGA 
4 UV Relay 
1 Joslyn Clark Relay 

1 

	

lights for closed breakers (® 0.154 each) 
0 breaker closing coils (Peak) 
2 breaker closing coils (Continuous) 
2 lights for closing breakers (® 0.231 each) 
7 lights for tripped breakers (® 0.231 each) 
0 breaker tripping coils 
0 lights for tripping breakers (® 0.231 each) 

Relays energized: 
0 SA-1 Relay 
4 Agastat Relay 
3 HFA 
1 HGA 
4 UV Relay 
1 Joslyn Clark Relay 

. ) _- 
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Time 
1 x 0.154 = 0.154 12s-13s 
0 x 15.000 = 0.000 (Ref . 90) 
1 x 5.000 = 5.000 
1 x 0.231 = 0.231 
8 x 0.231 = 1 .848 
0 x 1 .080 = 0.000 (Ref. 90) 
0 x 0.231 = 0.000 

0 x 0.055 = 0.000 
4 x 0.064 = 0.256 
3 x 0.062 = 0.186 JR40 
1 x 0.038 = 0.038 
4 x 0.070 = 0.280 
1 x 0.150 = 0.150 

TOTAL = 8.143 Amps 
IR40 
R40 

Time 
1 x 0.154 = 0.154 13s-15s 
1 x 15.000 = 15.000 (Ref. 90) 
1 x 5.000 = 5.000 
2 x 0.231 = 0.462 
7 x 0.231 = 1 .617 
0 x 1 .080 = 0.000 (Ref . 90) 
0 x 0.231 = 0.000 

0 x 0.055 = 0.000 
4 x 0.064 - 0.256 
3 x 0.062 = 0.186 JR40 
1 x 0.038 = 0.038 
4 x 0.070 = 0.280 
1 x 0.150 = 0.150 

TOTAL 23.143 Arms 
IR40 
R40 

Time 
1 x 0.154 = 0.154 15s-18s 
0 x 15.000 = 0.000 (Ref . 90) 
2 x 5.000 = 10.000 
2 x 0.231 = 0.462 
7 x 0.231 = 1 .617 
0 x 1 .080 = 0.000 (Ref . 90) 
0 x 0.231 = 0.000 

0 x 0.055 = 0.000 
4 x 0.064 = 0.256 
3 x 0.062 = 0.186 JR40 
1 x 0.038 = 0.038 
4 x 0.070 = 0.280 
1 x 0.150 = 0.150 R40 

TOTAL - 13.143 Amps IR40 
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Time 
1 lights for closed breakers (® 0.154 each) 1 x 0.154 = 0.154 18s-20s 
1 breaker closing coils (Peak) 1 x 15.000 = 15.000 (Ref. 90) 
2 breaker closing coils (Continuous) 2 x 5.000 = 10.000 
3 lights for closing breakers (® 0.231 each) 3 x 0.231 = 0.693 
6 lights for tripped breakers (® 0.231 each) 6 x 0.231 = 1 .386 
0 breaker tripping coils 0 x 1 .080 = 0.000 (Ref . 90) 
0 lights for tripping breakers(* 0.231 each) 0 x 0.231 = 0.000 

Relays energized: 
0 SA-1 Relay 0 x 0.055 = 0.000 
4 Agastat Relay 4 x 0.064 = 0.256 
3 HFA 3 x 0.062 = 0.186 JR40 
1 HGA 1 x 0.038 = 0.038 
4 UV Relay 4 x 0.070 = 0.280 
1 Joslyn Clark Relay 1 x 0.150 = 0.150 R40 

TOTAL = 28.143 Arms IR40 

Time 
1 lights for closed breakers (® 0.154 each) 1 x 0.154 = 0.154 20s-23s 
0 breaker closing coils (Peak) 0 x 15.000 = 0.000 (Ref . 90) 
3 breaker closing coils (Continuous) 3 x 5.000 = 15 .000 
3 lights for closing breakers (® 0.231 each) 3 x 0.231 = 0.693 
6 lights for tripped breakers (® 0.231 each) 6 x 0.231 = 1 .386 
0 breaker tripping coils 0 x 1 .080 = 0.000 (Ref . 90) 
0 lights for tripping breakers(* 0.231 each) 0 x 0.231 = 0.000 

Relays energized: 
0 SA-1 Relay 0 x 0.055 = 0.000 
4 Agastat Relay 4 x 0.064 = 0.256 
3 HFA 3 x 0.062 = 0.186 JR40 
1 HGA 1 x 0.038 = 0.038 
4 UV Relay 4 x 0.070 = 0.280 
1 Joslyn Clark Relay 1 x 0.150 = 0.150 

TOTAL = 18.143 Amps 
IR40 
R40 

Time 
1 lights for closed breakers (0 0.154 each) 1 x 0.154 = 0.154 23-25s 
1 breaker closing coils (Peak) 1 x 15.000 = 15.000 (Ref. 90) 
3 breaker closing coils (Continuous) 3 x 5.000 = 15.000 
4 lights for closing breakers (® 0.231 each) 4 x 0.231 = 0.924 
5 lights for tripped breakers (0 0.231 each) 5 x 0.231 = 1 .155 
0 breaker tripping coils 0 x 1 .080 = 0.000 (Ref . 90) 
0 lights for tripping breakers (® 0.231 each) 0 x 0.231 = 0.000 

Relays energized: 
0 SA-1 Relay 0 x 0.055 = 0.000 
4 Agastat Relay 4 x 0.064 = 0.256 
3 HFA 3 x 0.062 = 0.186 JR40 
1 HGA 1 x 0.038 = 0.038 
4 UV Relay 4 x 0.070 = 0.280 
1 Joslyn Clark Relay 1 x 0.150 = 0.150 R40 

TOTAL = 33.143 Amps IR40 
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Time 
2 lights for closed breakers (0 0.154 each) 2 x 0.154 = 0.308 25s-28s 
0 breaker closing coils (Peak) 0 x 15.000 = 0.000 (Ref . 90) 
3 breaker closing coils (Continuous) 3 x 5.000 = 15.000 
3 lights for dosing breakers (0 0.231 each) 3 x 0.231 = 0.693 
5 lights for tripped breakers (0 0.231 each) 5 x 0.231 = 1 .155 
0 breaker tripping coils 0 x 1 .080 = 0.000 (Ref . 90) 
0 lights for tripping breakers (0 0.231 each) 0 x 0.231 = 0.000 

Relays energized: 
0 SA-1 Relay 0 x 0.055 = 0.000 
4 Agastat Relay 4 x 0.064 = 0.256 
3 HFA 3 x 0.062 = 0.186 JR40 
1 HGA 1 x 0.038 = 0.038 
4 UV Relay 4 x 0.070 = 0.280 
1 Joslyn Clark Relay 1 x 0.150 = 0.150 ,R40 

= 18.066 Arms {R40 

Time 
3 lights for closed breakers (0 0.154 each) 3 x 0.154 = 0.462 28s-339 
0 breaker closing coils (Peak) 0 x 15.000 = 0.000 (Ref . 90) 
2 breaker closing coils (Continuous) 2 x 5.000 = 10.000 
2 lights for dosing breakers (0 0.231 each) 2 x 0.231 = 0.462 
5 lights for tripped breakers (0 0.231 each) 5 x 0.231 = 1 .155 
0 breaker tripping coils 0 x 1 .080 - 0.000 (Ref . 90) 
0 lights for tripping breakers (0 0.231 each) 0 x 0.231 = 0.000 

Relays energized: 
0 SA-1 Relay 0 x 0.055 = 0.000 
4 Agastat Relay 4 x 0.064 = 0.256 
3 HFA 3 x 0.062 = 0.186 JR40 
1 HGA 1 x 0.038 = 0.038 
4 UV Relay 4 x 0.070 = 0.280 
1 Joslyn Clark Relay 1 x 0.150 = 0.150 

TOTAL = 12.989 Amps 
IR40 
R40 

Time 
4 lights for closed breakers (0 0.154 each) 4 x 0.154 = 0.616 33s-38s 
0 breaker closing coils (Peak) 0 x 15.000 = 0.000 (Ref. 90) 
1 breaker closing coils (Continuous) 1 x 5.000 = 5.000 
1 lights for closing breakers (0 0.231 each) 1 x 0.231 = 0.231 
5 lights for tripped breakers (0 0.231 each) 5 x 0.231 = 1.155 
0 breaker tripping coils 0 x 1 .080 = 0.000 (Ref . 90) 
0 lights for tripping breakers (0 0.231 each) 0 x 0.231 = 0.000 

Relays energized: 
0 SA-1 Relay 0 x 0.055 = 0.000 
4 Agastat Relay 4 x 0.064 = 0.256 
3 HFA 3 x 0.062 = 0.186 JR40 
1 HGA 1 x 0.038 = 0.038 
4 UV Relay 4 x 0.070 = 0.280 
1 Joslyn Clark Relay 1 x 0.150 = 0.150 

TOTAL 7.912 Amps 
~R40 
R40 
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5 lights far closed breakers (® 0.154 each) 
0 breaker closing coils (Peak) 
0 breaker closing coils (Continuous) 
0 lights for closing breakers (® 0.231 each) 
5 lights for tripped breakers (® 0.231 each) 
0 breaker tripping coils 
0 lights for tripping breakers (® 0.231 each) 

Relays energized: 
0 SA-1 Relay 
4 Agastat Relay 
3 HFA 
1 HGA 
4 UV Relay 
1 Joslyn Clark Relay 

4 lights for closed breakers (0 0.154 each) 
0 breaker closing coils (Peak) 
0 breaker closing coils (Continuous) 
0 lights for closing breakers (® 0.231 each) 
5 lights for tripped breakers (® 0.231 each) 
1 

	

breaker tripping coils 
1 

	

lights for tripping breakers (® 0.231 each) 
Relays energized: 

0 SA-1 Relay 
4 Agastat Relay 
3 HFA 
1 HGA 
4 UV Relay 
1 Joslyn Clark Relay 

4 lights for closed breakers (® 0.154 each) 
0 breaker closing coils (Peak) 
0 breaker closing coils (Continuous) 
0 lights for closing breakers(* 0.231 each) 
6 lights for tripped breakers (® 0.231 each) 
0 breaker tripping coils 
0 lights for tripping breakers (® 0.231 each) 

Relays energized: 
0 SA-1 Relay 
4 Agastat Relay 
3 HFA 
1 HGA 
4 UV Relay 
1 Joslyn Clark Relay 

Time 
5 x 0.154 = 0.770 38s-10m 
0 x 15.000 = 0.000 (Ref. 90) 
0 x 5.000 = 0.000 
0 x 0.231 = 0.000 
5 x 0.231 = 1 .155 
0 x 1 .080 = 0.000 (Ref . 90) 
0 x 0.231 = 0.000 

0 x 0.055 = 0.000 
4 x 0.064 = 0.256 
3 x 0.062 = 0.186 JR40 
1 x 0.038 = 0.038 
4 x 0.070 - 0.280 
1 x 0.150 = 0.150 R40 

TOTAL 2.835 Amps 1R40 

Time 
4 x 0.154 = 0.616 10m-l oml s 
0 x 15.000 = 0.000 (Ref . 90) 
0 x 5.000 = 0.000 
0 x 0.231 = 0.000 
5 x 0.231 = 1 .155 
1 x 1 .080 = 1 .080 (Ref . 90) 
1 x 0.231 = 0.231 

0 x 0.055 = 0.000 
4 x 0.064 = 0.256 
3 x 0.062 = 0.186 840 
1 x 0.038 = 0.038 
4 x 0.070 = 0.280 
1 x 0.150 = 0.150 

TOTAL = 3.992 Amps 
IR40 
R40 

Time 
4 x 0.154 = 0.616 10mis-10m15s 
0 x 15.000 = 0.000 (Ref. 90) 
0 x 5.000 = 0.000 
0 x 0.231 = 0.000 
6 x 0.231 = 1 .386 
0 x 1 .080 = 0.000 (Ref. 90) 
0 x 0.231 = 0.000 

0 x 0.055 = 0.000 
4 x 0.064 = 0.256 
3 x 0.062 = 0.186 JR40 
1 x 0.038 = 0.038 
4 x 0.070 = 0.280 
1 x 0.150 = 0.150 

TOTAL = 2.912 Amps 
IR40 
R40 



COMMONWEALTH EDISON COMPANY 
CALCULATION NO.: 7318-32-19-1 

4kV Switchgear 13-1 
LOOP & LOCA Condition 

4 lights for closed breakers (0 0.154 each) 
1 breaker closing coils (Peak) 
0 breaker closing coils (Continuous) 
1 

	

lights for closing breakers (® 0.231 each) 
5 lights for tripped breakers (® 0.231 each) 
0 breaker tripping coils 
0 lights for tripping breakers (® 0.231 each) 

Relays energized : 
0 SA-1 Relay 
4 Agastat Relay 
3 HFA 
1 HGA 
4 UV Relay 
1 Joslyn Clark Relay 

4 lights for closed breakers (® 0.154 each) 
0 breaker closing coils (Peak) 
1 breaker closing coils (Continuous) 
1 

	

lights for closing breakers (® 0.231 each) 
5 lights for tripped breakers (® 0.231 each) 
0 breaker tripping coils 
0 lights for tripping breakers (® 0.231 each) 

Relays energized : 
0 SA-1 Relay 
4 Agastat Relay 
3 HFA 
1 HGA 
4 UV Relay 
1 Joslyn Clark Relay 

5 lights for closed breakers (0 0.154 each) 
0 breaker closing coils (Peak) 
0 breaker closing coils (Continuous) 
0 lights for closing breakers (0 0.231 each) 
5 lights for tripped breakers (® 0.231 each) 
0 breaker tripping coils 
0 lights for tripping breakers (0 0.231 each) 

Relays energized: 
0 SA-1 Relay 
4 Agastat Relay 
3 HFA 
i HGA 
4 UV Relay 
1 Joslyn Clark Relay 
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Tirne 
4 x 0.154 = 0.616 10m15s-10m17s 
1 x 15.000 = 15.000 (Ref. 90) 
0 x 5.000 = 0.000 
1 x 0.231 = 0.231 
5 x 0.231 = 1 .155 
0 x 1 .080 = 0.000 (Ref . 90) 
0 x 0.231 = 0.000 

0 x 0.055 = 0.000 
4 x 0.064 - 0.256 
3 x 0.062 = 0.186 JR40 
1 x 0.038 = 0.038 
4 x 0.070 = 0.280 
1 x 0.150 = 0.150 

TOTAL 17.912 Amps 
~R40 
R40 

Time 
4 x 0.154 = 0.616 10m17s-10m30s 
0 x 15.000 = 0.000 (Ref . 90) 
1 x 5.000 = 5.000 
1 x 0.231 = 0.231 
5 x 0.231 = . 1 .155 
0 x 1 .080 = 0.000 (Ref. 90) 
0 x 0.231 = 0.000 

0 x 0.055 = 0.000 
4 x 0.064 = 0.256 
3 x 0.062 = 0.186 JR40 
1 x 0.038 = 0.038 
4 x 0.070 = 0.280 
1 x 0.150 = 0.150 

TOTAL = 7.912 Amps 
~R40 
840 

Time 
5 x 0.154 = 0.770 10m30s-end 
0 x 15.000 = 0.000 (Ref . 90) 
0 x 5.000 = 0.000 
0 x 0.231 = 0.000 
5 x 0.231 = 1 .155 
0 x 1 .080 = 0.000 (Ref . 90) 
0 x 0.231 = 0.000 

0 x 0.055 = 0.000 
4 x 0.064 = 0.256 
3 x 0.062 = 0.186 JR40 
1 x 0.038 = 0.038 
4 x 0.070 = 0.280 
i x 0.150 = 0.150 'R40 

TOTAL 2.835 AmpsAmps I R40 
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(LOOP & LOCA Condition 
NOTES 
1 .) At t=0s all closed breakers trip except for 480V SWGR 18 feed. 4kV SWGR 13-1 sheds loads. 
2.) At t=1 s all 4kV SWGR 13-1 loads have been shed except for 480V SWGR 18 

(i .e . all breakers have completed tripping) . 
3.) At t=10s DG 1/2 breaker closes . 
4.) At t=13s close breaker for RHR Pump 1A. 
5.) At t=1 8s close breaker for RHR Pure 1 B 
6.) At t=23s close breaker for Core Spray Pump 1A . 
7.) At t=1 0m trip RHR Pump 1 A or 1 B. 
8.) At t=10ml5s close Main Feeder breaker to 4kV SWGR 13 . 
NOTE : 

The SBO breaker remains tripped when there is a LOCA on either unit. 
Since the scenario modeled is a LOOP on both units 1 & 2 and a LOCA on 
one unit, the SBO breaker is not modeled as closing . 



COMMONWEALTH EDISON COMPANY 
CALCULATION NO. : 7318-32-19-1 

	

Page No. S 7 

Bus 18-1 Circuit 6 

	

Page 1 of 12 

	

JR36 
4kV Switchgear Bus 14 Main Feed 

4kV Switchgear 14 AC Loads 

R36 

$ - This is a spare breaker with the control power fuses pulled. No do load is assumed. 
Only 1 pump is energized. 

	

JR36 

REVISION NO . : 

	

36 

8kr. # Service AC Bkr. Status S/D Rev. 
On-Line LOOP/ 

LOOP & 
LOCA 
t=1 

LOOP/ 
LOOP & 
LOCA 
After 

152-1401 Fish House Transformer C T T/T 4E-1387E A 
152-1402 Cond. & Booster Pump 1 D C T T/T 4E-1370 M 
152-1403 CRD Feed Pump 1B C T C!r 4E-1416 Q 
152-1404 480V Switch gear 17 C T T/T 4E-1348 F 
152-1405 Reserve Feed T T TIT 4E-1343 S 
152-1406 Service Water Pump 18 C T C/r 4E-1391 H 
152-1407 Cond . & Booster Pump 1C C T T/T 4E-1370 M 
152-1408 Service Water Pump 1/2 C T ® 4E-1391 H 
152-1409 RHRSWP 1C T_ T C'/C' 4E-1438P R 
152-1410 Bus 14-1 Feed C T C/C 4E-1344 SH.2, B 
152-1411 Circ. Water Pump 1 C C T T/T 4E-1368 K 
152-1412 Main Feed C T T/T 4E-1343 S 
152-1413 RHR SWP 1D T T C'/C' 4E-1438P R 
152-1414 480V Switc ear 16 C T T/r 4E-1348 F 
152-1415 Spare Breaker $ $ $ -- -- 



COMMONWEALTH EDISON COMPANY 
CALCULATION NO. : 7318-32-19-1 Page No. 88 

4kV 9witchgear 14 Page 2 of 12 
NORMAL CONDITION 
The maximum do load on the circuit under normal condition is : 

Time 
11 lights for closed breakers (® 0.154 each) 11 x 0.154 = 1 .694 Os-8hr 
3 lights for tripped breakers (® 0.231 each) 3 x 0.231 = 0.693 

No switching of breakers 
Relays energized: 

0 H EA 0 x 5.400 = 0.000 
0 HFA 0 x 0.062 = 0.000 
1 HGA 1 x 0.038 = 0.038 
0 UV Relay 0 x 0.070 = 0.000 

TOTAL = 2.425 Amps 

NOTE 
1.) The UV circuit would have one HGA relay energized. 

fR39 
__ 

5 -- 

4 

12 
3 2 .425 

z 
0 

Os-8hr 

PREVISION NO . : 39 
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[REVISION NO . : 

	

39 
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CALCULATION NO.: 7318-32-19-1 [Page No. 89 

4kV Swltchgear 14 Page 3 of 12 
LOOP Conditlon 
The maximum do load on the circuit under LOOP condition is : 

Time 
0 lights for closed breakers (0 0.154 each) 0 x 0.154 = 0.000 0s-1s 
0 breaker closing coils 0 x 15.000 = 0.000 (Ref . 88 & 91) 
0 lights for closing breakers (® 0.231 each) 0 x 0.231 = 0.000 
3 lights for tripped breakers (® 0.231 each) 3 x 0.231 = 0.693 
11 breaker tripping coils 11 x 1 .080 = 11 .880 (Ref . 88 & 91) 
11 lights for tripping breakers (@ 0.231 each) 11 x 0.231 = 2.541 

Relays energized: 
1 Misc. Relay 1 x 0.080 = 0.080 
5 HFA 5 x 0.062 = 0.310 

IR39 
1 HGA 1 x 0.038 = 0.038 
4 UV Relay 4 x 0.070 = 0.280 

TOTAL = 15.822 Amps J R39 

Time 
0 lights for closed breakers (® 0.154 each) 0 x 0.154 = 0.000 IS-10M 
0 breaker closing coils 0 x 15.000 = 0.000 (Ref, 88 & 91) 
0 lights for closing breakers (0 0.231 each) 0 x 0.231 = 0.000 
14 lights for tripped breakers (0 0.231 each) 14 x 0.231 = 3.234 
0 breaker tripping coils 0 x 1 .080 = 0.000 (Ref . 88 & 91) 
0 lights for tripping breakers (® 0.231 each) 0 x 0.231 = 0.000 

Relays energized : 
1 Misc . Relay 1 x 0.080 = 0.080 
5 HFA 5 x 0.062 = 0.310 

IR39 
1 HGA 1 x 0.038 = 0.038 
4 UV Relay 4 x 0.070 = 0.280 

TOTAL _ 3.942 Amps ,R39 

Time 
0 lights for closed breakers (4 0.154 each) 0 x 0.154 = 0.000 10m-10m2s 
1 breaker closing coils (Peak) 1 x 15.000 = 15.000 (Ref . 88 & 91) 
0 breaker closing coils (Continuous) 0 x 5.000 = 0.000 
1 lights for dosing breakers (® 0.231 each) 1 x 0.231 = 0.231 
13 lights for tripped breakers (4 0.231 each) 13 x 0.231 = 3.003 
0 breaker tripping coils 0 x 1.080 = 0.000 (Ref . 88 & 91) 
0 lights for tripping breakers (® 0.231 each) 0 x 0.231 = 0.000 

Relays energized: 
1 Misc . Relay 1 x 0.080 = 0.080 
5 HFA 5 x 0.062 = 0.310 

IR39 
1 HGA 1 x 0.038 = 0.038 
4 UV Relay 4 x 0.070 = 0.280 

TOTAL = 18.942 Amps JR39 



REVISION NO . : - 39 

	

- 

	

' 
	- 

T 

COMMONWEALTH EDISON COMPANY 
CALCULATION NO. : 7318-32-19-1 I Page No. 90 

4kV Switchgear 14 Page 4 of 12 
LOOP Condition 

Time 
0 lights for closed breakers (® 0.154 each) 0 x 0.154 = 0.000 10m2s-10m15s 
0 breaker closing coils (Peak) 0 x 15.000 = 0.000 (Ref . 88 & 91) 
1 breaker closing coils (Continuous) 1 x 5.000 = 5.000 
1 lights for closing breakers (@ 0.231 each) 1 x 0.231 = 0.231 
13 lights for tripped breakers (Q 0.231 each) 13 x 0.231 = 3.003 
0 breaker tripping coils 0 x 1 .080 = 0.000 (Ref . 88 & 91) 
0 lights for tripping breakers (0 0.231 each) 0 x 0.231 = 0.000 

Relays energized: 
1 Misc . Relay 1 x 0.080 = 0.080 
5 HFA 5 x 0.062 = 0.310 

IR39 
1 HGA 1 x 0.038 = 0.038 
4 UV Relay 4 x 0.070 = 0.280 

TOTAL = 8.942 Amps R39 

Time 
1 lights for closed breakers (@ 0.154 each) 1 x 0.154 = 0.154 10m15a-10m17s 
1 breaker closing coils (Peak) 1 x 15.000 = 15.000 (Ref . 88 & 91) 
0 breaker closing coils (Continuous) 0 x 5.000 = 0.000 
1 lights for closing breakers (4 0.231 each) 1 x 0.231 = 0.231 
12 lights for tripped breakers (® 0.231 each) 12 x 0.231 = 2.772 
0 breaker tripping coils 0 x 1 .080 = 0.000 (Ref . 88 & 91) 
0 lights for tripping breakers (4 0.231 each) 0 x 0.231 = 0.000 

Relays energized: 
1 Misc . Relay 1 x 0.080 = 0.080 
5 HFA 5 x 0.062 = 0.310 

IR39 
1 HGA 1 x 0.038 = 0.038 
4 UV Relay 4 x 0.070 = 0.280 

TOTAL = 18.865 Amps JR39 

Time 
1 lights for closed breakers (4 0.154 each) 1 x 0.154 = 0.154 10m17s-t 0m30s 
0 breaker closing coils (Peak) 0 x 15.000 = 0.000 (Ref . 88 & 91) 
1 breaker closing coils (Continuous) 1 x 5.000 = 5.000 
1 lights for closing breakers (® 0.231 each) 1 x 0.231 = 0.231 
12 lights for tripped breakers (4 0.231 each) 12 x 0.231 = 2.772 
0 breaker tripping coils 0 x 1 .080 = 0.000 (Ref. 88 & 91) 
0 lights for tripping breakers (4 0.231 each) 0 x 0.231 = 0.000 

Relays energized: 
1 Misc. Relay 1 x 0.080 = 0.080 
5 HFA 5 x 0.062 = 0.310 

IR39 
1 HGA 1 x 0.038 = 0.038 
4 UV Relay 4 x 0.070 = 0.280 

TOTAL = 8.865 Amps (R39 



COMMONWEALTH EDISON COMPANY 
CALCULATION NO.: 7318-32-19-1 Page No.91 

4kV Switchgear 14 Page 5 of 12 
LOOP Condition 

Time 
2 lights for closed breakers (® 0.154 each) 2 x 0.154 = 0.308 10m30s-10m45s 
0 breaker closing coils (Peak) 0 x 15.000 = 0.000 (Ref . 88 & 91) 
0 breaker closing coils (Continuous) 0 x 5.000 = 0.000 
0 lights for closing breakers (® 0.231 each) 0 x 0.231 = 0.000 
12 lights for tripped breakers (0 0.231 each) 12 x 0.231 = 2.772 
0 breaker tripping coils 0 x 1 .080 = 0.000 (Ref. 88 & 91) 
0 lights for tripping breakers (® 0.231 each) 0 x 0.231 = 0.000 

Relays energized : 
1 Misc . Relay 1 x 0.080 = 0.080 
5 HFA 5 x 0.062 = 0.310 

(R39 
1 HGA 1 x 0.038 = 0.038 
4 UV Relay 4 x 0.070 = 0.280 

TOTAL. - 3.788 Amps JR39 

Time 
2 lights for closed breakers (® 0.154 each) 2 x 0.154 = 0.308 10m45s-10m47s 
1 breaker closing coils (Peak) 1 x 15.000 = 15.000 (Ref . 88 & 91) 
0 breaker closing coils (Continuous) 0 x 5.000 = 0.000 
1 lights for closing breakers (fit 0.231 each) 1 x 0.231 = 0.231 
11 lights for tripped breakers (® 0.231 each) 11 x 0.231 = 2.541 
0 breaker tripping coils 0 x 1.080 = 0.000 (Ref . 88 & 91) 
0 lights for tripping breakers (® 0.231 each) 0 x 0.231 = 0.000 

Relays energized: 
1 Misc . Relay 1 x 0.080 = 0.080 
5 HFA 5 x 0.062 = 0.310 

,R39 
1 HGA 1 x 0.038 = 0.038 
4 UV Relay 4 x 0.070 = 0.280 

TOTAL = 18.788 Amps JR39 

Time 
2 lights for closed breakers (® 0.154 each) 2 x 0.154 = 0.308 10m47s-11 m 
0 breaker closing coils (Peak) 0 x 15.000 = 0.000 (Ref . 88 & 91) 
1 breaker closing coils (Continuous) 1 x 5.000 = 5.000 
1 lights for closing breakers (® 0.231 each) 1 x 0.231 = 0.231 
11 lights for tripped breakers (0 0.231 each) 11 x 0.231 = 2.541 
0 breaker tripping coils 0 x 1 .080 = 0.000 (Ref . 88 & 91) 
0 lights for tripping breakers (0 0.231 each) 0 x 0.231 = 0.000 

Relays energized : 
1 Misc . Relay 1 x 0.080 = 0.080 
5 HFA 5 x 0.062 = 0.310 

,R39 
1 HGA 1 x 0.038 = 0.038 
4 UV Relay 4 x 0.070 = 0.280 

TOTAL = 8.788 Amps JR39 

REVISION NO . : 
39 

1 - 
T _--I 



COMMONWEALTH EDISON COMPANY 
CALCULATION NO. : 7318-32-19-1 

4kV Switchgear 14 
LOOP Condition 

3 

	

lights for closed breakers (0 0.154 each) 
0 

	

breaker closing coils (Peak) 
0 

	

breaker closing coils (Continuous) 
0 

	

lights for closing breakers (0 0.231 each) 
11 lights for tripped breakers (0 0.231 each) 
0 

	

breaker tripping coils 
0 

	

lights for tripping breakers (4 0.231 each) 
Relays energized: 

1 

	

Misc. Relay 
5 HFA 

1 HGA 
4 UV Relay 

3 

	

lights for closed breakers (® 0.154 each) 
1 

	

breaker closing coils (Peak) 
0 

	

breaker closing coils (Continuous) 
1 

	

lights for closing breakers(* 0.231 each) 
10 lights for tripped breakers (~ 0.231 each) 
0 

	

breaker tripping coils 
0 

	

lights for tripping breakers(® 0.231 each) 
Relays energized : 

1 Misc . Relay 
5 HFA 

1 HGA 
4 UV Relay 

3 

	

lights for closed breakers (® 0.154 each) 
0 

	

breaker closing coils (Peak) 
1 

	

breaker closing coils (Continuous) 
1 

	

lights for closing breakers (® 0.231 each) 
10 lights for tripped breakers (4 0.231 each) 
0 

	

breaker tripping coils 
0 

	

lights for tripping breakers (4 0.231 each) 
Relays energized : 

1 

	

Misc. Relay 
5 HFA 

1 HGA 
4 UV Relay 

REVISION NO . : 

	

39 

	

1 

	

- 

Page No. 92 

Page 6 of 12 

Time 
3 x 0.154 = 0.462 11 m-11 m15s 
0 x 15.000 = 0.000 (Ref . 88 & 91) 
0 x 5.000 = 0.000 
0 x 0.231 = 0.000 

11 x 0.231 - 2.541 
0 x 1 .080 = 0.000 (Ref. 88 & 91) 
0 x 0.231 = 0.000 

1 x 0.080 = 0.080 
5 x 0.062 = 0.310 

(R39 
1 x 0.038 = 0.038 
4 x 0.070 = 0.280 
TOTAL - 3.711 Amps JR39 

Time 
3 x 0.154 = 0.462 11m15s-11m17s 
1 x 15.000 = 15.000 (Ref . 88 & 91) 
0 x 5.000 = 0.000 
1 x 0.231 = 0.231 

10 x 0.231 = 2.310 
0 x 1 .080 = 0.000 (Ref. 88 & 91) 
0 x 0.231 = 0.000 

1 x 0.080 = 0.080 
5 x 0.062 = 0.310 

IR39 
1 x 0.038 = 0.038 
4 x 0.070 = 0.280 
TOTAL = 18.711 Amps JR39 

Time 
3 x 0.154 = 0.462 11 m17s-11 m30s 
0 x 15.000 = 0.000 (Ref. 88 & 91) 
i x 5.000 = 5.000 
1 x 0.231 = 0.231 

10 x 0.231 = 2.310 
0 x 1 .080 = 0.000 (Ref. 88 & 91) 
0 x 0.231 = 0.000 

1 x 0.080 = 0.080 
5 x 0.062 = 0.310 

IR39 
1 x 0.038 = 0.038 
4 x 0.070 = 0.280 
TOTAL = 8.711 Amps ~R39 



COMMONWEALTH EDISON COMPANY 
CALCULATION NO. : 7318-32-19-1 tPage No. 93 

4kV Switchgear 14 

	

Page 7 of 12 
LOOP Condition 

Time 
4 

	

lights for closed breakers (® 0.154 each) 

	

4 x 

	

0.154 = 

	

0.616 

	

11 m30s-end 
0 

	

breaker closing coils (Peak) 

	

0 x 

	

15.000 = 

	

0.000 

	

(Ref. 88 & 91) 
0 

	

breaker closing coils (Continuous) 

	

0 x 

	

5.000 = 

	

0.000 
0 

	

lights for closing breakers (® 0.231 each) 

	

0 x 

	

0.231 

	

= 

	

0.000 
10 lights for tripped breakers(® 0.231 each) 

	

10 x 

	

0.231 

	

= 

	

2.310 
0 

	

breaker tripping coils 

	

0 

	

x 

	

1 .080 

	

= 

	

0.000 

	

(Ref . 88 & 91) 
0 

	

lights for tripping breakers (~ 0.231 each) 

	

0 x 

	

0.231 

	

= 

	

0.000 
Relays energized: 

1 

	

Misc. Relay 

	

1 x 

	

0.080 = 

	

0.080 
5 HFA 

	

5 x 

	

0.062 = 0.310 
IR39 

1 H(3A 

	

1 x 

	

0.038 = 0.038 
4 

	

UV Relay 

	

4 x 

	

0.070 = 

	

0,280 
TOTAL 

	

_ 

	

3.634 Amps 

	

J R39 

REVISION NO. : 

	

39 

	

- 

	

- 



CALCULATION NO. : 7318-32-19-1 

4kV Swltchgear 14 

	

Page 8 of 12 
LOOP Condition 
NOTES 
1 .) At t-0s all closed breakers trip . 4kV SWGR 14 sheds all load. 
2 .) At Ws all 4kV SWGR 14 loads have been shed (i .e . all breakers have completed tripping) . 
3.) At t=10m feed breaker to 4kV SWGR 14-1 closes. 
4.) At t=10m15s feed breaker to RHR SWP 1C or 1D closes. 
5 .) At t=10m45s feed breaker to SW Pump 1C closes . 
6.) At t=11m15s feed breaker to CRD Feed Pump 1C closes . 

REVISION NO . : 

	

39 

COMMONWEALTH EDISON COMPANY 
Page No. 

R39 



COMMONWEALTH EDISON COMPANY 
CALCULATION NO. : 7318-32-19-1 

4kV Switchgear 14 
LOOP ff LOCA Condition 
The maximum do load on the circuit under LOOP 

0 

	

lights for closed breakers (® 0.154 each) 
0 

	

breaker closing coils 
0 

	

lights for closing breakers (4 0.231 each) 
3 

	

lights for tripped breakers (0 0.231 each) 
11 breaker tripping coils 
11 

	

lights for tripping breakers (® 0.231 each) 
Relays energized : 

1 

	

Misc. Relay 
5 HFA 

1 HGA 
4 l1V Relay 

0 

	

lights for closed breakers (4 0.154 each) 
0 

	

breaker closing coils 
0 

	

lights for closing breakers (4 0.231 each) 
14 lights for tripped breakers (® 0.231 each) 
0 

	

breaker tripping coils 
0 

	

lights for tripping breakers (0 0.231 each) 
Relays energized: 

1 

	

Misc. Relay 
5 HFA 

1 HGA 
4 UV Relay 

0 

	

lights for closed breakers (® 0.154 each) 
1 

	

breaker closing coils (Peak) 
0 

	

breaker closing coils (Continuous) 
1 

	

lights for closing breakers (0 0.231 each) 
13 lights for tripped breakers (0 0.231 each) 
0 

	

breaker tripping coils 
0 

	

lights for tripping breakers (® 0.231 each) 
Relays energized : 

1 

	

Misc. Relay 
5 HFA 

1 HGA 
4 UV Relay 

REVISION NO . : 

	

39 

[Page No.. 95 

Page 9 of 12 

& LOCA condition is : 
Time 

0 x 0.154 = 0.000 0s-1s 
0 x 15.000 = 0.000 (Ref. 88 & 91) 
0 x 0.231 = 0.000 
3 x 0.231 = 0.693 

11 x 1 .080 = 11 .880 (Ref . 88 & 91) 
11 x 0.231 = 2.541 

1 x 0.080 = 0.080 
5 x 0.062 = 0.310 

IR39 
1 x 0.038 = 0.038 
4 x 0.070 = 0.280 
TOTAL = 15.822 Amps JR39 

Time 
0 x 0.154 = 0.000 1s-10m15s 
0 x 15.000 = 0.000 (Ref . 88 & 91) 
0 x 0.231 = 0.000 
14 x 0.231 = 3.234 
0 x 1 .080 = 0.000 (Ref. 88 & 91) 
0 x 0.231 = 0.000 

1 x 0.080 = 0.080 
5 x 0.062 = 0.310 

IR39 
1 x 0.038 = 0.038 
4 x 0.070 = 0.280 
TOTAL = 3.942 Amps JR39 

Time 
0 x 0.154 = 0.000 10m15s-10m17s 
1 x 15.000 = 15.000 (Ref. 88 & 91) 
0 x 5.000 = 0.000 
1 x 0.231 = 0.231 

13 x 0.231 = 3.003 
0 x 1 .080 = 0.000 (Ref . 88 & 91) 
0 x 0.231 = 0.000 

1 x 0.080 = 0.080 
5 x 0.062 = 0.310 

IR39 
1 x 0.038 = 0.038 
4 x 0.070 = 0.280 
TOTAL = 18.942 Amps JR39 



CALCULATION NO.: 7318-32-19-1 
COMMONWEALTH EDISON COMPANY 

4kV Switchgear 14 
LOOP & LOCA Condition 

0 

	

lights for closed breakers (0 0.154 each) 
0 

	

breaker closing coils (Peak) 
1 

	

breaker closing coils (Continuous) 
1 

	

lights for closing breakers (® 0.231 each) 
13 lights for tripped breakers (4 0.231 each) 
0 

	

breaker tripping coils 
0 

	

lights for tripping breakers (@ 0.231 each) 
Relays energized: 

1 

	

Misc. Relay 
5 HFA 

1 HGA 
4 UV Relay 

1 

	

lights for closed breakers (® 0.154 each) 
1 

	

breaker closing coils (Peak) 
0 

	

breaker closing coils (Continuous) 
1 

	

lights for dosing breakers (0 0.231 each) 
12 lights for tripped breakers (0 0.231 each) 
0 

	

breaker tripping coils 
0 

	

lights for tripping breakers (®r 0.231 each) 
Relays energized: 

1 Misc . Relay 
5 HFA 

1 HGA 
4 UV Relay 

1 

	

lights for closed breakers (0 0.154 each) 
0 

	

breaker closing coils (Peak) 
1 

	

breaker closing coils (Continuous) 
1 

	

lights for closing breakers (® 0.231 each) 
12 lights for tripped breakers (® 0.231 each) 
0 

	

breaker tripping coils 
0 

	

lights for tripping breakers (® 0.231 each) 
Relays energized : 

1 

	

Misc. Relay 
5 HFA 

1 HGA 
4 UV Relay 

REVISION NO. : 

	

39 

1 Page No. 45.1 

Page 10 of 12 

Time 
0 x 0.154 = 0.000 10m17s-10m30s 
0 x 15.000 = 0.000 (Ref . 88 & 91) 
1 x 5.000 = 5.000 
1 x 0.231 = 0.231 

13 x 0.231 = 3.003 
0 x 1 .080 = 0.000 (Ref. 88 & 91) 
0 x 0.231 = 0.000 

1 x 0.080 = 0.080 
5 x 0,062 = 0.310 

IR39 
1 x 0.038 = 0.038 
4 x 0.070 a 0.280 
TOTAL 8.942 Amps JR39 

Time 
t x 0.154 = 0.154 10m30s-10m32s 
1 x 15.000 = 15.000 (Ref . 88 & 91) 
0 x 5.000 = 0.000 
1 x 0.231 = 0.231 

12 x 0.231 = 2.772 
0 x 1 .080 = 0.000 (Ref. 88 & 91) 
0 x 0.231 = 0.000 

1 x 0.080 = 0.080 
5 x 0.062 = 0.310 

IR39 
1 x 0.038 = 0.038 
4 x 0.070 = 0.280 
TOTAL = 18.865 Amps JR39 

Time 
1 x 0.154 = 0.154 10m32s-10m45s 
0 x 15.000 = 0.000 (Ref. 88 & 91) 
1 x 5.000 = 5.000 
1 x 0.231 = 0.231 

12 x 0.231 = 2.772 
0 x 1.080 = 0.000 (Ref . 88 & 91) 
0 x 0.231 = 0.000 

1 x 0.080 = 0.080 
5 x 0.062 = 0.310 

IR39 
1 x 0.038 = 0.038 
4 x 0.070 = 0.280 
TOTAL _ 8.865 Amps JR39 



COMMONWEALTH EDISON COMPANY 
CALCULATION NO. : 7318-32-19-1 jPage No. 95.2 

4kV Switchgear 14 

	

Page 11 of 12 
LOOP & LOCA Condition 

Time 
2 

	

lights for closed breakers (® 0.154 each) 

	

2 x 

	

0.154 = 

	

0.308 

	

10m45s-end 
0 

	

breaker closing coils (Peak) 

	

0 x 

	

15.000 = 

	

0.000 

	

(Ref . 88 & 91) 
0 

	

breaker closing coils (Continuous) 

	

0 x 

	

5.000 = 

	

0.000 
0 

	

lights for closing breakers (® 0.231 each) 

	

0 x 

	

0.231 

	

= 

	

0.000 
12 lights for tripped breakers (® 0.231 each) 

	

12 x 

	

0.231 

	

= 

	

2.772 
0 

	

breaker tripping coils 

	

0 

	

x 

	

1 .080 

	

= 

	

0.000 

	

(Ref. 88 & 91) 
0 

	

lights for tripping breakers (® 0.231 each) 

	

0 

	

x 

	

0.231 

	

= 

	

0.000 
Relays energized : 

1 

	

Misc. Relay 

	

1 x 

	

0.080 = 

	

0.080 
5 HFA 

	

5 x 

	

0.062 = 0.310 
IR39 

1 HGA 

	

1 x 

	

0.038 = 0.038 
4 

	

UV Relay 

	

4 x 

	

0.070 = 

	

0.280 
TOTAL 

	

3.788 Amps 

	

J R39 

REVISION NO. : 

	

39 



COMMONWEALTH EDISON COMPANY 
CALCULATION NO. : 731&32-19-1 Lie No. 96 

4kV Switchgear 14 

	

Page 12 of 12 
LOOP/LOCA Condition 
NOTES 
1 .) At t--Os all closed breakers trip . 4kV SWGR 14 sheds all load. 
2 .) At Ws all 4kV SWGR 14 loads have been shed (i .e . all breakers have completed tripping). 
3 .) At t=10m15s feed breaker to 4kV SWGR 14-1 closes . 
4 .) At t=10m30s feed breaker to RHR SWP 1C or 1D closes . 

REVISION NO. : 

	

39 

	

1 

	

- --- 

	

[ 
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JR38 
4kV Switchgear Bus 14-1 Main Feed 

4kV Switchgear 14-1 AC Loads 

$ - This is a spare breaker with the control power fuses pulled. No do load is assumed. 
'NOTE: 

	

The SSO breaker remains tripped when there is a LOCA on either unit. Since the 
scenario modeled is a LOOP on both units 1 & 2 and a LOCA on one unit, the SBO 
breaker Is not modeled as closing . 

REVISION NO . : 

	

38 

Skr. # Service AC Bkr. Status S/D Rev. 
On-Line LOOP/ 

LOCA 
After 
LOOP/ 
LOCA 

152-1421 Div. II Cross-Tie to Bus 24-1 T T T 4E-1346 SHA, AK 
152-1422 Core S Pump 1B T T C 4E-1429 M 
152-1423 480V Switch ear 19 C C C 4E-1349 SH.2, P 
152-1424 RHR Pump 1D T T C 4E-1438Q Q 
152-1425 Normal Feed to Bus 31 C T C 4E-1346A D 
152-1426 Secu Gate House Feed C T T RE-55-0 E 
152-1427 Main Feed from Bus 14 C T C 4E-1344 SH4, E 
152-1428 RHR Pump 1C T T C 4E-1438Q Q 
152-1429 DG-1 T T C 4E-1346 _ SH1_, AS 
152-1430 SBO DG' T T 
152-1431 Spare ~~ $ $ 



COMMONWEALTH EDISON COMPANY 
CALCULATION NO. : 7318-32-19-1 [Page No. 98 

IF438 

Time 
Os-8hr 

REVISION NO.: 38 

	

1
- 1 

	

_ . 

4kV Switchgear 14-1 
NORMAL CONDITION 
The maximum do load on the circuit under normal condition is : 

Page 2 of 14 

4 lights for closed breakers (@ 0.154 each) 4 x 0.154 = 0.616 
6 lights for tripped breakers (@ 0.231 each) 6 x 0.231 = 1 .386 
No switching of breakers 
Relays energized : 

0 IAC Relay 0 x 0.200 = 0.000 
1 SA-1 Relay 1 x 0.055 = 0.055 
1 Agastat Relay 1 x 0.064 = 0.064 
0 HFA 0 x 0.062 = 0.000 
1 HGA 1 x 0.038 = 0.038 
2 UV Relay 2 x 0.070 = 0.140 

TOTAL - 2 .299 Amps 
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4kV Switchgear 14-1 
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JR38 
LOOP Condition 
The maximum do load on the circuit under LOOP condition is : 

Time 
1 

	

Ilghts for closed breakers (a@ 0.154 each) 

	

1 

	

x 

	

0.154 = 

	

0.154 

	

0s-1s 
0 breaker closing coils 

	

0 x 

	

15.00 = 

	

0.000 

	

JR38 

	

Ref 90 
0 lights for closing breakers (Q 0.231 each) 

	

0 x 

	

0.231 

	

= 

	

0.000 
6 lights for tripped breakers (Q 0.231 each) 

	

6 x 

	

0.231 

	

= 

	

1 .386 
3 breaker tripping coils 

	

3 x 

	

1.080 = 

	

3.24 

	

JR38 
3 lights for tripping breakers (@ 0.231 each) 

	

3 x 

	

0.231 

	

= 

	

0 .693 
Relays energized : 

2 IAC Relay 

	

2 x 

	

0.200 = 

	

0.400 
1 SA-1 Relay 

	

1 x 

	

0.055 = 

	

0.055 
5 Agestat Relay 

	

5 x 

	

0.064 = 

	

0.320 
5 HFA 

	

5 x 0.062 = 

	

0.310 
1 HGA 

	

1 x 0.038 = 

	

0.038 
4 UV Relay 

	

4 x 

	

0.070 = 

	

0.280 
TOTAL 

	

- 

	

6.876 Amps 

Time 
1 lights for closed breakers (@ 0.154 each) 

	

1 

	

x 

	

0.154 = 

	

0.154 

	

Is-108 
0 breaker closing coils (Peak) 

	

0 x 

	

15.00 = 

	

0.OD0 

	

IR38 

	

Ref 90 
0 breaker dosing coils (Continuous) 

	

0 x 

	

5.000 = 

	

0.000 
0 lights for dosing breakers (@ 0.231 each) 

	

0 x 

	

0.231 

	

= 

	

0.000 
9 lights for tripped breakers (@ 0.231 each) 

	

9 x 

	

0.231 = 

	

2.079 
0 breaker tripping coils 

	

0 x 

	

1 .080 = 

	

0.000 

	

JR38 
0 lights for tripping breakers ((d,) 0 .231 each) 

	

0 x 

	

0.231 = 

	

0.000 
Relays energized : 

2 IAC Relay 

	

2 x 

	

0.200 = 

	

0.400 
1 SA-1 Relay 

	

1 x 

	

0.055 = 

	

0.055 
5 Agastat Relay 

	

5 x 

	

0.064 = 

	

0.320 
5 HFA 

	

5 x 0.062 = 

	

0.310 
1 HGA 

	

1 x 0.038 = 

	

0.038 
4 UV Relay 

	

4 x 

	

0.070 = 

	

0.280 
TOTAL 

	

= 

	

3.636 Amps 

Time 
1 lights for dosed breakers (@ 0.154 each) 

	

1 

	

x 

	

0.154 = 

	

0.154 

	

10s-12s 
i breaker closing coils (Peak) 

	

1 x 

	

15.00 = 

	

15.000 

	

IR38 

	

Ref 90 
0 breaker closing coils (Continuous) 

	

0 x 

	

5.000 = 

	

0.000 
1 lights for dosing breakers ((410 .231 each) 

	

1 

	

x 

	

0.231 

	

= 

	

0.231 
8 lights far tripped breakers (@ 0.231 each) 

	

8 x 

	

0.231 

	

= 

	

1 .848 
0 breaker tripping coils 

	

0 x 

	

1 .080 = 

	

0.000 

	

JR38 
0 lights for tripping breakers (@ 0.231 each) 

	

0 x 

	

0.231 

	

= 

	

0.000 
Relays energized : 

2 IAC Relay 

	

2 x 

	

0.200 = 

	

0.400 
1 SA-1 Relay 

	

1 x 

	

0.055 = 

	

0.055 
5 Agastat Relay 

	

5 x 

	

0.064 = 

	

0.320 
5 HFA 

	

5 x 0.062 = 

	

0.310 
1 HGA 

	

1 x 0.038 = 0.038 
4 UV Relay 

	

4 x 

	

0.070 = 

	

0.280 
TOTAL 

	

= 

	

18.636 Amps 

	

(R38 

REVISION NO . : 

	

38 



COMMONWEALTH EDISON COMPANY 
CALCULATION NO. : 7318-32-19-1 [Pa" No. 100 

4kV Swttchgear 141 

	

Page 4 of 14 

	

+R38 
LOOP Condition 

Time 
1 lights for closed breakers (Q 0.154 each) 

	

1 

	

x 

	

0.154 = 

	

0.154 

	

12s-25s 
0 breaker closing coils (Peak) 

	

0 x 

	

15.00 = 

	

0.000 

	

IR38 

	

Ref 90 
1 breaker closing coils (Continuous) 

	

1 

	

x 

	

5.000 = 

	

5.000 
1 lights for closing breakers (@ 0.231 each) 

	

1 

	

x 

	

0.231 

	

= 

	

0.231 
8 lights for tripped breakers (@ 0.231 each) 

	

8 x 

	

0.231 

	

= 

	

1 .848 
0 breaker tripping coils 

	

0 x 

	

1 .080 = 

	

0.000 

	

JR38 
0 lights for tripping breakers (c@ 0.231 each) 

	

0 x 

	

0.231 

	

= 

	

0.000 
Relays energized : 

2 IAC Relay 

	

2 x 

	

0.200 = 

	

0.400 
1 SA-1 Relay 

	

1 x 

	

0.055 = 

	

0.055 
5 Agastat Relay 

	

5 x 

	

0.064 = 

	

0.320 
5 HFA 

	

5 x 0.062 = 

	

0.310 
1 HGA 

	

1 x 0.038 = 

	

0.038 
4 UV Relay 

	

4 x 

	

0.070 = 

	

0.280 
TOTAL 

	

8.636 Amps 

	

JR38 

Time 
2 lights for closed breakers (® 0.154 each) 

	

2 x 

	

0.154 = 

	

0.308 

	

25s-10m 
0 breaker closing coils (Peak) 

	

0 x 

	

15.00 = 

	

0.000 

	

IR38 

	

Ref 90 
0 breaker closing coils (Continuous) 

	

0 x 

	

5.000 = 

	

0.0040 
0 lights for closing breakers (C@ 0.231 each) 

	

0 x 

	

0.231 

	

= 

	

0.000 
8 lights for tripped breakers (@ 0.231 each) 

	

8 x 

	

0.231 

	

= 

	

1 .848 
0 breaker tripping coils 

	

0 x 

	

1 .080 = 

	

0.000 

	

JR38 
0 lights for tripping breakers (@ 0.231 each) 

	

0 x 

	

0.231 

	

= 

	

0.000 
Relays energized: 

2 IAC Relay 

	

2 x 

	

0.200 = 

	

0.400 
1 SA-1 Relay 

	

i x 

	

0.055 = 

	

0.055 
5 Agastat Relay 

	

5 x 

	

0.064 = 

	

0.320 
5 HFA 

	

5 x 0.062 = 

	

0.310 
1 HGA 

	

1 x 0.038 = 

	

0.038 
4 UV Relay 

	

4 x 

	

0.070 = 

	

0.280 
TOTAL 

	

= 

	

3.559 Amps 

Time 
2 lights for closed breakers ((gZ 0.154 each) 

	

2 x 

	

0.154 = 

	

0.308 

	

10m-10m2s 
1 breaker closing coils (Peak) 

	

1 x 

	

15.00 = 

	

15.000 

	

JR38 

	

Ref 90 
0 breaker closing coils (Continuous) 

	

0 x 

	

5.000 = 

	

0.0010 
1 lights for closing breakers (@ 0.231 each) 

	

1 

	

x 

	

0.231 

	

= 

	

0.231 
7 lights for tripped breakers (@ 0.231 each) 

	

7 x 

	

0.231 

	

= 

	

1 .617 
0 breaker tripping coils 

	

0 x 

	

1.080 = 

	

0.000 

	

JR38 
0 lights for tripping breakers (@ 0.231 each) 

	

0 x 

	

0.231 

	

= 

	

0.000 
Relays energized : 

2 IAC Relay 

	

2 x 

	

0.200 = 

	

0.400 
1 SA-1 Relay 

	

1 x 

	

0.055 = 

	

0.055 
5 Agastat Relay 

	

5 x 

	

0.064 = 

	

0.320 
5 HFA 

	

5 x 0.062 = 

	

0.310 
1 HGA 

	

1 x 0.038 = 

	

0.038 
4 UV Relay 

	

4 x 

	

0.070 = 

	

0.280 
TOTAL 

	

= 

	

18.559 Amps 

	

JR38 

REVISION NO . : 

	

38 
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4kV Switchgear 14-1 
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JR38 
LOOP Condition 

Time 
2 lights for closed breakers (@ 0.154 each) 

	

2 x 

	

0.154 = 

	

0.308 

	

10m2s-10m15s 
0 breaker closing coils (Peak) 

	

0 x 

	

15.00 = 

	

0.000 

	

R38 

	

Ref 90 
1 breaker closing coils (Continuous) 

	

1 

	

x 

	

5.000 = 

	

5.000 
1 

	

lights for closing breakers (Q 0.231 each) 

	

1 

	

x 

	

0.231 

	

= 

	

0.231 
7 lights for tripped breakers (@ 0.231 each) 

	

7 x 

	

0.231 

	

= 

	

1 .617 
0 breaker tripping coils 

	

0 x 

	

1 .080 = 

	

0.000 

	

JR38 
0 lights for tripping breakers (@ 0.231 each) 

	

0 x 

	

0.231 

	

= 

	

0.000 
Relays energized: 

2 IAC Relay 

	

2 x 

	

0.200 = 

	

0.400 
1 SA-1 Relay 

	

1 x 

	

0.055 = 

	

0.055 
5 Agastat Relay 

	

5 x 

	

0.064 = 

	

0.320 
5 HFA 

	

5 x 0.062 = 

	

0.310 
1 HGA 

	

1 x 0.038 = 

	

0.038 
4 UV Relay 

	

4 x 

	

0.070 w 

	

0.280 
TOTAL 

	

= 

	

8.559 Amps 

	

JR38 

Time 
3 IIghts for dosed breakers ((810.154 each) 

	

3 x 

	

0.154 = 

	

0.462 

	

10m15s-11m30s 
0 breaker closing coils (Peak) 

	

0 x 

	

15.00 = 

	

0.000 

	

IR38 

	

Ref 90 
0 breaker dosing coils (Continuous) 

	

0 x 

	

5.000 = 

	

0.000 
0 lights for dosing breakers (® 0.231 each) 

	

0 x 

	

0.231 = 

	

0.000 
7 lights for tripped breakers ((~ 0.231 each) 

	

7 x 

	

0.231 

	

= 

	

1 .617 
0 breaker tripping coils 

	

0 x 

	

1 .080 = 

	

0.000 

	

JR38 
0 lights for tripping breakers(( 0.231 each) 

	

0 x 

	

0.231 

	

= 

	

0.000 
Relays energized : 

2 IAC Relay 

	

2 x 

	

0.200 = 

	

0.400 
1 SA-1 Relay 

	

1 x 

	

0.055 = 

	

0.055 
5 Agastat Relay 

	

5 x 

	

1).064 = 

	

0.320 
5 HFA 

	

5 x 0.062 = 

	

0.310 
1 HGA 

	

1 x 0.038 = 

	

0.038 
4 UV Relay 

	

4 x 

	

0.070 = 

	

0 .280 
TOTAL 

	

= 

	

3.482 Amps 

Time 
3 lights for dosed breakers (@ 0.154 each) 

	

3 x 

	

0.154 = 

	

0.462 

	

11m30s-11m32s 
1 breaker dosing coils (Peak) 

	

1 

	

x 

	

15.00 = 

	

15.000 

	

IR38 

	

Ref 90 
0 breaker dosing coils (Continuous) 

	

0 x 

	

5.000 = 

	

0.000 
1 lights for dosing breakers (Q 0.231 each) 

	

1 

	

x 

	

0.231 

	

= 

	

0.231 
6 lights for tripped breakers (@ 0.231 each) 

	

6 x 

	

0.231 

	

= 

	

1 .386 
0 breaker tripping coils 

	

0 x 

	

1 .080 = 

	

0.000 

	

JR38 
0 lights for tripping breakers (@ 0.231 each) 

	

0 x 

	

0.231 

	

= 

	

0.000 
Relays energized: 

2 IAC Relay 

	

2 x 

	

0.200 = 

	

0.400 
1 SA-1 Relay 

	

1 x 

	

0.055 = 

	

0.055 
5 Agastat Relay 

	

5 x 

	

0.064 = 

	

0.320 
5 HFA 

	

5 x 0.062 = 

	

0.310 
1 HGA 

	

i x 0.038 = 

	

0.038 
4 UV Relay 

	

4 x 

	

0.070 = 

	

0.280 
TOTAL 

	

= 

	

18.482 Amps 

	

JR38 

PREVISION NO. : 

	

38 



COMMONWEALTH EDISON COMPANY 
CALCULATION NO. : 7318-32-19-1 

LOOP Condition 
4kV Switchgear 14-1 

	

Page 6 of 14 

Page No. 102 

Time 
3 lights for closed breakers (@ 0.154 each) 

	

3 x 

	

0.154 = 

	

0.462 

	

11 m32s-11 m45s I 
0 breaker closing coils (Peak) 

	

0 x 

	

15.00 = 

	

0.000 

	

R38 

	

Ref 90 
1 breaker closing coils (Continuous) 

	

1 

	

x 

	

5.000 = 

	

5.0OO 
1 

	

lights for closing breakers (@ 0.231 each) 

	

1 

	

x 

	

0.231 

	

= 

	

0.231 
6 lights for tripped breakers (@ 0.231 each) 

	

6 x 

	

0.231 

	

= 

	

1 .386 
0 breaker tripping coils 

	

0 x 

	

1 .080 = 

	

0.000 

	

JR38 
0 lights for tripping breakers (@ 0.231 each) 

	

0 x 

	

0.231 

	

= 

	

0.000 
Relays energized : 

2 IAC Relay 

	

2 x 

	

0.200 = 

	

0.400 
1 SA-1 Relay 

	

1 x 

	

0.055 = 

	

0.055 
5 Agastat Relay 

	

5 x 

	

0.064 = 

	

0.320 
5 HFA 

	

5 x 0.062 = 

	

0.310 
1 HGA 

	

1 x 0.038 = 

	

0.038 
4 UV Relay 

	

4 x 

	

0.070 = 

	

0.280 
TOTAL 

	

= 

	

8.482 Amps 

	

JR38 

Time 
4 lights for closed breakers (@ 0.154 each) 

	

4 x 

	

0.154 = 

	

0.616 

	

11 m45s-end 
0 breaker closing coils (Peak) 

	

0 x 

	

15.00 = 

	

0.000 

	

JR38 

	

Ref 90 
0 breaker closing coils (Continuous) 

	

0 x 

	

5.000 = 

	

0.000 
0 lights for dosing breakers (@ 0.231 each) 

	

0 x 

	

0.231 = 

	

0.000 
6 lights for tripped breakers (@ 0.231 each) 

	

6 x 

	

0.231 

	

= 

	

1 .386 
0 breaker tripping coils 

	

0 x 

	

1 .080 = 

	

0.000 

	

JR38 
0 lights for tripping breakers (@ 0.231 each) 

	

0 x 

	

0.231 

	

= 

	

0.000 
Relays energized: 

2 IAC Relay 

	

2 x 

	

0.200 = 

	

0.400 
1 SA-1 Relay 

	

1 x 

	

0.055 = 

	

0.055 
5 Agastat Relay 

	

5 x 

	

0.064 = 

	

0.320 
5 HFA 

	

5 x 0.062 = 

	

0.310 
1 HGA 

	

1 x 0.038 = 

	

0.038 
4 UV Relay 

	

4 x 

	

0.070 = 

	

0.280 
TOTAL 

	

= 

	

3.405 Amps 

REVISION NO . : 

	

38 
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JR38 
LOOP Condition 
NOTES 
1 .) At t=0s all closed breakers trip except for 480V SWGR 19 feed. 4kV SWGR 14-1 sheds loads . 
2 .) At t=1s all 4kV SWGR 14-1 loads have been shed except for 480V SWGR 19 

(i .e . all breakers have completed tripping). 
3 .) At t-- 1 Os DG 1 breaker closes. 
4 .) At t=10rn close Main Feed breaker. 
5 .) At t=11m30s close 4kV SWGR 31 breaker (Safe Shutdown System). 
NOTE : 

The SBO breaker remains tripped when there is a LOCA on either unit . Since 
the scenario modeled is a LOOP on both units 1 & 2 and a LOCA on one unit, 
the SBO breaker is not modeled as closing . 

[REVISION NO . : 

	

38 



COMMONWEALTH EDISON COMPANY 
CALCULATION NO. : 7318-32-19-1 

4kV Switchgear 14-1 
LOOP & LOCA Condklon 
The maximum do load on the circuit under LOOP & L 

1 lights for closed breakers (@ 0.154 each) 
0 breaker closing coils 
0 lights for closing breakers (Q 0.231 each) 
6 lights for tripped breakers (@ 0.231 each) 
3 breaker tripping coils 
3 lights for tripping breakers (Q 0.231 each) 

Relays energized : 
2 IAC Relay 
1 SA-1 Relay 
5 Agastat Relay 
5 HFA 
1 HGA 
4 UV Relay 

1 lights for closed breakers (@ 0.154 each) 
0 breaker closing coils 
0 lights for closing breakers ((a3 0.231 each) 
9 lights for tripped breakers (@ 0.231 each) 
0 breaker tripping cogs 
0 lights for tripping breakers ((10.231 each) 

Relays energized: 
2 IAC Relay 
1 SA-1 Relay 
5 Agastat Relay 
5 HFA 
1 HGA 
4 UV Relay 

1 lights for closed breakers ((83 0.154 each) 
1 breaker dosing coils (Peak) 
0 breaker dosing cogs (Continuous) 
1 lights for dosing breakers (@ 0.231 each) 
8 lights for tripped breakers (@ 0.231 each) 
0 breaker tripping coils 
0 lights for tripping breakers ((a3 0.231 each) 

Relays energized : 
2 IAC Relay 
1 SA-1 Relay 
5 Agastat Relay 
5 HFA 
1 HGA 
4 UV Relay 

REVISION NO. : 

	

38 

Pa 
e_
No. 104 

Page 8 of 14 JR38 

CA condition is : 
Time 

1 x 0.154 = 0.154 03-ts 
0 x 15.00 = 0.000 JR38 Ref 90 
0 x 0 .231 = 0.000 
6 x 0.231 = 1 .386 
3 x 1 .080 = 3.24 JR38 
3 x 0.231 = 0.693 

2 x 0.200 = 0.400 
1 x 0.055 = 0.055 
5 x 0.064 = 0.320 
5 x 0.062 = 0.310 
1 x 0.038 = 0.038 
4 x 0.070 = 0.280 
TOTAL = 6.876 Amps 

Time 
1 x 0.154 = 0.154 1s-10s 
0 x 15.00 = 0.000 JR38 Ref 90 
0 x 0.231 = 0.000 
9 x 0.231 = 2.079 
0 x 1,080 = 0.000 JR38 
0 x 0.231 = 0.000 

2 x 0.200 0.400 
1 x 0.055 0.055 
5 x 0.064 0.320 
5 x 0.062 a 0.310 
1 x 0.038 = 0.038 
4 x 0.070 - 0.280 
TOTAL = 3.636 Amps JR38 

Time 
1 x 0.154 = 0.154 10s-12s 
1 x 15.00 = 15.000 R38 Ref 90 
0 x 5.000 = 0.000 I 
1 x 0.231 = 0.231 
8 x 0.231 = 1.848 
0 x 1 .080 = 0.000 JR38 
0 x 0.231 = 0.000 

2 x 0.200 = 0.400 
1 x 0.055 = 0.055 
5 x 0.064 = 0.320 
5 x 0.062 = 0.310 
1 x 0.038 = 0.038 
4 x 0.070 = 0.280 
TOTAL = 18.636 Amps JR38 
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4kV Switchgear 14-1 
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JR38 
LOOP & LOCA Condition 

Time 
1 lights for dosed breakers (Q 0.154 each) 

	

1 

	

x 

	

0.154 = 

	

0.154 

	

12s-13s 
0 breaker closing coils (Peak) 

	

0 x 

	

15.00 = 

	

0.000 

	

4R38 

	

Ref 90 
1 

	

breaker closing coils (Continuous) 

	

1 

	

x 

	

5.000 = 

	

5.0010 
1 

	

lights for closing breakers (@ 0.231 each) 

	

1 

	

x 

	

0.231 

	

= 

	

0.231 
8 lights for tripped breakers (Q 0.231 each) 

	

8 x 

	

0.231 

	

= 

	

1 .848 
0 breaker tripping coils 

	

0 x 

	

1 .080 = 

	

0 .000 

	

JR38 
0 lights for tripping breakers (Q 0.231 each) 

	

0 x 

	

0.231 

	

= 

	

0.000 
Relays energized : 

2 IAC Relay 

	

2 x 

	

0.200 = 

	

0.400 

	

JR38 
1 SA-1 Relay 

	

1 x 

	

0.055 = 

	

0.055 
5 Agastat Relay 

	

5 x 

	

0.064 = 

	

0.320 
5 HFA 

	

5 x 0.062 = 

	

0.310 
1 HGA 

	

1 x 0.038 = 0.038 
4 tN Relay 

	

4 x 

	

0.070 = 

	

0.280 
TOTAL 

	

- 

	

8.636 Amps 

	

JR38 

Time 
1 lights for Dosed breakers (Q 0.154 each) 

	

1 

	

x 

	

0.154 = 

	

0.154 

	

13s-15s 
1 breaker dosing coils (Peak) 

	

1 

	

x 

	

15.00 = 

	

15.000 

	

IR38 

	

Ref 90 
1 breaker dosing coils (Continuous) 

	

1 

	

x 

	

5.000 = 

	

5.000 
2 lights for dosing breakers (® 0.231 each) 

	

2 x 

	

0.231 = 

	

0.462 
7 lights for tripped breakers (@ 0.231 each) 

	

7 x 

	

0.231 

	

= 

	

1 .617 
0 breaker tripping coils 

	

0 x 

	

1.080 = 

	

0.000 

	

JR38 
0 lights for tripping breakers (Q 0.231 each) 

	

0 x 

	

0.231 

	

= 

	

0.000 
Relays energized: 

2 IAC Relay 

	

2 x 

	

0.200 = 

	

0.400 
1 SA-1 Relay 

	

1 x 

	

0.055 = 

	

0.055 
5 Agastat Relay 

	

5 x 

	

0.064 = 

	

0.320 
5 HFA 

	

5 x 0.062 = 

	

0.310 
1 HGA 

	

1 x 0.038 = 

	

0.038 
4 W Relay 

	

4 x 

	

0.070 = 

	

0.280 
TOTAL 

	

= 

	

23.636 Amps 

	

JR38 

Time 
2 lights for dosed breakers Q 0.154 each) 

	

2 x 

	

0.154 = 

	

0.308 

	

156-18s 
0 breaker closing coils (Peak) 

	

0 x 

	

15.00 = 

	

0.000 

	

~R38 

	

Ref 90 
2 breaker dosing coils (Continuous) 

	

2 x 

	

5.000 = 

	

10.000 
2 lights for dosing breakers (Q 0.231 each) 

	

2 x 

	

0.231 

	

= 

	

0.462 
7 lights for tripped breakers Q 0.231 each) 

	

7 x 

	

0.231 

	

= 

	

1 .617 
0 breaker tripping coils 

	

0 x 

	

1 .080 = 

	

0.000 

	

JR38 
0 lights for tripping breakers (Q 0.231 each) 

	

0 x 

	

0.231 

	

= 

	

0.000 
Relays energized : 

2 IAC Relay 

	

2 x 

	

0.200 = 

	

0.400 
1 SA-1 Relay 

	

1 x 

	

0.055 = 

	

0.055 
5 Agastat Relay 

	

5 x 

	

0.064 = 

	

0.320 
5 HFA 

	

5 x 0.062 = 

	

0.310 
1 HGA 

	

1 x 0.038 = 

	

0.038 
4 UV Relay 

	

4 x 

	

0.070 = 

	

0.280 
TOTAL 

	

= 

	

13.790 Amps 

	

JR38 

REVISION NO . : 

	

38 



0 

0 

PREVISION NO . : 

	

38 

COMMONWEALTH EDISON COMPANY 

CALCULATION NO. : 7318-32-19-1 

4kV Switchgear 14-1 
LOOP & LOCA Condition 

Page 10 of 14 

Pa e No. 106 

JR38 

Time 
1 lights for closed breakers (@ 0.154 each) 1 x 0.154 = 0.154 18s-20s 
1 breaker closing coils (Peak) 1 x 15.00 = 15.000 R38 Ref 
2 breaker closing coils (Continuous) 2 x 5.000 = 10.000 
3 lights for dosing breakers (Q 0.231 each) 3 x 0.231 = 0.693 
6 lights for tripped breakers (G 0.231 each) 6 x 0.231 = 1 .386 
0 breaker tripping coils 0 x 1.080 = 0.000 
0 lights for tripping breakers (c@ 0.231 each) 0 x 0.231 = 0.000 

Relays energized: 
2 IAC Relay 2 x 0.200 = 0.400 
1 SA-1 Relay 1 x 0.055 = 0.055 
5 Agastat Relay 5 x 0.064 = 0.320 
5 HFA 5 x 0.062 = 0.310 
1 HGA 1 x 0.038 = 0.038 
4 UV Relay 4 x 0.070 = 0.280 

TOTAL = 28:836 Amps JR38 

Time 
1 lights for dosed breakers (@ 0.154 each) 1 x 0.154 = 0.154 20s-23s 
0 breaker dosing coils (Peak) 0 x 15.00 = 0.000 R38 Ref 
3 breaker dosing coils (Continuous) 3 x 5.000 = 15.000 
3 lights for dosing breakers ((gZ 0.231 each) 3 x 0.231 = 0.693 
6 lights for tripped breakers (@ 0.231 each) 6 x 0.231 = 1 .386 
0 breaker tripping coils 0 x 1 .080 = 0.000 
0 lights for tripping breakers (@ 0.231 each) 0 x 0.231 = 0.000 

Relays energized : 
2 IAC Relay 2 x 0.200 = 0.400 
1 SP-1 Relay 1 x 0.055 = 0.055 
5 Agastat Relay 5 x 0 .064 = 0.320 
5 HFA 5 x 0.062 = 0.310 
1 HGA 1 x 0.038 = 0.038 
4 UV Relay 4 x 0.070 = 0.280 

TOTAL = 18.636 Amps JR38 

Time 
1 lights for closed breakers (@ 0.154 each) 1 x 0.154 = 0.154 23s-25s 
1 breaker dosing coils (Peak) 1 x 15.00 = 15.000 R38 Ref 90 
3 breaker dosing coils (Continuous) 3 x 5.000 = 15.000 
4 lights for dosing breakers (@ 0.231 each) 4 x 0.231 = 0.924 
5 lights for tripped breakers (@ 0.231 each) 5 x 0.231 = 1 .155 
0 breaker tripping coils 0 x 1.080 = 0.000 
0 lights for tripping breakers (Q 0.231 each) 0 x 0.231 = 0.000 

Relays energized : 
2 IAC Relay 2 x 0.200 = 0.400 
1 SA-1 Relay 1 x 0.055 = 0.055 
5 Agastat Relay 5 x 0.064 = 0.320 
5 HFA 5 x 0.062 = 0.310 
1 HGA 1 x 0.038 = 0.038 
4 UV Relay 4 x 0.070 = 0.280 

TOTAL = 33.636 Amps JR38 



COMMONWEALTH EDISON COMPANY 
CALCULATION NO. : 7318-32-19-1 ]Page No.107 

4kV Switchgear 14-1 

	

Page 11 of 14 

	

JR38 
LOOP 3 LOCA Condition 

Time 
2 lights for closed breakers (@ 0.154 each) 

	

2 x 

	

0.154 = 

	

0.308 

	

25s-28s 

	

, 
0 breaker closing coils (Peak) 

	

0 x 

	

15.00 = 

	

0.000 

	

(R38 

	

Ref 90 
3 breaker closing coils (Continuous) 

	

3 x 

	

5.000 = 

	

15.000 
3 lights for closing breakers (@ 0.231 each) 

	

3 x 

	

0.231 

	

= 

	

0.693 
5 lights for tripped breakers (@ 0.231 each) 

	

5 x 

	

0.231 

	

= 

	

1 .155 
0 breaker tripping coils 

	

0 x 

	

1 .080 = 

	

0.000 

	

JR38 
0 lights for tripping breakers (@ 0.231 each) 

	

0 x 

	

0.231 

	

= 

	

0.000 
Relays energized: 

2 IAC Relay 

	

2 x 

	

0.200 = 

	

0.400 
1 SA-1 Relay 

	

1 x 

	

0.055 = 

	

0.055 
5 Agastat Relay 

	

5 x 

	

0.064 = 

	

0.320 
5 HFA 

	

5 x 0.062 = 

	

0.310 
1 HGA 

	

1 x 0.038 = 

	

0.038 
4 UV Relay 

	

4 x 

	

0.070 = 

	

0.280 
TOTAL 

	

= 

	

18.559 Amps 

	

(R38 

Time 
3 lights for closed breakers (@ 0.154 each) 

	

3 x 

	

0.154 = 

	

0.462 

	

28s-33s 
0 breaker closing coils (Peak) 

	

0 x 

	

15.00 = 

	

0.000 

	

R38 

	

Ref 90 
2 breaker closing coils (Continuous) 

	

2 x 

	

5.000 = 

	

10.000 
2 lights for closing breakers (@ 0.231 each) 

	

2 x 

	

0.231 = 

	

0.462 
5 lights for tripped breakers ((3 0.231 each) 

	

5 x 

	

0.231 

	

= 

	

1.155 
0 breaker tripping coils 

	

0 x 

	

1 .080 = 

	

0.000 
0 lights for tripping breakers (@ 0.231 each) 

	

0 x 

	

0.231 

	

= 

	

0.000 
Relays energized : 

2 IAC Relay 

	

2 x 

	

0.200 = 

	

0.400 
1 SA-1 Relay 

	

1 x 

	

0.055 = 

	

0.055 
5 Agastat Relay 

	

5 x 

	

0.064 = 

	

0.320 
5 HFA 

	

5 x 0.062 = 

	

0.310 
1 HGA 

	

1 x 0.038 = 

	

0.038 
4 UV Relay 

	

4 x 

	

0.070 = 

	

0.280 
TOTAL 

	

= 

	

13.482 Amps 

	

JR38 

Time 
4 lights for closed breakers (@ 0.154 each) 

	

4 x 

	

0.154 = 

	

0.616 

	

33s-38a 
0 breaker closing coils (Peak) 

	

0 x 

	

15.00 = 

	

0.000 

	

R38 

	

Ref 90 
1 breaker closing coils (Continuous) 

	

1 x 

	

5.000 = 

	

5.000 
1 lights for closing breakers (@ 0.231 each) 

	

1 

	

x 

	

0.231 

	

= 

	

0.231 
5 lights for tripped breakers (@ 0.231 each) 

	

5 x 

	

0.231 

	

= 

	

1.155 
0 breaker tripping coils 

	

0 x 

	

1 .080 = 

	

0.000 
0 lights for tripping breakers (@ 0.231 each) 

	

0 x 

	

0.231 = 

	

0.000 
Relays energized : 

2 IAC Relay 

	

2 x 

	

0.200 = 

	

0.400 
1 SA-1 Relay 

	

1 x 

	

0.055 = 

	

0.055 
5 Agastat Relay 

	

5 x 

	

0.064 = 

	

0.320 
5 HFA 

	

5 x 0.062 = 

	

0.310 
1 HGA 

	

1 x 0.038 = 

	

0.038 
4 UV Relay 

	

4 x 

	

0.070 = 

	

0.280 
TOTAL 

	

= 

	

8 .405 Amps 

	

JR38 

REVISION NO. : 
- 
38 

	

` - 

	

- --T 

	

- 



COMMONWEALTH EDISON COMPANY 
CALCULATION NO. : 7318-32-19-1 Pa e 108.0 

4kV Switchgear 14-1 

	

Page 12 of 14 

	

JR38 
LOOP & LOCA Condition 

Time 
5 lights for closed breakers (@ 0.154 each) 

	

5 x 

	

0.154 = 

	

0.770 

	

38s-10m 
0 breaker closing coils (Peak) 

	

0 x 

	

15.00 = 

	

0.000 

	

R38 

	

Ref 90 
0 breaker closing coils (Continuous) 

	

0 x 

	

5.000 = 

	

0.000 
0 lights for closing breakers (@ 0.231 each) 

	

0 x 

	

0.231 

	

= 

	

0.000 
5 lights for tripped breakers (@ 0.231 each) 

	

5 x 

	

0.231 = 

	

1 .155 
0 breaker tripping coils 

	

0 x 

	

1 .080 = 

	

0.000 

	

JR38 
0 lights for tripping breakers (@ 0.231 each) 

	

0 x 

	

0.231 

	

= 

	

0.000 
Relays energized : 

2 IAC Relay 

	

2 x 

	

0.200 = 

	

0.400 
1 SA-1 Relay 

	

1 x 

	

0.055 = 

	

0.055 
5 Agastat Relay 

	

5 x 

	

0.064 = 

	

0.320 
5 HFA 

	

5 x 0.062 = 

	

0.310 
1 HGA 

	

1 x 0.038 = 

	

0.038 
4 UV Relay 

	

4 x 

	

0.070 = 

	

0.280 
TOTAL 

	

= 

	

3.328 Amps 

	

JR38 

Time 
4 lights for closed breakers (@ 0.154 each) 

	

4 x 

	

0.154 = 

	

0.616 

	

10m-10m1 s 
0 breaker dosing coils (Peak) 

	

0 x 

	

15.00 = 

	

0.000 

	

,R38 

	

Ref 90 
0 breaker closing coils (Continuous) 

	

0 x 

	

5.000 = 

	

0.000 
0 lights for closing breakers (@ 0.231 each) 

	

0 x 

	

0.231 = 

	

0.000 
5 lights for tripped breakers (@ 0.231 each) 

	

5 x 

	

0.231 

	

= 

	

1 .155 
1 breaker tripping ccAs 

	

1 

	

x 

	

1.080 = 

	

1 .080 
1 lights for tripping breakers (@ 0.231 each) 

	

1 

	

x 

	

0.231 = 

	

0.231 

	

IR38 
Relays energized: 

2 IAC Relay 

	

2 x 

	

0.200 = 

	

0.400 
1 SA-1 Relay 

	

1 x 

	

0.055 = 

	

0.055 
5 Agastat Relay 

	

5 x 

	

0.064 = 

	

0.320 
5 HFA 

	

5 x 0.062 = 

	

0.310 
1 HGA 

	

1 x 0.038 = 

	

0.038 
4 UV Relay 

	

4 x 

	

0.070 = 

	

0.280 
TOTAL 

	

= 

	

4.485 Amps 

	

JR38 

Time 
4 lights for dosed breakers (C@ 0.154 each) 

	

4 x 

	

0.154 = 

	

0.616 

	

10MIs-10m15s 
0 breaker closing coils (Peak) 

	

0 x 

	

15.00 = 

	

0.000 

	

~R38 

	

Ref 90 
0 breaker dosing coils (Continuous) 

	

0 x 

	

5.000 = 

	

0.000 
0 lights for dosing breakers (o@ 0.231 each) 

	

0 x 

	

0.231 = 

	

0.000 
6 lights for tripped breakers (@ 0.231 each) 

	

6 x 

	

0.231 = 

	

1 .386 
0 breaker tripping coils 

	

0 x 

	

1 .080 = 

	

0.000 

	

(R38 
0 lights for tripping breakers (@ 0.231 each) 

	

0 x 

	

0.231 = 

	

0.000 
Relays energized: 

2 IAC Relay 

	

2 x 

	

0.200 = 

	

0.400 
1 SA-1 Relay 

	

1 x 

	

0.055 = 

	

0.055 
5 Agastat Relay 

	

5 x 

	

0.064 = 

	

0.320 
5 HFA 

	

5 x 0.062 = 

	

0.310 
1 HGA 

	

1 x 0.038 = 

	

0.038 
4 UV Relay 

	

4 x 

	

0.070 = 

	

0.280 
TOTAL 

	

= 

	

3.405 Amps 

	

JR38 

REVISION NO . : . 38
_ _ 

	

1 

	

1 



COMMONWEALTH EDISON COMPANY 
CALCULATION NO. : 7318-32-19-1 Pa e 108.1 

4kV Switchgear 14-1 

	

Page 13 of 14 

	

JR38 
LOOP & LOCA Condition 

Time 
4 lights for closed breakers (@ 0.154 each) 

	

4 x 

	

0.154 = 

	

0.616 

	

10mls-10m17s 
1 

	

breaker closing coils (Peak) 

	

1 

	

x 

	

15.00 = 

	

15.000 

	

R38 

	

Ref 90 
0 breaker closing coils (Continuous) 

	

0 x 

	

5.000 = 

	

0.000 
1 

	

lights for closing breakers (Q 0.231 each) 

	

1 

	

x 

	

0.231 

	

= 

	

0.231 
5 lights for tripped breakers (010.231 each) 

	

5 x 

	

0.231 = 

	

1 .155 
0 breaker tripping coils 

	

0 

	

x 

	

1 .080 = 

	

0.000 
0 lights for tripping breakers (CAB 0.231 each) 

	

0 x 

	

0.231 

	

= 

	

0.000 
Relays energized : 

2 IAC Relay 

	

2 x 

	

0.200 = 

	

0.400 
1 SA-1 Relay 

	

1 x 

	

0.055 = 

	

0.055 
5 Agastat Relay 

	

5 x 

	

0.064 = 

	

0.320 
5 HFA 

	

5 x 0.062 = 

	

0.310 
1 HGA 

	

1 x 0.038 = 

	

0.038 
4 UV Relay 

	

4 x 

	

0.070 = 

	

0.280 
TOTAL 

	

= 

	

18.405 Amps 

	

JR38 

Time 
4 lights for closed breakers (@ 0.154 each) 

	

4 x 

	

0.154 = 

	

0.616 

	

10m17s-10m30s 
0 breaker closing coils (Peak) 

	

0 x 

	

15.00 = 

	

0.000 

	

R38 

	

Ref 90 
1 breaker closing coils (Continuous) 

	

1 x 

	

5.000 = 

	

5.000 
1 

	

lights for closing breakers (@ 0.231 each) 

	

1 

	

x 

	

0.231 

	

= 

	

0.231 
5 lights for tripped breakers (@ 0.231 each) 

	

5 x 

	

0.231 

	

= 

	

1 .155 
0 breaker tripping coils 

	

0 x 

	

1.080 = 

	

0.000 

	

JR38 
0 lights for tripping breakers (@ 0.231 each) 

	

0 x 

	

0.231 

	

= 

	

0.000 
Relays energized : 

2 IAC Relay 

	

2 x 

	

0.200 = 

	

0.400 
1 SA-1 Relay 

	

1 x 

	

0.055 = 

	

0.055 
5 Agastat Relay 

	

5 x 

	

0.064 = 

	

0.320 
5 HFA 

	

5 x 0.062 = 

	

0.310 
1 HGA 

	

1 x 0.038 = 

	

0.038 
4 UV Relay 

	

4 x 

	

0.070 = 

	

0.280 
TOTAL 

	

= 

	

8.405 Amps 

	

JR38 

Time 
5 lights for closed breakers (@ 0.154 each) 

	

5 x 

	

0.154 = 

	

0 .770 

	

10m30s-end 
0 breaker closing coils (Peak) 

	

0 x 

	

15.00 = 

	

0.000 

	

~R38 

	

Ref 90 
0 breaker closing coils (Continuous) 

	

0 x 

	

5.000 = 

	

0.000 
0 lights for closing breakers (Q 0.231 each) 

	

0 x 

	

0.231 = 

	

0.000 
5 lights for tripped breakers ((410.231 each) 

	

5 x 

	

0.231 

	

= 

	

1 .155 
0 breaker tripping coils 

	

0 x 

	

1 .080 = 

	

0.000 

	

JR38 
0 lights for tripping breakers (Q 0.231 each) 

	

0 x 

	

0.231 

	

= 

	

0.000 
Relays energized : 

2 IAC Relay 

	

2 x 

	

0.200 = 

	

0.400 
1 SA-1 Relay 

	

1 x 

	

0.055 = 

	

0.055 
5 Agastat Relay 

	

5 x 

	

0.064 = 

	

0.320 
5 HFA 

	

5 x 0.062 = 

	

0.310 
1 HGA 

	

1 x 0.038 = 

	

0 .038 
4 UV Relay 

	

4 x 

	

0.070 = 

	

0.280 
TOTAL 

	

= 

	

3.328 Amps 

	

JR38 

REVISION NO . : 

	

38 
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JR38 
LOOP & LOCA Condition 
(NOTES 
;1 .) At t=0s all closed breakers trip except for 480V SWGR 19 feed . 4kV SWGR 14-1 sheds loads. 
2 .) At t=1s all 4kV SWGR 14-1 loads have been shed except for 480V SWGR 19 

(i .e. all breakers have completed tripping) . 
3 .) At t=1 Os DG 1 breaker doses . 
4 .) At t=1 3s dose breaker for RHR Pump 1C . 
5 .) At t=189 dose breaker for RHR Pump 1 D . 
6 .) At t=23s dose breaker for Core Spray Pump 1B . 
7 .) At t=1 0m trip RHR Pump 1C or 1D . 
8 .) At t=10m15s dose Main Feeder breaker to 4kV SWGR 14 . 
NOTE : 

The SBO breaker remains tripped when there is a LOCA on either unit Since 
the scenario modeled Is a LOOP on both units 1 & 2 and a LOCA on one unit, 
the SBO breaker is not modeled as closing. 

R38 

REVISION NO . : 

	

36 



COMMONWEALTH EDISON COMPANY 
CALCULATION NO.: 7318-32-19-1 

Bus 2A-1 Circuit 1 

	

Page 1 of 12 

	

JR36 
4kV Swltchgsar Bus 23 Main Food 

" Only 1 pump is energized. 

4kV Switchgear 23 AC Loads 

_ 

	

_ 

	

-__l?ase.No. I io 

R36 

REVISION NO . : 

	

36 

Bkr. # Service AC Bkr. Status S/D Rev. 
On-Line LOOP/ 

LOOP & 
LOCA 
t=1 

LOOP/ 
LOOP & 
LOCA 
(After) 

152-2301 Feed to 23-1 C T C/C 4E-2344 SH. 1, B 
152-2302 CRD Feed Pump 2A C T C/T 4E-2416 J 
152-2303 Circ . Water Pump 2A C T T/T 4E-2368 J 
152-2304 Reserve Feed C T T/T 4E-2342 V 
152-2305 RHR SWP 2A T T C'/C' 4E-2438P SH . 1, J 
152-2306 Cond. & Booster Pump 2A C T T/T 4E-2370 J 
152-2307 Circ. Water Pump 2B C T T/T 4E-2368 J 
152-2308 Service Water Pump 2A C T Cfr 4E-2391 C 
152-2309 RHR SWP 2B T T C-/C- - 4E-2438P SH. 1, J 
152-2310 Main Feed T T T/T 4E-2342 V 
152-2311 Cond . & Booster Pump 2B C T T/r 4E-2370 J 
152-2312 480V Switc ear 25 C T T/T 4E-2347 E 
152-2313 480V Transformer 2A C T T/T 4E-685 F 
152-2314 ILRT Compressor T T T/T 4E-2653E f3 



COMMONWEALTH EDISON COMPANY 

NOTE 
1 .) The UV relay circuit would have one HGA relay energized. 

REVISION NO. : 

	

36 

	

J 

CALCULATION NO. : 731&32-19-1 Page No. I I j 

4kV Switchgear 23 Page 2 of 12 JR36 
Normal Condition 
The maximum do load on the circuit under Normal condition is: 

Time 
10 lights for closed breakers (0 0.154 each) 10 x 0.154 = 1 .540 Os-8hr 836 
0 lights for closed breakers (® 0.342 each) 0 x 0.342 = 0.000 R36 
2 lights for tripped breakers (® 0.231 each) 2 x 0.231 = 0.462 R36 (Ref . 92) 
2 lights for tripped breakers (® 0.513 each) 2 x 0.513 = 1 .026 R36 (Ref. 92) 

No switching of breakers 
Relays energized: 

0 HEA 0 x 5.400 = 0.000 
0 HFA 0 x 0.062 = 0.000 
1 HGA 1 x 0.038 = 0.038 
0 UV Relay 0 x 0.070 = 0.000 

TOTAL = 3.066 Amps (R36 



COMMONWEALTH EDISON COMPANY 
CALCULATION NO. : 7318-32-19-1 

4kV Switchgear 23 
LOOP Condition 
The maximum do load on the circuit under LOOP 

c0 

	

lights for closed breakers (® 0.154 each) 
0 

	

lights for closed breakers (0 0.342 each) 
0 

	

breaker closing coils 
0 

	

lights for closing breakers (® 0.231 each) 
0 

	

lights for closing breakers (® 0.513 each) 
2 

	

lights for tripped breakers (0 0.231 each) 
2 

	

lights for tripped breakers (® 0.513 each) 
10 breaker tripping coils 
10 lights for tripping breakers (0 0.231 each) 

Relays energized: 
0 HEA 
3 HFA 
1 HGA 
2 UV Relay 

0 

	

lights for closed breakers (0 0.154 each) 
0 

	

lights for closed breakers (® 0.342 each) 
0 

	

breaker closing coils 
0 

	

lights for closing breakers (® 0.231 each) 
0 

	

lights for closing breakers (0 0.513 each) 
12 lights for tripped breakers (® 0.231 each) 
2 

	

lights for tripped breakers (® 0.513 each) 
0 

	

breaker tripping coils 
0 

	

lights for tripping breakers (® 0.231 each) 

Relays energized: 
0 HEA 
3 HFA 
1 HGA 
2 UV Relay 

0 

	

lights for closed breakers (® 0.154 each) 
0 

	

lights for closed breakers(* 0.342 each) 
1 

	

breaker closing coils (Peak) 
0 

	

breaker closing coils (Continuous) 
1 

	

lights for closing breakers (® 0.231 each) 
0 

	

lights for closing breakers (® 0.513 each) 
11 lights for tripped breakers (0 0.231 each) 
2 

	

lights for tripped breakers (0 0.513 each) 
0 

	

breaker tripping coils 
0 

	

lights for tripping breakers (0 0.231 each) 

Relays energized : 
0 HEA 
3 HFA 
1 HGA 
2 UV Relay 

REVISION NO. : 

	

. - 

	

__ 

	

__ 

	

36 

	

1 

	

_ - ~ 

Page Nox 2 

Page 3 of 12 JR36 

ondition is: 
Time 

0 x 0.154 = 0.000 0s-1s R36 
0 x 0.342 = 0.000 R36 
0 x 15.000 = 0.000 R36 
0 x 0.231 = 0.000 R36 
0 x 0.513 = 0.000 R36 

' 2 x 0.231 = 0.462 R36 (Ref . 92) 
2 x 0.513 = 1 .026 R36 (Ref . 92) 
10 x 1 .080 = 10.800 R36 (Ref. 88 & 93) 
10 x 0.231 = 2.310 R36 

0 x 5.400 = 0.000 
3 x 0.062 = 0.186 
f x 0.038 = 0.038 
2 x 0.070 = 0.140 
TOTAL = 14.962 Amps JR36 

Time 
0 x 0.154 = 0.000 is-10m R36 
0 x 0.342 = 0.000 R36 
0 x 15.000 = 0.000 R36 
0 x 0.231 = 0.000 R36 
0 x 0.513 = 0.000 A36 
12 x 0.231 = 2.772 R36 (Ref, 92) 
2 x 0.513 = 1.026 R36 (Ref. 92) 
0 x 1 .080 = 0.000 R36 (Ref. 88 & 93) 
0 x 0.231 = 0.000 R36 

0 x 5.400 = 0.000 
3 x 0.062 = 0.186 
1 x 0.038 = 0.038 
2 x 0.070 = 0.140 
TOTAL = 4.162 Amps JR36 

Time 
0 x 0.154 = 0.000 10m-10m2s R36 
0 x 0.342 = 0.000 R36 
1 x 15.000 = 15.000 R36 
0 x 5.000 = 0.000 R36 
1 x 0.231 = 0.231 R36 
0 x 0.513 = 0.000 R36 

1 t x 0.231 = 2.541 R36 (Ref. 92) 
2 x 0.513 = 1 .026 R36 (Ref. 92) 
0 x 1 .080 = 0.000 R36 (Ref . 88 & 93) 
0 x 0.231 = 0.000 R36 

0 x 5.400 = 0.000 
3 x 0.062 = 0.186 JR36 
1 x 0.038 = 0.038 
2 x 0.070 = 0.140 
TOTAL = 19.162 Amps 

IR36 
R36 



COMMONWEALTH EDISON COMPANY 
CALCULATION NO. : 7318-32-1 9-1 	- 

4kV Switchgear 23 
LOOP Condition 

0 

	

lights for closed breakers (® 0.154 each) 
0 

	

lights for closed breakers (® 0.342 each) 
0 

	

breaker closing coils (Peak) 
1 

	

breaker closing coils (Continuous) 
1 

	

lights for closing breakers (0 0.231 each) 
0 

	

lights for closing breakers (0 0.513 each) 
11 

	

lights for tripped breakers (® 0.231 each) 
2 

	

lights for tripped breakers (0 0.513 each) 
0 

	

breaker tripping coils 
0 

	

lights for tripping breakers (® 0.231 each) 

Relays energized: 
0 HEA 
3 HFA 
1 HGA 
2 UV Relay 

1 

	

lights for closed breakers (® 0.154 each) 
0 

	

lights for closed breakers (0 0.342 each) 
1 

	

breaker closing coils (Peak) 
0 

	

breaker closing coils (Continuous) 
0 

	

lights for closing breakers (® 0.231 each) 
t 

	

lights for closing breakers (0 0.513 each) 
11 lights for tripped breakers (0 0.231 each) 
1 

	

lights for tripped breakers (® 0.513 each) 
0 

	

breaker tripping coils 
0 

	

lights for tripping breakers (0 0.231 each) 

Relays energized: 
0 HEA 
3 HFA 
1 HGA 
2 UV Relay 

1 

	

lights for closed breakers (® 0.154 each) 
0 

	

lights for closed breakers (0 0.342 each) 
0 

	

breaker closing coils (Peak) 
1 

	

breaker closing coils (Continuous) 
0 

	

lights for closing breakers (® 0.231 each) 
1 

	

lights for closing breakers (0 0.513 each) 
11 lights for tripped breakers (® 0.231 each) 
1 

	

lights for tripped breakers (® 0.513 each) 
0 

	

breaker tripping coils 
0 

	

lights for tripping breakers (0 0.231 each) 

Relays energized: 
0 

	

HEA 
3 

	

HFA 
1 

	

HGA 
2 

	

UV Relay 

REVISION NO . : 

	

36 

-- Page No. f13 

Page 4 of 12 IR36 

Time 
0 x 0.154 = 0.000 10m2s-10m 15s ~R36 
0 x 0.342 = 0.000 IR36 
0 x 15.000 = 0.000 R36 
1 x 5.000 = 5.000 R36 
1 x 0.231 = 0.231 R36 (Ref. 92) 
0 x 0.513 = 0.000 A36 (Ref . 92) 

11 x 0.231 = 2.541 R36 
2 x 0.513 = 1 .026 R36 
0 x 1 .080 = 0.000 R36 (Ref . 88 & 93) 
0 x 0.231 = 0.000 R36 

0 x 5.400 = 0.000 
3 x 0.062 = 0.186 JR36 
1 x 0.038 = 0.038 
2 x 0.070 = 0.140 R36 
TOTAL = 9.162 Amps IR36 

Time 
1 x 0.154 = 0.154 10m15s-10m17s A36 (Ref. 92) 
0 x 0.342 = 0.000 R36 (Ref. 92) 
1 x 15.000 = 15.000 R36 
0 x 5.000 = 0.000 R36 
0 x 0.231 = 0.000 R36 
1 x 0.513 = 0.513 R36 

11 x 0.231 = 2.541 R36 (Ref . 92) 
1 x 0.513 = 0.513 R36 (Ref . 92) 
0 x 1 .080 = 0.000 836 (Ref . 88 & 93) 
0 x 0.231 = 0.000 R36 

0 x 5.400 = 0.000 
3 x 0.062 = 0.186 JR36 
1 x 0.038 = 0.038 
2 x 0.070 = 0.140 R36 
TOTAL = 19.085 Amps IR36 

Time R36 
1 x 0.154 = 0.154 10m17s-10m30s R36 (Ref. 92) 
0 x 0.342 = 0.000 R36 (Ref. 92) 
0 x 15.000 = 0.000 R36 
1 x 5.000 = 5.000 R36 
0 x 0.231 = 0.000 R36 
1 x 0.513 = 0.513 R36 

11 x 0.231 = 2 .541 R36 (Ref . 92) 
1 x 0.513 = 0.513 R36 (Ref . 92) 
0 x 1 .080 = 0.000 R36 (Ref. 88 & 93) 
0 x 0.231 = 0.000 R36 

R36 
0 x 5.400 = 0.000 R36 
3 x 0.062 = 0.186 R36 
1 x 0.038 = 0.038 R36 
2 x 0.070 = 0.140 R36 
TOTAL = 9.085 Amps R36 



CALCULATION NO.: 7318-32-19-1 
COMMONWEALTH EDISON COMPANY 

LPag N-0.11 Y 

4kV Switchgear 23 
LOOP Condition 

1 

	

lights for closed breakers (® 0.154 each) 
1 

	

lights for closed breakers (f: 0.342 each) 
0 

	

breaker closing coils (Peak) 
0 

	

breaker closing coils (Continuous) 
0 

	

lights for closing breakers (® 0.231 each) 
0 

	

lights for closing breakers (® 0.513 each) 
11 lights for tripped breakers (® 0.231 each) 
1 

	

lights for tripped breakers (0 0.513 each) 
0 

	

breaker tripping coils 
0 

	

lights for tripping breakers (® 0,231 each) 

Relays energized: 
0 HEA 
3 HFA 
1 HGA 
2 UV Relay 

1 

	

lights for closed breakers (® 0.154 each) 
1 

	

lights for closed breakers (® 0.342 each) 
1 

	

breaker closing coils (Peak) 
0 

	

breaker closing coils (Continuous) 
1 

	

lights for closing breakers (® 0.231 each) 
0 

	

lights for closing breakers (® 0.513 each) 
10 lights for tripped breakers (O 0.231 each) 
1 

	

lights for tripped breakers (® 0.513 each) 
0 

	

breaker tripping coils 
0 

	

lights for tripping breakers (0 0.231 each) 

Relays energized: 
0 HEA 
3 HFA 
1 HGA 
2 UV Relay 

1 

	

lights for closed breakers (® 0.154 each) 
1 

	

lights for closed breakers (® 0.342 each) 
0 

	

breaker closing coils (Peak) 
1 

	

breaker dosing coils (Continuous) 
1 

	

lights for closing breakers (® 0.231 each) 
0 

	

lights for closing breakers (® 0.513 each) 
10 lights for tripped breakers(* 0.231 each) 
1 

	

lights for tripped breakers (0 0.513 each) 
0 

	

breaker tripping coils 
0 

	

lights for tripping breakers (0 0.231 each) 

REVISION NO . : 

	

36 

Relays energized: 
0 HEA 
3 HFA 
1 HGA 
2 UV Relay 

Page 5 of 12 
IR36 
836 

Time R36 
1 x 0.154 - 0.154 10m30s-10m45s R36 
1 x 0.342 = 0.342 R36 
0 x 15.000 = 0.000 R36 
0 x 5.000 = 0.000 R36 
0 x 0.231 = 0.000 R36 (Ref . 92) 
0 x 0.513 = 0.000 R36 (Ref. 92) 

11 x 0.231 = 2.541 R36 
1 x 0.513 = 0.513 R36 
0 x 1 .080 = 0.000 R36 (Ref . 88 & 93) 
0 x 0.231 = 0.000 R36 

R36 
0 x 5.400 = 0.000 R36 
3 x 0.062 = 0.186 R36 
1 x 0.038 = 0.038 836 
2 x,, 0.070 = 0.140 R36 
TOTAL - 3.914 Amps R36 

Time R36 
1 x 0.154 = 0.154 10m45s-10m47s R36 (Ret . 92) 
1 x 0.342 = 0.342 R36 (Ref . 92) 
1 x 15.000 = 15.000 R36 
0 x 5.000 = 0.000 R36 
1 x 0.231 = 0.231 R36 
0 x 0.513 = 0.000 R36 

10 x 0.231 = 2.310 R36 (Ref . 92) 
1 x 0.513 = 0.513 R36 (Ref. 92) 
0 x 1 .080 = 0.000 R36 (Ref. 88 & 93) 
0 x 0.231 = 0.000 R36 

~R36 
0 x 5.400 = 0.000 R36 
3 x 0.062 = 0.186 A36 
1 x 0.038 = 0.038 R36 
2 x 0.070 = 0.140 R36 
TOTAL = 18.914 Amps R36 

Time R36 
1 x 0.154 = 0.154 10m47s-11 m R36 (Ref. 92) 
1 x 0.342 = 0.342 R36 (Ref. 92) 
0 x 15.000 = 0.000 R36 
1 x 5.000 = 5.000 R36 
1 x 0.231 = 0.231 R36 
0 x 0.513 = 0.000 R36 

10 x 0.231 = 2.310 R36 (Ref. 92) 
1 x 0.513 = 0.513 R36 (Ref . 92) 
0 x 1 .080 = 0.000 R36 (Ref. 88 & 93) 
0 x 0.231 = 0.000 R36 

I R36 
0 x 5.400 = 0.000 'R36 
3 x 0.062 = 0.186 R36 
1 x 0.038 = 0.038 R36 
2 x 0.070 = 0.140 R36 
TOTAL = 8.914 Amps R36 



COMMONWEALTH EDISON COMPANY 
CALCULATION NO. : 7318-32-19-1 Page No.-1iS 

4kV Switchgear 23 
LOOP Condition 

2 

	

lights for closed breakers (® 0.154 each) 
1 

	

lights for closed breakers (0 0.342 each) 
0 

	

breaker closing coils (Peak) 
0 

	

breaker closing coils (Continuous) 
0 

	

lights for closing breakers (0 0.231 each) 
0 

	

lights for closing breakers (® 0.513 each) 
10 lights for tripped breakers (Q 0.231 each) 
1 

	

lights for tripped breakers (® 0.513 each) 
0 

	

breaker tripping coils 
0 

	

lights for tripping breakers (® 0.231 each) 

Relays energized: 
0 

	

HEA 
3 

	

HFA 
1 

	

HGA 
2 

	

UV Relay 

2 

	

lights for closed breakers (0 0.154 each) 
1 

	

lights for closed breakers (® 0.342 each) 
1 

	

breaker closing coils (Peak) 
0 

	

breaker closing coils (Continuous) 
1 

	

lights for closing breakers (® 0.231 each) 
0 

	

lights for closing breakers (® 0.513 each) 
9 

	

lights for tripped breakers (® 0.231 each) 
1 

	

lights for tripped breakers (® 0.513 each) 
0 

	

breaker tripping coils 
0 

	

lights for tripping breakers (0 0.231 each) 

Relays energized: 
0 

	

HEA 
3 

	

HFA 
1 

	

HGA 
2 

	

UV Relay 

2 

	

lights for closed breakers (® 0.154 each) 
1 

	

lights for closed breakers (® 0.342 each) 
0 

	

breaker closing coils (Peak) 
1 

	

breaker closing coils (Continuous) 
1 

	

lights for closing breakers (0 0.231 each) 
0 

	

lights for closing breakers (42 0.513 each) 
9 

	

lights for tripped breakers (0 0.231 each) 
1 

	

lights for tripped breakers (® 0.513 each) 
0 

	

breaker tripping coils 
0 

	

lights for tripping breakers (0 0.231 each) 

Relays energized: 
0 

	

HEA 
3 

	

HFA 
1 

	

HGA 
2 

	

UV Relay 

REVISION NO . : 

	

36 

Page 6 of 12 
IR36 
A36 

Time R36 
2 x 0.154 = 0.308 11m-11m15s R36 
1 x 0.342 = 0.342 R36 
0 x 15.000 = 0.000 R36 
0 x 5.000 = 0.000 R36 
0 x 0.231 = 0.000 836 (Ref. 92) 
0 x 0.513 = 0.000 R36 (Ref. 92) 

10 x 0.231 = 2.310 R36 
1 x 0.513 = 0.513 R36 
0 x 1 .080 = 0.000 R36 (Ref . 88 $ 93) 
0 x 0.231 = 0.000 R36 

R36 
0 x 5.400 = 0.000 R36 
3 x 0.062 = 0.186 R36 
1 x 0.038 = 0.038 R36 
2 x 0.070 = 0.140 R36 
TOTAL 3.837 Amps R36 

Time R36 
2 x 0.154 = 0.308 11m15s-11m17s R36 (Ref. 92) 
1 x 0.342 = 0.342 R36 (Ref . 92) 
1 x 15.000 = 15.000 R36 
0 x 5.000 = 0.000 R36 
1 x 0.231 = 0.231 R36 
0 x 0.513 = 0.000 R36 
9 x 0.231 = 2.079 R36 (Ref . 92) 
1 x 0.513 = 0.513 R36 (Ref . 92) 
0 x 1 .080 = 0.000 R36 (Ref. 88 & 93) 
0 x 0.231 = 0.000 R36 

R36 
0 x 5.400 = 0.000 R36 
3 x 0.062 = 0.186 R36 
1 x 0.038 = 0.038 R36 
2 x 0.070 = 0.140 R36 
TOTAL = 18.837 Amps R36 

Time R36 
2 x 0.154 = 0.308 11m17s-11m30s R36 (Ref . 92) 
1 x 0.342 = 0.342 R36 (Ref. 92) 
0 x 15.000 = 0.000 R36 
1 x 5.000 = 5.000 R36 
1 x 0.231 = 0.231 R36 
0 x 0.513 = 0.000 R36 
9 x 0.231 = 2.079 R36 (Ref. 92) 
1 x 0.513 = 0.513 R36 (Ref. 92) 
0 x 1 .080 = 0.000 R36 (Ref . 88 & 93) 
0 x 0.231 = 0.000 R36 

R36 
0 x 5.400 = 0.000 R36 
3 x 0.062 = 0.186 R36 
1 x 0.038 = 0.038 R36 
2 x 0.070 = 0.140 R36 
TOTAL 8.837 Amps R36 



COMMONWEALTH EDISON COMPANY 
CALCULATION NO.: 7318-32-19-1 Pa °~ e No. l l 6 

4kV Switchgear 23 
LOOP Condition 

3 

	

lights for closed breakers (® 0.154 each) 
1 

	

lights for closed breakers (® 0.342 each) 
0 

	

breaker closing coils (Peak) 
0 

	

breaker closing coils (Continuous) 
0 

	

lights for closing breakers (0 0.231 each) 
0 

	

lights for closing breakers (0 0.513 each) 
9 

	

lights for tripped breakers (0 0.231 each) 
1 

	

lights for tripped breakers (® 0.513 each) 
0 

	

breaker tripping coils 
0 

	

lights for tripping breakers (® 0.231 each) 

Relays energized: 
0 

	

HEA 
3 

	

HFA 
1 

	

HGA 
2 

	

UV Relay 

(REVISION NO. : 

	

36 

Page 7 of 12 
IR36 
836 

Time R36 
3 x 0.154 = 0.462 11 m30s-end R36 
1 x 0.342 = 0.342 R36 
0 x 15.000 = 0.000 R36 
0 x 5.000 = 0.000 R36 
0 x 0.231 = 0.000 R36 (Ref . 92) 
0 x 0.513 = 0.000 R36 (Ref . 92) 
9 x 0.231 = 2.079 R36 
1 x 0.513 = 0.513 R36 
0 x 1 .080 = 0.000 R36 (Ref . 88 & 93) 
0 x 0.231 = 0.000 R36 

R36 
0 x 5.400 = 0.000 R36 
3 x 0.062 = 0.186 R36 
1 x 0.038 = 0.038 R36 
2 x 0.070 = 0.140 R36 
TOTAL 3.760 Amps R36 



COMMONWEALTH EDISON COMPANY 
CALCULATION NO. : 7318-32-19-1 

4kV Switchgear 23 

	

Page 8 of 12 

	

JR36 
LOOP Condition 
NOTES 
1 .) At t=0s all closed breakers trip . 4kV SWGR 23 sheds all load. 
2.) At t=1s all 4kV SWGR 23 loads have been shed (i .e. all breakers have completed tripping) . 
3.) At t=10m feed breaker to 4kV SWGR 23-1 closes . 

	

R36 
4.) At t=10m15s feed breaker to RHR SWP 2A or 2B closes . 

	

R36 
5.) At t=10m45s feed breaker to SW Pump 2A closes . 

	

R36 
6.) At t=11 m15s feed breaker to CRD Feed Pump 2A closes . 

	

R36 

Pale No. l i -7 

REVISION NO.: 

	

36 



COMMONWEALTH EDISON COMPANY 
CALCULATION NO.: 7318-32-19-1 - 

	

Page No. 

	

3 .0 

4kV Switchgear 23 

	

Page 9 of 12 

	

JR36 
LOOP & LOCA Condition 
The maximum do load on the circuit under LOOP & LOCA condition is : 

Time 
0 

	

lights for closed breakers (0 0.154 each) 

	

0 

	

x 

	

0.154 = 

	

0.000 

	

0s-1s 

	

R36 
0 

	

lights for closed breakers (0 0.342 each) 

	

0 

	

x 

	

0.342 = 

	

0.000 

	

R36 
0 

	

breaker dosing coils 

	

0 x 

	

15.000 = 

	

0.000 

	

R36 
0 

	

lights for closing breakers (0 0.231 each) 

	

0 

	

x 

	

0.231 

	

= 

	

0.000 

	

R36 
0 

	

lights for closing breakers (0 0.513 each) 

	

0 

	

x 

	

0.513 = 

	

0.000 

	

R36 
2 

	

lights for tripped breakers (0 0.231 each) 

	

2 

	

x 

	

0.231 

	

= 

	

0.462 

	

R36 (Ref. 92) 
2 

	

lights for tripped breakers (0 0.513 each) 

	

2 

	

x 

	

0.513 

	

= 

	

1 .026 

	

836 

	

(Ref. 92) 
10 breaker tripping coils 

	

10 

	

x 

	

1 .080 = 

	

10.800 

	

R36 (Ref . 88 & 93) 
10 lights for tripping breakers (0 0.231 each) 

	

10 

	

x 

	

0.231 

	

= 

	

2.310 

	

R36 

Relays energized: 
0 HEA 

	

0 x 5.400 = 0 .000 
3 HFA 

	

3 x 0.062 = 0.186 
1 HGA 

	

1 x 0.038 = 0.038 
2 

	

UV Relay 

	

2 x 

	

0.070 = 

	

0.140 
TOTAL 

	

= 

	

14.962 Amps 

	

JR36 

Time 
0 

	

lights for closed breakers (® 0.154 each) 

	

0 x 

	

0.154 = 

	

0.000 

	

1s-10m15s 

	

R36 
0 

	

lights for closed breakers (® 0.342 each) 

	

0 

	

x 

	

0.342 = 

	

0.000 

	

R36 
0 

	

breaker dosing coils 

	

0 

	

x 

	

15.000 = 

	

0.000 

	

R36 
0 

	

lights for closing breakers (0 0231 each) 

	

0 

	

x 

	

0.231 

	

= 

	

0.000 

	

R36 
0 

	

lights for closing breakers (0 0.513 each) 

	

0 x 

	

0.513 = 

	

0.000 

	

R36 
12 lights for tripped breakers (® 0.231 each) 

	

12 

	

x 

	

0.231 

	

= 

	

2.772 

	

R36 (Ref. 92) 
2 

	

lights for tripped breakers(* 0.513 each) 

	

2 

	

x 

	

0.513 = 

	

1.026 

	

R36 (Ref. 92) 
0 

	

breaker tripping coils 

	

0 

	

x 

	

1 .080 = 

	

0.000 

	

R36 (Ref . 88 & 93) 
0 

	

lights for tripping breakers (0 0.231 each) 

	

0 x 

	

0.231 

	

= 

	

0.000 

	

A36 

Relays energized : 
0 HEA 
3 HFA 
1 HGA 
2 

	

UV Relay 

0 x 5.400 = 0.000 
3 x 0.062 = 0.186 
1 x 0.038 = 0.038 
2 x 0.070 = 0.140 
TOTAL 

	

= 

	

4.162 Amps 836 

Time 
0 

	

lights for closed breakers (A 0.154 each) 

	

0 x 

	

0.154 = 

	

0.000 

	

10m15s-10m17s R36 
0 

	

lights for closed breakers (0 0.342 each) 

	

0 x 

	

0.342 = 

	

0.000 

	

R36 
1 

	

breaker closing coils (Peak) 

	

1 

	

x 

	

15.000 = 

	

15.000 

	

R36 
0 

	

breaker closing coils (Continuous) 

	

0 x 

	

5.000 = 

	

0.000 

	

R36 
1 

	

lights for closing breakers (0 0231 each) 

	

1 

	

x 

	

0.231 

	

= 

	

0.231 

	

R36 
0 

	

lights for closing breakers (® 0.513 each) 

	

0 

	

x 

	

0.513 = 

	

0.000 

	

R36 
11 

	

lights far tripped breakers (® 0.231 each) 

	

11 

	

x 

	

0.231 

	

= 

	

2.541 

	

R36 (Ref. 92) 
2 

	

lights for tripped breakers (® 0.513 each) 

	

2 

	

x 

	

0.513 

	

= 

	

1 .026 

	

R36 (Ref . 92) 
0 

	

breaker tripping coils 

	

0 

	

x 

	

1 .080 = 

	

0.000 

	

R36 (Ref . 88 & 93) 
0 

	

lights for tripping breakers (0 0.231 each) 

	

0 x 

	

0.231 

	

= 

	

0.000 

	

R36 

Relays energized: 
0 HEA 

	

0 x 5.400 = 0.000 
3 HFA 

	

3 x 0.062 = 0.186 

	

JR36 
1 HGA 

	

1 x 0.038 = 0.038 
2 

	

UV Relay 

	

2 x 

	

0.070 = 

	

0.140 

	

~R36 
TOTAL 

	

= 

	

19.162 Amps 

	

R36 

REVISION NO. : 

	

36 



COMMONWEALTH EDISON COMPANY 
CALCULATION NO.: 7318-32-19-1 

4kV Switchgear 23 
LOOP & LOCA Condition 

0 

	

lights for closed breakers (0 0.154 each) 
0 

	

lights for closed breakers (® 0.342 each) 
0 

	

breaker closing coils (Peak) 
1 

	

breaker closing coils (Continuous) 
1 

	

lights for closing breakers (0 0.231 each) 
0 

	

lights for closing breakers (0 0.513 each) 
11 

	

lights for tripped breakers (® 0.231 each) 
2 

	

lights for tripped breakers (* 0.513 each) 
0 

	

breaker tripping coils 
0 

	

lights for tripping breakers (0 0.231 each) 

Relays energized: 
0 HEA 
3 HFA 
1 HGA 
2 UV Relay 

1 

	

lights for closed breakers(* 0.154 each) 
0 

	

lights for closed breakers (0 0.342 each) 
1 

	

breaker closing coils (Peak) 
0 

	

breaker closing coils (Continuous) 
0 

	

lights for closing breakers (Q 0.231 each) 
1 

	

lights for closing breakers (® 0.513 each) 
11 

	

lights for tripped breakers (® 0.231 each) 
1 

	

lights for tripped breakers(* 0.513 each) 
0 

	

breaker tripping coils 
0 

	

lights for tripping breakers (® 0.231 each) 

Relays energized: 
0 

	

HEA 
3 

	

HFA 
1 

	

HGA 
2 

	

UV Relay 

1 

	

lights for closed breakers (® 0.154 each) 
0 

	

lights for dosed breakers (Q 0.342 each) 
0 

	

breaker closing coils (Peak) 
1 

	

breaker closing coils (Continuous) 
0 

	

lights for closing breakers (0 0.231 each) 
1 

	

lights for closing breakers (® 0.513 each) 
11 lights for tripped breakers(* 0.231 each) 
1 

	

lights for tripped breakers (® 0.513 each) 
0 

	

breaker tripping coils 
0 

	

lights for tripping breakers (0 0.231 each) 

Relays energized: 
0 

	

HEA 
3 

	

HFA 
1 

	

HGA 
2 

	

UV Relay 

REVISION WO-.:-36- 
- - - . - T - 

Page No. f + i i 
Page 10 of 12 JR36 

Time 
0 x 0.154 = 0.000 10m17s-10m30s R36 
0 x 0.342 = 0.000 R36 
0 x 15.000 = 0.000 R36 
1 x 5.000 = 5.000 R36 
1 x 0.231 = 0.231 R36 (Ref . 92) 
0 x 0.513 = 0.000 R36 (Ref . 92) 

11 x 0.231 = 2.541 R36 
2 x 0.513 = 1 .026 R36 
0 x 1 .080 = 0.000 R36 (Ref . 88 & 93) 
0 x 0.231 = 0.000 R36 

0 x 5.400 = 0.000 
3 x 0.062 = 0.186 JR36 
1 x 0.038 = 0.038 
2 x 0.070 = 0.140 
TOTAL = 9.162 Amps 

~R36 
836 

Time 
1 x 0.154 = 0.154 10m30s-10m32s R36 (Ref . 92) 
0 x 0.342 = 0.000 R36 (Ref . 92) 
1 x 15.000 = 15.000 R36 
0 x 5.000 = 0.000 R36 
0 x 0.231 = 0.000 R36 
1 x 0.513 = 0.513 R36 

11 x 0.231 = 2.541 836 
1 x 0.513 = 0.513 R36 
0 x 1 .080 = 0.000 836 (Ref . 88 & 93) 
0 x 0.231 = 0.000 R36 

0 x 5.400 = 0.000 
3 x 0.062 = 0.186 JR36 
1 x 0.038 = 0.038 
2 x 0.070 = 0.140 
TOTAL = 19.085 Amps 

~R36 
R38 

Time R36 
1 x 0.154 = 0.154 t Om32s-10m45s R36 (Ref. 92) 
0 x 0.342 = 0.000 R36 (Ref . 92) 
0 x 15.000 = 0.000 R36 
1 x 5.000 = 5.000 R36 
0 x 0.231 = 0.000 836 
1 x 0.513 = 0.513 R36 

11 x 0.231 = 2.541 R36 
1 x 0.513 = 0.513 R36 
0 x 1 .080 = 0.000 R38 (Ref . 88 & 93) 
0 x 0.231 = 0.000 R36 

R36 
0 x 5.400 = 0.000 R36 
3 x 0.062 = 0.186 R36 
1 x 0.038 = 0.038 R36 
2 x 0.070 = 0.140 R36 
TOTAL 9.085 Amps R36 



COMMONWEALTH EDISON COMPANY 
CALCULATION NO.: 7318-32-19-1 

1 

	

lights for closed breakers (0 0.154 each) 
1 

	

lights for closed breakers (® 0.342 each) 
0 

	

breaker closing coils (Peak) 
0 

	

breaker closing coils (Continuous) 
0 

	

lights for closing breakers (0 0.231 each) 
0 

	

lights for closing breakers (0 0.513 each) 
11 

	

lights for tripped breakers (® 0.231 each) 
1 

	

lights for tripped breakers (® 0.513 each) 
0 

	

breaker tripping coils 
0 

	

lights for tripping breakers (0 0.231 each) 

4kV Switchgear 23 
LOOP & LOCA Condition 

Relays energized: 
0 

	

HEA 
3 

	

HFA 
1 

	

HGA 
2 

	

UV Relay 

REVISION NO . : 

	

36 

Page No. 1,-9 . Z?-- 

Page 11 of 12 
IR3R36 6 

Time R36 
1 x 0.154 = 0.154 10m45s-end R36 
1 x 0.342 = 0.342 R36 
0 x 15.000 = 0.000 R36 
0 x 5.000 = 0.000 R36 
0 x 0.231 = 0.000 R36 (Ref . 92) 
0 x 0.513 = 0.000 836 (Ref . 92) 

11 x 0.231 = 2.541 R36 
1 x 0.513 = 0.513 R36 
0 x 1 .080 = 0.000 R36 (Ref . 88 & 93) 
0 x 0.231 = 0.000 R36 

R36 
0 x 5.400 = 0.000 R36 
3 x 0.062 = 0.186 R36 
1 x 0.038 = 0.038 R36 
2 x 0.070 = 0.140 R36 
TOTAL = 3.914 Amps R36 



COMMONWEALTH EDISON COMPANY 
CALCULATION NO. : 7318-32-19-1 [Fade No. f 1 

4kV Swltchgear 23 

	

Page 12 of 12 

	

JR36 
LOOP & LOCA Condition 
NOTES 
1 .) At t--Os all closed breakers trip .4kV SWGR 23 sheds all load . 
2.) At Ws all 4kV SWGR 23 loads have been shed (i.e . all breakers have completed tripping). 
3.) At t=10m15s feed breaker to 4kV SWGR 23-1 closes . 

	

R36 
4.) At t=10m30s feed breaker to RHR SWP 2A or 2B closes . 

	

IR36 

R36 

REVISION NO.: 

	

36 

	

1 

	

--- 



COMMONWEALTH EDISON COMPANY 
CALCULATION NO.: 7318-32-19-1 I Page No. 

Bus Panel #2 Circuit 1 

	

Page 1 of 13 

	

JR36 
4kV Switchgear Bus 23-1 Main Feed 

4kV Switchgear 23-1 AC Loads 

*NOTE: 

	

The SBO beaker remains tripped when there is a LOCA on either unit . Since the 
scenario modeled is a LOOP on both units 1 & 2 and a LOCA on one unit, the SBO 
breaker is not modeled as dosing . 

" Only 1 pump remains energized at the end of the LOOP & LOCH scenario. 

836 

REVISION NO . : 

	

36 

Bkr. # Service AC Bkr. Status S/D Rev. 
On-line LOOP/ 

LOOP & 
LOCA 
t=1 

LOOP/ 
LOOP & 
LOCA 
After 

152-2321 Div. I Cross-Tie to Bus 13-1 T T T/T 4E-2345 SH . 3, A 
152-2322 Core Spray Pump 2A T T TIC 4E-2429 SH . 1, K 
152-2323 Main Feed C T C/C 4E-2344 SH . 3, E 
152-2324 RHR Pump 2A T T T/C'* 4E-24380 SH . 1, L 
152-2325 480V Transformer 20 C T T/T 4E-7230 C 
152-2326 RHR Pump 2B T T T/C-- 4E-24380 SH . 1, L 
152-2327 480V Switc ear 28 C C C/C 4E-2349 SH. 1, P 
152-2328 SBO DG' T T T/ T - - 
152-2329 - DG-1/2 -~ T -T - T -~~ 4&2345 SH. 1, AP 



COMMONWEALTH EDISON COMPANY 

.. ... .. . . . . . . . . .. . . . . ... ._.. . . . .. . . . . ._... . .... . . ..... . . . .... . . ... . . . ... . . . .... . . . ...-... .. . . . .. .. ... . . . ... . ... . ... .. . . . . ... . . . ... . . ...~ . .. . . . . ..... . . ... . . . ....I 

2.936 

Os-8hr 

R36 

'REVISION NO . : 

	

36 

CALCULATION NO.: 7318-32-19-1 

4kV Swttchgear 23-1 
Normal Condltlon 

Page 2 of 13 

Page No.I? 

JR36 

The maximum do load on the circuit under Normal condition is : 
Time 

3 lights far closed breakers (® 0.154 each) 3 x 0.154 = 0.462 Os-8hr R36 
0 lights for closed breakers (® 0.342 each) 0 x 0.342 = 0.000 R36 
3 lights for tripped breakers (® 0.231 each) 3 x 0.231 = 0.693 R36 (Ref . 92) 
3 lights for tripped breakers (Q 0.513 each) 3 x 0.513 = 1 .539 R36 (Ref . 92) 

No switching of breakers 
Relays energized : 

0 SA-1 Relay 0 x 0.055 = 0 .000 
1 Agastat Relay 1 x 0.064 = 0.064 
0 HFA 0 x 0.062 = 0.000 
1 HGA 1 x 0.038 = 0.038 
2 UV Relay 2 x 0.070 = 0.140 

TOTAL = 2.936 Amps JR36 



COMMONWEALTH EDISON COMPANY 
CALCULATION NO.: 7318-32-19-1 

4kV Swftchgear 23-1 
LOOP Condition 
The maximum do load on the circuit under LOOP 

c1 

	

lights for closed breakers (@ 0.154 each) 
0 lights for closed breakers(® 0.342 each) 
0 breaker closing coils 
0 lights for closing breakers(® 0.231 each) 
0 lights for closing breakers (® 0.513 each) 
3 lights for tripped breakers (0 0.231 each) 
3 lights for tripped breakers (® 0.513 each) 
2 breaker tripping coils 
2 lights for tripping breakers (8r 0.231 each) 

Relays energized : 
0 SA-1 Relay 
4 Agastat Relay 
4 HFA 
2 HGA 
4 UV Relay 

i 

	

lights for closed breakers (4 0.154 each) 
0 lights for closed breakers (® 0.342 each) 
0 breaker closing coils 
0 lights for closing breakers (® 0.231 each) 
0 lights for closing breakers (0 0.513 each) 
5 lights for tripped breakers (A 0.231 each) 
3 lights for tripped breakers (® 0.513 each) 
0 breaker tripping coils 
0 lights for tripping breakers (6 0.231 each) 

Relays energized: 
0 SA-1 Relay 
4 Agastat Relay 
4 HFA 
2 HGA 
4 UV Relay 

1 

	

lights for closed breakers (0 0.154 each) 
0 lights for closed breakers (® 0.342 each) 
1 

	

breaker closing coils (Peak) 
0 breaker closing coils (Continuous) 
1 

	

lights for closing breakers (® 0.231 each) 
0 lights for closing breakers (0 0.513 each) 
4 lights for tripped breakers (0 0.231 each) 
3 lights for tripped breakers (® 0.513 each) 
0 breaker tripping coils 
0 lights for tripping breakers (0 0.231 each) 

Relays energized: 
1 

	

Interposing Relay 
0 SA-1 Relay 
4 Agastat Relay 
4 HFA 
2 HGA 
4 UV Relay 

REVISION NO. : 

	

36 

Pago No. 12.2 

Page 3 of 13 JR36 

ondition is: 
Time 

1 x 0.154 = 0.154 Os-Is R36 
0 x 0.342 = 0.000 R36 
0 x 15.000 = 0.000 R36 (Ref . 93) 
0 x 0.231 = 0.000 R36 
0 x 0.513 = 0.000 R36 
3 x 0.231 = 0.693 R36 (Ref . 92) 
3 x 0.513 = 1 .539 R36 (Ref . 92) 
2 x 1 .080 = 2.160 R36 (Ref . 88 & 93) 
2 x 0.231 = 0.462 R36 

0 x 0.055 = 0.000 
4 x 0.064 = 0.256 JR36 
4 x 0.062 = 0.248 
2 x 0.038 = 0.076 JR36 
4 x 0.070 = 0.280 

TOTAL = 5.868 Amps JR36 

Time 
1 x 0.154 = 0.154 1s-10s R36 
0 x 0.342 = 0.000 R36 
0 x 15.000 = 0.000 R36 (Ref . 93) 
0 x 0.231 = 0.000 R36 
0 x 0.513 = 0.000 R36 
5 x 0.231 = 1 .155 R36 (Ref . 92) 
3 x 0.513 = 1 .539 R36 (Ref . 92) 
0 x 1 .080 = 0.000 R36 (Ref . 88 & 93) 
0 x 0.231 = 0.000 R36 

0 x 0.055 = 0.000 
4 x 0.064 = 0.256 JR36 
4 x 0.062 = 0.248 
2 x 0.038 = 0.076 JR36 
4 x 0.070 = 0.280 

TOTAL = 3.708 Amps JR36 

Time 
1 x 0.154 = 0.154 10s-12s R36 
0 x 0.342 = 0.000 836 
t x 15.000 = 15.000 R36 (Ref. 93) 
0 x 5.000 = 0.000 R36 
1 x 0.231 = 0.231 R36 
0 x 0.513 = 0.000 R36 
4 x 0.231 = 0.924 R36 (Ref. 92) 
3 x 0.513 = 1 .539 R36 (Ref . 92) 
0 x 1 .080 = 0.000 R36 (Ref . 88 & 93) 
0 x 0.231 = 0.000 R36 

t x 0.235 = 0.235 
0 x 0.055 = 0.000 
4 x 0.064 = 0.256 R36 
4 x 0.062 = 0.248 R36 
2 x 0.038 = 0.076 R36 
4 x 0.070 = 0.280 R36 

TOTAL = 18 .943 Amps R36 



CALCULATION NO.: 7318-32-19-1 
COMMONWEALTH EDISON COMPANY 

4kV Switchgear 23-1 
LOOP Condition 

1 

	

lights for closed breakers (0 0.154 each) 
0 lights for closed breakers (0 0.342 each) 
0 breaker closing coils (Peak) 
1 

	

breaker closing coils (Continuous) 
1 

	

lights for closing breakers (0 0.231 each) 
0 lights for closing breakers (0 0.513 each) 
4 lights for tripped breakers (0 0.231 each) 
3 lights for tripped breakers (0 0.513 each) 
0 breaker tripping coils 
0 lights for tripping breakers (® 0.231 each) 

Relays energized : 
0 SA-1 Relay 
4 Agastat Relay 
4 HFA 
2 HGA 
4 UV Relay 

2 lights for closed breakers (0 0.154 each) 
0 lights for closed breakers (0 0.342 each) 
0 breaker closing coils (Peak) 
0 breaker closing coils (Continuous) 
0 lights for closing breakers (0 0.231 each) 
0 lights for closing breakers (0 0.513 each) 
4 lights for tripped breakers (0 0.231 each) 
3 lights far tripped breakers (0 0.513 each) 
0 breaker tripping coils 
0 lights for tripping breakers (0 0.231 each) 

Relays energized: 
0 SA-1 Relay 
4 Agastat Relay 
4 HFA 
2 HGA 
4 UV Relay 

2 lights for closed breakers (0 0.154 each) 
0 lights for closed breakers (0 0.342 each) 
1 

	

breaker closing coils (Peak) 
0 breaker closing coils (Continuous) 
1 

	

lights for closing breakers (0 0.231 each) 
0 lights for closing breakers (0 0.513 each) 
3 lights for tripped breakers (0 0.231 each) 
3 lights for tripped breakers (0 0.513 each) 
0 breaker tripping coils 
0 lights for tripping breakers (0 0.231 each) 

Relays energized : 
0 SA-1 Relay 
4 Agastat Relay 
4 HFA 
2 HGA 
4 UV Relay 

REVISION NO. : 

	

36 

	

1 

	

1 

	

-- 

	

-
F 
-- _ 

fago No. )Z3 

Page 4 of 13 JR36 

Time 
1 x 0.154 = 0.154 12s-25s R36 
0 x 0.342 = 0.000 R36 
0 x 15.000 = 0.000 R36 (Ref. 93) 
1 x 5.000 = 5.000 R36 
1 x 0.231 = 0.231 R36 
0 x 0.513 = 0.000 R36 
4 x 0.231 = 0.924 R36 (Ref . 92) 
3 x 0.513 = 1 .539 R36 (Ref . 92) 
0 x 1 .080 = 0.000 R36 (Ret . 88 & 93) 
0 x 0.231 = 0.000 R36 

0 x 0.055 = 0.000 
4 x 0.064 = 0.256 R36 
4 x 0.062 = 0.248 R36 
2 x 0.038 = 0.076 R36 
4 x 0.070 = 0.280 R36 

TOTAL = 8.708 Amps R36 

Time 
2 x 0.154 = 0.308 25s-10m R36 
0 x 0.342 = 0.000 R36 
0 x 15.000 = 0.000 R36 (Ref. 93) 
0 x 5.000 = 0.000 R36 
0 x 0 .231 = 0.000 R36 
0 x 0.513 = 0.000 R36 
4 x 0.231 = 0.924 R36 (Ref. 92) 
3 x 0.513 = 1 .539 R36 (Ref. 92) 
0 x 1 .080 = 0.000 R36 (Ref. 88 & 93) 
0 x 0.231 = 0.000 R36 

0 x 0.055 = 0.000 
4 x 0.064 = 0.256 R36 
4 x 0.062 = 0.248 R36 
2 x 0.038 = 0.076 R36 
4 x 0.070 = 0.280 R36 

TOTAL = 3.631 Amps R36 

Time 
2 x 0.154 = 0 .308 10m-10m2s R36 
0 x 0.342 = 0.000 R36 
1 x 15.000 = 15.000 R36 (Rot . 93) 
0 x 5.000 = 0.000 R36 
1 x 0.231 = 0.231 R36 (Ref . 92) 
0 x 0.513 = 0.000 R36 (Ref . 92) 
3 x 0.231 = 0.693 R36 (Ref . 92) 
3 x 0.513 = 1 .539 R36 (Ret. 92) 
0 x 1 .080 = 0.000 R36 (Ref. 88 & 93) 
0 x 0.231 = 0.000 R36 

0 x 0.055 = 0.000 
4 x 0.064 = 0.256 R36 
4 x 0.062 = 0.248 R36 
2 x 0.038 = 0.076 R36 
4 x 0.070 = 0.280 R36 

TOTAL = 18.631 Amps R36 



COMMONWEALTH EDISON COMPANY 
CALCULATION NO. : 7318-32-19-1 

4kV Swftchgear 23-1 
LOOP Conditlon 

2 lights for closed breakers (® 0.154 each) 
0 lights for closed breakers (® 0.342 each) 
0 breaker closing coils (Peak) 
1 

	

breaker closing coils (Continuous) 
1 

	

lights for closing breakers (® 0 .231 each) 
0 lights for closing breakers (~ 0.513 each) 
3 

	

lights for tripped breakers(® 0.231 each) 
3 

	

lights for tripped breakers (® 0.513 each) 
0 breaker tripping coils 
0 lights for tripping breakers (0 0.231 each) 

Relays energized: 
0 SA-1 Relay 
4 Agastat Relay 
4 HFA 
2 HGA 
4 UV Relay 

3 lights for closed breakers (0 0.154 each) 
0 lights for closed breakers (6 0.342 each) 
0 breaker closing coils (Peak) 
0 breaker closing coils (Continuous) 
0 lights for closing breakers (0 0.231 each) 
0 lights for closing breakers (0 0.513 each) 
3 lights for tripped breakers (® 0.231 each) 
3 lights for tripped breakers (® 0.513 each) 
0 breaker tripping coils 
0 lights for tripping breakers (6 0.231 each) 

Relays energized: 
0 SA-1 Relay 
4 Agastat Relay 
4 HFA 
2 HGA 
4 UV Relay 

REVISION NO.: 

	

36 

I Page No. 12- g 

Page 5 of 13 JR36 

Time 
2 x 0.154 = 0.308 10m2s-10m15s R36 (Ref . 92) 
0 x 0.342 = 0.000 R36 (Ref . 92) 
0 x 15.000 = 0.000 R36 (Ref. 93) 
1 x 5.000 = 5.000 R36 
1 x 0.231 = 0.231 R36 
0 x 0.513 = 0.000 R36 
3 x 0.231 = 0.693 R36 (Ref . 92) 
3 x 0.513 = 1 .539 R36 (Ref . 92) 
0 x 1 .080 = 0 .000 R36 (Rot . 88 & 93) 
0 x 0.231 = 0.000 R36 

0 x 0.055 = 0.000 
4 x 0.064 = 0.256 R36 
4 x 0.062 = 0.248 R36 
2 x 0.038 = 0.076 R36 
4 x 0.070 = 0.280 R36 

TOTAL = 8.631 Amps R36 

Time 
3 x 0.154 = 0.462 10m15s-end R36 (Ref. 92) 
0 x 0.342 = 0.000 R36 (Ref . 92) 
0 x 15.000 = 0.000 R36 (Ref . 93) 
0 x 5.000 = 0.000 R36 
0 x 0.231 = 0.000 R36 (Ref. 92) 
0 x 0.513 = 0.000 R36 (Ref . 92) 
3 x 0.231 = 0.693 R36 
3 x 0.513 = 1 .539 R36 
0 x 1 .080 = 0.000 R36 (Ref. 88 & 93) 
0 x 0.231 = 0.000 R36 

0 x 0.055 = 0.000 
4 x 0.064 = 0.256 R36 
4 x 0.062 = 0.248 R36 
2 x 0.038 = 0.076 R36 
4 x 0.070 = 0.280 R36 

TOTAL = 3.554 Amps R36 



COMMONWEALTH EDISON COMPANY 
CALCULATION NO. : 7318-32-18-1 Page No. 12~5 

4kV Swltchgear 23-1 

	

Page 6 of 13 

	

JR36 
LOOP Condition 
NOTES 
1 .) At t=Os all closed breakers trip except for 480V SWGR 28 feed. 4kV SWGR 23-1 sheds bad. 
2.) At t=is all 4kV SWGR 23-1 loads have been shed except for 480V SWGR 28 

(i.e. all breakers have completed tripping). 
3.) At t=10s DG 1/2 breaker closes. 
4.) At t=1 0m close Main Feed Breaker to UV SWGR 23. 

	

JR36 

NOTE : 
The SBO breaker remains tripped when there Is a LOCA on either unit. 
Since the scenario modeled is a LOOP on both units 1 & 2 and a LOCA on 

	

R36 
one unit, the SBO breaker is not modeled as closing. 

. . . . .-. . . . . ... . . .... . . ..... .. . . . . . .. ._ . ._.. . . .... .. . . ... . . . . ... . . . . . . ... .. .. ... . . . . . . .. . . . . ..... . . ..... . . . . .. . . . ._ ..... ._ . ..... . . .... . . .. ._... .. ... ..... .. ..... . .... . . . .. ... . . ._ ..... . . . 
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COMMONWEALTH EDISON COMPANY 
'CALCULATION NO. : 7318-32-19-1 

4kV Swttchgear 23-1 
LOOP & LOCA Condition 
The maximum do load on the circuit under LOOP 

1 

	

lights for closed breakers (0 0.154 each) 
0 lights for closed breakers (0 0.342 each) 
0 breaker closing coils 
0 lights for closing breakers (0 0.231 each) 
0 lights for closing breakers (® 0.513 each) 
3 lights for tripped breakers (® 0.231 each) 
3 lights for tripped breakers (0 0.513 each) 
2 breaker tripping coils 
2 

	

lights for tripping breakers (® 0.231 each) 
Relays energized: 

0 SA-1 Relay 
4 Agastat Relay 
4 HFA 
2 HGA 
4 UV Relay 

1 

	

lights for closed breakers (® 0.154 each) 
0 lights for closed breakers (0 0.342 each) 
0 breaker closing coils 
0 lights for closing breakers (® 0.231 each) 
0 lights for closing breakers (® 0.513 each) 
5 lights for tripped breakers (® 0.231 each) 
3 lights for tripped breakers (® 0.513 each) 
0 breaker tripping coils 
0 lights for tripping breakers (® 0.231 each) 

Relays energized : 
0 SA-1 Relay 
4 Agastat Relay 
4 HFA 
2 HGA 
4 UV Relay 

1 

	

lights for closed breakers (® 0.154 each) 
0 lights for closed breakers (® 0.342 each) 
1 

	

breaker closing coils (Peak) 
0 breaker closing coils (Continuous) 
1 

	

lights for closing breakers (® 0.231 each) 
0 lights for closing breakers(* 0.513 each) 
4 lights for tripped breakers (0 0.231 each) 
3 lights for tripped breakers (0 0.513 each) 
0 breaker tripping coils 
0 lights for tripping breakers (® 0.231 each) 

Relays energized: 
1 

	

Interposing Relay 
0 SA-1 Relay 
4 Agastat Relay 
4 HFA 
2 HGA 
4 UV Relay 

REVISION NO. : 

	

36 
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& LOCA condition is : 
Time 

1 x 0.154 = 0.154 Os-is R36 
0 x 0.342 = 0.000 R36 
0 x 15.000 = 0.000 R36 (Ref. 93) 
0 x 0.231 = 0.000 R36 
0 x 0.513 = 0.000 R36 
3 x 0.231 = 0.693 R36 (Ref . 92) 
3 x 0.513 = 1 .539 R36 (Ref . 92) 
2 x 1 .080 = 2.160 R36 (Ref . 88 & 93) 
2 x 0.231 = 0.462 R36 

0 x 0.055 = 0.000 
4 x 0.064 = 0.256 JR36 
4 x 0.062 = 0.248 
2 x 0.038 = 0.076 JR36 
4 x 0.070 = 0.280 

TOTAL = 5.868 Amps JR36 

Time 
1 x 0.154 = 0.154 Is-103 R36 
0 x 0.342 = 0.000 R36 
0 x 15.000 = 0.000 R36 (Ref . 93) 
0 x 0.231 = 0.000 R36 
0 x 0.513 = 0.000 R36 
5 x 0.231 = 1 .155 R36 (Ref . 92) 
3 x 0.513 = 1 .539 R36 (Ref . 92) 
0 x 1 .080 = 0.000 R36 (Ref . 88 & 93) 
0 x 0.231 = 0.000 R36 

0 x 0.055 = 0.000 
4 x 0.064 = 0.256 JR36 
4 x 0.062 = 0.248 
2 x 0.038 = 0.076 R36 
4 x 0.070 = 0.280 

TOTAL = 3.708 Amps JR36 

Time 
1 x 0.154 = 0.154 10s-12s R36 
0 x 0.342 = 0.000 R36 
1 x 15.000 = 15.000 R36 (Ref . 90) 
0 x 5.000 = 0.000 R36 
1 x 0.231 = 0.231 R36 
0 x 0.513 = 0.000 R36 
4 x 0.231 = 0.924 R36 (Ref . 92) 
3 x 0.513 = 1 .539 R36 (Ref. 92) 
0 x 1.080 = 0.000 R36 (Ref. 88 & 93) 
0 x 0.231 = 0.000 R36 

1 x 0.235 = 0.235 
0 x 0.055 = 0.000 
4 x 0.064 = 0.256 R36 
4 x 0 .062 = 0.248 R36 
2 x 0.038 = 0.076 R36 
4 x 0.070 = 0.280 R36 

TOTAL = 18.943 Amps R36 



COMMONWEALTH EDISON COMPANY 
CALCULATION NO.: 7318-32-19-1 

4kV Swltchgear 23-1 
LOOP & LOCA Condition 

1 

	

lights for closed breakers (0 0.154 each) 
0 lights for closed breakers (0 0 .342 each) 
0 breaker closing coils (Peak) 
1 

	

breaker closing coils (Continuous) 
1 

	

lights for closing breakers (0 0.231 each) 
0 lights for closing breakers (0 0.513 each) 
4 

	

lights for tripped breakers (® 0.231 each) 
3 

	

lights for tripped breakers (0 0.513 each) 
0 breaker tripping coils 
0 

	

lights for tripping breakers (® 0.231 each) 
Relays energized: 

0 SA-1 Relay 
4 Agastat Relay 
4 HFA 
2 HGA 
4 UV Relay 

1 

	

lights for closed breakers (® 0.154 each) 
0 lights for closed breakers (® 0.342 each) 
1 

	

breaker closing coils (Peak) 
1 

	

breaker closing coils (Continuous) 
1 

	

lights for closing breakers (® 0.231 each) 
1 

	

lights for closing breakers (® 0.513 each) 
4 lights for tripped breakers (0 0.231 each) 
2 lights for tripped breakers (0 0.513 each) 
0 breaker tripping coils 
0 lights for tripping breakers (0 0.231 each) 

Relays energized: 
0 SA-1 Relay 
4 Agastat Relay 
4 HFA 
2 HGA 
4 UV Relay 

1 

	

lights for closed breakers (0 0.154 each) 
0 lights for closed breakers (® 0.342 each) 
0 breaker closing coils (Peak) 
2 breaker closing coils (Continuous) 
1 

	

lights for closing breakers (® 0.231 each) 
1 

	

lights for closing breakers (® 0.513 each) 
4 lights for tripped breakers (6 0.231 each) 
2 lights for tripped breakers (0 0.513 each) 
0 breaker tripping coils 
0 lights for tripping breakers (® 0.231 each) 

Relays energized: 
0 SA-1 Relay 
4 Agastat Relay 
4 HFA 
2 HGA 
4 UV Relay 

[REVISION NO . : 

	

36 
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Time 
1 x 0.154 = 0.154 12s-13s R36 
0 x 0.342 = 0.000 R36 
0 x 15.000 = 0.000 R36 (Ref . 90) 
1 x 5.000 = 5.000 R36 
1 x 0.231 = 0.231 R36 
0 x 0.513 = 0.000 R36 
4 x 0.231 = 0.924 R36 (Ref . 92) 
3 x 0.513 = 1 .539 R36 (Ref. 92) 
0 x 1 .080 = 0.000 R36 (Ref. 88 & 93) 
0 x 0.231 = 0.000 R36 

0 x 0.055 = 0.000 
4 x 0.064 = 0.256 R36 
4 x 0.062 = 0.248 R36 
2 x 0.038 = 0.076 R36 
4 x 0.070 = 0.280 R36 

TOTAL = 8.708 Amps R36 

Time 
t x 0.154 = 0.154 13s-15s R36 
0 x 0.342 = 0.000 R36 
1 x 15.000 = 15.000 R36 (Ref . 90) 
1 x 5.000 = 5.000 R36 
1 x 0.231 = 0.231 R36 (Ref . 92) 
1 x 0.513 = 0.513 R36 (Rat . 92) 
4 x 0.231 = 0.924 R36 (Ref . 92) 
2 x 0.513 = 1 .026 R36 (Ref . 92) 
0 x 1 .080 = 0.000 R36 (Ref. 88 & 93) 
0 x 0.231 = 0.000 R36 

0 x 0.055 = 0.000 
4 x 0.064 = 0.256 R36 
4 x 0.062 = 0.248 R36 
2 x 0.038 = 0.076 R36 
4 x 0.070 = 0.280 R36 

TOTAL = 23.708 Amps R36 

Time 
1 x 0.154 = 0.154 15s-18s R36 (Ref . 92) 
0 x 0.342 = 0.000 P36 (Ref . 92) 
0 x 15.000 = 0.000 R36 (Ref . 90) 
2 x 5.000 = 10.000 R36 
1 x 0.231 = 0.231 R36 
1 x 0.513 = 0.513 R36 
4 x 0.231 = 0.924 R36 (Ref . 92) 
2 x 0.513 = 1 .026 R36 (Ref. 92) 
0 x 1 .080 = 0.000 R36 (Ref . 88 & 93) 
0 x 0.231 = 0.000 R36 

0 x 0.055 = 0.000 
4 x 0.064 = 0.256 R36 
4 x 0.062 = 0.248 R36 
2 x 0.038 = 0.076 R36 
4 x 0.070 = 0.280 R36 

TOTAL = 13 .708 Amps R36 



COMMONWEALTH EDISON COMPANY 
CALCULATION NO.: 7318-32-19-1 

4kV Swftchgear 23-1 
LOOP & LOCA Condition 

1 

	

lights for closed breakers (® 0.154 each) 
0 lights for closed breakers (® 0.342 each) 
1 

	

breaker closing coils (Peak) 
2 breaker closing coils (Continuous) 
1 

	

lights for closing breakers (® 0.231 each) 
2 lights for closing breakers (® 0.513 each) 
4 

	

lights for tripped breakers (® 0.231 each) 
1 

	

lights for tripped breakers (® 0.513 each) 
0 breaker tripping coils 
0 

	

lights for tripping breakers (0 0.231 each) 
Relays energized: 

0 SA-1 Relay 
4 Agastat Relay 
4 HFA 
2 HGA 
4 UV Relay 

1 

	

lights for closed breakers (® 0.154 each) 
0 lights for closed breakers (® 0.342 each) 
0 breaker closing coils (Peak) 
3 breaker closing coils (Continuous) 
1 

	

lights for closing breakers (® 0.231 each) 
2 lights for closing breakers (A 0.513 each) 
4 lights for tripped breakers (® 0.231 each) 
1 

	

lights for tripped breakers (® 0.513 each) 
0 breaker tripping coils 
0 lights for tripping breakers (® 0.231 each) 

Relays energized: 
0 SA-1 Relay 
4 Agastat Relay 
4 HFA 
2 HGA 
4 UV Relay 

1 

	

lights for closed breakers (® 0.154 each) 
0 lights for closed breakers (4 0.342 each) 
1 

	

breaker closing coils (Peak) 
3 breaker closing coils (Continuous) 
1 

	

lights for closing breakers (® 0.231 each) 
3 lights for closing breakers (® 0.513 each) 
4 lights for tripped breakers (® 0.231 each) 
0 lights for tripped breakers (® 0.513 each) 
0 breaker tripping coils 
0 lights for tripping breakers (0 0.231 each) 

Relays energized : 
0 SA-1 Relay 
4 Agastat Relay 
4 HFA 
2 HGA 
4 UV Relay 

REVISION NO. : 
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Time 
1 x 0.154 = 0.154 18s-20s R36 (Ref. 92) 
0 x 0.342 = 0.000 R36 (Ref . 92) 
1 x 15.000 = 15.000 R36 (Ref . 90) 
2 x 5.000 = 10.000 R36 
i x 0.231 = 0.231 R36 (Ref . 92) 
2 x 0.513 = 1.026 R36 (Ref . 92) 
4 x 0.231 = 0.924 R36 
1 x 0.513 = 0.513 R36 
0 x 1 .080 = 0.000 R36 (Ret. 88 & 93) 
0 x 0.231 = 0.000 R36 

0 x 0.055 = 0.000 
4 x 0.064 = 0.256 R36 
4 x 0.062 = 0.248 R36 
2 x 0.038 = 0.076 R36 
4 x 0.070 = 0.280 R36 

TOTAL = 28.708 Amps R36 

Time 
1 x 0.154 = 0.154 20s-23s R36 (Ref. 92) 
0 x 0.342 = 0.000 R36 (Ref . 92) 
0 x 15 .000 = 0.000 R36 (Ref . 90) 
3 x 5.000 = 15.000 R36 
1 x 0.231 = 0.231 R36 
2 x 0.513 = 1 .026 R36 
4 x 0.231 = 0.924 R36 
1 x 0.513 = 0.513 R36 
0 x 1 .080 = 0.000 R36 (Ref. 88 & 93) 
0 x 0.231 = 0.000 R36 

0 x 0.055 = 0.000 
4 x 0.064 = 0.256 R36 
4 x 0.062 = 0.248 R36 
2 x 0.038 = 0.076 R36 
4 x 0.070 = 0.280 R36 

TOTAL = 18.708 Amps R36 

Time R36 
1 x 0.154 = 0.154 23s-25s R36 (Ref . 92) 
0 x 0.342 = 0.000 R36 (Ref. 92) 
1 x 15.000 = 15.000 R36 (Ret. 90) 
3 x 5.000 = 15.000 R36 
1 x 0.231 = 0.231 R36 
3 x 0.513 = 1 .539 R36 
4 x 0.231 = 0.924 R36 
0 x 0.513 = 0.000 R36 
0 x 1 .080 = 0.000 R36 (Ref . 88 & 93) 
0 x 0.231 = 0.000 R36 

R36 
0 x 0.055 = 0.000 R36 
4 x 0.064 = 0.256 R36 
4 x 0.062 = 0.248 R36 
2 x 0.038 = 0.076 R36 
4 x 0.070 = 0.280 R36 

TOTAL = 33.708 Amps R36 



CALCULATION NO.: 7318-32-19-1 
COMMONWEALTH EDISON COMPANY 

4kV Switchgear 23-1 
LOOP & LOCA Condftlon 

2 lights for closed breakers (0 0.154 each) 
0 lights for closed breakers (® 0.342 each) 
0 breaker closing coils (Peak) 
3 breaker closing coils (Continuous) 
0 lights far closing breakers (® 0,231 each) 
3 lights for closing breakers (Q 0.513 each) 
4 lights for tripped breakers (Q 0.231 each) 
0 lights for tripped breakers (0 0.513 each) 
0 breaker tripping coils 
0 lights for tripping breakers (® 0.231 each) 

Relays energized: 
0 SA-1 Relay 
4 Agastat Relay 
4 HFA 
2 HGA 
4 UV Relay 

2 lights for closed breakers (0 0.154 each) 
1 

	

lights for closed breakers (0 0.342 each) 
0 breaker closing coils (Peak) 
2 breaker closing coils (Continuous) 
0 lights for closing breakers (0 0.231 each) 
2 lights for closing breakers (0 0.513 each) 
4 lights for tripped breakers (® 0.231 each) 
0 lights for tripped breakers (0 0.513 each) 
0 breaker tripping coils 
0 lights for tripping breakers (0 0.231 each) 

Relays energized: 
0 SA-1 Relay 
4 Agastat Relay 
4 HFA 
2 HGA 
4 UV Relay 

2 lights for closed breakers (0 0.154 each) 
2 lights for closed breakers (0 0.342 each) 
0 breaker closing coils (Peak) 
1 

	

breaker closing coils (Continuous) 
0 lights for closing breakers (0 0.231 each) 
1 

	

lights for closing breakers (0 0.513 each) 
4 lights for tripped breakers (0 0.231 each) 
0 lights for tripped breakers (0 0.513 each) 
0 breaker tripping coils 
0 lights for tripping breakers (0 0.231 each) 

Relays energized: 
0 SA-1 Relay 
4 Agastat Relay 
4 HFA 
2 HGA 
4 UV Relay 

REVISION NO. : 
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Time 
2 x 0.154 = 0.308 25s-28s ~R36 (Ret.92) 
0 x 0.342 = 0.000 'R36 (Ref . 92) 
0 x 15.000 = 0.000 R36 (Ref . 90) 
3 x 5.000 = 15.000 R36 
0 x 0.231 = 0.000 R36 
3 x 0.513 = 1 .539 R36 
4 x 0 .231 = 0.924 R36 
0 x 0.513 = 0.000 R36 
0 x 1 .080 = 0.000 R36 (Ref . 88 & 93) 
0 x 0.231 = 0.000 R36 

0 x 0.055 = 0.000 
4 x 0.064 = 0.256 R36 
4 x 0.062 = 0.248 R36 
2 x 0.038 = 0.076 R36 
4 x 0.070 = 0.280 R36 

TOTAL = 18.631 Amps R36 

Time 
2 x 0.154 = 0.308 28s-33s R36 (Ref. 92) 
1 x 0.342 = 0.342 R36 (Ref. 92) 
0 x 15.000 = 0.000 R36 (Ref . 90) 
2 x 5.000 = 10.000 R36 
0 x 0.231 = 0.0,00 R36 
2 x 0.513 = 1 .026 R36 
4 x 0.231 = 0.924 R36 
0 x 0.513 = 0.000 R36 
0 x 1 .080 = 0.000 R36 (Ref. 88 & 93) 
0 x 0.231 = 0.000 R36 

0 x 0.055 = 0.000 
4 x 0.064 = 0.256 R36 
4 x 0.062 = 0.248 R36 
2 x 0.038 = 0.076 R36 
4 x 0.070 = 0.280 R36 

TOTAL = 13.460 Amps R36 

Time R36 
2 x 0.154 = 0.308 33s-38s R36 (Ref. 92) 
2 x 0.342 = 0.684 R36 (Ref . 92) 
0 x 15.000 = 0.000 R36 (Ref, 90) 
1 x 5.000 = 5.000 R36 
0 x 0.231 = 0.000 R36 
1 x 0.513 = 0.513 R36 
4 x 0.231 = 0.924 R36 
0 x 0.513 = 0.000 R36 
0 x 1.080 = 0.000 R36 (Ref . 88 & 93) 
0 x 0.231 = 0.000 R36 

R36 
0 x 0.055 = 0.000 R36 
4 x 0.064 = 0.256 R36 
4 x 0.062 = 0.248 R36 
2 x 0.038 = 0.076 R36 
4 x 0.070 = 0.280 R36 

TOTAL = 8.289 Amps R36 



COMMONWEALTH EDISON COMPANY 
CALCULATION NO. : 7318-32-19-1 

4kV Switchgear 23-1 
LOOP & LOCA Condition 

2 lights for closed breakers (® 0,154 each) 
3 lights for closed breakers (6 0.342 each) 
0 breaker closing coils (Peak) 
0 breaker closing coils (Continuous) 
0 lights for closing breakers (6 0.231 each) 
0 lights for closing breakers (® 0.513 each) 
4 lights for tripped breakers (0 0.231 each) 
0 lights for tripped breakers (® 0.513 each) 
0 breaker tripping coils 
0 lights for tripping breakers (® 0.231 each) 

Relays energized: 
0 SA-1 Relay 
4 Agastat Relay 
4 HFA 
2 HGA 

4 UV Relay 

2 lights for closed breakers (0 0.154 each) 
2 lights for closed breakers (® 0.342 each) 
0 breaker closing coils (Peak) 
0 breaker closing coils (Continuous) 
0 lights tar closing breakers (0 0.231 each) 
0 lights for closing breakers (® 0.513 each) 
4 lights for tripped breakers (® 0.231 each) 
0 lights for tripped breakers (0 0.513 each) 
t 

	

breaker tripping coils 
1 

	

lights for tripping breakers (0 0.231 each) 
Relays energized: 

0 SA-1 Relay 
4 Agastat Relay 

4 HFA 
2 HGA 
4 UV Relay 

2 lights for closed breakers (® 0.154 each) 
2 lights for closed breakers (0 0.342 each) 
0 breaker closing coils (Peak) 
0 breaker closing coils (Continuous) 
0 lights for closing breakers (® 0.231 each) 
0 lights for closing breakers (0 0.513 each) 
4 lights for tripped breakers (® 0.231 each) 
1 

	

lights for tripped breakers (® 0.513 each) 
0 breaker tripping coils 
0 lights for tripping breakers (® 0.231 each) 

Relays energized: 
0 SA-1 Relay 
4 Agastat Relay 
4 HFA 
2 HGA 
4 UV Relay 

REVISION NO.. 

	

36 
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Time R36 
2 x 0.154 = 0.308 38s-tom R36 (Ref . 92) 
3 x 0.342 = 1 .026 R36 (Ref. 92) 
0 x 15.000 = 0.000 R36 (Ref . 90) 
0 x 5.000 = 0.000 R36 
0 x 0.231 = 0.000 R36 
0 x 0.513 = 0.000 R36 
4 x 0.231 = 0.924 R36 
0 x 0.513 = 0.000 R36 
0 x 1 .080 = 0.000 R36 (Ref. 88 & 93) 
0 x 0.231 = 0.000 R36 

R36 
0 x 0.055 = 0.000 R36 
4 x 0.064 = 0.256 836 
4 x 0.062 = 0.248 R36 
2 x 0.038 = 0,076 R36 

4 x 0.070 = 0.280 R36 
TOTAL = 3.118 Amps IR36 

Time R36 
2 x 0.154 = 0.308 i orn-10mis R36 (Rot. 92) 
2 x 0.342 = 0.684 R36 (Ref . 92) 
0 x 15.000 = 0.000 R36 (Rat . 90) 
0 x 5.000 = 0.000 R36 
0 x 0.231 = 0.000 R36 
0 x 0.513 = 0.000 R36 
4 x 0.231 = 0.924 R36 
0 x 0.513 = 0.000 R36 
1 x 1 .080 = 1.080 R36 (Ref . 88 & 93) 
1 x 0.231 = 0.231 R36 

R36 
0 x 0.055 = 0.000 R36 
4 x 0.064 = 0.256 R36 

4 x 0.062 = 0.248 R36 
2 x 0.038 = 0.076 R36 
4 x 0.070 = 0.280 R36 

TOTAL = 4.087 Amps R36 

Time R36 
2 x 0.154 = 0.308 10mis-10m15s R36 (Ref . 92) 
2 x 0.342 = 0.684 R36 (Ref. 92) 
0 x 15.000 : 0.000 R36 (Ref. 90) 
0 x 5.000 = 0.000 R36 
0 x 0.231 = 0.000 R36 
0 x 0.513 = 0.000 R36 
4 x 0.231 = 0.924 R36 
1 x 0.513 = 0.513 R36 
0 x 1.080 = 0.000 R36 (Ref. 88 & 93) 
0 x 0.231 = 0.000 R36 

R36 
0 x 0.055 = 0.000 R36 
4 x 0.064 = 0.256 R36 
4 x 0.062 = 0,248 R36 
2 x 0.038 = 0.076 R36 
4 x 0.070 = 0.280 R36 

TOTAL = 3.289 Amps R36 



COMMONWEALTH EDISON COMPANY 
CALCULATION NO.: 7318-32-19-1 

4kV SwItchgear 23-1 
LOOP & LOCA Condition 

2 lights for closed breakers (® 0.154 each) 
2 lights for closed breakers (® 0.342 each) 
1 

	

breaker closing coils (Peak) 
0 breaker closing coils (Continuous) 
1 

	

lights far closing breakers (0 0.231 each) 
0 lights for closing breakers (0 0.513 each) 
3 lights for tripped breakers (0 0.231 each) 
1 

	

lights for tripped breakers (® 0.513 each) 
0 breaker tripping coils 
0 lights for tripping breakers (0 0.231 each) 

Relays energized: 
0 SA-1 Relay 
4 Agastat Relay 
4 HFA 
2 HGA 
4 UV Relay 

2 lights for closed breakers (0 0.154 each) 
2 lights for closed breakers (0 0.342 each) 
0 breaker closing coils (Peak) 
1 

	

breaker closing coils (Continuous) 
1 

	

lights for closing breakers (® 0.231 each) 
0 lights for closing breakers (® 0.513 each) 
3 lights for tripped breakers (0 0.231 each) 
1 

	

lights for tripped breakers (@ 0.513 each) 
0 breaker tripping coils 
0 lights for tripping breakers (® 0.231 each) 

Relays energized: 
0 SA-1 Relay 
4 Agastat Relay 
4 HFA 
2 HGA 
4 IN Relay 

3 lights for closed breakers (® 0.154 each) 
2 lights for closed breakers (0 0.342 each) 
0 breaker closing coils (Peak) 
0 breaker closing coils (Continuous) 
0 lights for closing breakers (® 0.231 each) 
0 lights for closing breakers (fir 0.513 each) 
3 lights for tripped breakers (® 0.231 each) 
1 

	

lights for tripped breakers (0 0.513 each) 
0 breaker tripping coils 
0 lights for tripping breakers (0 0.231 each) 

Relays energized: 
0 SA-1 Relay 
4 Agastat Relay 
4 HFA 
2 HGA 
4 UV Relay 

REVISION NO . : 
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Time R36 
2 x 0.154 = 0.308 10m15s-10m17s R36 (Ref . 92) 
2 x 0.342 = 0.684 R36 (Ref . 92) 
1 x 15,000 = 15.000 R36 (Ref . 90) 
0 x 5.000 = 0.000 R36 
1 x 0.231 = 0.231 R36 
0 x 0.513 = 0.000 R36 
3 x 0.231 = 0.693 R36 
1 x 0.513 = 0.513 R36 
0 x 1 .080 = 0.000 R36 (Ref. 88 & 93) 
0 x 0.231 = 0.000 R36 

R36 
0 x 0.055 = 0.000 R36 
4 x 0.064 = 0.256 R36 
4 x 0.062 = 0,248 R36 
2 x 0.038 = 0.076 R36 
4 x 0.070 = 0.280 R36 

TOTAL = 18.289 Amps R36 

Time R36 
2 x 0.154 = 0.308 10m17s-10m30s R36 (Ref. 92) 
2 x 0.342 = 0.684 R36 (Ref . 92) 
0 x 15.000 = 0.000 R36 (Ref . 90) 
t x 5.000 = 5.000 R36 
1 x 0.231 = 0.231 R36 
0 x 0.513 = 0.000 R36 
3 x 0.231 = 0.693 R36 
1 x 0.513 = 0.513 R36 
0 x 1 .080 = 0.000 R36 (Ref . 88 & 93) 
0 x 0.231 = 0.000 R36 

R36 
0 x 0,055 = 0.000 R36 
4 x 0.064 = 0.256 R36 
4 x 0.062 = 0.248 R36 
2 x 0.038 = 0.076 R36 
4 x 0.070 = 0.280 R36 

TOTAL = 8.289 Amps R36 

Time R36 
3 x 0.154 = 0.462 10m30s-end R36 (Ref. 92) 
2 x 0.342 = 0.684 R36 (Ref . 92) 
0 x 15.000 = 0.000 R36 (Ref . 90) 
0 x 5.000 = 0.000 R36 
0 x 0.231 = 0.000 R36 
0 x 0.513 = 0.000 R36 
3 x 0.231 = 0.693 R36 
1 x 0.513 = 0.513 R36 
0 x 1 .080 = 0.000 R36 (Ref. 88 & 93) 
0 x 0.231 = 0.000 R36 

R36 
0 x 0.055 = 0.000 R36 
4 x 0.064 = 0.256 R36 
4 x 0.062 = 0.248 R36 
2 x 0.038 = 0.076 R36 
4 x 0.070 = 0.280 R36 

TOTAL = 3.212 Amps R36 



COMMONWEALTH EDISON COMPANY 
CALCULATION NO. : 7318-32-19-1 
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4kV Switchgear 23-1 
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4R36 
LOOP & LOCA Condition 
NOTES 
1 .) At t=0s all closed breakers trip except for 480V SWGR 28 feed. 4kV SWGR 23-1 sheds load . 
2.) At t-1 s all 4kV SWGR 23-1 loads have been shed except for 480V SWGR 28 

(i.e. 
all 

breakers have completed tripping). 
3.) At t=10s DG 1/2 breaker closes . 

	

R36 
4.) At t=13s close breaker for RHR Pump 2A . 

	

R36 
5.) At t- f 8s close breaker for RHR Pump 28 . 

	

R36 
6.) At t=23s close breaker for Core Spray Pump 2A. 

	

R36 
7.) At t=10m trip RHR Pump 2A or 28. 

	

R36 
8.) At t=10m15s close Main Feed Breaker to 4kV SWGR 23 . 

	

R36 
NOTE : 

The SBO breaker remains tripped when there is a LOCA on either unit . 
Since the scenario modeled is a LOOP on both units 1 & 2 and a LOCH on 

	

R36 
one unit, the SBO breaker Is not modeled as closing. 

... . . .. .... . ..,. . . . ...... . . .. ... . .... .. . . . ..,.._ . ... . . . .. . ..._ . . .. . .. . . .... . . ._.. .. .. .... . .. .... . . . ... ... .... . . . . .... . . . . . .... . . . .. . . ._ .... . . . .. .. . . . ... . .. .... . . ..... . . .... . . .... . .t 

33,71 

R36 
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Bus 28-1 CIrcuit 6 
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JR36 
4kV SwItchgear Bus 24 Main Feed 

4kV Switchgear 24 _AC Loads 

R36 

$ - This Is a spare breaker with the control power fuses pulled. No do load is assumed. 
0 - This is a spare cubicle with the control power fuses pulled. No do load is assumed. 
' Only 1 pump is energized. 

	

JR36 

(REVISION NO. : 

	

36 

Bkr. # Service AC Bkr. Status S/D Rev. 
On-Line LOOP/ 

LOOP & 
LOCA 
t=1 

LOOP/ 
LOOP & 
LOCA 
After 

152-2401 480V Switch ear 26 C T T/r 4E-2348 E 
152-2402 RHR SWP 2C T T C'/C' 4E-2438P SH . 2, J 
152-2403 Main Feed C T Tfr 4E-2343 T 
152-2404 Circ . Water Pump 2C C T T/T 4E-2368 J 
152-2405 Cond . & Booster Pump 2C C T Tfr 4E-2370 J 
152-2406 RHR SWP 2D T T C-/C' 4E-2438P SH . 2 J 
152-2407 Service Water Pump 2B C T C/r 4E-2391 C 
152-2408 Cond. & Booster Pump 2D C T T/T 4E-2370 J 
152-2409 Service Water Pump 1/2 C ~ T/T 4E-2391 C 
152-2410 Reserve Feed T T Tfr 4E-2343 T 
152-2_411 480V S_wi_tc ear 27 C T T/T 4E-2348 E 
152-2412 CRD Pump 2B C T C/T 4E-2418 J 
152-2413 Bus 24-1 Feed C T C/C 4E-2344 SH. 2, B 
152-2414 Well Water Pump #5 C T Tfr 4E-2387D B 
152-2415 are Breaker $ $ $ -- --- 

--- IS pare Cubicle ® a ® --- --- 



COMMONWEALTH EDISON COMPANY 
CALCULATION NO. : 7318-32-19-1 Page No. 132 

(Ref . 92) 
(Ref . 92) 

NOTE 
1 .) The UV relay circuit would have one HGA relay energized. 

J R39 

REVISION NO. : 

	

39 

4kV Switchgear 24 age 2 of 12 
Normal Condition 
The maximum do load on the circuit under Normal condition is : 

Time 
11 lights for closed breakers (@ 0.154 each) 11 x 0.154 = 1 .694 Os-8hr 
0 lights for closed breakers (® 0.342 each) 0 x 0.342 = 0.000 
1 lights for tripped breakers (@ 0.231 each) 1 x 0.231 = 0.231 
2 lights for tripped breakers (Q 0.513 each) 2 x 0.513 = 1 .026 

No switching of breakers 
Relays energized : 

0 H EA 0 x 5 .400 = 0.000 
0 HFA 0 x 0.062 = 0.000 
1 HGA 1 x 0.038 = 0.038 
0 UV Relay 0 x 0.070 = 0.000 

TOTAL = 2.989 Amps 



COMMONWEALTH EDISON COMPANY 
CALCULATION NO. : 7318-32-19-1 

4kV Switchgear 24 
LOOP Condition 
The maximum do load on the circuit under LOOP c 

0 

	

lights for closed breakers (Cd 0.154 each) 
0 

	

lights for closed breakers (® 0.342 each) 
0 

	

breaker closing coils 
0 

	

lights for closing breakers (0 0.231 each) 
0 

	

lights for closing breakers (~ 0.513 each) 
1 

	

lights for tripped breakers (~ 0.231 each) 
2 

	

lights for tripped breakers (~ 0.513 each) 
11 

	

breaker tripping coils 
11 

	

lights for tripping breakers (@ 0.231 each) 

0 

	

lights for closed breakers (~ 0.154 each) 
0 

	

lights for closed breakers (~ 0.342 each) 
0 

	

breaker closing coils 
0 

	

lights for closing breakers(® 0.231 each) 
0 

	

lights for closing breakers (@ 0.513 each) 
12 lights for tripped breakers (® 0.231 each) 
2 

	

lights for tripped breakers (@ 0.513 each) 
0 

	

breaker tripping coils 
0 

	

lights for tripping breakers (@ 0.231 each) 

Relays energized : 
1 

	

Misc. Relay 
5 HFA 

1 HGA 
4 UV Relay 

Relays energized : 
1 

	

Misc. Relay 
5 

	

HFA 

1 HGA 
4 UV Relay 

0 

	

lights for closed breakers (® 0.154 each) 
0 

	

lights for closed breakers (@ 0.342 each) 
1 

	

breaker closing coils (Peak) 
0 

	

breaker closing coils (Continuous) 
1 

	

lights for closing breakers (4 0.231 each) 
0 

	

lights for closing breakers (@ 0.513 each) 
1 i lights for tripped breakers (@ 0.231 each) 
2 

	

lights for tripped breakers ((@ 0.513 each) 
0 

	

breaker tripping coils 
0 

	

lights for tripping breakers (@ 0.231 each) 

Relays energized : 
1 

	

Misc. Relay 
5 HFA 

1 HGA 
4 UV Relay 

REVISION NO. : 

	

39 

Page 3 of 12 

I Page No. in 

ndition is : 
Time 

0 x 0.154 = 0.000 0s-1s 
0 x 0.342 = 0.000 
0 x 15.000 = 0.000 
0 x 0.231 = 0.000 
0 x 0.513 = 0.000 
1 x 0.231 = 0.231 (Ref . 92) 
2 x 0.513 = 1 .026 (Ref . 92) 

11 x 1 .080 = 11 .880 (Ref . 88 & 93) 
11 x 0.231 = 2.541 

1 x 0.080 = 0.080 
5 x 0.062 = 0.310 

IR39 
1 x 0.038 = 0.038 
4 x 0.070 = 0.280 
TOTAL = 16.386 Amps JR39 

Time 
0 x 0.154 = 0.000 IS-10M 
0 x 0.342 = 0.000 
0 x 15.000 = 0.000 
0 x 0.231 = 0.000 
0 x 0.513 = 0.000 
12 x 0.231 = 2.772 (Ref . 92) 
2 x 0.513 = 1 .026 (Ref . 92) 
0 x 1 .080 = 0.000 (Ref . 88 & 93) 
0 x 0.231 = 0.000 

1 x 0.080 = 0.080 
5 x 0.062 = 0.310 

` 
1 x 0.038 = 0.038 

39 

4 x 0.070 = 0.280 
TOTAL = 4_506 Amps JR39 

Time 
0 x 0.154 = 0.000 10m-10m2s 
0 x 0.342 = 0.000 
1 x 15.000 = 15.000 
0 x 5.000 = 0.000 
1 x 0.231 = 0.231 
0 x 0.513 = 0.000 

11 x 0.231 = 2.541 (Ref . 92) 
2 x 0.513 = 1 .026 (Ref . 92) 
0 x 1.080 = 0.000 (Ref . 88 & 93) 
0 x 0.231 = 0.000 

1 x 0.080 = 0.080 
5 x 0.062 = 0.310 

IR39 
1 x 0.038 = 0.038 
4 x 0.070 = 0.280 
TOTAL = 19.506 Amps R39 



COMMONWEALTH EDISON COMPANY 
CALCULATION NO.: 7318-32-19-1 

LOOP Condltlon 
4kV Switchgear 24 

0 

	

lights for closed breakers (0 0.154 each) 
0 

	

lights for closed breakers (4 0.342 each) 
0 

	

breaker closing coils (Peak) 
1 

	

breaker closing coils (Continuous) 
1 

	

lights for closing breakers (® 0.231 each) 
0 

	

lights for closing breakers (6 0.513 each) 
11 

	

lights for tripped breakers (® 0.231 each) 
2 

	

lights for tripped breakers (® 0.513 each) 
0 

	

breaker tripping coils 
0 

	

lights for tripping breakers (0 0.231 each) 

Relays energized : 
1 

	

Misc. Relay 
5 

	

HFA 

1 HGA 
4 UV Relay 

1 

	

fights for closed breakers (Q 0.154 each) 
0 

	

lights for closed breakers (Q 0.342 each) 
1 

	

breaker closing coils (Peak) 
0 

	

breaker closing coils (Continuous) 
0 

	

lights for closing breakers (0 0.231 each) 
1 

	

lights for closing breakers (Q 0.513 each) 
11 

	

lights for tripped breakers (® 0.231 each) 
1 

	

lights for tripped breakers (® 0.513 each) 
0 

	

breaker tripping coils 
0 

	

lights for tripping breakers (® 0.231 each) 

Relays energized: 
1 

	

Misc. Relay 
5 

	

HFA 

1 HGA 
4 UV Relay 

1 

	

lights for closed breakers (@ 0.154 each) 
0 

	

lights for closed breakers (® 0.342 each) 
0 

	

breaker closing coils (Peak) 
1 

	

breaker closing coils (Continuous) 
0 

	

lights for closing breakers (@ 0.231 each) 
1 

	

lights for closing breakers (0 0.513 each) 
11 

	

lights for tripped breakers (~ 0.231 each) 
1 

	

lights for tripped breakers (~ 0.513 each) 
0 

	

breaker tripping coifs 
0 

	

lights for tripping breakers (0 0.231 each) 

Relays energized : 
1 

	

Misc. Relay 
5 

	

HFA 

1 HGA 
4 UV Relay 

REVISION NO . : 

	

39 

Page 4 of 12 

IPage Na 134 

Time 
0 x 0.154 = 0.000 10m2s-10m15s 
0 x 0.342 = 0.000 
0 x 15,000 0.000 
1 x 5.000 5.000 
1 x 0.231 = 0.231 (Ref . 92) 
0 x 0.513 = 0.000 (Ref . 92) 

t t x 0.231 = 2.541 
2 x 0.513 1 .028 
0 x 1 .080 = 0.000 (Ref. 88 & 93) 
0 x 0.231 0.000 

1 x 0.080 = 0.080 
5 x 0.062 = 0.310 

IR39 
1 x 0.038 = 0.038 
4 x 0.070 = 0.280 
TOTAL = 9.506 Amps J R39 

Time 
1 x 0.154 = 0.154 10m15s-10m17s (Ref . 92) 
0 x 0.342 = 0.000 (Ref . 92) 
1 x 15.000 = 15.000 
0 x 5.000 = 0.000 
0 x 0.231 = 0.000 
1 x 0.513 = 0.513 

11 x 0.231 = 2.541 (Ret. 92) 
1 x 0.513 = 0.513 (Ref . 92) 
0 x 1 .080 = 0.000 (Ref . 88 & 93) 
0 x 0.231 = 0.000 

1 x 0.080 = 0.080 
5 x 0.062 = 0.310 

1 
1 x 0.038 = 0.038 

39 

4 x 0.070 = 0.280 
TOTAL = 19.429 Amps JR39 

Time 
1 x 0.154 - 0.154 10m17s-10m30s (Ref . 92) 
0 x 0.342 = 0.000 (Ref. 92) 
0 x 15.000 = 0.000 
1 x 5.000 = 5.000 
0 x 0.231 = 0.000 
1 x 0.513 = 0.513 

11 x 0.231 = 2.541 (Ref . 92) 
1 x 0.513 = 0.513 (Ref. 92) 
0 x 1 .080 = 0.000 (Ref . 88 & 93) 
0 x 0.231 = 0.000 

1 x 0.080 = 0.080 
5 x 0.062 = 0.310 

IR39 
1 x 0.038 = 0.038 
4 x 0.070 = 0.280 
TOTAL = 9.429 Amps JR39 



COMMONWEALTH EDISON COMPANY 
CALCULATION NO. : 7318-32-19-1 

LOOP Conditlon 
4kV SwItchgear 24 

1 

	

lights for closed breakers (6 0.154 each) 
1 

	

lights for closed breakers (6 0.342 each) 
0 

	

breaker closing coils (Peak) 
0 

	

breaker closing coils (Continuous) 
0 

	

lights for closing breakers (® 0.231 each) 
0 

	

lights for closing breakers (® 0.513 each) 
11 

	

lights for tripped breakers (® 0.231 each) 
1 

	

lights for tripped breakers (® 0.513 each) 
0 

	

breaker tripping coils 
0 

	

lights for tripping breakers (® 0.231 each) 

Relays energized : 
1 

	

Misc. Relay 
5 

	

HFA 

t HGA 
4 UV Relay 

1 

	

lights for closed breakers(® 0.154 each) 
1 

	

lights for closed breakers (~ 0.342 each) 
1 

	

breaker closing coils (Peak) 
0 

	

breaker closing coils (Continuous) 
1 

	

lights for closing breakers (® 0.231 each) 
0 

	

lights for closing breakers (6 0.513 each) 
10 lights for tripped breakers (® 0.231 each) 
1 

	

lights for tripped breakers (® 0.513 each) 
0 

	

breaker tripping coils 
0 

	

lights for tripping breakers (0 0.231 each) 

Relays energized : 
1 

	

Misc. Relay 
5 

	

HFA 

1 HGA 
4 UV Relay 

1 

	

lights for closed breakers (® 0.154 each) 
1 

	

lights for closed breakers (0 0.342 each) 
0 

	

breaker closing coils (Peak) 
1 

	

breaker closing coils (Continuous) 
1 

	

lights for closing breakers (~ 0.231 each) 
0 

	

lights for closing breakers (~ 0.513 each) 
10 lights for tripped breakers (@ 0.231 each) 
1 

	

lights for tripped breakers (@ 0.513 each) 
0 

	

breaker tripping coils 
0 

	

lights for tripping breakers (4 0.231 each) 

Relays energized : 
1 

	

Misc. Relay 
5 

	

HFA 

1 HGA 
4 UV Relay 

REVISION NO. : 

	

39 
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10896 No. 1315 

Time 
1 x 0.154 = 0.154 10m30s-1 Om45s 
1 x 0.342 = 0.342 
0 x 15.000 = 0.000 
0 x 5.000 = 0.000 
0 x 0.231 = 0.000 (Ref, 92) 
0 x 0.513 = 0.000 (Ref. 92) 

11 x 0.231 = 2.541 
1 x 0.513 = 0.513 
0 x 1 .080 = 0.000 (Ref, 88 & 93) 
0 x 0.231 = 0.000 

1 x 0.080 = 0.080 
5 x 0.062 = 0.310 

IR39 
1 x 0.038 = 0.038 
4 x 0.070 = 0.280 
TOTAL = 4.258 Amps JR39 

Time 
1 x 0.154 = 0.154 10rn45s-10m47s (Ref . 92) 
1 x 0.342 = 0.342 (Ref . 92) 
1 x 15.000 = 15.000 
0 x 5.000 = 0.000 
1 x 0.231 = 0.231 
0 x 0.513 = 0.000 
10 x 0.231 = 2.310 (Ref . 92) 

1 x 0.513 = 0.513 (Ref . 92) 
0 x 1 .080 = 0.000 (Ref . 88 & 93) 
0 x 0.231 = 0.000 

1 x 0.080 = 0.080 
5 x 0.062 = 0.310 

R39 
1 x 0.038 = 0.038 
4 x 0.070 = 0.280 
TOTAL = 19.258 Amps JR39 

Time 
1 x 0.154 = 0.154 10m47s-11 m (Ref . 92) 
1 x 0.342 = 0.342 (Ref . 92) 
0 x 15.000 = 0.000 
1 x 5.000 = 5.000 
1 x 0.231 = 0.231 
0 x 0.513 = 0.000 
10 x 0.231 = 2.310 (Ref . 92) 

1 x 0.513 = 0.513 (Ref . 92) 
0 x 1 .080 = 0.000 (Ref . 88 & 93) 
0 x 0.231 = 0.000 

1 x 0.080 = 0.080 
5 x 0.062 = 0.310 

IR39 
1 x 0.038 = 0.038 
4 x 0.070 = 0.280 
TOTAL 9.258 Amps JR39 



COMMONWEALTH EDISON COMPANY 
CALCULATION NO. : 7318-32-19-1 

LOOP Condition 
4kV Swltchgear 24 

2 

	

lights for closed breakers (Q 0.154 each) 
1 

	

lights for closed breakers (@ 0.342 each) 
0 

	

breaker closing coils (Peak) 
0 

	

breaker closing coils (Continuous) 
0 

	

lights for closing breakers (® 0.231 each) 
0 

	

lights for closing breakers (@ 0.513 each) 
10 lights for tripped breakers (® 0.231 each) 
1 

	

lights for tripped breakers (® 0.513 each) 
0 

	

breaker tripping coifs 
0 

	

lights for tripping breakers (@ 0.231 each) 

Relays energized : 
1 

	

Misc. Relay 
5 

	

HFA 

1 HGA 
4 UV Relay 

2 

	

lights for closed breakers (6 0.154 each) 
1 

	

lights for closed breakers (@ 0,342 each) 
1 

	

breaker closing coils (Peak) 
0 

	

breaker closing coils (Continuous) 
1 

	

lights for closing breakers (® 0.231 each) 
0 

	

lights for closing breakers (d 0.513 each) 
9 

	

lights for tripped breakers (@ 0.231 each) 
1 

	

lights for tripped breakers (0 0.513 each) 
0 

	

breaker tripping coils 
0 

	

lights for tripping breakers (Q 0.231 each) 

Relays energized: 
1 

	

Misc. Relay 
5 HFA 

1 HGA 
4 UV Relay 

2 

	

lights for closed breakers (G 0.154 each) 
1 

	

lights for closed breakers (® 0.342 each) 
0 

	

breaker closing coils (Peak) 
1 

	

breaker closing coils (Continuous) 
1 

	

lights for closing breakers(® 0.231 each) 
0 

	

lights for closing breakers (~ 0.513 each) 
9 

	

lights for tripped breakers (@ 0.231 each) 
1 

	

lights for tripped breakers (Q 0.513 each) 
0 

	

breaker tripping coils 
0 

	

lights for tripping breakers (0 0.231 each) 

Relays energized: 
1 

	

Misc. Relay 
5 

	

HFA 

1 HGA 
4 UV Relay 

Page No . 36 
Page 6 of 12 

Time 
2 x 0.154 = 0.308 11 m-11 m159 
1 x 0.342 = 0.342 
0 x 15.000 = 0.000 
0 x 5.000 = 0.000 
0 x 0.231 = 0.000 (Ref. 92) 
0 x 0.513 = 0.000 (Ref. 92) 
10 x 0.231 = 2.310 
1 x 0.513 = 0.513 
0 x 1 .080 = 0.000 (Ref . 88 & 93) 
0 x 0.231 = 0.000 

1 x 0.080 = 0.080 
5 x 0.062 = 0.310 

IR39 
1 x 0.038 = 0.038 
4 x 0.070 = 0.280 
TOTAL = 4.181 Amps JR39 

Time 
2 x 0.154 - 0.308 11m15s-11m17s (Ref. 92) 
f x 0.342 = 0.342 (Ref. 92) 
1 x 15.000 = 15.000 
0 x 5.000 = 0.000 
1 x 0.231 = 0.231 
0 x 0.513 = 0.000 
9 x 0.231 = 2.079 (Ref . 92) 
1 x 0.513 = 0.513 (Ref. 92) 
0 x 1 .080 = 0.000 (Ref. 88 & 93) 
0 x 0.231 = 0.000 

1 x 0.080 = 0.080 
5 x 0.062 = 0.310 

`R39 
1 x 0.038 = 0.038 
4 x 0.070 = 0.280 
TOTAL = 19.181 Amps JR39 

Time 
2 x 0.154 = 0.308 11m17s-11m30s (Ref . 92) 
1 x 0.342 = 0.342 (Ref. 92) 
0 x 15.000 = 0.000 
1 x 5.000 = 5.000 
1 x 0.231 = 0.231 
0 x 0.513 = 0.000 
9 x 0.231 = 2.079 (Ref, 92) 
1 x 0.513 = 0.513 (Ref. 92) 
0 x 1 .080 = 0.000 (Ref . 88 & 93) 
0 x 0.231 = 0.000 

1 x 0.080 = 0.080 
5 x 0.062 = 0.310 

IR39 
1 x 0.038 = 0.038 
4 x 0.070 = 0.280 
TOTAL = 9.181 Amps JR39 



COMMONWEALTH EDISON COMPANY 
CALCULATION NO. : 7318-32-19-1 

LOOP Condition 
4kV Swttchgear 24 

3 

	

lights for closed breakers (0 0.154 each) 
1 

	

lights for closed breakers (@ 0.342 each) 
0 

	

breaker closing coils (Peak) 
0 

	

breaker closing coils (Continuous) 
0 

	

lights for closing breakers (0 0.231 each) 
0 

	

lights for closing breakers (0 0.513 each) 
9 

	

lights for tripped breakers (0 0.231 each) 
1 

	

lights for tripped breakers (@ 0.513 each) 
0 

	

breaker tripping coils 
0 

	

lights for tripping breakers (® 0.231 each) 

Relays energized : 
1 

	

Misc . Relay 
5 HPA 

1 HGA 
4 UV Relay 

!REVISION NO. : 

	

39 
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[Page No. 137 

Time 
3 x 0.154 = 0.462 11 m30s-end 
1 x 0.342 = 0.342 
0 x 15.000 = 0.000 
0 x 5.000 = 0.000 
0 x 0.231 = 0.000 (Ref . 92) 
0 x 0.513 = 0.000 (Ref. 92) 
9 x 0.231 = 2.079 
1 x 0.513 = 0.513 
0 x 1 .080 = 0.000 (Ref. 88 & 93) 
0 x 0.231 = 0.000 

1 x 0.080 = 0.080 
5 x 0.062 = 0.310 

IR39 
1 x 0.038 = 0.038 
4 x 0.070 = 0.280 
TOTAL - 4.104 Amps JR39 



COMMONWEALTH EOISON COMPANY 
CALCULATION NO.: 7318-32-19-1 (Page No. 138 

4kV Switchgear 24 

	

Page 8 of 12 
LOOP Condition 
NOTES 
1 .) At t=0s all closed breakers trip. 4kV SWGR 24 sheds all load . 
2 .) At t=1s all 4kV SWGR 24 loads have been shed (i.e. all breakers have completed tripping) . 
3 .) At t=10m feed breaker to 4kV SWGR 24-1 closes . 
4 .) At t=10m15s teed breaker to RHR SWP 2C or2D closes. 
5 .) At t=10m45s feed breaker to SW Pump 2C closes . 
6 .) At t=11 m15s teed breaker to CRD Feed Pump 2C closes . 

R39 

REVISION NO. : 

	

39 



COMMONWEALTH EDISON COMPANY 
CALCULATION NO.: 7318-32-19-1 

4kV Switchgear 24 
LOOP & LOCA Condition 
The maximum do load on the circuit under LOOP & 

0 

	

lights for closed breakers (® 0.154 each) 
0 

	

lights for closed breakers (@ 0.342 each) 
0 

	

breaker closing coils 
0 

	

lights for closing breakers (0 0.231 each) 
0 

	

lights for closing breakers (® 0.513 each) 
1 

	

lights for tripped breakers (@ 0.231 each) 
2 

	

lights for tripped breakers (® 0.513 each) 
11 

	

breaker tripping coils 
11 

	

lights for tripping breakers (® 0.231 each) 

Relays energized : 
1 

	

Misc . Relay 
5 

	

HFA 

Relays energized : 
1 

	

Misc. Relay 
5 

	

HFA 

Relays energized : 
1 

	

Misc. Relay 
5 

	

HFA 

1 HGA 
4 UV Relay 

0 

	

lights for closed breakers (s~ 0.154 each) 
0 

	

lights for closed breakers (s~ 0.342 each) 
0 

	

breaker closing coils 
0 

	

lights for closing breakers (® 0.231 each) 
0 

	

lights for closing breakers (@ 0.513 each) 
12 lights for tripped breakers (0 0.231 each) 
2 

	

lights for tripped breakers(® 0.513 each) 
0 

	

breaker tripping coils 
0 

	

lights for tripping breakers (@ 0.231 each) 

1 HGA 
4 UV Relay 

0 

	

lights for closed breakers (@ 0.154 each) 
0 

	

lights for closed breakers (0 0.342 each) 
1 

	

breaker closing coils (Peak) 
0 

	

breaker closing coils (Continuous) 
1 

	

lights far closing breakers (@ 0.231 each) 
0 

	

lights for closing breakers (s4 0.513 each) 
11 

	

lights for tripped breakers (4 0.231 each) 
2 

	

lights for tripped breakers (4 0.513 each) 
0 

	

breaker tripping coils 
0 

	

lights for tripping breakers (0 0.231 each) 

1 HGA 
4 UV Relay 

REVISION NO. : 

	

39 
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Page 9 of 12 

LOCA condition is : 
Time 

0 x 0.154 = 0.000 Os-1s 
0 x 0.342 = 0.000 
0 x 15.000 = 0.000 
0 x 0.231 = 0.000 
0 x 0.513 = 0.000 
1 x 0.231 = 0.231 (Ref . 92) 
2 x 0.513 = 1 .026 (Ref . 92) 

11 x 1 .080 = 11 .880 (Ref . 88 & 93) 
11 x 0.231 = 2.541 

1 x 0.080 = 0.080 
5 x 0.062 = 0.310 

IR39 
1 x 0.038 = 0.038 
4 x 0.070 = 0.280 
TOTAL = 16.386 Amps JR39 

Time 
0 x 0.154 = 0.000 is-10m15s 
0 x 0.342 = 0.000 
0 x 15.000 = 0.000 
0 x 0.231 = 0.000 
0 x 0.513 = 0.000 
12 x 0.231 = 2.772 (Ref . 92) 
2 x 0.513 = 1 .026 (Ref. 92) 
0 x 1 .080 = 0.000 (Ref. 88 & 93) 
0 x 0.231 = 0.000 

1 x 0.080 = 0.080 
5 x 0.062 = 0.310 

IR39 
1 x 0.038 = 0.038 
4 x 0.070 = 0.280 
TOTAL = 4.506 Amps JR39 

Time 
0 x 0.154 = 0.000 10m15s-10m17s 
0 x 0.342 = 0.000 
1 x 15.000 = 15.000 
0 x 5.000 = 0.000 
1 x 0.231 = 0.231 
0 x 0.513 = 0.000 

11 x 0.231 = 2.541 (Ref . 92) 
2 x 0.513 = 1 .026 (Ref . 92) 
0 x 1 .080 = 0.000 (Ref . 88 & 93) 
0 x 0.231 = 0.000 

1 x 0.080 = 0.080 
5 x 0.062 = 0.310 

IR39 
1 x 0.038 = 0.038 
4 x 0.070 = 0280 
TOTAL = 19.506 Amps JR39 

' _
I 



COMMONWEALTH EDISON COMPANY 
CALCULATION NO. : 7318-32-19-1 

4kV Swltchgear 24 
LOOP & LOCA Condition 

0 

	

lights for closed breakers (@ 0.154 each) 
0 

	

lights for closed breakers (0 0.342 each) 
0 

	

breaker closing coils (Peak) 
1 

	

breaker closing coils (Continuous) 
1 

	

lights for closing breakers (0 0.231 each) 
0 

	

lights for closing breakers (0 0.513 each) 
11 

	

lights for tripped breakers (0 0.231 each) 
2 

	

lights for tripped breakers (0 0.513 each) 
0 

	

breaker tripping coils 
0 

	

lights far tripping breakers (0 0.231 each) 

1 

	

lights for closed breakers (0 0.154 each) 
0 

	

lights for closed breakers (0 0.342 each) 
1 

	

breaker closing coils (Peak) 
0 

	

breaker closing coils (Continuous) 
0 

	

lights for closing breakers (0 0.231 each) 
1 

	

lights for closing breakers (0 0.513 each) 
11 

	

lights for tripped breakers (0 0.231 each) 
1 

	

lights for tripped breakers (® 0.513 each) 
0 

	

breaker tripping coils 
0 

	

lights for tripping breakers (0 0.231 each) 

Relays energized : 
1 

	

Misc. Relay 
5 

	

HFA 

1 HGA 
4 UV Relay 

Relays energized : 
1 

	

Misc. Relay 
5 HFA 

Relays energized : 
1 

	

Misc. Relay 
5 

	

HFA 

1 HGA 
4 UV Relay 

1 

	

lights for closed breakers (0 0.154 each) 
0 

	

lights for closed breakers (0 0 .342 each) 
0 

	

breaker closing coils (Peak) 
1 

	

breaker closing coils (Continuous) 
0 

	

lights for closing breakers ((4 0.231 each) 
1 

	

lights for closing breakers (0 0.513 each) 
11 

	

lights for tripped breakers (0 0.231 each) 
1 

	

lights for tripped breakers (0 0.513 each) 
0 

	

breaker tripping coils 
0 

	

lights for tripping breakers (0 0.231 each) 

1 HGA 
4 UV Relay 

REVISION NO. : 

	

39 

Page No. 140.0 

Page 10 of 12 

Time 
0 x 0.154 = 0.000 10m17s-10m30s 
0 x 0.342 = 0.000 
0 x 15.000 0.000 
1 x 5.000 5.000 
1 x 0.231 = 0.231 (Ref. 92) 
0 x 0.513 = 0.000 (Ref . 92) 

11 x 0.231 = 2.541 
2 x 0.513 1 .026 
0 x 1 .080 = 0.000 (Ref . 88 & 93) 
0 x 0.231 = 0.000 

1 x 0.080 = 0.080 
5 x 0.062 = 0.310 

IR39 
1 x 0.038 = 0.038 
4 x 0.070 = 0.280 
TOTAL = 9.506 Amps JR39 

Time 
1 x 0.154 = 0.154 10m30s-10m32s (Ret 92) 
0 x 0.342 = 0.000 (Ref . 92) 
1 x 15.000 = 15.000 
0 x 5.000 = 0.000 
0 x 0.231 = 0.000 
1 x 0.513 = 0.513 

11 x 0.231 = 2.541 
1 x 0.513 = 0.513 
0 x 1 .080 = 0.000 (Ret . 88 & 93) 
0 x 0.231 = 0.000 

1 x 0.080 = 0.080 
5 x 0.062 = 0.310 

IR39 
1 x 0.038 = 0.038 
4 x 0.070 = 0.280 
TOTAL = 19.429 Amps JR39 

Time 
1 x 0.154 = 0.154 10m32s-10m45s (Ref. 92) 
0 x 0.342 = 0.000 (Ref . 92) 
0 x 15.000 = 0.000 
1 x 5.000 = 5.000 
0 x 0.231 = 0.000 
1 x 0.513 = 0.513 

11 x 0.231 = 2.541 
1 x 0.513 = 0.513 
0 x 1 .080 = 0.000 (Ref . 88 & 93) 
0 x 0.231 = 0.000 

1 x 0.080 = 0.080 
5 x 0.062 = 0.310 

IR39 
1 x 0.038 = 0.038 
4 x 0.070 = 0.280 
TOTAL = 9.429 Amps JR39 



COMMONWEALTH EDISON COMPANY 
CALCULATION NO. : 7318-32-19-1 

4kV Swltchgear 24 
LOOP & LOCA Condition 

1 

	

lights for closed breakers (® 0.154 each) 
1 

	

lights for closed breakers (Q 0.342 each) 
0 

	

breaker closing coils (Peak) 
0 

	

breaker closing coils (Continuous) 
0 

	

lights for closing breakers (® 0.231 each) 
0 

	

lights for closing breakers (@ 0.513 each) 
11 

	

lights for tripped breakers (® 0.231 each) 
1 

	

lights for tripped breakers (® 0.513 each) 
0 

	

breaker tripping coils 
0 

	

lights for tripping breakers (® 0.231 each) 

Relays energized : 
1 

	

Misc. Relay 
5 

	

HFA 

1 HGA 
4 UV Relay 

REVISION NO. : 

	

39 

Page 11 of 12 

[Page-No-.140.1 

Time 
1 x 0.154 = 0.154 10m45s-end 
1 x 0.342 = 0.342 
0 x 15.000 = 0.000 
0 x 5.000 = 0.000 
0 x 0.231 = 0.000 (Ref . 92) 
0 x 0.513 = 0.000 (Ref. 92) 

11 x 0.231 = 2.541 
1 x 0.513 = 0.513 
0 x 1 .080 = 0.000 (Ref . 88 & 93) 
0 x 0.231 = 0.000 

1 x 0.080 = 0.080 
5 x 0.062 = 0.310 

IR39 
1 x 0.038 = 0.038 
4 x 0.070 = 0.280 
TOTAL = 4.258 Amps JR39 



COMMONWEALTH EDISON COMPANY 
CALCULATION NO. : 7318-32-19-1 LP age No. 141 

4kV Switchgear 24 

	

Pago 12 of 12 
LOOP & LOCA Condition 
NOTES 
1 .) At t=Os all closed breakers tripAkV SWGR 24 sheds all load . 
2 .) At t= Is all 4kV SWGR 24 loads have been shed (i .e . all breakers have completed tripping) . 
3 .) At t=10m15s feed breaker to 4kV SWGR 24-1 closes . 
4 .) At t=10m30s feed breaker to RHR SWP 2C or 2Q closes . 

R39 

REVISION NO. : 

	

39 

	

_ __T_ 



COMMONWEALTH EDISON COMPANY 
CALCULATION NO.: 7318-32-19-1 (page No. 1lia 

Bus 2B-1 Circuit 4 

	

Page i of 14 

	

JR36 
4kV Switchgear Bus 241 Main Feed 

4kV Switchgear 24-1 AC Loads 

'NOTE: 

	

The SBO breaker remains tripped when there is a LOCA on either unit. 
Since the scenario modeled Is a LOOP on both units 1 & 2 and a LOCH on 
one unit, the SBO breaker is not modeled as closing . 

" Only 1 pump remains energized at the end of the LOOP & LOCA scenario . 

R36 

REVISION NO. : -36 

Bkr. # Service AC Bkr. Status S/D Rev. 
On-Line LOOP/ 

LOOP & 
LOCA 
t=1 

LOOP/ 
LOOP & 
LOCA 
After 

152-2421 DG-2 T T C/C " 
_ 

4E-2346 SH. 1 AG 
152-2422 SSO DG' T T T/T -- -- 
152-2423 Main Feed from SWGR 24 C T C/C 4E-2344 SH . 4, D 
152-2424 RHR Pump 2C T T T/C" 4E-24380 SH. 2, L 
152-2425 Reserve Feed to SWGR 31 T T C/C 4E-2346A A 
152-2426 RHR Pump 20 T T TIC** 4E-24380 SH. 2, L 
152-2427 480V Switch ear 29 C C C/C 4E-2349 SH . 1, P 
152-2428 Core ra Pump 2B T T T/C 4E-2429 SK 2, J 
152-2429 Div. II Cross-Tie to Bus 14-1 T T T/ T 4E-2346 SH. 1, AG 



COMMONWEALTH EDISON COMPANY 

REVISION NO. : 

	

36 

CALCULATION NO. : 7318-32-19-1 

4kV Switchgear 241 
Normal Condition 

Page 2 of 14 

(Page, No. - I4-5 

JR36 

The maximum do load on the circuit under Normal condition is : 
Time 

2 lights for closed breakers (0 0.154 each) 2 x 0.154 = 0.308 Os-8hr R36 
0 lights for closed breakers (® 0.342 each) 0 x 0.342 = 0.000 R36 
4 lights for tripped breakers (® 0.231 each) 4 x 0.231 = 0.924 R36 (Ref . 92) 
3 lights for tripped breakers (0 0.513 each) 3 x 0.513 = 1 .539 R36 (Ref . 92) 
No switching of breakers 
Relays energized : 

0 IAC Relay 0 x 0.200 = 0.000 
1 SA-1 Relay 1 x 0.055 = 0.055 
1 Agastat Relay 1 x 0.064 = 0.064 
0 HFA 0 x 0.062 = 0.000 
1 HGA 1 x 0.038 = 0.038 
2 UV Relay 2 x 0.070 = 0.140 

TOTAL = 3.068 Amps JR36 



CALCULATION NO. : 7318- 

4kV SwitchgLOOP 
Condition 

The maximum do load on the ci1 

lights for closed breakers (® 
0 lights for closed breakers (® 
0 breaker closing coils 
0 lights for closing breakers 

(0 lights for closing breakers 
(4 lights for tripped breakers 

(3 lights for tripped breakers 
(1 breaker tripping coils 

1 lights far tripping breakers 
(Relays energized : 

2 IAC Relay 
1 SA-1 Relay 
5 Agastat Relay 
5 HFA 
1 HGA 
4 UV Relay 

1 lights for closed breakers (0 
0 lights for closed breakers (0 
0 breaker closing coils 
0 lights for closing breakers (41 
0 lights for closing breakers (0 
5 lights for tripped breakers (0 
3 lights for tripped breakers (® 
0 breaker tripping coils 
0 lights for tripping breakers (0 

Relays energized: 
2 IAC Relay 
t SA-1 Relay 
5 Agastat Relay 
5 HFA 
t HGA 
4 UV Relay 

1 lights for closed breakers (0 
0 lights for closed breakers (0 
1 breaker closing coils (Peak) 
0 breaker closing coils (Continu1 

lights for closing breakers (0 
0 lights for closing breakers (0 
4 lights for tripped breakers (0 
3 lights for tripped breakers (0 
0 breaker tripping coils 
0 lights for tripping breakers (0 

Relays energized: 
2 IAC Relay 
1 SA-f Relay 
5 Agastat Relay 
5 HFA 
1 HGA 
4 UV Relay 

REVISION NQ . : 

	

36 

	

1 

	

1 

COMMONWEALTH EDISON COMPANY 
32-19-1 Page No. -) K q 

ear 241 Page 3 of 14 JR36 

rcuit under LOOP condition is: 
Time 

0.154 each) i x 0.154 = 0.154 Os-Is R36 
0.342 each) 0 x 0.342 = 0.000 R36 

0 x 15.000 = 0.000 A36 (Ref. 93) 
0 0.231 each) 0 x 0.231 = 0.000 R36 
0 0.513 each) 0 x 0.513 = 0.000 R36 
® 0.231 each) 4 x 0.231 = 0.924 R36 (Ref. 92) 
0 0.513 each) 3 x 0.513 = 1 .539 R36 (Ref. 92) 

1 x 1 .080 = 1 .080 A36 (Ref. 88 & 93) 
0 0.231 each) 1 x 0.231 = 0.231 R36 

2 x 0.200 = 0.400 JR36 
1 x 0.055 = 0.055 
5 x 0.064 = 0.320 R36 
5 x 0.062 = 0.310 1836 
1 x 0.038 = 0.038 
4 x 0.070 = 0.280 
TOTAL = 5.331 Amps J R36 

Time 
0.154 each) 1 x 0.154 = 0.154 1s-10s R36 
0.342 each) 0 x 0.342 = 0.000 R36 

0 x 15.000 = 0.000 R36 (Ref. 93) 
0.231 each) 0 x 0.231 = 0.000 R36 
0.513 each) 0 x 0.513 = 0.000 R36 
0.231 each) 5 x 0.231 = 1 .155 R36 (Ref . 92) 
0.513 each) 3 x 0.513 = 1 .539 R36 (Ref . 92) 

0 x 1.080 = 0.000 R36 (Ref. 88 & 93) 
0.231 each) 0 x 0.231 = 0.000 R36 

2 x 0.200 = 0.400 JR36 
1 x 0.055 = 0.055 
5 x 0.064 = 0.320 R36 
5 x 0.062 = 0.310 IR36 
1 x 0.038 = 0.038 
4 x 0.070 = 0.280 
TOTAL = 4.251 Amps IS36 

Time 
0.154 each) 1 x 0.154 = 0.154 10s-12s R36 
0.342 each) 0 x 0.342 = 0.000 R36 

1 x 15.000 = 15.000 R36 (Ref . 93) 
ous) 0 x 5.000 = 0.000 R36 
0.231 each) 1 x 0.231 = 0.231 R36 
0.513 each) 0 x 0.513 = 0.000 836 
0.231 each) 4 x 0.231 = 0.924 R36 (Ref . 92) 
0.513 each) 3 x 0.513 = 1 .539 R36 (Ref. 92) 

0 x 1 .080 = 0.000 R36 (Ref. 88 & 93) 
0.231 each) 0 x 0.231 = 0.000 R36 

2 x 0.200 = 0.400 
1 x 0.055 = 0.055 
5 x 0.064 = 0.320 R36 
5 x 0.062 = 0.310 IR36 
1 x 0.038 = 0.038 
4 x 0.070 = 0.280 

TOTAL = 19.251 Amps 

IR36 

R36 



COMMONWEALTH EDISON COMPANY 
CALCULATION NO. : 7318-32-19-1 

4kV Switchgear 241 
LOOP Condition 

1 

	

lights for closed breakers (4 0.154 each) 
0 lights for closed breakers (® 0.342 each) 
0 breaker closing coils (Peak) 
1 breaker closing coils (Continuous) 
1 lights for closing breakers (® 0.231 each) 
0 lights for closing breakers (@ 0.513 each) 
4 lights for tripped breakers (® 0.231 each) 
3 lights for tripped breakers (0 0.513 each) 
0 breaker tripping coils 
0 lights for tripping breakers (® 0.231 each) 

Relays energized: 
2 IAC Relay 
1 SA-1 Relay 
5 Agastat Relay 
5 HFA 
1 HGA 
4 UV Relay 

2 lights for closed breakers (® 0.154 each) 
0 lights for closed breakers (® 0.342 each) 
0 breaker closing coils (Peak) 
0 breaker dosing coils (Continuous) 
0 lights for closing breakers (® 0.231 each) 
0 lights for closing breakers (0 0.513 each) 
4 lights for tripped breakers (® 0.231 each) 
3 lights for tripped breakers (Q 0.513 each) 
0 breaker tripping coils 
0 lights for tripping breakers (0 0.231 each) 

Relays energized : 
2 IAC Relay 
1 SA-1 Relay 
5 Agastat Relay 
5 HFA 
1 HGA 
4 UV Relay 

2 lights for closed breakers (0 0.154 each) 
0 lights for closed breakers (0 0.342 each) 
1 breaker closing coils (Peak) 
0 breaker closing coils (Continuous) 
1 lights for closing breakers (® 0.231 each) 
0 lights for closing breakers (® 0.513 each) 
3 lights for tripped breakers (® 0.231 each) 
3 lights for tripped breakers (® 0.513 each) 
0 breaker tripping coils 
0 lights for tripping breakers (® 0.231 each) 

Relays energized : 
2 IAC Relay 
1 SA-1 Relay 
5 Agastat Relay 
5 HFA 
1 HGA 
4 UV Relay 

REVISION NO . : 

	

36 

Page No. q5 
Page 4 of 14 JR36 

Time 
1 x 0.154 = 0.154 12s-25s R36 
0 x 0.342 = 0.000 R36 
0 x 15.000 = 0.000 R36 (Ref . 93) 
1 x 5.000 = 5.000 R36 
1 x 0.231 = 0.231 R36 
0 x 0.513 = 0.000 836 
4 x 0.231 = 0.924 R36 (Ref. 92) 
3 x 0.513 = 1 .539 R36 (Ref. 92) 
0 x 1 .080 = 0.000 R36 (Ref . 88 & 93) 
0 x 0.231 = 0.000 P36 

2 x 0.200 = 0.400 
1 x 0.055 = 0.055 
5 x 0.064 = 0.320 R36 
5 x 0.062 = 0.310 IR36 
1 x 0.038 = 0.038 
4 x 0.070 = 0.280 
TOTAL = 9.251 Amps 

IR36 
R36 

Time 
2 x 0.154 = 0.308 25s-10m R36 
0 x 0.342 = 0.000 S36 
0 x 15.000 = 0.000 R36 (Ref . 93) 
0 x 5.000 = 0.000 R36 
0 x 0.231 = 0.000 R36 
0 x 0.513 = 0.000 R36 
4 x 0.231 = 0.924 R36 (Ref. 92) 
3 x 0.513 = 1 .539 R36 (Ref . 92) 
0 x 1 .080 = 0.000 R36 (Ref. 88 & 93) 
0 x 0.231 = 0.000 R36 

2 x 0.200 = 0.400 
1 x 0.055 = 0.055 
5 x 0.064 = 0.320 836 
5 x 0.062 = 0.310 IR36 
1 x 0.038 = 0.038 
4 x 0.070 = 0.280 R36 
TOTAL = 4.174 Amps IR36 

Time 
2 x 0.154 = 0.308 10m-10m2s R36 
0 x 0.342 = 0.000 R36 
1 x 15.000 = 15.000 R36 (Ref . 93) 
0 x 5.000 = 0.000 R36 
1 x 0.231 = 0.231 R36 (Ref. 92) 
0 x 0.513 = 0.000 R36 (Ref. 92) 
3 x 0.231 = 0.693 R36 (Ref. 92) 
3 x 0.513 = 1.539 R36 (Ref . 92) 
0 x 1 .080 = 0.000 836 (Ref. 88 8 93) 
0 x 0.231 = 0.000 R36 

2 x 0.200 = 0.400 
1 x 0.055 = 0.055 
5 x 0.064 = 0.320 R36 
5 x 0.062 = 0.310 IR36 
1 x 0.038 = 0.038 
4 x 0.070 = 0.280 
TOTAL = 19.174 Amps 

~R36 
R36 



CALCULATION NO. : 7318-32-19-1 

REVISION NO. : 

	

36 

COMMONWEALTH EDISON COMPANY 

4kV Switchgear 241 

	

Page 5 of 14 

	

JR36 
LOOP Condition 

Time 
2 lights for closed breakers (d 0.154 each) 

	

2 x 

	

0.154 = 

	

0.308 

	

10m2s-10m15s 

	

R36 

	

(Ref. 92) 
0 lights for closed breakers (0 0.342 each) 

	

0 x 

	

0.342 = 

	

0.000 

	

R36 

	

(Ref. 92) 
0 breaker closing coils (Peak) 

	

0 x 

	

15.000 = 

	

0.000 

	

R36 

	

(Ref. 93) 
1 breaker dosing coils (Continuous) 

	

1 

	

x 

	

5.000 = 

	

5.000 

	

R36 
1 lights for closing breakers (0 0.231 each) 

	

1 

	

x 

	

0.231 

	

= 

	

0.231 

	

836 
0 lights for closing breakers (Q 0.513 each) 

	

0 x 

	

0.513 = 

	

0.000 

	

R36 
3 lights for tripped breakers (0 0.231 each) 

	

3 

	

x 

	

0.231 

	

= 

	

0.693 

	

R36 

	

(Ref. 92) 
3 lights for tripped breakers (0 0.513 each) 

	

3 x 

	

0.513 = 

	

1 .539 

	

R36 

	

(Ref. 92) 
0 breaker tripping coils 

	

0 x 

	

1 .080 = 

	

0.000 

	

R36 

	

(Ref. 88 & 93) 
0 lights for tripping breakers (® 0.231 each) 

	

0 x 

	

0.231 

	

= 

	

0.000 

	

836 
Relays energized : 

2 IAC Relay 

	

2 x 

	

0.200 = 

	

0.400 
1 SA-1 Relay 

	

1 x 

	

0.055 = 

	

0.055 
5 Agastat Relay 

	

5 x 

	

0.064 = 

	

0.320 

	

R36 
5 HFA 

	

5 x 0.062 = 0.310 

	

IR36 
t HGA 

	

1 x 0.038 = 0.038 
4 UV Relay 

	

4 x 

	

0.070 = 

	

0.280 

	

IR36 
TOTAL 

	

= 

	

9.174 Amps 

	

836 

rime 
3 lights for closed breakers (® 0.154 each) 

	

3 x 

	

0.154 = 

	

0.462 

	

1om15s-11m30s R36 

	

(Ref. 92) 
0 lights for closed breakers (® 0.342 each) 

	

0 x 

	

0.342 = 

	

0.000 

	

R36 

	

(Ref . 92) 
0 breaker closing coils (Peak) 

	

0 x 

	

15.000 = 

	

0.000 

	

R36 

	

(Ref . 93) 
0 breaker dosing coils (Continuous) 

	

0 x 

	

5.000 = 

	

0.000 

	

R36 
0 lights for closing breakers (0 0.231 each) 

	

0 x 

	

0.231 

	

= 

	

0.000 

	

R36 

	

(Ref. 92) 
0 lights for closing breakers (® 0.513 each) 

	

0 x 

	

0.513 = 

	

0.000 

	

R36 

	

(Ref . 92) 
3 lights for tripped breakers (® 0.231 each) 

	

3 x 

	

0.231 

	

= 

	

0.693 

	

R36 
3 lights for tripped breakers (0 0.513 each) 

	

3 x 

	

0.513 = 

	

1 .539 

	

R36 
0 breaker tripping coils 

	

0 x 

	

1 .080 = 

	

0.000 

	

R36 

	

(Ref. 88 & 93) 
0 lights for tripping breakers (® 0.231 each) 

	

0 x 

	

0.231 = 

	

0.000 

	

A36 
Relays energized: 

2 IAC Relay 

	

2 x 

	

0.200 = 

	

0.400 
1 SA-1 Relay 

	

1 x 

	

0.055 = 

	

0.055 
5 Agastat Relay 

	

5 x 

	

0.064 = 

	

0.320 

	

R36 
5 HFA 

	

5 x 0.062 = 0.310 

	

IR36 
1 HGA 

	

1 x 0.038 = 0.038 
4 UV Relay 

	

4 x 

	

0.070 = 

	

0.280 

	

R36 
TOTAL 

	

= 

	

4.097 Amps 

	

IR36 

Time 
3 lights for closed breakers (® 0.154 each) 

	

3 x 

	

0.154 = 

	

0.462 

	

11m30s-11m32s R36 

	

(Ref. 92) 
0 lights for closed breakers (® 0.342 each) 

	

0 x 

	

0.342 = 

	

0.000 

	

836 

	

(Ref. 92) 
i breaker closing coils (Peak) 

	

1 

	

x 

	

15.000 = 

	

15.000 

	

R36 

	

(Ref. 93) 
0 breaker dosing coils (Continuous) 

	

0 x 

	

5.000 = 

	

0.000 

	

R36 
i 

	

lights for closing breakers (® 0.231 each) 

	

1 

	

x 

	

0.231 

	

= 

	

0.231 

	

R36 
0 lights for closing breakers (0 0.513 each) 

	

0 x 

	

0.513 = 

	

0.000 

	

R36 
2 lights for tripped breakers (® 0.231 each) 

	

2 x 

	

0.231 

	

= 

	

0.462 

	

R36 
3 lights for tripped breakers (® 0.513 each) 

	

3 x 

	

0.513 = 

	

1,539 

	

A36 
0 breaker tripping coils 

	

0 x 

	

1 .080 = 

	

0.000 

	

R36 

	

(Ref . 88 & 93) 
0 lights for tripping breakers (4! 0.231 each) 

	

0 x 

	

0.231 

	

= 

	

0.000 

	

R36 
Relays energized : 

2 IAC Relay 

	

2 x 

	

0.200 = 

	

0.400 
i SA-1 Relay 

	

1 x 

	

0.055 = 

	

0.055 
5 Agastat Relay 

	

5 x 

	

0.064 = 

	

0.320 

	

R36 
5 HFA 

	

5 x 0.062 = 0.310 

	

IR36 
1 HGA 

	

1 x 0.038 = 0.038 
4 UV Relay 

	

4 x 

	

0.070 = 

	

0.280 

	

IR36 
TOTAL 

	

= 

	

19.097 Amps 

	

R36 

Page No. I Y~o 



COMMONWEALTH EDISON COMPANY 
CALCULATION NO. . 7318-32-19-1 

4kV Switchgear 24-1 
LOOP Condition 

3 lights for closed breakers (® 0.154 each) 
0 lights for closed breakers (® 0.342 each) 
0 breaker closing coils (Peak) 
1 breaker closing coils (Continuous) 
1 

	

lights for closing breakers (0 0.231 each) 
0 lights far closing breakers (0 0.513 each) 
2 lights for tripped breakers (® 0.231 each) 
3 lights for tripped breakers (0 0.513 each) 
0 breaker tripping coils 
0 lights for tripping breakers (® 0.231 each) 

Relays energized : 
2 IAC Relay 
1 SA-1 Relay 
5 Agastat Relay 
5 HFA 
1 HGA 
4 UV Relay 

4 lights for dosed breakers (® 0.154 each) 
0 lights for closed breakers (0 0.342 each) 
0 breaker closing coils (Peak) 
0 breaker closing coils (Continuous) 
0 lights for closing breakers (® 0.231 each) 
0 lights for closing breakers (® 0.513 each) 
2 lights for tripped breakers (® 0.231 each) 
3 lights for tripped breakers (0 0.513 each) 
0 breaker tripping coils 
0 lights for tripping breakers (®' 0.231 each) 

Relays energized: 
2 IAC Relay 
1 5A-1 Relay 
5 Agastat Relay 
5 HFA 
1 HGA 
4 UV Relay 

REVISION NO. : 
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Time 
3 x 0.154 = 0.462 11m32s-11m45s 836 (Ref . 92) 
0 x 0.342 = 0.000 R36 (Ref . 92) 
0 x 15.000 = 0.000 836 (Ref. 93) 
1 x 5.000 = 5.000 R36 
1 x 0.231 = 0.231 836 
0 x 0.513 = 0.000 S36 
2 x 0.231 = 0.462 R36 
3 x 0.513 = 1 .539 R36 
0 x 1 .080 = 0.000 836 (Ref. 88 & 93) 
0 x 0.231 = 0.000 R36 

2 x 0200 = 0.400 
1 x 0.055 = 0.055 
5 x 0.064 = 0.320 R36 
5 x 0.062 = 0.310 IR36 
t x 0.038 = 0.038 
4 x 0.070 = 0.290 
TOTAL = 9.097 Amps 

036 
R36 

Time 
4 x 0.154 = 0.616 11m45s-end R36 (Ref. 92) 
0 x 0.342 = 0.000 R36 (Ref . 92) 
0 x 15.000 = 0.000 R36 (Ref . 93) 
0 x 5.000 = 0.000 R36 
0 x 0.231 = 0.000 R36 
0 x 0.513 = 0.000 R36 
2 x 0.231 = 0.462 R36 
3 x 0.513 = 1.539 R36 
0 x 1 .080 = 0.000 R36 (Ref. 88 & 93) 
0 x 0.231 = 0.000 R36 

2 x 0.200 = 0.400 
1 x 0.055 = 0.055 
5 x 0.064 = 0.320 
5 x 0.062 = 0.310 

~R36 
R36 

1 x 0.038 = 0.038 
4 x 0.070 = 0.280 836 
TOTAL = 4.020 Amps R36 



COMMONWEALTH EDISON COMPANY 
CALCULATION NO. : 731&32-19-1 

4kV Switchgear 241 
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JR36 
LOOP Condition 
NOTES 
1 .) At t--ft all closed breakers trip except for 480V SWGR 29 feed. 4kV SWGR 24-1 sheds load . 
2 .) A1 t=1 s all 4kV SWGR 24-1 loads have been shed except for 480V SWGR 29 

(i .e . all breakers have completed tripping) . 
3.) At t-10s DG 2 breaker closes . 
4 .) At t=10m dose Main Feed Breaker to 4kV SWGR 24. 

	

R36 
5.) At t=11m30s close breaker for 4kV SWGR 31 (Safe Shutdown System). 

	

IR36 

NOTE : 

The SBO breaker remains tripped when there is a LOCA on either unit . 
Since the scenario modeled is a LOOP on both units 1 & 2 and a LOCA on 

	

836 
one unit, the SBO breaker is not modeled as closing . 

REVISION NO . . 

	

36 



COMMONWEALTH EDISON COMPANY 
CALCULATION NO. : 7318-32-19-1 

4kV Swftchgear 241 
LOOP & LOCA Condition 
The maximum do load on the circuit under LOOP & 

L1 lights for closed breakers (0 0.154 each) 
0 lights for closed breakers (® 0.342 each) 
0 breaker closing coils 
0 lights for closing breakers (0 0.231 each) 
0 lights for closing breakers (0 0.513 each) 
4 lights for tripped breakers (0 0.231 each) 
3 lights for tripped breakers (0 0.513 each) 
1 breaker tripping coils 
1 lights for tripping breakers (® 0.231 each) 

Relays energized : 
2 IAC Relay 
1 SA-1 Relay 
5 Agastat Relay 
5 HFA 
1 HGA 
4 UV Relay 

1 lights for closed breakers (® 0.154 each) 
0 lights for closed breakers (® 0.342 each) 
0 breaker closing coils 
0 lights for closing breakers (® 0.231 each) 
0 lights for closing breakers (0 0.513 each) 
5 lights for tripped breakers (0 0.231 each) 
3 lights for tripped breakers (® 0.513 each) 
0 breaker tripping coils 
0 lights for tripping breakers (0 0.231 each) 

Relays energized: 
2 IAC Relay 
1 SA-1 Relay 
5 Agastat Relay 
5 HFA 
1 HGA 
4 LIV Relay 

1 lights for closed breakers (0 0.154 each) 
0 lights for closed breakers (® 0.342 each) 
1 breaker closing coils (Peak) 
0 breaker closing coils (Continuous) 
1 lights for closing breakers (4 0.231 each) 
0 lights for closing breakers (® 0.513 each) 
4 lights for tripped breakers (0 0.231 each) 
3 lights for tripped breakers (0 0.513 each) 
0 breaker tripping coils 
0 lights for tripping breakers (0 0.231 each) 

Relays energized : 
2 IAC Relay 
1 SA-1 Relay 
5 Agastat Relay 
5 HFA 
1 HGA 
4 UV Relay 

REVISION NO. : 
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OCA condition is : 
Time 

1 x 0.154 = 0.154 Os-is R36 
0 x 0.342 = 0.000 R36 
0 x 15.000 = 0.000 R36 (Ref . 93) 
0 x 0.231 = 0.000 R36 
0 x 0.513 = 0.000 R36 
4 x 0.231 = 0.924 R36 (Ref. 92) 
3 x 0.513 = 1.539 R36 (Ref. 92) 
1 x 1 .080 = 1.080 R36 (Ref . 88 & 93) 
1 x 0.231 = 0.231 836 

2 x 0200 = 0.400 JR36 
1 x 0.055 = 0.055 
5 x 0.064 = 0.320 R36 
5 x 0.062 = 0.310 IR36 
1 x 0.038 = 0.038 
4 x 0.070 = 0.280 
TOTAL = 5.331 Amps JR36 

Time 
t x 0.154 = 0.154 is-10s R36 
0 x 0.342 = 0.000 R36 
0 x 15.000 = 0.000 R36 (Ref. 93) 
0 x 0.231 = 0.000 R36 
0 x 0.513 = 0.000 P36 
5 x 0.231 = 1 .155 R36 (Ref . 92) 
3 x 0.513 = 1.539 R36 (Ref. 92) 
0 x 1 .080 = 0.000 R36 (Ref. 88 & 93) 
0 x 0.231 = 0.000 R36 

2 x 0.200 = 0.400 JR36 
1 x 0,055 = 0.055 
5 x 0.064 = 0.320 
5 x 0.062 = 0.310 

IR36 
R36 

1 x 0.038 = 0.038 
4 x 0.070 = 0.280 
TOTAL = 4.251 Amps JR36 

Time 
t x 0.154 = 0.154 10s-12s R36 
0 x 0.342 = 0.000 R36 
1 x 15.000 = 15.000 R36 (Ref . 90) 
0 x 5.000 = 0.000 R36 
1 x 0.231 = 0.231 R36 
0 x 0.513 = 0.000 R36 
4 x 0.231 = 0.924 A36 (Ref . 92) 
3 x 0.513 = 1 .539 R36 (Ref. 92) 
0 x 1 .080 = 0.000 R36 (Ref. 88 & 93) 
0 x 0.231 = 0.000 R36 

2 x 0.200 = 0.400 
1 x 0.055 = 0.055 
5 x 0.064 = 0.320 
5 x 0.062 = 0.310 

IR36 
R36 

1 x 0.038 = 0.038 
4 x 0.070 = 0.280 836 
TOTAL = 19.251 Amps IR36 



COMMONWEALTH EDISON COMPANY 
CALCULATION NO.: 7318-32-19-1 

4kV Swftchgear 24-1 
LOOP & LOCA Condition 

1 lights for closed breakers (0 0.154 each) 
0 lights for closed breakers (® 0.342 each) 
0 breaker closing coils (Peak) 
1 breaker closing coils (Continuous) 
1 lights for closing breakers (0 0.231 each) 
0 lights for closing breakers (® 0.513 each) 
4 lights for tripped breakers (4 0.231 each) 
3 lights for tripped breakers (0 0.513 each) 
0 breaker tripping coils 
0 lights for tripping breakers (® 0.231 each) 

Relays energized : 
2 IAC Relay 
1 SA-1 Relay 
5 Agastat Relay 
5 HFA 
1 HGA 
4 UV Relay 

1 lights for closed breakers (® 0.154 each) 
0 lights for closed breakers (Al 0.342 each) 
1 breaker closing coils (Peak) 
1 breaker dosing coils (Continuous) 
1 lights for closing breakers (® 0.231 each) 
1 lights for closing breakers (® 0.513 each) 
4 lights for tripped breakers (® 0.231 each) 
2 lights for tripped breakers (Q 0.513 each) 
0 breaker tripping coils 
0 lights for tripping breakers (0 0.231 each) 

Relays energized : 
2 IAC Relay 
1 SA-1 Relay 
5 Agastat Relay 
5 HFA 
1 HGA 
4 UV Relay 

1 lights for closed breakers (® 0.154 each) 
0 lights for closed breakers (® 0.342 each) 
0 breaker closing coils (Peak) 
2 breaker dosing coils (Continuous) 
1 lights for closing breakers (0 0.231 each) 
1 lights for closing breakers (® 0.513 each) 
4 lights for tripped breakers (0 0.231 each) 
2 lights for tripped breakers (Al 0.513 each) 
0 breaker tripping coils 
0 lights for tripping breakers (0 0.231 each) 

Relays energized: 
2 IAC Relay 
1 SA-1 Relay 
5 Agastat Relay 
5 HFA 
1 HGA 
4 UV Relay 

(REVISION NO. : 
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Time 
1 x 0.154 = 0.154 12s-13s P36 
0 x 0.342 = 0.000 P36 
0 x 15.000 = 0.000 R36 (Ref. 90) 
1 x 5.000 = 5.000 R36 
1 x 0.231 = 0.231 R36 
0 x 0.513 = 0.000 R36 
4 x 0.231 = 0.924 R36 (Ref . 92) 
3 x 0.513 = 1 .539 R36 (Ref. 92) 
0 x 1 .080 = 0.000 R36 (Ref. 88 & 93) 
0 x 0.231 = 0.000 R36 

2 x 0.200 = 0.400 
1 x 0.055 = 0.055 
5 x 0.064 = 0.320 
5 x 0.062 = 0.310 

~R36 
R36 

1 x 0.038 = 0.038 
4 x 0.070 = 0.280 R36 
TOTAL = 9.251 Amps IR36 

Time 
1 x 0.154 = 0.154 13s-15s R36 
0 x 0.342 = 0.000 R36 
t x 15.000 = 15.000 R36 (Ref . 90) 
1 x 5.000 = 5.000 R36 
1 x 0.231 = 0.231 R36 (Ref. 92) 
1 x 0.513 = 0.513 R36 (Ref. 92) 
4 x 0.231 = 0.924 R36 (Ref . 92) 
2 x 0.513 = 1.026 R36 (Ref. 92) 
0 x 1.080 = 0.000 R36 (Ref. 88 & 93) 
0 x 0.231 = 0.000 R36 

2 x 0.200 = 0.400 
t x 0.055 = 0.055 
5 x 0.064 = 0.320 R36 
5 x 0.062 = 0.310 IR36 
1 x 0.038 = 0.038 
4 x 0.070 = 0.280 
TOTAL = 24.251 Amps 

IR36 
R36 

Time 
1 x 0.154 = 0.154 15s-18s R36 (Ref. 92) 
0 x 0.342 = 0.000 R36 (Ref. 92) 
0 x 15.000 = 0.000 R36 (Ref. 90) 
2 x 5.000 = 10.000 R36 
1 x 0.231 = 0.231 R36 
1 x 0.513 = 0.513 R36 
4 x 0.231 = 0.924 R36 (Ref . 92) 
2 x 0.513 = 1 .026 R36 (Ref . 92) 
0 x 1 .080 = 0.000 R36 (Ref. 88 & 93) 
0 x 0.231 = 0.000 R36 

2 x 0.200 = 0.400 
f x 0.055 = 0.055 
5 x 0.064 = 0.320 R36 
5 x 0.062 = 0.310 IR36 
1 x 0.038 = 0.038 
4 x 0.070 = 0.280 836 
TOTAL = 14.251 Amps IR36 



COMMONWEALTH EDISON COMPANY 
CALCULATION NO. : 7318- 

4kV SwitchgeaLOOP 
& LOCA Condition 

1 

	

lights for closed breakers (d 
0 lights for closed breakers (0 
1 breaker closing coils (Peak) 
2 breaker closing coils (Continu1 

	

lights for closing breakers (0 
2 lights for closing breakers (® 
4 lights for tripped breakers (4 
1 lights for tripped breakers (® 
0 breaker tripping coils 
0 lights for tripping breakers (® 0.231 each) 

Relays energi2 
IAC Relay 

1 SA-1 Relay 
5 Agastat Relay 
5 HFA 
1 HGA 
4 UV Relay 

1 lights for closed breakers (0 
0 lights for closed breakers (® 
0 breaker closing coils (Peak) 
3 breaker closing coils (Continu1 

lights for closing breakers (0 
2 lights for closing breakers (0 
4 lights for tripped breakers (® 
1 lights for tripped breakers (® 
0 breaker tripping coils 
0 lights for tripping breakers (0 

Relays energized : 
2 IAC Relay 
1 SA-1 Relay 
5 Agastat Relay 
5 HFA 
1 HGA 
4 UV Relay 

1 lights for closed breakers (0 0.154 each) 
0 lights for closed breakers (0 0.342 each) 
1 breaker closing coils (Peak) 
3 breaker closing coils (Continuous) 
1 lights for closing breakers (0 0.231 each) 
3 lights for closing breakers (® 0.513 each) 
4 lights for tripped breakers (® 0_231 each) 
0 lights for tripped breakers (® 0.513 each) 
0 breaker tripping coils 
0 lights for tripping breakers (® 0.231 each) 

Relays energized : 
2 IAC Relay 
1 SA-1 Relay 
5 Agastat Relay 
5 HFA 
1 HGA 
4 UV Relay 

2 x 0.200 = 0.400 
1 x 0.055 = 0.055 

1 
0 
1 
3 
1 
3 
4 
0 
0 
0 

2 
1 
5 
5 
1 
4 

REVISION NO. : 
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zed : 

TOTAL = 19.251 Amps R36 
Time R36 

x 0.154 = 0.154 23-25s R36 (Ref . 92) 
x 0.342 = 0.000 R36 (Ref. 92) 
x 15.000 = 15.000 836 (Ref. 90) 
x 5.000 = 15.000 A36 
x 0.231 = 0.231 A36 
x 0.513 = 1 .539 R36 
x 0.231 = 0.924 R36 
x 0.513 = 0.000 R36 
x 1.080 = 0.000 R36 (Ref. 88 & 93) 
x 0.231 = 0.000 R36 

R36 
x 0.200 = 0.400 R36 
x 0.055 = 0.055 R36 
x 0.064 = 0.320 R36 
x 0.062 = 0.310 R36 
x 0.038 = 0.038 R36 
x 0.070 = 0.280 R36 
TOTAL = 34.251 Amps R36 

5 x 0.064 = 0.320 
5 x 0.062 = 0.310 

~R36 
R36 

1 x 0.038 = 0.038 
4 x 0.070 = 0.280 
TOTAL = 29.251 Amps I R36 R36 

rime 
0.154 each) 1 x 0.154 = 0.154 20s-23s R36 (Ref. 92) 
0.342 each) 0 x 0.342 = 0.000 R36 (Ref. 92) 

0 x 15.000 = 0.000 P36 (Ref. 90) 
ou ) 3 x 5.000 = 15.000 R36 
0.231 each) 1 x 0.231 = 0.231 R36 
0.513 each) 2 x 0.513 = 1 .026 R36 
0.231 each) 4 x 0.231 = 0.924 R36 
0.513 each) 1 x 0.513 = 0.513 R36 

0 x 1.080 = 0.000 R36 (Ref . 88 & 93) 
0.231 each) 0 x 0.231 = 0.000 R36 

2 x 0.200 = 0.400 
1 x 0.055 = 0.055 
5 x 0.064 = 0.320 
5 x 0.062 = 0.310 

~R36 
R36 

1 x 0.038 = 0.038 
4 x 0.070 = 0.280 R36 

2-19-1 Pa No. 51 
r 24-1 Page 10 of 14 JR36 

Time 
0.154 e ch) 1 x 0.154 = 0.154 18s-20s IR36 (Ref . 92) 
0.342 each) 0 x 0.342 = 0.000 A36 (Ref. 92) 

1 x 15.000 = 15.000 A36 (Ref. 90) 
ous) 2 x 5.000 = 10.000 R36 
0.231 each) 1 x 0.231 = 0.231 R36 (Ref . 92) 
.513 each) 2 x 0.513 = 1 .026 R36 (Ref . 92) 

0.231 each) 4 x 0.231 = 0.924 R36 
0.513 each) 1 x 0.513 = 0.513 R36 

0 x 1 .080 = 0.000 R36 (Ref. 88 & 93) 
0 x 0.231 = 0.000 R36 



COMMONWEALTH EDISON COMPANY 
CALCULA'T'ION NO. : 7318-32-19-1 

4kV Switchgear 241 
LOOP & LOCA Condition 

2 lights for closed breakers (® 0.154 each) 
0 lights for closed breakers (® 0.342 each) 
0 breaker closing coils (Peak) 
3 breaker closing coils (Continuous) 
0 lights for closing breakers (® 0.231 each) 
3 lights for closing breakers (0 0.513 each) 
4 lights for tripped breakers (® 0.231 each) 
0 lights for tripped breakers (0 0.513 each) 
0 breaker tripping coils 
0 lights for tripping breakers (4 0.231 each) 

Relays energized: 
2 IAC Relay 
1 SA-1 Relay 
5 Agastat Relay 
5 HFA 
1 HGA 
4 UV Relay 

2 lights for closed breakers (® 0.154 each) 
t lights for closed breakers (® 0.342 each) 
0 breaker closing coils (Peak) 
2 breaker dosing coils (Continuous) 
0 lights for closing breakers (0 0.231 each) 
2 lights for closing breakers (Q 0.513 each) 
4 lights for tripped breakers (® 0.231 each) 
0 lights for tripped breakers (® 0.513 each) 
0 breaker tripping coils 
0 lights for tripping breakers (® 0.231 each) 

Relays energized: 
2 IAC Relay 
f SA-1 Relay 
5 Agastat Relay 
5 HFA 
1 HGA 
4 UV Relay 

2 lights for closed breakers (® 0.154 each) 
2 lights for closed breakers (® 0.342 each) 
0 breaker closing coils (Peak) 
1 breaker dosing coils (Continuous) 
0 lights for closing breakers (0 0.231 each) 
t lights for closing breakers (® 0.513 each) 
4 lights for tripped breakers (® 0.231 each) 
0 lights for tripped breakers (® 0.513 each) 
0 breaker tripping coils 
0 lights for tripping breakers (® 0.231 each) 

Relays energized: 
2 IAC Relay 
1 SA-1 Relay 
5 Agastat Relay 
5 HFA 
1 HGA 
4 UV Relay 

[REVISION NO . : 
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Time 
2 x 0.154 = 0.308 25s-28s A36 (Ref. 92) 
0 x 0.342 = 0.000 R36 (Ref . 92) 
0 x 15.000 = 0.000 ,R36 (Ref . 90) 
3 x 5.000 = 15.000 R36 
0 x 0.231 = 0.000 P36 
3 x 0.513 = 1 .539 R36 
4 x 0.231 = 0.924 R36 
0 x 0.513 = 0.000 R36 
0 x 1.080 = 0.000 R36 (Ref . 88 & 93) 
0 x 0.231 = 0.000 R36 

2 x 0.200 = 0.400 
1 x 0.055 = 0.055 
5 x 0.064 = 0.320 P36 
5 x 0.062 = 0.310 iR36 
1 x 0.038 = 0.038 
4 x 0.070 = 0.280 R36 
TOTAL = 19.174 Amps R36 

Time 
2 x 0.154 = 0.308 28s-33s R36 (Ref, 92) 
1 x 0.342 = 0.342 R36 (Ref. 92) 
0 x 15.000 = 0.000 836 (Set. 90) 
2 x 5.000 = 10.000 R36 
0 x 0.231 = 0.000 !R36 
2 x 0.513 = 1 .026 R36 
4 x 0.231 = 0.924 R36 
0 x 0.513 = 0.000 R36 
0 x 1.080 = 0.000 A36 (Ref . 88 & 93) 
0 x 0.231 = 0.000 R36 

2 x 0.200 0.400 
1 x 0.055 0.055 
5 x 0.064 0.320 R36 
5 x 0.062 0.310 I R36 
1 x 0.038 0.038 
4 x 0.070 0.280 R36 
TOTAL 14.003 Amps A36 

Time R36 
2 x 0.154 = 0.308 33s-38s A36 (Ret.92) 
2 x 0.342 = 0.684 R36 (Ref, 92) 
0 x 15.000 = 0.000 R36 (Rat 90) 
t x 5.000 = 5.000 R36 
0 x 0.231 = 0.000 R36 
1 x 0.513 = 0.513 R36 
4 x 0.231 = 0.924 R36 
0 x 0.513 = 0.000 R36 
0 x 1.080 = 0.000 R36 (Ref, 88 & 93) 
0 x 0.231 = 0.000 R36 

R36 
2 x 0.200 = 0.400 R36 
1 x 0.055 = 0.055 R36 
5 x 0.064 = 0.320 R36 
5 x 0.062 = 0.310 A36 
1 x 0.038 = 0.038 R36 
4 x 0.070 = 0.280 R36 
TOTAL = 8.832 Amps R36 



COMMONWEALTH EDISON COMPANY 
CALCULATION NO. : 7318-32-19-1 

4kV Switchgear 241 
LOOP & LOCA Condition 

2 lights for closed breakers (® 0.154 each) 
3 lights for closed breakers (d 0.342 each) 
0 breaker closing coils (Peak) 
0 breaker closing coils (Continuous) 
0 lights for closing breakers (0 0.231 each) 
0 lights for closing breakers (® 0.513 each) 
4 lights for tripped breakers (0 0.231 each) 
0 lights for tripped breakers (0 0.513 each) 
0 breaker tripping coils 
0 lights for tripping breakers (0 0.231 each) 

Relays energized : 
2 IAC Relay 
1 SA-1 Relay 
5 Agastat Relay 
5 HFA 
1 HGA 
4 UV Relay 

2 lights for closed breakers (0 0.154 each) 
2 lights for closed breakers (O 0.342 each) 
0 breaker closing coils (Peak) 
0 breaker closing coils (Continuous) 
0 lights for closing breakers (® 0.231 each) 
0 lights for closing breakers (0 0.513 each) 
4 lights for tripped breakers (® 0.231 each) 
0 lights for tripped breakers (® 0.513 each) 
1 breaker tripping coils 
1 lights for tripping breakers (® 0.231 each) 

Relays energized : 
2 IAC Relay 
1 SA-1 Relay 
5 Agastat Relay 
5 HFA 
1 HGA 
4 UV Relay 

2 lights for closed breakers (® 0.154 each) 
2 lights for closed breakers (0 0.342 each) 
0 breaker closing coifs (Peak) 
0 breaker closing coils (Continuous) 
0 lights for closing breakers (® 0.231 each) 
0 lights for closing breakers (® 0.513 each) 
4 lights for tripped breakers (®' 0.231 each) 
1 lights for tripped breakers (® 0.513 each) 
0 breaker tripping coils 
0 lights for tripping breakers (0 0.231 each) 

Relays energized : 
2 IAC Relay 
1 SA-1 Relay 
5 Agastat Relay 
5 HFA 
1 HGA 
4 UV Relay 

I REVISION NO . : 
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Time R36 
2 x 0.154 = 0.308 38s-10m R36 (Ref. 92) 
3 x 0.342 = 1 .026 R36 (Ref. 92) 
0 x 15.000 = 0.000 R36 (Ref. 90) 
0 x 5.000 = 0.000 R36 
0 x 0.231 = 0.000 R36 
0 x 0.513 = 0.000 R36 
4 x 0.231 = 0.924 R36 
0 x 0.513 = 0.000 R36 
0 x 1 .080 = 0.000 R36 (Ref . 88 & 93) 
0 x 0.231 = 0.000 R36 

R36 
2 x 0.200 = 0.400 R36 
1 x 0.055 = 0.055 R36 
5 x 0.064 = 0.320 R36 
5 x 0.062 = 0.310 R36 
t x 0.038 = 0.038 R36 
4 x 0.070 = 0.280 R36 
TOTAL = 3.661 Amps R36 

Time R36 
2 x 0.154 = 0.308 idm-10mts R36 (Ref. 92) 
2 x 0.342 = 0.684 836 (Ref . 92) 
0 x 15.000 = 0.000 R36 (Ref . 90) 
0 x 5.000 = 0.000 R36 
0 x 0.231 = 0.000 R36 
0 x 0.513 = 0.000 R36 
4 x 0.231 = 0.924 R36 
0 x 0.513 = 0.000 R36 
1 x 1 .080 = 1 .080 R36 (Ref. 88 & 93) 
1 x 0.231 = 0.231 R36 

R36 
2 x 0.200 = 0.400 R38 
1 x 0.055 = 0.055 R36 
5 x 0.064 = 0.320 R36 
5 x 0.062 = 0.310 R36 
1 x 0.038 = 0.038 R36 
4 x 0.070 = 0.28D R36 
TOTAL = 4.630 Amps R36 

Time R36 
2 x 0.154 = 0.308 10mls-10m15s R36 (Ref . 92) 
2 x 0.342 = 0.684 R36 (Ref . 92) 
0 x 15.000 = 0.000 R36 (Ref. 90) 
0 x 5.000 = 0.000 R36 
0 x 0.231 = 0.000 A36 
0 x 0.513 = 0.000 R36 
4 x 0.231 = 0.924 836 
t x 0.513 = 0.513 R36 
0 x 1 .080 = 0.000 R36 (Ref. 88 & 93) 
0 x 0.231 = 0.000 R36 

R36 
2 x 0.200 = 0.400 R36 
1 x 0.055 = 0.055 R36 
5 x 0.064 = 0.320 R36 
5 x 0.062 = 0.310 R36 
1 x 0.038 = 0.038 R36 
4 x 0.070 = 0.280 R36 
TOTAL = 3.832 Amps R36 

1 
. -_~- __ 



COMMONWEALTH EDISON COMPANY 
CALCULATION NO. : 7318-32-19-1 

	

Page No. 

4kV Switchgear 24-1 
LOOP A LOCA Condition 

2 lights for closed breakers (0 0.154 each) 
2 lights for closed breakers (0 0.342 each) 
1 breaker closing coils (Peak) 

j 0 breaker closing coils (Continuous) 
1 lights for closing breakers (0 0.231 each) 
0 lights for closing breakers (0 0.513 each) 
3 lights for tripped breakers (0 0.231 each) 
1 lights for tripped breakers (0 0.513 each) 
0 breaker tripping coils 
0 lights for tripping breakers (0 0.231 each) 

Relays energized: 
2 IAC Relay 
1 SA-1 Relay 
5 Agastat Relay 
5 HFA 
1 HGA 
4 UV Relay 

2 lights for closed breakers (0 0.154 each) 
2 lights for closed breakers (0 0.342 each) 
0 breaker closing coils (Peak) 
1 breaker closing coils (Continuous) 
1 lights for closing breakers (0 0.231 each) 
0 lights for closing breakers (0 0.513 each) 
3 lights for tripped breakers (0 0.231 each) 
1 lights for tripped breakers (0 0.513 each) 
0 breaker tripping coils 
0 lights for tripping breakers (0 0.231 each) 

Relays energized : 
2 JAC Relay 
1 SA-1 Relay 
5 Agastat Relay 
5 HFA 
1 HGA 
4 UV Relay 

3 lights for closed breakers (0 0.154 each) 
2 lights for closed breakers (0 0.342 each) 
0 breaker closing coils (Peak) 
0 breaker closing coils (Continuous) 
0 lights for closing breakers (0 0.231 each) 
0 lights for closing breakers (0 0.513 each) 
3 lights for tripped breakers (0 0.231 each) 
i lights for tripped breakers (0 0.513 each) 
0 breaker tripping coils 
0 lights for tripping breakers (0 0.231 each) 

Relays energized : 
2 IAC Relay 
1 SA-1 Relay 
5 Agastat Relay 
5 HFA 
1 HGA 
4 UV Relay 

j 

	

1 x 0 

REVISION NO . : 

	

36 

	

1 

	

1 

Page 13 of 14 R36 
IR36 

Time R36 
2 x 0,154 = 0.3 8 10m l5s-10m17s R36 (Ret. 92) 
2 x 0.342 = 0.684 R36 (Ref . 92) 
1 x 15.000 = 15.000 R36 (Re . 90) 
0 x 5.000 = 0.000 R36 

231 = 0.231 A36 
0 x 0. 13 = 0.000 36 
3 x 0.231 = 0.693 P36 
1 x 0.513 = 0.513 R36 
0 x 1 .080 = 0.000 R36 (Ref. 88 & 93) 
0 x 0.231 = 0.0 0 R36 

R36 
2 x 02 0 = 0.400 R36 
i x 0.055 = 0.055 R36 
5 x O.D64 = 0.320 R36 
5 x 0. 62 = 0.310 R36 
i x 0.0 8 = 0.038 A36 
4 x 0.070 = 0.280 R36 
TOT L = 18.832 Amps R36 

ime R36 
2 x 0.1 4 = 0.308 10m17s-10m30s A36 (Ref . 92) 
2 x 0. 42 = 0.684 R36 (Ref . 92) 
0 x 15.000 = 0.0 0 R36 (Ref. 90) 
f x 5.000 = 5.000 836 
1 x 0.231 = 0.231 36 
0 x 0.513 = 0.000 R36 
3 x 0 231 = 0.693 R36 
1 x .513 = 0.513 8 6 
0 x 1.060 = 0.000 R36 (Ref. 88 & 93) 
0 x 0.231 = 0.000 R36 

R36 
2 x 0.200 = 0.400 R36 
1 x 0.055 = 0.055 R36 
5 x 0.064 = 0.320 R36 
5 x 0.062 = 0.310 R36 
1 x 0.038 = 0.038 R36 
4 x 0.070 = 0.280 R36 
TOTAL = 8.832 Amps R36 

Time R36 
3 x 0.154 = 0.462 10m30s-end R36 (Ref. 92) 
2 x 0.342 = 0.684 R36 (Ref . 92) 
0 x 15.000 = 0.000 R36 (Ref. 90) 
0 x 5.000 = 0.000 R36 
0 x 0.231 = 0.000 R36 
0 x 0.513 = 0.000 R36 
3 x 0.231 = 0.693 R36 
1 x 0.513 = 0.513 R36 
0 x 1 .080 = 0.000 R36 (Ref . 88 & 93) 
0 x 0.231 = 0.000 R36 

R36 
2 x 0.200 = 0.400 R36 
1 x 0.055 = 0.055 R36 
5 x 0.064 = 0.320 R36 
5 x 0.062 = 0.310 R36 
f x 0.038 = 0.038 R36 
4 x 0.070 = 0.280 R36 
TOTAL = 3.755 Amps R36 



COMMONWEALTH EDISON COMPANY 
CALCULATION NO. : 7318-32-19-1 (Page No. 1=- 

4kV Switchgear 24-1 

	

Page 14 of 14 

	

JR36 
,LOOP & LOCA Condition 
NOTES 
1 .) At t--Os all closed breakers trip except for 480V SWGR 29 feed. 4kV SWGR 24-1 sheds load . 
2 .) At t=1s all 4kV SWGR 24-1 loads have been shed except for 480V SWGR 29 

(i .e. all breakers have completed tripping) . 
3.) At t=10s DG 2 breaker closes. 

	

R36 
4.) At t=13s close breaker for RHR Pump 2C . 

	

R36 
5.) At t=18s close breaker for RHR Pump 2D . 

	

R36 
6.) At t=23s close breaker for Core Spray Pump 2B . 

	

R36 
7.) At t=10m trip RHR Pump 2C or 2D . 

	

R36 
8.) At t=10m15s close Main Feed Breaker to 4kV SWGR 24 . 

	

R36 
NOTE : 

The SBO breaker remains tripped when there is a LOCA on either unit. 
Since the scenario modeled is a LOOP on both units 1 & 2 and a LOCA on 

	

R36 
one unit, the SBO breaker is not modeled as closing . 

REVISION NO . : 

	

36 
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SARGENT 6 LUNDY, ENGINEERS 

	

CHICAGO, ILLINOIS 

	

ELMS-DC VERSION 2 .00 

	

PROJECT NUMBER : 08646 

	

PAGE : 

	

1 
UTILITY: 

	

Commonwealth Edison Company 

	

STATION: QUAD CITIES 

	

UNIT: 1 

	

USER : DWW 
DATA FILE : c :\elmsdc\gldSyls .m67 

	

DATE: 6-5-08 
7318-32-19-1, Rev. 40 - ATWS Inverter Loading 
------------------------------------------------------------- --------------------------------------- 

INPUT DATA REPORT - LOAD DATA 

Cable number . . . . . . . . . . . . . . 
Load on charger . . . . . (Amps) 

	

.000 

	

.000 

	

.000 

	

.000 

Load record number . . . . . . . . 
Load name . . . . . . . . . . . . . . . . . 

HStatus . . . . . . . . (E, N, or M) 
Transient current . . .(Amps) 
Transient duration- (Sec ; 
Continuous current (Amps) 
Time load Starts .(MIN .SEC) 
Load duration . . . .(MIN-SEC) 
Source bus or panel . . . . . . . IA-1 CRT 6 

	

IA-1 CRT 6 

	

lA-1 CRT 7 

	

IA-1 CRT 7 
System code . . . . . . . . . . . . . . . 

Cate No : 7318-32-19-1, Rev. 40 
Page No: A20 

9 Load is ON 
PCI SYS PNL 901-39 

E 

10 Load is ON 
HPCI PIC FAILURE RLY 

E 

11 Load is ON 
CORE SPRAY VLV 1OF3 

E 

12 Load is ON 
CORE SPRAY VLV 20F3 

E 
.000 .073 .100 .100 

0 1 10 10 
2 .771 .073 .180 .180 
.00 .00 .00 .50 

240 .00 240 .00 .5D 14 .10 

Load record number . . . . . . . . 
Load name . . . . . . . . . . . . . . . . . 
Status . . .--(E' N, or M) 

1 Load is ON 
4KV BUS 13 MN 1OF4 

E 

2 Load is ON 
4KV BUS 13 MN 20F4 

E 

3 Load is ON 
4KV BUS 13 MN 30F4 

E 

4 Load is ON 
4KV BUS 13 MN 40F4 

E 
Transient current . . . (Amps) 14 .167 18 .367 18 .290 .000 
Transient duration . . .(Sec) 1 2 2 0 
Continuous current (Amps) 3 .367 8 .367 8 .290 3 .213 
Time load Starts .(MIN.SEC) .00 10 .15 10 .30 10 .45 
Load duration . . . .(MIW SEC) 10 .15 .15 .15 229 .15 
Source bus or panel . . . . . . . lA-1 CRT 1 1A-1 CRT 1 IA-1 CRT 1 IA-1 CRT I 
System code . . . . . . . . . . . . . . . 

Load record number . . . . . . . . 
Load name . . . . . . . . . . . . . . . . . 
Status . . . . . . . . (2, N, or M) 

5 Load is ON 
4KV BUS 14 RES 

E 

6 Load is ON 
AUTO BLO 901-32 1OF2 

E 

7 Load is ON 
AUTO BLA 901-32 20F2 

E 

8 Load is ON 
RHR PNL 901-32 

E 
Transient current . . . (Amps) 000 .000 .000 2 .640 
Transient duration . . .(Sec) 0 0 0 10 
Continuous current (Amps) .000 .768 .384 2 .640 
Time load Starts .(MIN .SEC) .00 .00 60 .00 .00 
Load duration . . . .(MIW SEC) .00 60 .00 180 .00 240 .00 
Source bus or panel . . . . . . . IA-1 CKT 2 LA-1 CRT 3 1A-1 CRT 3 lA-1 CKT 5 
System code . . . . . . . . . . . . . . . 
Source of equipment data . . CALC 705600 19-1 PI 83 5040-QH-0507 PI 83 5040-QH-0507 DCR 990315 
Ref . document (dwgs,ete) . . 4E-1654F 4E-1461, 4E-1462 4E-1461, 4E-1462 4E-14380 
Document revision . . . . . . . . . 
Modification number . . . . . . . 
Cable number . . . . . . . . . . . . . . 
Load on charger. . . . . (Amps) .000 .000 000 .000 

Source of equipment data . . PI-83 S040-QH-0382 ECH 04-00853E CALC 705600 19-1 CALL 705600 19-1 
Ref . document (dwgs,etc) . . 4E-1527 4E-1527A 4E-1428 4E-1428 
Document revision . . . . . . . . . E 
Modification number . . . . . . . DCP 9900238 P04-1-92-051 
Cable number . . . . . . . . . . . . . . 18434 
Load on charger . . . . . (Amps) .000 000 .000 000 

Source of equipment data . . 7318-32-19-1 REV. 36 7318-32-19-1 REV. 36 7318-32-19-1 REV. 36 7318-32-19-1 REV . 36 
Ref . document (dwgs,etc) . . 
Document revision . . . . . . . . . 
Modification number . . . . . . . M04-1-91-033A M04-1-91-033A M04-1-91-033A M04-1-91-033A 
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SARGENT 4 LUNDY, ENGINEERS 

	

CHICAGO, ILLINOIS 

	

EL14S-DC VERSION 2 .00 

	

PROJECT NUMBERt 08646 

	

PAGE : 

	

2 
UTILITY: 

	

Commonwealth Edison Company 

	

STATION: QUAD CITIES 

	

UNIT : 1 

	

USER : DWW 
DATA FILE : c :\elmsdc\gld5yls .m67 

	

DATE : 6-5-08 
7318-32-19-1, Rev . 40 - ATWS Inverter Loading 
-------------------------------------- ----------------------------------------------------------------------------------- 

INPUT DATA REPORT - LOAD DATA 

20F3 

Status . . . . . . . . (E, 

	

N, 

	

or M) 

	

E 

	

E 

	

E 

	

E 
Transient current . . . (Amps) 

	

19 .240 

	

.000 

	

3 .310 

	

,000 
Transient duration- (Sec) 

	

1 

	

0 

	

10 

	

0 
Continuous current (Amps) 

	

1 .240 

	

.000 

	

1.410 

	

.000 
Time load Starts .(MIN.SEC) 

	

00 

	

.00 

	

.00 

	

.00 
Load duration . . . .(MIN .SEC) 240 .00 

	

.00 

	

240.00 

	

.00 
Source bus or panel . . . . . . . IA-2 CKT I 

	

1A-2 CKT 2 

	

IA-2 CKT 3 

	

IA-2 CKT 4 
System code . . . . . . . . . . . . . . . 
Source of equipment data . . CALL 705600 19-1 

	

CALL 705600 19-1 

	

CALL 705600 19-1 

	

CALC 705600 19-1 
Ref . document (dwgs,etc) . . 4E-1318A 

	

4E-1318A 

	

4E-1657E 

	

4E-1658E 
Document revision . . . . . . . . . 
Modification number . . . . . . . EC 331380 
Cable number . . . . . . . . . . . . . . 
Wad on charger. . . . .(Amps) 

	

000 

	

.000 

	

.000 

	

.000 

Calc No : 7318-32-19-1, Rev. 40 
Page No: A21 

Source bus or panel . . . . . . . 
System code . . . . . . . . . . . . . . . 
Source of equipment data . . 
Ref . document (dwgs,etc) . . 

IA-1 CKT 7 

DCR 990315 
4E-1428 

LA-1 CICT 8 

CALC 705600 19-1 
4E-1467 

IA-1 CXT 11 

CALL 705600 19-1 
4E-1502A 

IA-1 CRT 11 

CALL 705600 19-1 
49-1502A 

Document revision . . . . . . . . . 
Modification number . . . . . . . 
Cable number . . . . . . . . . . . . . . 
Load on charger . . . . . (Amps) .000 .000 .000 .000 

Wad record number . . . . . . . . 17 Load is ON 18 Load is ON 19 Load is ON 20 Wad is ON 
Load name . . . . . . . . . . . . . . . . . PCI SYS 901-40 30F3 SOL$1,MSIV 203-IABCD ATWS PNL 1-2201-70A ATS PNL 1-2201-73AA 
Status . . . . . . . . (E, N, or M) E E M M 
Transient current . . . (Amps) 000 .000 .000 .000 
Transient duration . . . (Sec) 0 0 0 0 
Continuous current (Amps) .920 .285 6 .032 .725 
Time load Starts .(MIN .SEC) 15 .00 .00 .00 .00 
Load duration . . . . (MTN .SEC) 225 .00 240 .00 240.00 240 .00 
Source bus or panel . . . . . . . IA-1 CKT 11 IA-1 CKT I1 1A-1 CKT 16 3A-1 CKT 18 
System code . . . . . . . . . . . . . . . 
Source of equipment data . . CALC 705600 19-1 PI-83 S040-QH-0314 7318-32-19-1, Rev .40 7318-32-19-1, Rev.40 
Ref . document (dwge,etc) . . 4E-1502A 4E-i505A 
Document revision . . . . . . . . . 
Modification number . . . . . . . EC 24569 EC 24569 
Cable number . . . . . . . . . . . . . . 
Wad on charger . . . . .(Amps) .000 .000 .000 .000 

Load record number . . . . . . . . 21 Load is ON 22 Wad Is ON 23 Wad is ON 24 Load is ON 
Load name . . . . . . . . . . . . . . . . . 4Kv BUS I1 MN 4KV BUS 12 RES 480V BUS 15 MN 490V BUS 16 RES 

Load record number . . . . . . . . 
Wad name . . . . . . . . . . . . . . . . . 
Status . . . . . . . . (9, N, or M) 

13 Load is ON 
CORE SPRAY VLV 30F3 

E 

14 Load is ON 
CHNL A PNL 901-15 

E 

15 Load is ON 
PCI SYS 901-40 IOF3 

E 

16 Load is ON 
PCI SYS 901-40 

E 
Transient current . . . (Amps) 000 .000 2 .960 .000 
Transient duration-(Sec) 0 0 10 0 
Continuous current (Amps) .100 .420 2 .120 2 .960 
Time load Starta .(MIN.SEC) 15 .00 -00 .00 1 .00 
Load duration . . . . (MIN .SEC) 225 .00 240.00 1 .00 14 .00 
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PAGE : 

	

3 
UTILITY: 

	

Commonwealth Edison Company 

	

STATION : QUAD CITIES 

	

UNIT: 1 

	

USER : DWW 
DATA FILE : c :\elmsdc\gld5yls .m67 

	

DATE : 6-5-08 
7318-32-19-1, Rev. 40 - ATWS Inverter Loading 

------------------------------------------------------------------------------------------------------------------ 

INPUT DATA REPORT - LOAD DATA 

Cable number . . . . . . . . . . . . . . 
Load on charger . . . . .(Amps) 

	

.000 

	

.000 

	

.000 

	

.000 

Load record number . . . . . . . . 33 Load is ON 

	

34 Load is ON 

	

35 Load is ON 

	

36 Load is ON 

Calc No: 7318-32-19-1, Rev. 40 
Page No: A22 

Load name . . . . . . . . . . . . . . . . . 
Status . . . . . . . . (E . N, or M) 

CONT RM LTG CAB 10 
E 

RWB ESC LTG PNL 30 
E 

902-29 PRIM RES FEED 
E 

902-29 SKUP RES FEED 
E 

Transient current . . .(Amps) .000 .000 .000 .000 
Transient duration . . . (Sec) 0 0 0 0 
Continuous current (Amps) 21 .600 12 .800 .000 000 
Time load Starta .(MIN .SEC) 00 .00 .00 .00 
Load duration . . . .(MIWSEC) 30 .00 30 .00 .00 .00 

Load record number . . . . . . . . 
Load name . . . . . . . . . . . . . . . . . 
Status . . . . . . .(£, N, or M) 

29 Load is ON 
GEN&XFMR CAB 901-29 

E 

30 Load is ON 
GEN BKUP CAB 901-29 

E 

11 Load is ON 
ESC LTG ELC 20 

M 

32 Load is ON 
RCIC DRN VLV 901-4 

E 
Transient current . . . (Amps) 9 .223 8 .210 .000 .000 
Transient duration . . . (Sec) 5 5 0 0 
Continuous current (Amps) 7 .147 6 .960 29 .600 1 .580 
Time load Starts .(MIN.SEC) .00 .00 .00 ,00 
Load duration . . . . (MIN.SEC) 30.00 30 .00 30.00 240 .00 

Load record number . . . . . . . . 
Load name . . . . . . . . . . . . . . . . . 
Status . . . . . . . . tE, N, or M) 

25 Load is ON 
480V BUS 17 RES 

E 

26 Load is ON 
PEG CABINET 2251-6 

E 

27 Load is ON 
J4K 

E 

28 Load is ON 
ANN CAB 901-34 MN FD 

E 
Transient current . . . (Amps) .000 12 .868 .000 .000 
Transient duration- (Sec) 0 5 0 0 
Continuous current (Amps) .000 .868 .064 54 .000 
Time load Starts .(MIW S£C) .00 .00 .00 .00 
Load duration . . . .(MIN.SEC) .00 30 .00 30 .00 240 .00 

Source bus or panel . . . . . . . 
System code . . . . . . . . . . . . . . . 
Source of equipment data . . 

IA-2 CKT 16 

CALL 705600 19-1 

IA-2 CKT 17 

CALC 705600 19-1 

IA-2 CKT 18 

PI-83 5040-QH-0388 

IA-2 CICT 19 

PI-83 5040-QH-0388 
Ref. document (dwgs,etc) . . 4E-1318A 4E-1318A 4E-2338, 4E-2339 4E-2338A 
Document revision . . . . . . . . . 
Modification number . . . . . . . DCP 9800034 DCP 9800034 
Cable number . . . . . . . . . . . . . . 
Load on charger . . . . . (Amps) .000 .000 .000 000 

Source bus or panel . . . . . . . IA-2 CKT 8 IA-2 CKT 30 IA-2 CKT 14 lA-2 CKT 15 
System code . . . . . . . . . . . . . . . 
Source of equipment data . . 7318-32-19-1,Rev 381 EC 364141 DCR 990315 
Ref . document (dwgs,etc) . . 4E-1338,4E-1339 4E-1338A 4E-1685E 4E-1484C 
Document revision . . . . . . . . . 
Modification number . . . . . . . EC 351180 EC 361260 

Source bus or panel . . . . . . . IA-2 CKT 5 IA-2 CKT 6 IA-2 CKT 6 IA-2 CKT 7 
System code . . . . . . . . . . . . . . . 
Source of equipment data . . CALL 705600 19-1 CALC 705600 19-1 IMPELL PAR £101-149 
Ref . document (dwge,ete) . . 4E-1659£ 48-1353 4E-1579 
Document revision . . . . . . . . . 
Modification number . . . . . . . M04-1-84-031 M04-1-87-OSIA 
Cable number . . . . . . . . . . . . . . 14194 69485 
Load on charger . . . . .(Amps) 000 .000 .000 .000 
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PAGE : 

	

4 
UTILITY : 

	

Commonwealth Edison Company 

	

STATION: QUAD CITIES 

	

UNIT: 1 

	

USER : DWW 
DATA FILE : c :\elmsdc\gldSyls .m67 

	

DATE : 6-5-08 
7318-32-19-1, Rev. 40 - ATWS Inverter Loading 

INPUT DATA REPORT - LOAD DATA 

Load record number . . . . . . . . 

	

37 Load is ON 

	

38 Load is ON 

	

39 Load is ON 

	

40 Load is ON 
Load name . . . . . . . . . . . . . . . . . RCIC PNL 901-48 

	

RCIC FIC FAILURE RLY 

	

ANN c 2212-41AL9 

	

H2 STR CLG 2251-7 MN 
Status . . . . . - (E, 

	

N, 

	

or M) 

	

E 

	

E 

	

E 

	

E 
Transient current . . . (Amps) 

	

.000 

	

.073 

	

.000 

	

.000 

Load on charger . . . . . (Amps) 

	

.000 

	

.000 

	

.000 

	

000 

Load record number . . . . . . . . 45 Load is ON 

	

46 Load is ON 

	

47 Load is ON 

	

48 Load is ON 

36 

Cable number . . . . . . . . . . . . . . 
Load on charger . . . . . (Amps) 

	

.000 

	

.000 

	

.000 

	

.000 

Calc No : 7318-32-19-1, Rev. 40 
Page No: A23 

Transient duration . . . (Sec) 0 
Continuous current (Amps) .950 
Time load Starts .(MIN .SEC) .00 
Load duration. . . .(MIN .SEC) 240 .00 

1 
.073 
.00 

240 .00 

0 
.650 
.00 

30 .00 

0 
.800 
.00 

30 .00 
Source bus or panel . . . . . . . 1A-2 CKT 20 IA-2 CKT 20 IA-2 CKT 21 IA-2 CKT 22 
System code . . . . . . . . . . . . . . . 
Source of equipment data . . DCR 990315 DCR 990315 CALC 705600 19-1 CALL 705600 19-1 
Ref . document (dwgs,etc) . . 4E-1484C 4E-1484C 4E-1392A 4E-1367 
Document revision . . . . . . . . . AJ 
Modification number . . . . . . . EC 333261 
Cable number . . . . . . . . . . . . . . 104, 75 
Load on charger . . . . . (Amps) .000 .000 .000 000 

Load record number . . . . . . . . 41 Load Is ON 42 Load is ON 43 Load is ON 44 Load is ON 
Load name . . . . . . . . . . . . . . . . . 901-53,54,55,56 4KV BUS 13-1 MNlOF11 4KV BUS 13-1 MR20F11 4KV BUS 13-1 MN30FIl 
Status- . . . . .(E, N, or M) E E E E 
Transient current-(Amps) .000 6 .383 18 .378 23 .143 
Transient duration . . .(Sec) 0 1 2 2 
Continuous current (Amps) 5 .000 3 .143 8 .143 13 .143 
Time load Starts.(MIN.SEC) .00 00 .10 .13 
Load duration . . . . (MIN.SEC) 30 .00 .10 .03 GS 

Load name . . . . . . . . . . . . . . . . . 
Status . . . . . . . . (E, N, or M) 

4KV BUS 13-1 MM40FIl 
E 

4KV BUS 13-1 MN50FIl 
E 

4KV BUS 13-1 MN60FIl 
E 

4KV BUS 13-1 MN70F11 
6 

Transient current . . . (Amps) 28 .143 33 .143 .000 000 
Transient duration . . .(Sec) 2 2 0 0 
Continuous current ;Amps) 18 .143 18 .066 12 .989 7 .912 
Time load Starts .(MIN .SEC) 1B 23 .28 33 
Load duration . . . .(MIN .SEC) .05 .05 .OS .05 
Source bus or panel . . . . . . . RB PNL 1 CKT 1 RB PNL 1 CKT 1 RB PNL 1 CKT 1 RB PNL 1 CKT 1 
System code . . . . . . . . . . . . . . . 
Source of equipment data . . 7318-32-19-1 REV. 36 7318-32-19-1 REV- 36 7318-32-19-1 REV . 36 7318-32-19-1 REV . 
Ref . document (dwgs,etci . . 4E-1655A 4E-1655A 4E-1655A 4E-1655A 
Document revision . . . . . . . . . 
Modification number . . . . . . . EC 336499 EC 336499 EC 336499 EC 336499 

Source bus or panel . . . . . . . IA-2 CKT 23 RB PNL 1 CKT 1 RH PNL 1 CKT 1 RB PNL 1 CRT 1 
System code . . . . . . . . . . . . . . . 
Source of equipment data . . IMPELL PAR E101-155 7318-32-19-1 REV . 36 7318-32-19-1 REV. 36 7318-32-19-1 REV. 36 
Ref . document (dwgs,etc) . . 4E-1685E 4E-1655A 4E-1655A 4E-1655A 
Document revision . . . . . . . . . 
Modification number . . . . . . . M04-1-87-051C EC 336499 EC 336499 EC 336499 
Cable number . . . . . . . . . . . . . . 69486 



SARGENT 6 LUNDY, ENGINEERS 

	

CHICAGO, ILLINOIS 

	

ELMS-DC VERSION 2 .00 

	

PROJECT NUMBER : 08646 

	

PAGE : 

	

5 
UTILITY : 

	

Commonwealth Edison Company 

	

STATION : QUAD CITIES 

	

UNIT: 1 

	

USER : DWW 
DATA FILE : c :\elmsdc\gld5yla .m67 

	

DATE : 6-5-08 
7318-32-19-1, Rev . 40 - ATWS Inverter Loading 

INPUT DATA REPORT - TOAD DATA 

36 

Cable number . . . . . . . . . . . . . . 
Load on charger . . . . . (Amps) 

	

.000 

	

.000 

	

.000 

	

.000 

Load record number . . . . . . . . 53 Load in ON 

	

54 Load is ON 

	

55 Load is ON 

	

56 Load is ON 

Source bus or panel . . . . . . . RS PNL 1 CKT 2 

	

RB PNL 1 CKT 3 

	

RB PNL 1 CKT 3 

	

RB PNL 1 CKT 3 
System code . . . . . . . . . . . . . . . 
Source of equipment data . . CALC 705600 19-1 

	

Pr 83 5040-QH-0507 

	

CALL 705600 19-1 

	

CALL 705600 19-1 
Ref . document (dwgs,etc) . . 4E-1656G 

	

4E-16608 

	

4E-16608 

	

4E-16608 
Document revision . . . . . . . . . 
Modification number . . . . . . . 
Cable number . . . . . . . . . . . . . . 
Load on charger . . . . .(Amps) 

	

.000 

	

000 

	

.000 

	

.000 

Caic No. 7318-32-19-1, Rev. 40 
Page No; A24 

Load record number . . . . . . . . 
Load name . . . . . . . . . . . . . . . . . 
status . . . . _ .(E, N, or M) 

57 Load is ON 
480V BUS 18 MN 40F4 

E 

58 Load is ON 
480V BUS 19 RES 

E 

59 Load is ON 
ESC LTG ELC 29 

M 

60 Load is ON 
FR PROT HPCI 

E 
Transient current . . . (Amps) .000 .000 .000 .000 
Transient duration . . . (Sec) 0 0 0 0 
Continuous current (Amps) 3 .340 .000 36 .800 .120 
Time load Starts .(MIN.SEC) 15 .00 .00 .00 .00 
Load duration . . . .(MIN .SEC) 225 .00 00 240 .00 30 .00 

Load record number . . . . . . . . 
Load name . . . . . . . . . . . . . . . . . 
Status . . . . . _ (E, N, or M) 

49 Load is ON 
4KV BUS 13-1 MNSOFII 

E 

50 Load is ON 
4KV BUS 13-1 MN90FIl 

E 

51 Load is ON 
4KVBU8 13-1 MN100FIl 

E 

52 Load is ON 
4KVBUS 13-1 MNl1OF11 

E 
Transient current . . .(Amps) .000 3 .992 17 .912 .000 
Transient duration . . . (Sec) 0 1 2 0 
Continuous current (Amps) 2 .835 2 .912 7 .912 2 .835 
Time load Starte .(MIN .SEC) .38 10 .00 10 .15 10 .30 
Load duration . . . . (MIN .SEC) 9.22 .15 .15 229 .30 

Load name . . . . . . . . . . . . . . . . . 
Status . . . . . . .(£, N, or M) 

4KV BUS 14-1 RES 
E 

480V BUS 18 MN LOF4 
E 

480V BUS 18 MN 20F4 
E 

480V BUS 18 MN 30F4 
E 

Transient current . . . (Amps) .000 5'7.140 5 .240 .000 
Transient duration . . .(Sec) 0 5 40 0 
Continuous current (Amps) .000 3 .260 3 .340 5 .260 
Time load Starts .(MIN .SEC) 00 .00 .10 1 .00 
Load duration . . . .(MIN.SEC) .00 .10 .50 14 .00 

Source bus or panel . . . . . . . RS PNL 1 CKT 3 RB PNL 1 CRT 4 RB PNL 1 CKT 5 RB PNL 1 CKT 6 
system code . . . . . . . . . . . . . . . 
Source of equipment data . . CALC 705600 19-1 CALC 705600 19-I EC 364141 7318-32-19-1 
Ref . document (dwgs,etc) . . 4E-16608 4E-16618 4E-1686 4E-1597 
Document revision . . . . . . . . . 
Modification number . . . . . . . 
Cable number . . . . . . . . . . . . . . 
Load on charger . . . . .(Amps) .000 .000 .000 .000 

Source bus or panel . . . . . . . RB PNL 1 CKT 1 RS PNL 1 CKT 1 RB PNL 1 CKT 1 RS PNL 1 CKT 1 

System code . . . . . . . . . . . . . . . 
Source of equipment data . . 7318-32-19-1 REV. 36 7318-37-19-1 REV. 36 7318-32-19-1 REV. 36 7318-32-19-1 REV . 

Ref. document (dwgs,etc) . . 4E-1655A 4E-1655A 4H-165511 4E-1655A 
Document revision . . . . . . . . . 
Modification number . . . . . . . EC 336499 EC 336499 EC 336499 EC 336499 
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CHICAGO, ILLINOIS 

	

ELMS-DC VERSION 2 .00 

	

PROJECT NUMBER : 08646 

	

PAGE : 

	

E 
UTILITY: 

	

Commonwealth Edison Company 

	

STATION : QUAD CITIES 

	

UNIT : 1 

	

USER : OWN 
DATA FILE : c:\elmsdc\g1d5yls .m67 

	

DATE : 6-5-08 
7318-32-19-1, Rev . 40 - ATLAS Inverter Loading 
-------------------------------------------------------------------------------------------- ----------------------------- 

INPUT DATA REPORT - LOAD DATA 

Source bus or panel . . . . . . . RD PNL 1 CAT 7 

	

RBI PNL I CKT a 

	

RB PNL I CKT 10 

	

RB PNL 1 CKT 10 
System code . . . . . . . . . . . . . . . 
Source of equipment data . . CALL 705600 19-1 

	

7318-32-19-1 

	

7318-32-19-1 REV 36 

	

7318-32-19-1 REV 36 
Ref . document (dwgs,etc) . . 49-1318 SH . 1 

	

4E-1597 

	

4E-1461, 49-1462 

	

4E-1461, 4X-1462 
Document revision . . . . . . . . . 
Modification number . . . . . . . DCR 9C 357099 
Cable number . . . . . . . . . . . . . . 
Load on charger . . . . .(Amps) 

	

.000 

	

.000 

	

.000 

	

.000 

(P1) 

Source bus or panel . . . . . . . RB PNL 1 CKT 10 

	

Ra PNL 1 CKT 10 

	

RB PNL 1 CKT 12 

	

RE PNL I CKT 13 
System code . . . . . . . . . . . . . . . 
Source of equipment data . . 7318-32-19-1 REV 36 

	

7318-32-19-1 REV 36 

	

IMPELL PAR 9101-155 

	

PI 83 S040-QH-0507 

RB PNL 1 CKT 13 

M04-2-92-0068 
Cable number . . . . . . . . . . . . . . 
Load on charger. . .- .(Amps) 

	

.000 

	

.000 

	

.000 

	

.000 

Caic No: 7318-32-19-1, Rev. 40 
Page No: A25 

Load record number . . . . . . . . 
Load name . . . . - . . . . . . . . . . . . 
Status . . . . . . . . (E, N, or M) 

61 Load is ON 
DISTR PNL HTR 

B 

62 Load is ON 
HPCI PAL 2251-47 

E 

63 Load is ON 
AUTO BL022U1-32 10F4 

E 

64 Load is ON 
AUTO BLO2201-32 20F4 

E 
Transient current . . .(Amps) .000 .000 .000 .000 
Transient duration . . . (Sec) 0 0 0- 0 
Continuous current (Amps) 1 .600 .640 1 .610 96 .660 
Time load Starta .(MIN .SEC) .00 .00 .00 2 .00 
Load duration . . . . (MIN .SEC) 240 .00 30 .00 2 .00 2 .30 

Load record number . . . . . . . . 
Load name . . . . . . . . . . . . . . . . . 
Status . . . . . . . .(E, N, or M) 

65 Load is ON 
AUTO BL02201-32 30F4 

E 

66 Load is ON 
AUTO BL02201-32 40F4 

E 

67 Load is ON 
PNL 901-55 ANNUM SYS 

E 

68 Load is ON 
DG1/2 2212-46 

E 
Transient current . . . (Amps) .000 .000 .000 65.111 
Transient duration . . . (Sec) 0 0 0 5 
Continuous current (Amps) 1 .610 .803 .080 29 .123 
Time load Starts .(MIN .SEC) 4 .30 60 .00 .00 .00 
Load duration . . . . (MIN .SEC) 55 .30 180.00 240 .00 .10 

Load name . . . . . . . . . . . . . . . . . 
Status . . . . . . . . !E, N, or M) 

DG1/2 2212-46 (P2) 
E 

D(31/2 2212-46 (P3) 
9 

DGS/2 CKT ACAS . RLY 
E 

DG 12 AUX XFER INTLK 
E 

Transient current . . . (Amps) 20 .517 1 .500 .000 .000 
Transient duration . . .(Sec) 40 30 0 0 
Continuous current (Amps) 2 .517 .240 .064 .160 
Time load Starts .(MIN .SEC) .10 .00 1 .00 .DO 
Load duration . . . .(MIN .SEC) .50 240 .00 239 .00 240 .00 
Source bus or panel . . . . . . . RB PNL I CRT 13 RB PNL 1 CKT 13 RB PNL 1 CKT 13 
System code . . . . . . . . . . . . . . . 
Source of equipment data . . PI 83 S040-QH-0507 DCP 9900056 PI 83 5040-QH-0507 
Ref . document (dwgs,ete) . . 4E-1337 4E-1351A, SH .2 
Document revision . . . . . . . . . 
Modification number . . . . . . . DCR 4-93-319 M4-1,2,1/2-83-009 DCP # 9600390 

Ref . document (dwgs,etc) . . 46-1461, 4E-1462 4E-1461, 49-1462 4B-1337 
Document revision . . . . . . . . . 
Modification number . . . . . . . M04-1-87-051C OCR 4-93-319 
Cable number . . . . . . . . . . . . . . 
Load on charger . . . . . (Amps) .000 .000 .000 .000 

Load record number . . . . . . . . 69 Load is ON 70 Load is ON 71 Load is ON 72 Load is ON 
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UTILITY : 

	

Commonwealth Edison Company 

	

STATION: QUAD CITIES 

	

UNIT : 1 

	

USER : DWW 
DATA FILE : c :\elmsdc\gld5yla.m67 

	

DATE : 6-5-08 

7318-32-19-1, Rev . 40 - ATWS Inverter Loading 
------------------------- ----------------------------------------------------------- ------------------------------------ 

INPUT DATA REPORT - LOAD DATA 

Source bus or panel . . . . . . . RB PNL 1 CKT 17 

	

RB PNL 1 CKT is 

	

2B-1 CKT 1 

	

28-1 CKT 1 
System code . . . . . . . . . . . . . . . 
Source of equipment data . . CALL 705600 19-1 

	

CALL 705600 19-1 

	

PI 83 5040-QH-0507 

	

CALL 705600 19-1 
Ref . document (dwgs,etc) . . 4E-1318 SH . 1 

	

49-1318 SH.1 

	

4B-26613 

	

4B-26619 
Document revision . . . . . . . . . 
Modification number . . . . . . . OM EC 357099 

	

DCR EC 357099 
Cable number . . . . . . . . . . . . . . 
Load on charger . . ._ (Amps) 

	

.000 

	

.D00 

	

.000 

	

.000 

Calc No: 7318-32-19-1, Rev. 40 
Page No: 

Load record number . . . . . . . . 
Load name . . . . . . . . . . . . . . . . . 

Status . . . . _ .(E, N, or M) 

77 Load is ON 
480V BUS 29 MN 30F4 

E 

7B Load is ON 
480V BUS 29 MN 40F4 

E 

79 Load is ON 
UV RELAY 7824-27NA 

E 

80 Load is ON 
OV RELAY 7824-59M 

E 
Transient current . . . (Amps) .000 .000 .000 .000 
Transient duration . . . (Sec) 0 0 0 0 
Continuous current !Amps) 4 .820 3 .100 .050 .050 
Time load Starts .(MIN .SEC) 1 .00 15 .00 .00 00 
Load duration . . . .tMIN .SEC) 14 .00 225.00 240 .00 240 .00 

Load name . . . . . . . . . . . . . . . . . 
Status . . . . . . . . (E, N, or M) 

OF/OF RELAY 7824-81 
E 

TD RELAY 7824-CR29A 
E 

AUX RELAY 7824-CR29B 
E 

480V BUS 28 RES 
E 

Transient current . . .(Amps) .000 .000 .000 .000 
Transient duration . . .(Sec) 0 0 0 0 
Continuous current (Amps) .070 .070 .070 .000 
Time load Starts . (MIN .SEC) .00 .00 .00 .00 
Load duration . . . .fMIN .SEC) 240.00 240 .00 240 .00 .00 

Load record number . . . . . . . . 

Load name . . . . . . . . . . . . . . . . 
Status . . . . . _ (E, N, or M) 

73 Load is ON 
DR INT'LK105,147,148 

E 

74 Load is ON 
DR INT'LK154,157,239 

E 

75 Load is ON 
480V BUS 29 MN 1OF4 

E 

76 Load is ON 
490V BUS 29 MN 20F4 

E 

Transient current . . . (Amps) .000 .000 64 .956 4 .600 

Transient duration . . .(Sec) 0 0 5 40 
Continuous current (Amps) .500 .500 2 .920 2 .980 

Time load Starts .(MIN .SEC) .00 .00 .00 .10 
Load duration . . . . (MIN.SEC) 240 .00 240 .00 .10 .50 

Source bus or panel . . . . . . . 
System code . . . . . . . . . . . . . . . 
Source of equipment data . . 

28-1 CKT 1 

CALC 705600 19-1 

2B-1 CKT 1 

CALC 705600 19-1 

2B-1 CKT 1 

ASEA B .B . INSTR BOOK 

2B-1 CICT 1 

ASEA B.B . rNSTR BOOK 

Ref. document (dwgs,etc) . . 4E-26613 4E-26633 
Document revision . . . . . . . . . 
Modification number . . . . . . . M4-2-89-165 M4-2-89-165 
Cable number . . . . . . . . . . . . . . 78155 78155 
Load on charger . . . . . (Amps) .000 .000 .000 .000 

Load record number . . . . . --- 81 Load is ON 82 read is ON 83 Load is ON 84 Load is ON 

Source bus or panel . . . . . . . 2B-1 CKT 1 2B-1 CKT 1 28-1 CKT 1 2B-1 CKT 2 
System code . . . . . . . . . . . . . . . 
Source of equipment data . . ASEA B .B . INSTR BOOK 7000 SERIES AGASTAT GE CAT 9 GEH-2024A CALC 705600 19-1 
Ref . document (dwgs,etc) . . 4E-26603 
Document revision . . . . . . . . . 
Modification number . . . . . . . M4-2-89-165 M4-2-89-165 M4-2-89-165 
Cable number . . . . . . . . . . . . . . 78155 78155 78155 
Load on charger . . . . . (Amps) .000 .000 .000 000 
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UTILITY: 

	

Commonwealth Edison Company 

	

STATION: QUAD CITIES 

	

UNIT : 1 

	

USER : DWW 

DATA FILE : c :\elmedc\g1d5yls .m67 

	

DATE : 6-5-08 
7318-32-19-1, Rev. 40 - ATWS Inverter Loading 

INPUT DATA REPORT - LOAD DATA 

Load record number . . . . . . . . 85 Load is ON 

	

86 Load is ON 

	

87 Load is ON 

	

88 Load is ON 

36 

Load name . . . . . . . . . . . . . . . . . 4KV BUS 24-1 MN 40F7 

	

4KV BUS 24-1 MN 5OF7 

	

4KV BUS 24-1 MN 60F7 

	

4KV BUS 24-1 MN 70F7 

36 

Cable number . . . . . . . . . . . . . . 
Load on charger, , . . .(Amps) 

	

000 

	

.000 

	

.000 

	

.000 

Load record number . . . . . . . . 

	

93 Load is ON 

	

94 Load is ON 

	

95 Load is ON 

	

96 Load is ON 

Source bus or panel . . . . . . . 2B-1 CKT 5 

	

2B-1 CKT 6 

	

2B-1 CKT 6 

	

2B-1 CKT 6 
System code . . . . . . . . . . . . . . . 
Source of equipment data . . CALC 705600 19-1 
Ref . document (dwga,etC) - 4E-26530 
Document revision . . . . . . . . . 
Modification number . . . . . . . 

	

EC 358697 

	

EC 358697 

	

EC 358697 
Cable number . . . . . . . . . . . . . . 
Load on charger. . . . .(Amps) 

	

.000 

	

.000 

	

.000 

	

.000 

talc No: 7318-32-19-1, Rev. 40 
Page No : A27 

Load name . . . . . . . . . . . . . . . . . 
Status . . . . . . . . (S, N, or M) 

4KV BUS 23-1 RES 
E 

4KV BUS 24-1 MN IOF7 
E 

4KV BUS 24-1 MN 20F7 
E 

4KV BUS 24-1 MN 30F7 
E 

Transient current . . . (Amps) .000 5 .331 19 .251 .000 

Transient duration . . . (Sec) 0 1 2 0 
Continuous current (Amps) .000 4 .251 9 .251 4 .174 
Time load Starts .(MIN.SEC) .00 .00 .10 .25 
Load duration . . . . (MIN .SEC) 00 .10 .15 9 .35 

Status . . . . . . . . (S . N, or M) E E E E 
Transient current . . . (Amps) 19 .174 .000 19 .097 .000 
Transient duration . . . (Sec) 2 0 2 0 
Continuous current (Amps) 9 .174 4 .097 9 .097 4 .020 
Time load Starts . (MIN.SEC) 10 .00 10 .15 11 .30 11 .45 
Load duration . . . . (MIN .SEC) .15 1 .15 .15 228 .15 
Source bus or panel. . . . . . . 28-1 CKT 4 2B-1 CKT 4 2B-1 CKT 4 28-1 CKT 4 
System code . . . . . . . . . . . . . . . 
Source of equipment data . . 7318-32-19-1 REV. 36 7318-32-19-1 REV. 36 7318-32-19-1 REV . 36 7318-32-19-1 REV . 

Ref . document (dwgs,etc) . . 
Document revision . . . . . . . . . 
Modification number . . . . . . . DCP 9600335 DCP 9600335 DCP 9600335 DCP 9600335 

Load name . . . . . . . . . . . . . . . . . 
Status . . . . . . . . (E, N, or M) 

4XV BUS 23 RES 
E 

4KV BUS 24 MN 1OF8 
E 

4KV BUS 24 MN 20F8 
E 

4KV BUS 24 MN 30FS 
£ 

Transient current . . .(Amps) .000 16 .386 19 .506 19 .429 
Transient duration . . . (Sec) 0 1 2 2 
Continuous current (Amps) .000 4 .506 9 .506 9 .429 
Time load Starts .(MIN .SEC) .00 .00 10.00 ID .15 
Load duration . . . . (MIN.SEC) .00 10 .00 .15 15 

Source bus or panel . . . . . . . 2B-1 CRT 3 28-1 CKT 4 2B-1 CKT 4 2B-1 CKT 4 
System code . . . . . . . . . . . . . . . 
Source of equipment data . . CALC 705600 19-1 7318-32-19-1 REV . 36 7318-32-19-1 REV . 36 7318-32-19-1 REV. 
Ref . document (dwgs,etc) . . 48-2655K 
Document revision . . . . . . . . . 
Modification number . . . . . . . DCP 9600335 DCP 9600335 DCP 9600335 
Cable number . . . . . . . . . . . . . . 
Load on charger . . . . . (Amps) .000 .000 .000 .000 

Load record number . . . . . . . . 89 Load is ON 90 Load is ON 91 Load is ON 92 Load is ON 
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UTILITY: 

	

Commonwealth Edison Company 

	

STATIONt QUAD CITIES 

	

UNIT: 1 

	

USER: DWW 
DATA FILE : c :\clmsdc\gld5yls .m67 DATE : 6-5-08 
7318-32-19-1, Rev. 40 - ATW9 Inverter Loading 
----------------------------------------------- ------------ -------------------------------------------------------------

INPUT DATA REPORT - LOAD DATA 

28-1 CRT 6 

EC 358697 
Cable number . . . . . . . . . . . . . . 
Load on charger . . . . . (Amps) 

	

.000 

	

.000 

	

.000 

	

000 

Cable number . . . . . . . . . . . . . . 
Load on charger. . . . .(Amps) 

	

.000 

	

.000 

	

.000 

	

.000 

Document revision . . . . . . . . . 
Modification number . . . . . . . 
Cable number . . . . . . . . . . . . . . 
Load on charger . . . . . (Amps) 

	

.000 

	

.000 

	

.000 

	

.000 

Calc No: 7318-32-19-1, Rev . 40 
Page No : A28 

Load record number . . . . . . . . 
Load name . . . . . . . . . . . . . . . . . 
Status . . . . . . . . (E, N, or M) 

101 Load is ON 
4KV BUS 24 MN SOPS 

E 

102 Load is ON 
4KV BUS 31 RES FD 

E 

103 Load is ON 
CAM-ACAD PNL 902-56 

E 

104 Load is ON 
CORE SPRAY VLV 1OF3 

E 

Transient current . . .(Ampa) 000 .000 .000 .100 
Transient duration . . . (Sec) 0 0 0 10 
Continuous current (Amps) 4 .104 .000 .080 .160 
Time load Starts .(MIN .SEC) 11 .30 .00 .00 .00 
Load duration . . . .(MIN .SEC) 228 .30 .00 240 .00 .50 

Load record number . . . . . . . . 
Load name . . . . . . . . . . . . . . .- . 
Status . .- .----(E, N, or M) 

97 Load is ON 
4KV BUS 24 MN 40F8 

E 

98 Load is ON 
4KV BUS 24 MN 50F8 

E 

99 Load is ON 
4KV BUS 24 MN 60F8 

E 

100 Load is ON 
4KV BUS 24 MN 70F8 

E 
Transient current, . .(Amps) .000 19 .258 .000 19 .181 
Transient duration ., .(Sac) 0 2 0 2 
Continuous current (Amps) 4 .258 9 .258 4 .181 9.181 
Time load Starts . (MIN . SEC) 10 .30 10 .45 11 .00 11 .15 
Load duration . . . . (MIN .SEC) .15 .15 .15 .15 

Load record number . . . . . . . . 
Load name . . . . . . . . . . . . . . . . . 
Statue . . . . . . . .(E, N, or M) 

105 Load is ON 
CORE SPRAY VLV 20F3 

E 

106 Load is ON 
CORE SPRAY VLV 30F3 

E 

107 Load is ON 
PLT SIRENS PNL 10F2 

E 

108 Load is ON 
PLT SIRENS PNL 20F2 

E 
Transient current . . . (Amps) .100 .000 .000 000 
Transient duration . . . (Sec) 10 0 0 0 
Continuous current (Amps) 180 .100 2 .160 .100 
Time load Starts .(MIN .SEC) .50 15 .00 .00 15 .00 
Load duration . . . .(MIN .SBC) 14 .10 225 .00 15 .00 15 .00 
Source bus or panel . . . . . . . 2B-1 CRT 9 2B-1 CKT 9 28-1 CKT 10 2B-1 CKT 10 
System code . . . . . . . . . . . . . . . 
Source of equipment data . . CALL 705600 19-1 DCR 990315 CALC 705600 19-1 CALL 705600 19-1 
Ref . document (dwgs,etc) . . 4E-2425 4E-2428 4E-1844G 4E-1844G 

Source bus or panel . . . . . . . 28-1 CRT 6 28-1 CKT 6 2B-1 CKT 6 
System code . . . . . . . . . . . . . . . 
Source of equipment data . . 
Ref . document (dwgs,etc) . . 
Document revision . . . . . . . . . 
Modification number . . . . . . . EC 358697 EC 358697 EC 358697 

Source bus or panel . . . . . . . 28-1 CKT 6 2B-1 CKT 7 28-1 CKT 8 28-1 CKT 9 
System code . . . . . . . . . . . . . . . 
Source of equipment data . . CALC 705600 19-1 IMPELL PAR E101-156 CALL 705600 19-1 
Ref, document (dwgs,etc) . . 4E-1346A 4E-7560 4E-2428 
Document revision . . . . . . . . . 
Modification number . . . . . . . EC 358697 M04-2-87-051C 
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SARGENP & LUNDY, ENGINEERS 

	

CHICAGO, ILLINOIS 

	

ELMS-DC VERSION 2 .00 

	

PROJECT NUMBER : 08646 

	

PAGE : 

	

10 
UTILITY: 

	

Commonwealth Edison Company 

	

STATION: QUAD CITIES 

	

UNIT : 1 

	

USER : DWW 

DATA FILE : c :\elmsdc\gld5yls .m67 

	

DATE: 6-5-08 
7318-32-19-1, Rev . 40 - ATWS Inverter Loading 
----------------------------------------------------------------------------------- ------------------------ -------------

INPUT DATA REPORT - LOAD DATA 

(P3) 

Source bus or panel . . . . . . . 29-1 CICT 12 

	

2B-1 CKT 13 

	

29-I CKT 13 

	

28-1 CRT 13 
System code . . . . . . . . . . . . . . . 
Source of equipment data . . CALC 705600 19-1 

	

PI-83 5040-QH-0507 

	

PI-83 5040-QH-0507 

	

PI-83 S040-QH-0507 
Ref . document (dwgs,etc) .- 46-2467 

	

4E-2336 

	

48-2336 

	

4E-2336 
Document revision . . . . . . . . . 
Modification number . . . . . . . 

	

EC 24423 
Cable number . . . . . . . . . . . . . . 
Load on charger . . . . . (Amps) 

	

.000 

	

.000 

	

.000 

	

.000 

Cable number . . . . . . . . . . . . . . 
Load on charger . . . . .(Amps) 

	

.000 

	

.000 

	

.000 

	

.000 

Document revision . . . . . . . . 
Modification number . . . . . . . 
Cable number . . . . . . . . . . . . . . 
Load on charger . . . . .(Amps) 

	

.000 

	

.000 

	

.000 

	

.000 

Calc No: 7318-32-19-1, Rev . 40 
Page No : A29 

Load record number . . . . . . . . 
Load name . . . . . . . . . . . . . . . . . 
Status . . . . . . . . (E, N, or M) 

109 Load is ON 
CHNL 9 PNL 902-17 

E 

110 Load is ON 
DG2 PNL 2252-12 (P1) 

E 

Ill Load is ON 
DG2 PNL 2252-12 (P2) 

E 

112 Load is ON 
DG2 PNL 2152-12 

E 

Transient current. . .(Amps) .000 66 .757 21 .700 .000 
Transient duration . . .(Sec) 0 5 20 0 

Continuous current (Amps) .380 30 .770 20 .400 2 .464 
Time load Starts .(MIN.SEC) .00 .00 .10 .50 
Load duration . . . . (MIN-SEC) 240 .00 .10 .40 239 .10 

Load record number . . . . . . . . 
Load name . . . . . . . . . . . . . . . . . 
Status . . . . . . .-(E, N, or M) 

113 Load is ON 
DG2 CKT AGAS . RLY 

E 

114 Load is ON 
RFP INT'LK PUL902-6 

E 

115 Load is ON 
RS VENT PNL 2252-24 

E 

116 Load is ON 
RHR PHL 902-32&902-4 

E 
Transient current . . .(Amps) .000 .000 .000 1 .300 
Transient duration . . . (Sec) 0 0 0 10 
Continuous current (Amps) .064 .900 1 .950 2 .600 
Time load Starts .(MIN.SEC) .00 .00 .00 .00 
Load duration . . . . (MIN .SEC) 240 .00 30 .00 30 .00 240 .00 

Load record number . . . . . . . . 
Load name . . . . . . . . . . . . . . . . 
Status . . . . . . . . (E, N, or M) 

117 Load i6 ON 
AUTO BLO RES 

E 

118 Load Is ON 
AUTO BT.O 902-33 (PI) 

E 

119 Load is ON 
AUTO SLO 902-33 (P2) 

E 

120 Load is ON 
PCI VLVPNL902-4 10F2 

E 
Transient current . . . (Amps) _000 .000 .000 2 .960 
Transient duration . . . (Sec) 0 0 0 10 
Continuous current (Amps) .000 .232 .116 2 .120 
Time load Starts .iMIN.SEC) 00 .00 60 .00 00 
Load duration .- ;MIN.SEC) .00 60 .00 180 .00 15 .00 
Source bus or panel . . . . . . . 28-1 CKT 19 28-1 CKT 20 28-1 CKT 20 2B-1 CKT 21 
System code . . . . . . . . . . . . . . . 
Source of equipment data . . EIC-99-001 PI 83 S040-QH-0507 PI-83 S040-QH-0507 CALL 705600 19-1 
Ref, document (dwgs,etc) . . 4E-2461, 4E-2462 4E-2462 SH . 2 4E-2462 SH . 2 4E-2510 

Source bus or panel . . . . . . . 2B-1 CKT 13 28-1 CKT 14 28-1 CKT 16 28-1 CKT 18 
System code . . .- . .- .- . . . . . . 
source of equipment data . . PI-83 S040-QH-0354 CALC 705600 19-1 CALL 705600 19-1 CALC 705600 19-1 
Ref . document (dwgs,etc) . . 4E-2350, SH-2 4E-2370,2394 4E-2387C 4E-2438G,2430,2462 
Document revision . . . . . . . . . 
Modification number . . . . . . . DCP 71 9600392 
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11 
UTILITY : 

	

Commonwealth Edison Company 

	

STATION: QUAD CITIES 

	

UNIT: I 

	

USER: DWh 
DATA FILE : c :\elmsdc\gld5yls .m67 

	

DATE: 6-5-08 
7318-32-19-1, Rev . 40 - ATLAS Inverter Loading 
--------------------------------------------------------------------------------------------------------------------------

INPUT DATA REPORT - WAD DATA 

source bus or panel . . . . . . . 28-1 CKT 21 

	

28-1 CKT 22 

	

28-1 CKT 22 

	

28-1 CRT 23 
System coda . . . . . . . . . . . . . . . 
Source of equipment data . . CALL 705600 19-1 

	

CALC 705600 19-1 

	

CALL 705600 19-1 

	

PI-83 5040-QH-0448 
Ref . document (dwgs,etc) . . 4E-2510 

	

49-2502 

	

4E-2502 

	

42-2527A 
Document revision . . . . . . . . . 
Modification number . . . . . . . 

	

DCP 9900239 
Cable number . . . . . . . . . . . . . . 
Load on charger . . . . . (Amps) 

	

.000 

	

.000 

	

.000 

	

.000 

Calc No: 7318-32-19-1, Rev. 40 
Page No : A30 

Load record number . . . . . . . . 
Load name . . . . . . . . . . . . . . . . . 
Status . . . . . . . . (E, H, or M) 

129 Load is ON 
FR PROT PNL 2212-47 

E 

130 Load is ON 
ATS PNL 2-2202-7388 

M 

131 Load is ON 
ATLAS 2-2202-708 INV 

M 

132 Load is ON 
H2 SEAL OIL 2252-34 

E 
Transient current . . . (Amps) .000 .000 .000 .000 
Transient duration . . .(Sec) 0 0 0 0 
Continuous current (Amps) 4 .770 1,456 6 .560 2 .274 
Time load Starts .(MIN.S£C) .00 .00 .00 .00 
Load duration . . . .(MIN.SEC) 30 .00 240 .00 240 .00 30 .00 

Load record number . . . . . . . . 
Load name . . . . . . . . . . . . . . . . . 
Status . . . .- . . .(E, N, or M) 

121 Load is ON 
PCI VLVPNL902-4 20F2 

E 

122 Load is ON 
PCISYSPUL902-41 1OF2 

E 

123 Load is ON 
PCISYSPNL902-41 20F2 

E 

124 Load is ON 
HM PSL 902-39 1OF2 

E 
Transient current . . . (Amps) .000 2 .960 .000 .000 
Transient duration . . .(Sec) 0 10 0 0 
Continuous current (Amps) 1 .300 2 .120 1 .300 2 .869 
Time load Starts .(MIN.SEC) 15 .00 .00 15 .00 00 
Load duration . . . . (MIN.SEC) 225 .00 15 .00 225 .00 1 .00 

Load record number . . . . . . . . 
Load name . . . . . . . . . . . . . . . . . 
Status . . . . . - (E, N, or M) 

125 Load is ON 
HPCI PNL 902-39 20F2 

E 

126 Load is ON 
HPCI MGU ANNUN RELAY 

E 

127 Load is ON 
JB2T853&J82T854 1OF2 

E 

128 Load is ON 
JB2T853&J82TB54 20P2 

E 
Transient current . . . (Amps) .000 .000 .000 .000 
Transient duration . . . (Sec) 0 0 0 0 
Continuous current (Amps) 2 .909 .048 .680 .340 
Time load Starts .(MIN .SEC) 1 .00 .00 .00 15 .00 
Load duration.- (MIN .SEC) 239 .00 240 .00 15.00 15 .00 

Source bus or panel . . . . . . . 28-1 CKT 28 28-1 CKT 31 28-1 CRT 32 28-1 CKT 33 
System code . . . . . . . . . . . . . . . 
Source of equipment data . . CALL 705600 19-1 7318-32-19-1, Rev .40 7318-32-19-1, Rev.40 7318-32-19-1 
Ref . document (dwgs,etc) . . 4E-1595 4E-7850G 4E-7573C 4E-2596 
Document revision . . . . . . . . . 
Modification number . . . . . . . EC 24513 
Cable number . . . . . . . . . . . . . . 79592 79594 
Load on charger . . . . .(Amps) .000 .000 .000 .000 

Source bus or panel . . . . . . . 28-1 CRT 23 28-1 CKT 23 28-1 CKT 27 28-1 CKT 27 
System code . . . . . . . . . . . . . . . 
Source of equipment data . . PI-83 S040-QH-0448 CALC 705600 19-1 CALC 705600 19-1 
Ref . document (dwgs,etc) . . 4E-2527A 4E-2597 4E-2597 
Document revision . . . . . . . . . 
Modification number . . . . . . . DCP 9900239 M4-1-85-05 
Cable number . . . . . . . . . . . . . . 16248 
Load on charger . . . . . (Amps) .000 .000 000 .000 
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PAGE : 

	

1: 
UTILITY : 

	

Commonwealth Edison Company 

	

STATION: QUAD CITIES 

	

UNIT : 1 

	

USER: DW9i 
DATA FILE : c :\elmsdc\gld5yls .m67 

	

DATE : 6-5-08 
7318-32-19-1, Rev. 40 - ATWS Inverter Loading 
----------------------------------------------------------------------------------------------

INPUT DATA REPORT - LOAD DATA 

Source bus or panel . . . . . . . 28-2 CRT 1 

	

28-2 CRT 2 

	

28-2 CAT 5 

	

28-2 CRT 5 
System code . . . . . . . . . . . . . . . 
Source of equipment data . . CALC 705600 19-1 

	

CALL 705600 19-1 

	

CALL 705600 19-1 

	

7318-32-91-1 RSV 388 
Ref . document (dwgs,etc), . 4E-2318 SH . 2 

	

49-2318 SH . 2 

	

4E-26588,2659$ 

	

4E-26589,26598 
Document revision . . . . . . . . . 
Modification number . . . . . . . 

	

EC 331380 
Cable number . . . . . . . . . . . . . . 
Load on charger . . . . .(Amps) 

	

000 

	

.000 

	

.000 

	

.000 

Document revision . . . . . . . . . 
Modification number . . . . . . . 
Cable 

	

number . . . . - . . . . . . . . . 
Load on charger . . . . . (Amps) 

	

000 

	

.000 

	

.000 

	

.000 

Load record number . . . . . . . . 
Load name . . . . . . . . . . . . . . . . . 
Status . . . . . . . . (E, N, or M) 

131 Load is ON 
480V BUS 25 RES 

E 

138 Load is ON 
ANN RLY CAB902-34RES 

E 

139 Load is ON 
VOT REG 2252-6 RES 

E 

140 Load is ON 
142 STR CW2252-7 RES 

E 
Transient current . . . (Amps) .000 .000 .000 .000 
Transient duration . . . (Sec) 0 0 0 0 
Continuous current (Amps) .000 .000 .000 .000 
Time load Starts .(MIN.SEC) .00 .00 .00 .00 
Load duration . . . .(MIN .SEC) .00 .00 .00 .00 

Load record number . . .- . . . . 
Load name . . . . . . . . . . . . . . . . . 
status-.-.(E, N, or M) 

133 Load is ON 
4KV BUS 21 RES 

E 

134 Load is ON 
4KV BUS 22 MN 

E 

135 Load is ON 
480V BUS 26&27 MN 

E 

136 Load is ON 
BUS 26627 SPR CH MOT 

E 
Transient current . . .(ATMs) .000 19 .240 12 .900 60 .000 
Transient duration . . . (Sec) 0 1 10 5 
Continuous current (Amps) .000 1 .240 5 .670 4 .000 
Time load Starts .(MIN.SEC) .00 .00 .00 .00 
Load duration . . . . (MIN.SEC) 00 240 .00 30 .00 .05 

Source bus or panel . . . . . . . 2B-2 CKT 6 28-2 CRT 8 28-2 CKT 14 29-2 CKT 16 
System code . . . . . . .- . . . . . . . 
Source of equipment data . . CALC 705600 19-1 CALC 705600 19-1 CALL 705600 19-1 CALL 705600 19-1 
Ref . document (dwgs,etc) . . 4E-26579 4E-2579 4E-2353 4E-2367,2340,7226 



-------------------------------------------------------------------------------------------------------------------------

SARGENT i LUNQY, ENGINEERS 

	

CHICAGO, ILLINOIS 

	

ELMS-DC VERSION 2 .00 

	

PROJECT NUMBER : 08646 

	

PAGE : 

	

= 
UTILITY : 

	

Commonwealth Edison Company 

	

STATION : QUAD CITIES 

	

UNIT: 1 

	

USER : DW11 
DATA FILE : c:\elmsdc\gld5yls .m67 

	

DATE : 6-5-08 
7318-32-19-1, Rev. 40 - ATWS Inverter Loading 
------------------------------------------------------------ ------------------------------------------------------------- 

BATTERY SIZING CALCULATION 

Lowest Expected Electrolyte Temp : 65 .00 

	

Cell Mfg: GNB (IEEE-450,1987) 

_______________ --------------------- ------------ ---------------------- ------------- ------------------- 

Calc No : 7318-32-19-1, Rev. 40 
Page No: A32 

.......I 
I { 

{ 

..--.-I 
1 Al 

--------------- (--------------------- {------------ I ---.------------------ { ............. I 
- 662 .137 ( Al -0 - 662 .137 { M1 - 1 T - MI 1 { 105 .434 1 

{ / { Total . 
--------------- --------------------- ____________{_______-_____--_______{______-______{______________-____ 

.................. . 
6 .280 
6 .280 

2 { 1 { Al - 662 .137 { Al -0 - 662 .137 MI - 1 { T - M1 + . .+M2 2 104 .362 { 6 .345 
{ 2 { A2 - 270 .039 { A2 -Al - -392 .098 { M2 - 1 { T - M2 1 105 .434 { -3 .719 

{ { { { ( Total - 2 .626 
____ .__________{_________-___________i____________{___-________-_________{_____________{___________________ 

3 1 Al - 662 .137 Al -0 - 662 .137 M1 - 1 T - M1 + . .+M3 - 5 ! 101 .146 { 6 .546 
{ 2 A2 ~ 270 .039 A2 -AI - -392 .098 M2 - 1 { T - M2 + . .+M3 - 4 { 102 .218 1 -3 .836 

3 A3 - 365 .089 { A3 -A2 - 95 .050 ) M3 . 3 { T - M3 3 103 .290 1 .920 
{ ( Total 3 .631 

--------------- _______________ ____________ ---------------------- ~------------- ------------------- 
4 1 Al - 662 .137 Al -0 - 662 .137 M1 . 1 T - M1 + . .+M4 - 10 95 .786 { 6 .913 

2 f A2 . 270 .039 A2 -Al - -392 .098 M2 - 1 { T . M2 + . .+M4 ~ 9 { 96 .858 ( -4 .048 
3 A3 - 365 .069 A3 -A2 95 .050 M3 - 3 { T - M3 + . .+M4 . 8 97 .930 ` .971 
4 A4 - 270 .039 A4 -A3 - -95 .050 M4 - 5 { T - M4 5 101 .146 { - .940 

{ { { { Total - 2 .895 
___________-___{________-__-_-_______{____-_-_____{_______________-______'_____________'___________________ 

5 1 Al - 662 .137 { Al -0 - 662 .137 M1 - 1 T - M1 + . .+MS - 11 { 94 .713 6 .991 
{ 2 A2 ~ 270 .039 { A2 -Al - -392 .098 M2 - I T - M2 + . .+M5 - 10 95.786 { -4 .094 
{ 3 A3 - 365 .089 A3 -A2 - 95 .050 M3 - 3 { T - M3 + . .+MS - 9 f 96 .858 .981 

4 { A4 - 270 .039 A4 -A3 - -95 .050 { M4 5 { T - M4 + . .+M5 - 6 100 .074 { -_950 
5 ` AS - 314 .962 { A5 -A4 44 .923 M5 - 1 { T - M5 - 1 { 105 .434 .426 

{ ( Total 3 .355 
--------------- --------------------- ------------ ---------------------- ------------- {______-____________ 

6 ( 1 Al = 662 .137 { Al -0 - 662 .137 ( Ml - 1 { T - M1 + . .+M6 - 12 ( 93 .641 7 .071 
{ 2 J A2 . 270 .039 ( A2 -Al - -392 .098 F M2 - I { T - M2 + . .+MS - 11 94 .713 -4 .140 
{ 3 A3 . 365 .089 ( A3 -A2 - 95 .050 M3 - 3 { T - M3 + . .+M6 Y 10 95 .786 ( 992 

4 + A4 - 270 .039 A4 -A3 - -95 .050 M4 5 T - M4 + . .+M6 - 7 99 .002 ( - .960 
5 A5 = 314 .962 A5 -A4 - 44 .923 M5 1 T - M5 + .,+M6 2 104 .362 ` .430 
6 A6 = 284 .483 A6 -A5 - -30 .479 ) M6 1 T - M6 . 1 105 .434 { - .289 

{ Total = 3 .105 

Minimum Battery Voltage . . . . . . . . . : 105 .00 Cell Type : NCX (MODELS NCX-17, NCX-21, AND NCX-27) 
Minimum Cell Voltage . . . . . . . . . . . . : 1 .810 No . Cells: 58 No . Poo . Plates : 10 

(1) (2) (3) (4) { (5) { (6) 1 (7) 
Change in Duration Time to End ( Capacity at { Req'd section size 

{ { Load ( Load of Period j of Section ( T min . rate { (3) / (6) 
5ectionlPeriod{ (amperes) I (amperes) { (minutes) ( (minutes) JAmps/Poe (RT)) Positive Plates 
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Commonwealth Edison Company 

	

STATION: QUAD CITIES 

	

UNIT: 1 

	

USER : DWU 
DATA FILE : c :\elmsdc\gld5yls .m67 

	

DATE: 6-5-08 
7318-32-19-1, Rev. 40 - ATWS Inverter Loading 

(1) 1 

	

(2) 

	

I 

	

(3) 

	

1 

	

(4) 

	

1 

	

(5) 

	

I 

	

(6) 

	

1 

	

(7) 

I 

	

I 

	

Change in 

	

Duration 

	

1 

	

Time to End 

	

I Capacity at 1 Req'd Section Size 
I 

	

1 

	

Load 

	

1 

	

Load 

	

I of Period / 

	

of Section 

	

I T min . rate I 

	

(3) / (6) 
SectionlPeriodl 

	

(amperes) 

	

I 

	

(amperes) 

	

I (minutes) I 

	

(minutes) 

	

(Amps/Pop (RT)I 

	

Positive Plates 
.e. .._.I_.....I ....,.,. .......I---------------------I------------I----------------------I----------- .-I------------------- 

7 

	

I 

	

1 I Al - 662 .137 I Al -0 

	

- 

	

662.137 I MI - 

	

1 I T . M1 + . .+M7 - 15 1 

	

90 .425 

	

I 

	

7 .322 
I 

	

2 ( A2 . 270.039 I A2 -Al - -392 .098 1 M2 + 

	

1 1 T . M2 + . .+M7 + 14 1 

	

91 .497 

	

1 

	

-4 .265 
I 

	

3 I A3 - 365.089 1 A3 -A2 . 

	

95 .050 I M3 - 

	

3 I T . M3 + . .+M7 . 13 i 

	

92 .569 

	

I 

	

1 .027 

--------------- ~_____________________I___ 

	

________ 

	

______________________ 

	

------------- I------------------- 

1 

I 

I 

i 

I 

4 

5 
6 
7 

I A4 - 
( AS . 

I A6 . 
I A7 - 

1 

270 .039 I A4 -A3 -95 .050 I M4 - 5 1 T . 144 + . .+M7 
314 .962 1 AS -A4 . 44 .923 I M5 - I I T - M5 + . .+M7 
284 .483 I A6 -AS . -30 .479 1 M6 - 1 1 T . M6 + . .+M7 
269 .329 I A7 -A6 - -15 .154 ( M7 . 3 I T - M7 

I 1 1 

- 10 I 
- 5 I 
. 4 I 

3 I 

I 

95 .786 1 - .992 
101 .146 I .444 
102 .218 I - .298 
103 .290 1 -,147 

1 Total - 3 .071 
_______________I_____________________1____-__ .___ ._I_-____-_-_-_-_________I_____________I___________________ 

8 I 1 ( Al - 662 .137 I Al -0 - 662 .137 I M1 1 1 T - M1 + . .+MB 30 1 80 .841 I 8 .191 
2 I A2 - 270 .039 X2 -Al + -392 .098 I M2 = 1 T - M2 + . .+MS = 29 I 81 .480 I -4 .812 

J 3 I A3 - 365 .089 A3 -A2 - 95 .050 M3 - 3 I T - M3 + . .+MS - 28 ( 82 .119 1 1 .157 
4 I A4 - 270 .039 ( A4 -A3 - -95 .050 I M4 5 I T . M4 + . .+M8 - 25 I 84 .036 f -1 .131 

I 5 i AS = 314 .962 I AS -A4 - 44 .923 I M5 - 1 I T - M5 +. .+MS - 20 I 87 .230 ( .515 
j 6 ( A6 - 284 .483 ( A6 -AS - -30 .479 I M6 - 1 I T - M6 + . .+M8 - 19 I 87 .869 I - .347 
I 7 I A7 - 269.329 I A7 -A6 - -15 .154 I M7 - 3 1 T - M7 + . .+MS - 18 I 89 .508 I - .171 

8 ( A8 - 259 .449 ( A8 -A7 - -9 .880 1 M9 - 15 T - M8 - 15 I 90 .425 I - .109 
I 1 I ( 1 Total - 3 .292 

_______________i____________ :________I____________I__--____-__-_________-I_______-_____I__-___________-____ 

9 1 1 I Al - 662 .137 I Al -0 - 662 .137 I M1 - I I T - M1 + . .+M9 - 60 I 63 .664 I 10 .401 
2 1 A2 - 270 .039 1 A2 -AI - -392 .098 I M2 - 1 I T - M2 + . .+M9 - 59 I 64 .236 I -6 .104 

I 3 1 A3 - 365 .089 I A3 -A2 - 95 .050 I M3 - 3 I T - M3 + . .+M9 - 58 1 64 .809 I 1 .467 
4 1 A4 - 270.039 I A4 -A3 - -95.050 ( M4 - 5 I T - M4 + . .+M9 - SS I 66 .527 I -1 .429 
5 I AS . 314 .962 1 A5 -A4 - 44 .923 I M5 - 1 I T - MS + . .+M9 - 50 I 69 .389 1 .647 

I 6 A6 - 284 .483 A6 -AS - -30 .479 1 M6 1 I T - M6 + . .+M9 - 49 1 69 .962 ( - .436 
I 7 I A7 - 269,329 I A7 -A6 - -15 .154 I M7 - 3 I T - M7 + . .+M9 - 48 70 .535 1 - .215 
J 8 1 A8 - 259 .449 1 A8 -A7 - -9 .880 I MS - 15 1 T - M8 + . .+M9 - 45 1 72 .252 I - .137 
1 9 I A9 - 157,196 i A9 -AS - -102 .253 I M9 30 I T - M9 - 30 I 80 .841 I -1 .265 
1 1 1 ( 1 I Total - 2 .930 

------------------------------------------------------------------------ 

BATTERY SIZING CALCULATION 

------- ----------------------------------------- 

Lowest Expected Electrolyte Temp : 65 .00 Cell Mfg: GNB (IEEE-450,1987) 
Minimum Battery Voltage . . . . . . . . . : 105 .00 Cell Type : NCX (MODELS NCX-17, NCX-21, AND NCX-27) 
Minimum Cell Voltage . . . . . . . . . . . . : 1 .810 No . Cells : 59 No . Poe . Plates : 10 
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UTILITY : 

	

Commonwealth Edison Company 

	

STATION : QUAD CITIES 

	

UNIT : 1 

	

USER : Dw$ 
DATA FILE : c:\elmedc\gldSyls .m67 

	

DATE: 6-5-08 
7318-32-19-1, Rev . 40 - ATWS Inverter Loading 
---------------------------------------------------------------------------------- ----------------------------------- 

BATTERY SIZING CALCULATION 

Lowest Expected Electrolyte Temp : 65 .00 

	

Cell Mfg : GNS (IEEE-450,1987) 
Minimum Battery Voltage. . . . . . . . . : 105 .00 

	

Cell Type : NCX (MODELS NCX-17, NCX-21, AND NCR-27) 
Minimum Cell Voltage . . . . . . . . . . . . : 1 .810 

	

No . Cells: 58 

	

No . Pon . Plates : 10 

(1) 

	

(2) 

	

(3) 

	

1 (4) f 

	

(5) 

	

1 (6) 1 (7) 
Change in 

	

Duration 

	

Time to End 

	

` Capacity at 

	

Req'd Section Size 
Load 

	

Load 

	

of Period ( 

	

of Section 

	

T min . rate ' 

	

(3) / (6) 
SectionlPeriodl 

	

(amperes) 

	

I 

	

(amperes) 

	

(minutes) l 

	

(minutes) 

	

(Amps/Pos (RT)( 

	

Positive Plates 

--------------- --------------------- ------------ ---------------------- I------------- I______--______-----
Maximum section size - Uncorrected size (US) - 

	

6.280 

	

from period 1 

US X TEMP . CORR . X DESIGN MARGIN X AGING FACTOR - MINIMUM REQUIRED SIZE 
6 .260 1 .08 

	

1.00 

	

1.25 

	

8.478 

Selected battery poe plates - 10 

	

I Battery capacity remaining . 

	

15 .2% 
WARNING : Fewer plates may not be adequate$ 

	

Confirm by calculation . 

Calc No: 7318-32-19-1, Rev. 40 
Page No: A34 

... . . . . I------ I--------------- I--------------------- ... .... .,. . ..1--------------------- . .. . .... . . . ... 1------------.--. . .. 
10 1 Al - 662 .137 ` Al -0 - 662 .137 M1 - 1 ( T . MI + . .+M10 - 240 + 29 .424 l 22 .503 

2 A2 - 270 .039 A2 -A1 - -392 .098 M2 - 1 ( T - M2 + . .+M10 - 239 29 .526 { -13 .280 
3 A3 - 365 .089 A3 -A2 . 95 .050 M3 - 3 T - M3 + . .+M10 - 238 29 .629 3 .208 
4 A4 - 270 .039 l A4 -A3 . -95.050 , M4 - 5 T - M4 + . .+M10 - 235 29 .936 -3 .175 
5 AS - 314 .962 A5 -A4 - 44 .923 MS - 1 T . M5 + . .+M10 - 230 30.448 1 .475 
6 ( A6 - 284 .483 A6 -AS - -30 .479 M6 - 1 T . M6 + . .+M10 . 229 ' 30.551 - .998 
7 I A7 - 269 .329 A7 -A6 - -15 .154 M7 - 3 ( T - M7 + . .+M10 - 228 30 .653 - .494 
8 AS - 259 .449 , A8 -A7 - -9 .880 ( M8 - 15 T . M8 + . .+M10 - 225 l 30 .961 - .319 
9 A9 - 157 .196 A9 -A8 - -102 .253 M9 - 30 T - M9 + . .+M10 - 210 32 .498 -3 .146 

10 A10- 155 .889 A10-A9 - -1 .307 , M10 - 160 , T - M10 - 180 1 35 .571 1 - .037 
Total - 5 .738 
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BATTERY SIZING CALCULATION 

RT curve points used to size battery: 
TIME 

	

AMPS PER 
(MIN) 

	

POS PLATE 

0 105 .91 

1 105 .43 

15 90 .43 

30 80 .84 
60 63 .66 

90 51 .84 
120 46 .31 
180 35 .57 
240 29.42 

300 25.36 

480 17 .57 
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Title: 

	

Evaluate the Maximum Allowable Inter-Cell Resistance Acceptance Criteria for the 
Safety Related 125/250 VDC Batteries at Quad Cities Station . 

This revision was necessary to re-evaluate the design inputs to this evaluation by 12/14/07 to 
verify that the 70 micro-ohm value is still valid. A new service test of the Unit 2 125 VDC 
Battery was conducted on 9/7/07 (ref. 12). The lowest recorded voltage was 108.4 VDC. This 
is 3.4 VDC above the 105 VDC minimum and is above the 2.2 VDC value used previously in 
this EC which is conservative and bounding . The maximum loading of the battery of 704 amps 
has not changed from revision 001 of this EC (ref . 2) . Since no large load increases are 
expected before the end of 2008, this evaluation will remain valid until 12/12/08 at which time 
the design inputs will be re-evaluated . This will be tracked by AT item 540524-02 . 

This revision was necessary to re-evaluate the design inputs to this evaluation by 6/29/07 to 
verify that the 70 micro-ohm acceptance criteria is still valid. During the interim period, the 
worst case loading on the Unit 2 125 VDC battery increased from 700 amps to 704 amps. This 
small increase, however, does not change the 70 micro-ohm acceptance criteria . Since no 
large load increases are expected before the end of 2007, this evaluation will remain valid 
until 12/14/07 at which time the design inputs will be re-evaluated. This will be tracked by AT 
item 540524-02 . 

The purpose of this evaluation is to determine the maximum allowable inter-cell connector 
resistances for the 125 and 250 VDC batteries . The existing Tech Spec section 3.8.4 value of 
150 micro-ohms was deemed by the NRC to be non-conservative . This EC-EVAL will 
supercede EC 362983 in its entirety . EC 362983 used an incorrect assumption regarding the 
micro-ohm values obtained during the periodic surveillance testing. EC 365045 will utilize the 
excessive conservatism used in EC 362983 to show that the original 70 micro-ohm 
acceptance criteria is still valid. 

This EC as well as EC 362983 were performed as an interim measure to provide a more 
conservative value in lieu of the 150 micro-ohm value listed in the Tech Specs. A formal 
calculation evaluating and documenting the maximum allowable inter-cell connection 
resistance will be performed per AT item 540524-07. This calculation will be performed under 
the guidance of corporate EC 363948 which was prepared generically for all the sites in the 
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Title: 

	

Evaluate the Maximum Allowable Inter-Cell Resistance Acceptance Criteria for the 
Safety Related 125/250 VDC Batteries at Quad Cities Station. 

Exelon fleet as well as the relevant IEEE guidance on inter-cell connections. If Quad Cities 
Station is unable to maintain the connection resistances within the allowable values as 
described in EC 363948, then a site specific calculation will be performed to determine the 
revised values of resistance and its impact on the DC system . 

Detailed Evaluation : 

125 VDC Batteries 

ATTACHMENT 1 
Technical Evaluation 
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CC-AA-309-101 
Revision 8 

This evaluation is applicable to all safety related batteries installed at Quad Cities Station . To 
simplify the analysis, the most limiting battery will be evaluated to determine the maximum 
allowable inter-cell resistance . This maximum value will then be used as the acceptance 
criteria for all the batteries . A review of the latest service tests, ELMS-DC toad profiles, and 
battery replacement work orders revealed that the Unit 2 125 VDC Battery is the most limiting . 
The 250 VDC as well as the alternate batteries are newer and will perform better than the 
older 125 VDC batteries. The Unit 2 125 VDC battery has a higher loading than the Unit 1 125 
VDC battery. 

Per UFSAR section 8.3.2, the battery terminal voltages are not allowed to drop below 105 
VDC. During the latest service test for the Unit 2 125 VDC Battery, the lowest voltage 
recorded was 107.2 volts (Ref . 7) . This leaves a voltage margin of 2.2 VDC. 

The inter-cell measurements are taken per procedure QCEPM 0100-01, page 7 (Ref . 9) . The 
inter-cell connectors are shown in figure 1 of this procedure (on page 7) for the 125 VDC 
safety related battery . From figure 1 of this procedure, it can be seen that each cell has four 
terminal posts (two positive and two negative) . The inter-cell connectors connect posts A and 
B from one battery to C and D of the next. From the procedure, readings are taken between A 
and C or B and D. These readings represent the equivalent resistance of a complex resistive 
network involving the terminal posts, the inter-cell connectors as shown below in figure 2: 

700 Amps 
It 

Figure 2 

Resistance Between 
Inter-cell Connector 
and Terminal Post 
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Evaluate the Maximum Allowable Inter-Cell Resistance Acceptance Criteria for the 
Safety Related 125/250 VDC Batteries at Quad Cities Station. 

Figure 2 is a representation of the inter-cell connection between two cells in the 125 VDC 
battery. The resistors shown in Figure 2 represent the resistance between the inter-cell 
connection plate and the battery terminal posts. It should be noted that although there is some 
resistance between posts A and B and between posts C and D, this resistance is so small that 
it can be considered to be a short circuit. The resistance measurements taken between posts 
A and C and between B and D are therefore the same measurement. This measurement is 
the actual inter-cell resistance for that connection . 

The maximum allowable inter-cell connection resistance is the sum of the following two 
components : 

1 . 

	

The inter-cell resistance that exists when the battery string is at the 105 VDC 
minimum allowable voltage described in the UFSAR. 

2. 

	

The extra inter-cell resistance that can be used as margin due to the voltage 
difference that exists between the minimum voltage measured during the battery 
service test and the 105 VDC minimum . 

These two values are added together to produce the maximum allowable inter-cell connection 
resistance . 

Inter-cell Resistance-Part 1) 

The manufacturer's published characteristics for the batteries assume a 20 millivolt drop 
across each inter-cell connection based on the 1-hour discharge rate to 1 .75 volts/cell (Ref . 
10). The NCN-21 cells used at Quad Cities have a 1-hour rate of 750 amps (Ref. 6) . From 
Ohm's Law: 

V = I X R 

	

or 

	

R = 0.020 / 750 = 26.67 micro-ohms 

When the battery is at 105 VDC, a minimum of 26.67 micro-ohms will exist at each inter-cell 
connection . 

Inter-cell Resistance (Part 2) 

To account for the battery's interconnecting cables and cable to lug resistances, inter-tier 
cables, test equipment inaccuracies, as well as other parameters which may affect the inter- 
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cell resistance values, a design margin of 120% will be incorporated into the calculated 
minimum inter-cell resistance value. The use of this 120% design margin is acceptable based 
on the conservatism that is built into ELMS-DC . Specifically, the first minute of the duty cycle 
represents the highest loading on the batteries (approx 704 amps). Even though the in-rush 
currents for the larger loads may occur at different times during the first minute, for 
conservatism, they are all combined into one large loading value which is carried out for the 
entire 60 seconds. In reality, these in-rush current spikes are non-coincident and produce a 
much smaller first-minute loading value. The 704 amp value that is used for this evaluation is 
therefore, conservative and justifies the use of the 120% design margin for the inter-cell 
connector resistance analysis . The 150% design margin that was originally used in EC 
362983 was found to be over-conservative due to the conservatism that currently exists in 
ELMS-DC . AT item 540524-02 has been created to verify that the battery margin has been 
maintained (12/12/08) . This is sufficient since the formal Tech Spec calculation will be 
completed by that time . 

This design margin also will account for future increases in load on the batteries as well as 
slight degradation of battery connections. 

Since the 125 VDC batteries contain 58 cells, there are 57 inter-cell connections involved with 
2 cable lug connections. The 2 additional cable lug connections are accounted for by adding 2 
more inter-cell connections for a total of 59 . Applying the 120% design margin produces, 
(59)(1 .20) = 71 inter-cell connections. Therefore, the 125 VDC battery will be assumed to 
have 71 inter-cell connectors rather than 59 . 

From the latest service test (Ref. 7), the battery exhibited 2.2 volts of margin above the 
UFSAR required 105 VDC . (Although the 2.2 volts of margin may drop over time due to 
battery aging and load additions, it is not expected to drop significantly over the course of the 
this year (December 2008) at which time a formal calculation will be performed to support the 
Tech Spec change (Ref . AT 54052407) . All the 125 VDC batteries have been performing well 
in regards to capacity tests (Ref . 5) and there is very little capacity left to allow any significant 
load additions . Per the system engineer, the batteries are nearing the end of their design life . 
However, they are not expected to drop below 100% before the formal calculation is 
completed. Furthermore, the 120% design margin added to this evaluation will ensure that 
the 2.2 volt margin remains valid. When this margin is divided by the number of inter-cell 
connectors, the total allowable drop across each connector can be calculated as follows: 

Battery Voltage Margin 

	

2.2 
Vd~~ _ 

	

= --- = 0.031 volts 
Number of Connectors 

	

71 

The maximum allowable inter-cell connector resistance can be determined by Ohm's Law as 
follows: 
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Solving for Rrot,,, 

Vdrop = IRrotafl 

	

where, 

Vdrop 
I 
RTotai 

= Total voltage drop across the inter-cell connector 
= Maximum load current seen by the connections (704 amps per ref. 2) 
= Maximum allowable resistance of the inter-cell connector 

Vdrop 0.031 
Rrotal = 

	

I 

	

= 704 

	

= 0.000044 ohms or 44 micro-ohms 

The total allowable inter-cell resistance is ; 
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250 VDC Batteries 
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DCR, EC 365104 has been created to ensure that this evaluation will be reviewed prior to 
performing any load changes. This will ensure that the assumptions associated with the 2.2 
volts of margin remains valid (December 2008). The use of the 70 micro-ohm value will not 
affect battery capacity or the ELMS-DC analysis that supports it . 

A similar evaluation can be performed for the 250 VDC batteries as follows. The 250 VDC 
batteries consist of 120 cells (NCN-21) with 121 inter-cell connectors . From the latest service 
test for the Unit 2 batteries on 1/22/06, the minimum voltage recorded was 226.7 volts with a 
maximum load current of 830 amps (Ref . 5) . As stated earlier, the 226.7 volt value is not 
expected to change in the next year and will remain valid until the formal calculation for the 
Tech Spec change is approved (Ref . AT 540524-07) . Since the minimum design voltage of 
the 250 VDC battery is 210 VDC (UFSAR 8.3.2 requirement), a total of 226.7 - 210 = 16.7 
volts of margin exists . Applying the same methodology as previously described, the maximum 
inter-cell resistance for each connector on the 250 VDC battery is as follows. Note that 150% 
design margin will be used for this analysis due to the higher voltage margin that currently 
exists . 
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Vdrop - 
Battery Voltage Margin 

_ 

	

16.7 

	

= 0.09 volts 
Number of Connectors 

	

121(1 .5) 

RTota, = Vdiop = 830 = 0.000108 ohms or 108 micro-ohms 

RAjro,,t,,e = 26 micro-ohms + 108 micro-ohm = 134 micro-ohms 

This value is well above the 70 micro-ohm value that was previously determined for the 125 
VDC batteries. 

Conclusions / Findings: 

The maximum allowable inter-cell resistance for the 125 VDC and 250 VDC batteries is 70 
micro-ohms and 134 micro-ohms respectively. The 70 micro-ohm value will be used for both 
the 125 and 250 VDC battery surveillances since it is limiting . The 70 micro-ohm acceptance 
criteria is based on the conservative assumption that all the inter-cell connectors have 
reached this value . Should the 70 micro-ohm value be exceeded on any or all of the 
connections, an IR should be generated so the operations department can make an 
operability determination and initiate further evaluation activities as required . This evaluation 
is valid until 12/12/08 . This review will be tracked by AT 540524-02. The 70 micro-ohm inter-
cell connection resistance value is, therefore, the bounding value because it is the most 
restrictive and it can be applied to both the 125 VDC and 250 VDC batteries. 

This EC as well as EC 362983 were performed as an interim measure to provide a more 
conservative value in lieu of the 150 micro-ohm value listed in the Tech Specs . A formal 
calculation documenting the maximum allowable inter-cell connection resistance will be 
performed per AT item 540524-07. This calculation will be performed under the guidance of 
corporate EC 363948 which was prepared generically for all the sites in the Exelon fleet as 
well as the relevant IEEE guidance on inter-cell connections. If Quad Cities Station is unable 
to maintain the connection resistances within the allowable values as described in EC 363948, 
then a site specific calculation will be performed to determine the revised values of resistance 
and its impact on the DC system (December 2008) . Document Change Request (DCR) EC 
365104 has been created to ensure that this evaluation will be reviewed prior to performing 
any load changes . This will ensure that the assumptions associated with the 2.2 volts of 
margin remains valid . 
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SURVEILLANCE REQUIREMENTS 

DC Sources-Operating 
3 .8 .4 

(continued) 

Quad Cities 1 and 2 

	

3 .8 .4-4 

	

Amendment No . 

SURVEILLANCE FREQUENCY 

SR 3 .8 .4 .1 Verify battery terminal voltage on float 7 days 
charge is : 

a . >_ 260 .4 VDC for each 250 UDC 
subsystem ; and 

b . >_ 125 .9 UDC for each 125 UDC 
subsystem . 

SR 3 .8 .4 .2 Verify no visible corrosion at battery 92 days 
terminals and connectors . 

OR 

r 

SR 3 .8 .4 .3 Verify battery cells, cell plates, and 24 months 
racks show no visual indication of physical 
damage or abnormal deterioration that could 
degrade battery performance . 

SR 3 .8 .4 .4 Remove visible corrosion and verify battery 24 months 
cell to cell and terminal connections are 
coated with anti-corrosion material . 

S R 3 .8 .4 .5 2 4 m o n t h s 

t 
rt f l :a 

~" _ !_~ 



SURVEILLANCE REQUIREMENTS 

SURVEILLANCE 

SR 3 .8 .4 .6 

	

Verify each required battery charger 
supplies : 

SR 3 .8 .4 .7 

a . 

	

>_ 250 amps at >_ 250 VDC for >_ 4 hours 
for the 250 VDC subsystems ; and 

b . 

	

>_ 200 amps at >_ 125 UDC for >_ 4 hours 
for the 125 VDC subsystems . 

-------------------NOTE--------------------
The modified performance discharge test in 
SR 3 .8 .4 .8 may be performed in lieu of the 
service test in SR 3 .8 .4 .7 provided the 
modified performance discharge test 
completely envelopes the service test . 
------------------------------------------- 

Verify battery capacity is adequate to 
supply, and maintain in OPERABLE status, 
the required emergency loads for the design 
duty cycle when subjected to a battery 
service test . 

DC Sources-Operating 
3 .8 .4 

FREQUENCY 

24 months 

24 months 

(continued) 

Quad Cities 1 and 2 

	

3 .8 .4-5 

	

Amendment No . 199/195 
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BASES 

ACTIONS 

	

F .l and F .2 
(continued) 

SURVEILLANCE 

	

SR 3 .8 .4 .1 
REQUIREMENTS 

the sum of connections 

See Bases -In se 

Quad Cities 1 and 2 

DC Sources-Operating 
B 3 .8 .4 

If the DC electrical power subsystem cannot be restored to 
OPERABLE status within the required Completion Time, the 
unit must be brought to a MODE in which the LCO does not 
apply . To achieve this status, the unit must be brought to 
at least MODE 3 within 12 hours and to MODE 4 within 
36 hours . The allowed Completion Times are reasonable, 
based on operating experience, to reach the required plant 
conditions from full power conditions in an orderly manner 
and without challenging plant systems . The Completion Time 
to bring the unit to MODE 4 is consistent with the time 
required in Regulatory Guide 1 .93 (Ref . 6) . 

Verifying battery terminal voltage while on float charge for 
the batteries helps to ensure the effectiveness of the 
charging system and the ability of the batteries to perform 
their intended function . Float charge is the condition in 
which the charger is supplying the continuous charge 
required to overcome the internal losses of a battery and 
maintain the battery in a fully charged state . The voltage 
requirements are based on the nominal design voltage of the 
battery and are consistent with the initial voltages assumed 
in the battery sizing calculations . The 7 day Frequency is 
conservative when compared with manufacturers 
recommendations and IEEE-450 (Ref . 7) . 

SR 3 .8 .4 .2 

Visual inspection to detect corrosion of the battery cells 
and connections, or measurement of the resistance of -ench - 

provides an indication of 
physical damage or abnormal deterioration that could 
potentially degrade battery performance . 

ction resistance limits established for t 
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B 3 .8 .4-10 

(continued) 

Revision 



BASES 

SURVEILLANCE 

	

SR 3 .8 .4 .2 (continued) 
REQUIREMENTS 

the sum of 

The Frequency for these inspections, which can detect 
conditions that can cause power losses due to resistance 
heating, is 92 days . This Frequency is considered 
acceptable based on operating experience related to 
detecting corrosion trends . 

SR 3 .8 .4 .3 

SR 3 .8 .4 .4 and SR 3 .8 .4 .5 

DC Sources-Operating 
B 3 .8 .4 

Visual inspection of the battery cells, cell plates, and 
battery racks provides an indication of physical damage or 
abnormal deterioration that could potentially degrade 
battery performance . The presence of physical damage or 
deterioration does not necessarily represent a failure of 
this SR, provided an evaluation determines that the physical 
damage or deterioration does not affect the OPERABILITY of 
the battery (its ability to perform its design function) . 

The 24 month Frequency for the Surveillance is based on 
engineering judgement . Operating experience has shown that 
these components usually pass the SR when performed at the 
24 month Frequency . Therefore, the Frequency was concluded 
to be acceptable from a reliability standpoint . 

Visual inspection and resistance measurements of -H+,t 

	

-N--
connections provides an indication of physical 

damage or abnormal deterioration that could indicate 
degraded battery condition . The anti-corrosion material is 
used to help ensure good electrical connections and to 
reduce terminal deterioration . The visual inspection for 
corrosion is not intended to require removal of and 
inspection under each terminal connection . 

The removal of visible corrosion is a preventive maintenance 
SR . The presence of visible corrosion does not necessarily 
represent a failure of this SR, provided visible corrosion 
is removed during performance of this Surveillance . 

(continued) 

Quad Cities 1 and 2 

	

B 3 .8 .4-11 

	

Revision 



BASES 

See Bases Insert 

SURVEILLANCE 

	

SR 

	

_3 .8 .4 .4 ._ and 

	

SR _3.8_.4 .5 

	

(continued) 
REQUIREMENTS 

DC Sources-Operating 
B 3 .8 .4 
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The 24 month Frequency for the Surveillance is based on 
engineering judgement . Operating experience has shown that 
these components usually pass the SR when performed at the 
24 month Frequency . Therefore, the Frequency was concluded 
to be acceptable from a reliability standpoint . 

SR 3 .8 .4 .6 

Battery charger capability requirements are based on the 
design capacity of the chargers (Ref . 1) . According to 
Regulatory Guide 1 .32 (Ref . 8), the battery charger supply 
is required to be based on the largest combined demands of 
the various steady state loads and the charging capacity to 
restore the battery from the design minimum charge state to 
the fully charged state, irrespective of the status of the 
unit during these demand occurrences . The minimum required 
amperes and duration ensures that these requirements can be 
satisfied . 

The Frequency is acceptable given the administrative 
controls existing to ensure adequate charger performance 
during these 24 month intervals . In addition, this 
Frequency is intended to be consistent with expected fuel 
cycle lengths . 

SR 3 .8 .4 .7 

A battery service test is a special test of the battery's 
capability, as found, to satisfy the design requirements 
(battery duty cycle) of the DC electrical power system . The 
test can be performed using simulated or actual loads . The 
discharge rate and test length corresponds to the design 
duty cycle requirements as specified in Reference l . 

Quad Cities 1 and 2 

	

B 3 .8 .4-12 

(continued) 

Revision 



from the recommendations of IEEE-450 (Ref . 7) . 

REFERENCES 

	

1 . 

	

UFSAR, Section 8 .3 .2 . 

2 . 

	

Safety Guide 6, March 10, 1971 . 

3 . 

	

IEEE Standard 308, 1978 . 

4 . 

	

UFSAR, Chapter 6 . 

5 . 

	

UFSAR, Chapter 15 . 

6 . 

	

Regulatory Guide 1 .93, Revision 0, December 1974 . 

7 . 

	

IEEE Standard 450, 1987 . 

8 . 

	

Regulatory Guide 1 .32, Revision 2, February 1977 . 

9 ., IEEE Standard 485, 1978 . 

10 . 

	

Calculation QDC-8300-E-1587, Revision 001 

Quad Cities 1 and 2 

	

B 3 .8 .4-15 Revision 

DC Sources-Operating 
B 3 .8 .4 

BASES 

SURVEILLANCE SR 3 .8 .4 .8 (continued) 
REQUIREMENTS 

>_ 10% below the manufacturer's rating . The 12 month and 
60 month Frequencies are consistent with the recommendations 
in IEEE-450 (Ref . 7) . The 24 month Frequency is derived 
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Bases Insert 

To ensure aggregate inter-cell and terminal connection resistances do 
not, as a whole, impede the batteries' capability to perform their 
design function, total battery resistance will be verified . The total 
battery resistances are based upon calculated total allowable 
resistances with added conservatism (Reference 10) . The table below 
is a summary of the acceptance criteria associated with this SR for 
total battery resistance . 

Battery RA«mt-criteria 
U1 125 UDC (Normal) 2900 
U1 125 UDC (Alternate) 2900 
Ul 250 VDC 7000 

U2 125 VDC (Normal) 2800 
U2 125 _VD C (Alternate ) 2800 
U2 250 UDC 7000 uS2 



ATTACHMENT 6 
Proposed License Condition 

License Condition Insert for DPR-29 and DPR-30 

The values that represent limits for total battery connection resistance will be located in the 
Technical Specifications (TS) Bases and controlled by TS Section 5.5.10, "Technical 
Specification (TS) Bases Control Program." These values will be included as acceptance 
criteria in applicable surveillance procedures and will be controlled in accordance with EGC's 
design control program . 
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No Significant Hazards Consideration 

Exelon Generation Company, LLC (EGC) requests an amendment to Facility 
Operating License Nos. DPR-29 and DPR-30 for Quad Cities Nuclear Power 
Station (QCNPS), Units 1 and 2. The proposed change revises Technical 
Specifications (TS) Surveillance Requirement (SR) 3.8.4.2 and SR 3.8.4.5 to add 
an acceptance criterion to verify that total battery connector resistances for the 
125 volts Direct Current (VDC) and 250 VDC batteries are within pre-established 
limits that ensure the batteries can perform their design function . The proposed 
incorporation of the acceptance criterion in SR 3.8.4.2 and SR 3.8 .4.5 is 
conservative, as it adds a restriction on total battery connector resistance which 
will ensure design functions are achievable . SR 3.8.4.2 and SR 3.8.4.5 will 
continue to be performed as previously completed and will not change in the 
manner and frequency of execution . 

According to 10 CFR 50 .92, "Issuance of amendment," paragraph (c), a 
proposed amendment to an operating license involves no significant hazards 
consideration if operation of the facility in accordance with the proposed 
amendment would not: 

(1) 

	

Involve a significant increase in the probability or consequence of an 
accident previously evaluated; or 

(2) 

	

Create the possibility of a new or different kind of accident from any 
accident previously evaluated; or 

(3) 

	

Involve a significant reduction in a margin of safety . 

EGC has evaluated the proposed change to the TS for QCNPS, Units 1 and 2, 
using the criteria in 10 CFR 50.92, and has determined that the proposed change 
does not involve a significant hazards consideration. The following information is 
provided to support a finding of no significant hazards consideration. 

1 . 

	

Does the proposed change involve a significant increase in the probability or 
consequences of an accident previously evaluated? 

Response : No 

The revisions of SR 3 .8 .4.2 and SR 3.8.4.5 to add a battery connector resistance 
acceptance criterion will not challenge the ability of the safety-related batteries to 
perform their safety function . Appropriate monitoring and maintenance will 
continue to be performed on the safety-related batteries . In addition, the safety-
related batteries are within the scope of 10 CFR 50.65, "Requirements for 
monitoring the effectiveness of maintenance at nuclear power plants," which will 
ensure the control of maintenance activities associated with this equipment. 

Current TS requirements will continue to require that the equipment be regularly 
monitored and tested . Since the proposed change does not alter the manner in 
which the batteries are operated, there is no significant impact on reactor 
operation . 
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The proposed change does not involve a physical change to the batteries, nor 
does it change the safety function of the batteries . The proposed TS revision 
involves no significant changes to the operation of any systems or components in 
normal or accident operating conditions and no changes to existing structures, 
systems, or components . 

Therefore, these changes will not increase the probability or consequences of an 
accident previously evaluated . 

2. 

	

Does the proposed change create the possibility of a new or different kind of 
accident from any accident previously evaluated? 

Response : No 

The proposed changes revising SR 3.8.4.2 and SR 3.8.4.5 to add an additional 
acceptance criterion for battery connector resistance is an increase in 
conservatism, without a change in system testing methods, operation, or control . 
Safety-related batteries installed in the plant will be required to meet criteria more 
restrictive and conservative than current acceptance criteria and standards . The 
proposed change does not affect the manner in which the batteries are tested 
and maintained ; therefore, there are no new failure mechanisms for the system . 

Therefore, the proposed change does not create the possibility of a new or 
different kind of accident from any previously evaluated . 

3. 

	

Does the proposed change involve a significant reduction in a margin of safety? 

Response: No 

The margin of safety is established through the design of the plant structures, 
systems, and components, the parameters within which the plant is operated, 
and the setpoints for the actuation of equipment relied upon to respond to an 
event . The proposed change does not modify the safety limits or setpoints at 
which protective actions are initiated. The change is conservative and further 
ensures the availability and operability of the safety-related batteries . As such, 
sufficient DC capacity to support operation of mitigation equipment is enhanced, 
which results in an increase in the margin of safety . 

Therefore, the proposed change does not involve a significant reduction in the 
margin of safety . 

Based upon the above, EGC concludes that the proposed amendment presents no 
significant hazards consideration under the standards set forth in 10 CFR 50.92(c), and, 
accordingly, a finding of no significant hazards consideration is justified. 
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4 

PURPOSE/ OBJECTIVE 

The purpose of this voltage drop calculation is to determine the 125 Vdc bus voltages at the 4.16 
kV and 480V safety-related switchgear and upstream 125 Vdc buses for Unit 1 and Unit 2 during 
the Load Shedding Conditions . In addition, this calculation shall determine the adequacy of the 
available voltage at the terminals of select 4 kV and 480 V switchgear tripping and closing relays. 
These circuits were selected based on a review that identified them to be bounding of the 4 kV & 
480 V breaker circuits. The Load Shedding Condition simulates a dual unit Loss of Offsite Power 
(LOOP) concurrent with a Loss of Coolant Accident (LOCA) in one unit where predetermined 
loads are shed at 30 minutes into the scenario based on an approved operating procedure . 

For these calculations the normal bus alignment is used, and no credit is taken for non-safety-
related battery charger operation. 

The purpose of this voltage drop calculation is also to determine the 125 Vdc bus voltages at the 
4.16 kV and 480V safety-related switchgear and upstream 125 Vdc buses for Unit 1 during the 
Station Blackout Condition . In addition, this calculation shall determine if the Load Shed scenario 
voltages bound the Station Blackout voltages. Circuit paths for tripping or closing relays shall be 
reviewed independently in order to determine the resistance of the relay circuit paths . 

The Unit 1 (Unit 2) equipment included in the scope of this calculation are as follows : 

" 

	

125 Vdc Battery #1 (#2) 
" 

	

125 We Battery Bus #1 (#2) 
" 

	

Turbine Building (TB) 125-Vdc Main Bus IA (2A) 
" 

	

TB 125 Vdc Main Bus IA- 1 (2A-1) 
" 

	

TB 125 Vdc Reserve Bus 2B (1B) 
" 

	

TB 125 Vdc Reserve Bus 2B-1 (IB-1) 
" 

	

TB 125 Vdc Reserve Bus 2B-2 (IB-2) 
" 

	

4160 V Switchgear (SWGR) 24 (14) 
" 

	

4160 V Switchgear 24-1 (14-1) 
" 

	

TB Main Bus 1 A-2 (2A-2) 
" 

	

Reactor Building 125 Vdc Distribution Panel #1 (#2) 
" 

	

4160 V Switchgear 13-1 (23-1) 
" 

	

4160 V Switchgear 13 (23) 
" 

	

480 V Switchgear 18 and 29 (19 and 28) 
" 

	

Select 125 Vdc Tripping and Closing Relays 

REVISION NO. 6 



Analysis No. 9149-20-19-1 Revision 010 Page 5 of 36 

METHODOLOGY AND ACCEPTANCE CRITERIA 

METHODOLOGY 

General 

" 

	

All cable and bus resistances are 90° C. 

" 

	

Normal 125 Vdc Alignment is used . 

Calculation _Specific 

" 

	

Load profiles for Load Shed Condition are from Calculation 7318-32-19-1 (Reference 7) . 

" 

	

Load profiles for One-Hour SBO Condition are from calculation 7318-32-19-1, Revision 37 
(Reference 7) 

" 

	

This calculation will determine the 125 Vdc bus voltages for the selected buses during both the Load 
Shed condition and the One-Hour SBO Condition . Revision No. 5 of this calculation only updates the 
analysis of the Load Shed Condition . Revision No . 6 of this calculation only updated the analysis of 
the Unit 1 SBO Condition . 

Note: switchgear load profiles in DC-ELMS model all ancillary switchgear relays as energized . 
These profiles are input into Table A of Attachments A7.1 and C7.1 . As defined in DC-ELMS, 
this adds conservatism without being excessive . Therefore, each switchgear breaker's trip or 
close coil voltage development provided on pages 22 through 34 incorporate the total relay 
load into the switchgeai's lump load as defined in the "4kV Switchgear analysis" section of 
reference 7. 

ACCEPTANCE CRITIERA 

CC-AA-309-1001 
Revision 4 

Note: As indicated in DC-ELMS Calculation 7318-32-19-1, revision 37, the Load Shed scenario 
envelopes the SBO condition . The conclusion's section of 7318-32-19-1 states that the SBO 
profile was a one-time analysis and no future revisions to the profile are necessary. Since 
DC-ELMS provides the load profiles for this calculation, 125 Vdc Bus Voltage, the SBO 
scenario will not be updated beyond rev . 7 of this calculation . 

This calculation will determine the available voltage at the terminals of selected switchgear tripping 
and closing relay coils based on bounding circuit paths. 

R' 

The minimum calculated voltages at the terminals of the various closing and tripping relays equipment 
shall be sufficient for their operation . The minimum requirement for the switchgear closing relays is 90 
Vdc (Ref . 34) and for the switchgear tripping relays is 70 Vdc (Ref . 34) . This calculation will also verify 
at the battery's terminal voltage does not drop below the minimum required voltage of 105 Vdc 

	

R10 
(Reference 45) . 




