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GD ‘ Design Analvysis

1.0 Objective

1.1 The objective of this analysis is to establish the dynamic
temperature response and resulting temperature extremes of
the battery rooms at Ginna Station, to a Station Blackout
(SBO) event, and to evaluate the effect of the temperature
changes during the assumed four hours of that event, on
vital battery capacity.

2.0 Design Inputs None

3.0 Refefenced Documents

3.1 Design Analysis, Ginna Station, Sizing of Vltal Batteries,
EWR 3341, Rev. 0 3-12-90.

3.2 Guidelines and Technical Bases for NUMARC Initiatives,
NUMARC 87-00, 7.2.2 Assessing Class IE Battery Capacity.

3.3 IEEE Recommend Practice for Maintenance Testing of Large
‘ Lead Storage Batteries for Generating Stations, ANSI/IEEE
Std. 450-1987, Table 1, Temperature Correction Factors.

6 3.4 Updated Final Safety Analysis Report (UFSAR), Ginna
: Station, Figure 1.2-16, Control, Battery, and Relay Rooms.

3.5 Gould, Stationary Power Cells (Antimony), Type: NAX
(Specifications), GB-3326C 5-74 SM.

3.6 Solidstate ConErols Inc., Series SV Single and Three Phase
Static Inverters, General Specifications, 81-234 9/84/IM.

3.7 Solidstate Controls Inc., SCI Series BCS Thyri-Power
Battery Charger Systems, General Specxflcatlons, 81-423
9/84/IM. .

3.8 R. E. Ginna, Control Building Environmental Study, August
1990, Devonrue Inc. ‘ ,

3.9 Storage Batteries, George Wood Vinal, John Wiley & Sons,
p. 420.

3.10 Heat and Mass Transfer, Frank M. White, Addison-Wesley
Publishing Co.
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Assumptions

High temperatures may develop in the battery rocoms if'a
SBO event occurs during hot weather. The loss of HVAC due
to SBO can result in a temperature rise in the battery
rooms to 107°F according to Ref. 3.8. This temperature
increase will not degrade the. battery capacity (see Ref.
3.3) or result in any anomalous battery performance in
either the charge or discharge mode of operation. Certain
authors (Ref. 3.9) recommend maintaining operating battery
temperatures below 110°F. It is therefore assumed that no
battery capacity degradation occurs at the high
temperature limit of this event.

The battery chargers and inverters are designed to operate
in the temperature range =-10°C to 40°C (14°F TO 104°F)
(see Refs. 3.6 and 3.7). The peak temperature of 107°F is
above this design range but is acceptable under the
requirements of Ref. 3.2. It is shown in this analysis
however that the heat capacity of the batteries, which was
not accounted for in Ref. 3.8, significantly moderates
battery room temperature transients. The lawer extreme of
the ambient temperature design range for the chargers and
inverters is well below the lawest temperature that would
oecur in the battery rocom in an SBO according to this
analysis. It is therefore assumed that ambient
temperature will not prevent or degrade bhattery charger
function as designed at the end of the four hour SBO, or
inverter function during the entire period of the event.

The vital battery load during the SBO is specified in Ref.
3.1. See Sections 1.4 and 7.2 for SBO details.

Heating for the battery rooms was installed in 1987.
Prior to this time the heat sources in the rooms were the
battery chargers, inverters, and lights. The battery
rooms, with the air handling room, make up the lowest
level of the Control Building. This!space has exterior
walls on three sides and the floor which are below grade.
The Turbine Building is on the fourth side. The Relay
Room is on the floor above. Ref. 3.4 shows this
arrangement. A thermal model for this space is developed
which consists of the battery room air, the batteries, and
the exterior walls and floor. Heat transfer from the air
to the batteries, walls, and f£loor is by natural
convection. Heat transfer through the walls and floor to
exterior soil is by conduction.

The battery room temperature control system is designed to
maintain temperature at 75°F % 2°F. For the low
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temperature SBO transients the initial temperature is
assumed to be 73°F.

A search of surveillance records showed that the lowest
battery room temperature documented prior to the
installation of heating was 60°F. Using this steady state
temperature and the heat sources available (no external
heat) it is possible to estimate the effective exterior
ambient soil temperature (34°F). This calculation is
shown in Section 6. Material thermal properties for air,
water, and concrete were obtained from Ref. 3.10.

Battery charger efficiency is assumed to be 90 percent
(Ref. 3.7). Under normal operating conditions with the
chargers supplying 100 amps (normal) this will result in
approximately 1200 watts of heat dissipated inte the room.

The chargers do not function during SBO.

Inverter efficiency is assumed to be 80 per cent (Retf.
3.6). The inverters operate close to their rating (7.5
KVA) normally. This results in approximately e%ggggggps
of dissipated heat. The inverters function during<SHO.

There are 6, 40 watt fluorescent light units in A battery
room and 8, 40-watt units in B battery room. It will be

assumed that about 300 watts of heat is due to lighting.

This lighting is lost during SBO.

Computer Codes

Battery Room thermal transient analysis (BATRMTRS.FOR)
(SEE Appendix 1).

This is a FORTRAN program which simulates the time
dependent behavior of the battery room air, battery,
exterior wall temperature, under initial conditions
developed in Section 6.0 of this ana}ysis.

Load Change Report Spreadsheet (See Appendix.Z)
This is a spreadsheet program written in the Symphony

environment. It is documented and maintained in the
Electrical Engineering Central Technical File.

Analysis
Heat Transfer Model
The physical configuration of the battery rooms is

described in Section 4.0 of this analysis. Based on this
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configuration, in the absence of the battery room heater,
the significant heat sources are the lights and electrical

equipment in the rooms.

are shown in the following sketch.

Air
=== TAI Cpa

Ha
| Exterior
e—--vA—-~ﬁ Walls,

Tw, Cow
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The principal sources and sinks

Soil, |

Battery,

TB 4 CPB

Han = ha A (ext. walls & floor), Hy = hy A (Batteries)

Hw = A (ext. walls & floor)

- K (thermal conductivity of concrete)

6.1.2

d (thicknesé of concrete)

h. and h, are estimated natural convection heat transfer

coefficients

Cza, Cow, Cop are heat capacities of air, walls & floor, and
batteries respectively

Ta, Tw, Tm are temperatures of air, wall and batteries

The state equations for the configurgtion‘described in 6.1.1

are,
4 Ta = _1 [Q - Hal(Ta-Tw) - Hp(Ta-Tp)]
dat CPA

4 T = Hp_ (Ta-Tp)

dt CPB

_‘_i_ Tw = 2 [HA(TA"TQ) - Hw(Tw"Tx:)]

at CPW
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Heat capacity calculations. g

.
‘

Battery room air

“Vaszr (Volume of (each) battery room) =
= 9000 f£t3

C, [air @ 300°K (80.6°F)] = 100.5 J/Kg-K = 0.24 BTU/1lb_°F
p [ .o" ] = 1.177 Kg/m® = .073478 1b,/ft3

9000 £t - .073478 1b./ft,
661.302 1b.,

Con = Masr ° Cp = 661.3 1b,, - 0.24 Btu/1b,°F = 158.7 Btu/°F

Ma1, (mass of air) = V,i. P

Battery water
5 gals H,0 per cell x 60 cells = 300 gals

Cp [H>0 @ 300°K (80.6°F)] 4177 J3/Kg-K = 0.9976 Btu/lb,°F
]

p I 997 Kg/m® = 62.24 lbm/ft3
300 gal = 1.1356m> = 40.1 ft>
(1 gal = 0.13368 £t2)
Con = Miazo ° Comzo = 40.1 £t - 62.24 1b,/£t> - 0.9976Btu/1b,.°F

2489.9 Btu/°F.
Concrete in exterior walls and floor
"B" battery room

All Qalls and flocor 1.5' thick concrete volunme.

east wall 1.5 £t - 18 £t. - 40 £t = 1080.0 ft=3
south wall 1.5 £t - 18 ft. - 12.5 ft = 337.5 ft*
floor 1.5 £+ - 12.5 ft. - 40 iftc = 750.0 ft3

Total = 2167.5 ft*

"A" battery room (doesn‘t have, east exterior wall)
Total = 1087 £t=

= 2300 Kg/m® = 143.58 1b,/ft>
= 880 J/Kg°K = 0.2109 Btu/lb,F
Cow ("B" battery room) = 2168 £t - 144 1b,./ft> -

18 £t x 12.5 ft x 40f.

0.2109 Btu/1b,,°F = 65841 Btu/°F

Cow ("A" battery.rocom) = 1087 £t> - 144 1b,/ft3 -

esién Analysis

0.2109 Btu/1b,°F = 33012 Btu/°F
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6.1.4

6.1.5

Heat transfer coefficient estimates

"B" battery room

Aw (exterior wall area) = 18' x 12.5' (south wall) +
' 18" x 40' (east wall) = 945 ft=2
As (floor area) = 12.5 x 40 = 500 ft2
Total = 1445 ft=
"A" battery room (doesn't have east ext. wall)
_ Total = 725 ft=2
estimate h wall = SW/m2°K .0.8805 Btu/hr°F £t*

hA = 1272 Btu/hr°F

H. ("B battery room
Ha ("A" battery room = ha = 638 Btu/hr°F *
Batteries {60 cells in each battery)

cell vertical surface area (neglect horizontal area)
Cell Area = (22.125" - 14.5" + 22,125" - 7.375") = 6.72 ft=
Battery Area = 60 - 6.72 = 403 f£t2

= ha (battery) = .881 Btu/hrft2°F - 403 £t2 (note:_assume
335 Btu/hr°F same h walls)

Conductive heat transfer through walls

Hw = A (ext wall) - K (thermal conductivity of concrete)
d (thickness of concrete)

1445 ££* - 0.5778 Btu/hr ftoF
1.5 £t
557 Btu/hr°F

Hy, ("B" battery room)

H,y ("A" battery room) = 279 Btu/hr°p:

The initial conditions for the SBO cooldown are calculated
as follows:

Assuming all heat is dissipated to exterior walls and
floor, total heat enterlng room ta maintain 73°F (T.)
air temperature is given by,

é=HA.Hw (TA—TE)

Hye + Ha

w
To £ind T, consider the_steady state conditions before
heating was installed, (Q = 10236 Btu/hr)

esign Analysis Revision 0
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(Ta - Tw) = O = R

air-wall .
hA HA

= 10236 Btu/hr = 8.045°F
1272 Btu/hr°F

This would yield a wall temperature
Tww = Tn - 8.045 = 60°F - 8°F = 52°F

The external temperature can then be estimated from,

z“ = g = 10236 Btu/hr = 7.0837 Btu/hr ft2
M
, ' ' 4¢
- [T - - _- . .
LR B ST
-m it .
= ~ 7.0837 x 1.5
— .5778

The sketch below shows the steady state temperature
dlstrlbutlon for the "unheated" battery room.

@ \ = ~ 18.39°F

lexterlor !

battery room lwall i

60°F -6— |

air temp. ie 1.5 ft. >
52°F T,, 6~

v
U
1
H
H
\

Ty external soil temp
Tr = Tw - 18.39°F = 52°F - 18.39° = 33.61°F

Since accuracy is no better than two significant figures:
Te = 34°F

The total heat regquired to maintain the battery room at
73°F and the initial wall temperature can now be estimated.

wesign Analysis ‘ Revision 0
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O = 1272 x 557 (73°F - 34°F) = 15108 Btu/hr
1272 + 557 - :

Note that this is 4872 Btu/hr larger than the internal
heat sources. The battery room heater provides the
additional heat.

The initial steady state wall temperature can now be
calculated

T = Tpn - O =73 - 15108 = 73 - 11.9 = 61.1°F
HA 1272

6.1.6 Computer Code Development

A FORTRAN program was written, using the state equations
from Section 6.1.2. The difference equations were
developed using the modified Euler-Gauss method which
provides reasonable (<10%) accuracy for this type of
calculation. The source code for this program is given in
Appendix 1.

6.2 Battery Capacity Evaluation

6.2.1 The effect of battery room cocoldown during SBO on battery
capacity is evaluated using the methods developed for
battery sizing analyses (Ref. 3.1) and electrolyte
temperature correction factors (Ref. 3.3). The
temperature correction factors are used to modify
(increase) the actual battery load to create a temperature
corrected load. These connected loads are then used in
the battery sizing analysis.

6.2.2 In order to simplify battery capacity calculations, :
cooling is modeled as a step function. It is assumed that
temperature does not change duxing the first hour of the
SBO, and then drops to a lower, constant value, for the
last three hours. The value of the final temperature is
lowered until the battery capacity is exceeded. This is
then considered to be the limiting temperature for
operation. The conservatism of this approach is evaluated
by comparing the "step" temperature model with the
continuous temperature drop data from the thermal
analysis.

6.2.3 The battery capacity calculation is performed using the
Load Change Report Spreadsheet. This program is written
in the Symphony environment and is maintained in the
Electrical Engineering Central File. The primary use of

@esign Analysis Revision 0
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7.2

7.3

this program is in evaluation of proposed and actual d.c.
load changes on battery capacity margin. In this analysis
it is used as described in.6.2.1 and 6.2.2 to evaluate
temperature effects on vital battery capacity margin. Use
of the program is described. in Appendix 2.

Results

Tables 1, 2, and 3 show the temperature of battery room
air, battexry cells, and exterior walls during one minute,
ten minute, and five hour periods after initiation of
Station Blackout. The battery temperature after four
hours is about 71.8°F.

The temperature correction factor from Ref. 3.3 for 71.8
is about 1.034. The battery sizing analyses yvield maximum
cell size correction factors of 1.64 and 1.10 for the “aA“"
and "B" batteries respectively (see Ref. 3.1). Since bath
of these results exceed the required temperature
correction of 1.034, it is concluded that the battery
capacity meets the SBO 4 hour coping requirement. The
cell sizing calculations are shown in Tables ASA and BSA.

The transient thermal response of the battery room
environment predicted by this analysis is significantly
slower than the predicted in Ref. 3.8. Since Ref. 3.8
addresses loss of HVAC and resulting heating in hot
weather, the results do not directly conflict with those
presented here. However application of the heat transfer
model used in this analysis, to the heatup problem results
in a much slower response. ;

Although outside the formal scope of this analysis, the
model developed here is applied to battery room heat up
for the case in which external soil temperature is. 75°F
and the initial steady state battery room temperature is
75°F. Both SBO and loss of offsite power are considered.
Although refinements to the model would increase the
accuracy, the physical processes which control the
temperature transient are made clear. The battery room
temperature remains below 90°F in either case

(Tables 4-9).
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Battery Room thermai btransient analyﬁié
FRINT #. 'ENMTER TIME IMTERVAL IN MINUTES'’
READ (#,20) DELT

FRINT %, 'ENTER PRINT INTERVAL IM MINUTES'
READ (%,20) F

FORMAT ¢ FB.3 )

FRINT »,'EMTER TNTAL TIME IM MINMUTES’
READ ({+,33) TOT

FORMAT - FB.3

M=IMNT{F/DELT}

M= LNT(TOT /&)

GDTEO=S1 iax2 = {0236

LPA=157K2. = 35\3

CRB=Z400Y2 = 49Y0

CRU=¢E552~ 98,500

HR=EET2 1910

L nEEK2E T 10

AUsEEL PRE

BG T2 JaG,M
00 &0 k=00

Fi=01/CRA) o« BDTE0~ (HATHE} # TA+HE® TB+HAXTU}

an,
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GI={(l/CPR}%{TA~TE}

HI=0(/CPW # (HAR (TA-TW) —HW# (TW-TE) )

TAI=TA+DELTH#FI
T =TU-DELTH#HI

TRI=TE+OQELTH*BI

Fil=i{1/CRA) # (ADTEO- (HA+HE) # TA1+HE*TR1+HA®TWL )

-’

fi

L/CPEY #{(THLI-TRL)

- -
p N )

k

CELm T ORN S HAR TR L =T ) =i (T L=TE)

TASTEFIOELT, DY R OFTHFIL)
FRETI4 0 0ELT 0 S IGI BT
TU=Thi+ (OELT. 2} % (HI+HI 1)
T = { F#J -~ K#DELT?

CONTINUE

BPEMC GMIT=10Q, FILE='BATRMTHMP.CUT )

FORMAT (L 73, 2,20 FL2.5 [, JHILRLE,

CONTINUE
CLOSEC 12 ¥

Ei#D)

)
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Capputer Software Packags Documentation SUIXERXY

Title of Report or Analysis 8“2‘1'{100 B(od@uﬂ‘ E‘HEC(‘S on Vl“'Q'

Datteries

Author G.W.Daniels

Varificaticn of Program (s)

(a)
(1)
(2)
(3)

' (4)

Name of 9mq:am'139.+fen1%om—memnl Tronsient Anqusis
Dezcrapticn (include source code location) <A'H'O.d\?d)

Algoratchz Bases
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SPRERDSHZET INSTRUCTIGNS
L2GELTIVE;

“3 3ive the users tha procedure and Jocuaentation resuiresents for using the Load Change
negort Sgreadsheet, This spreadsheet calculates ihe required ceil cize of Sinna Station
Jital szatterv B based on present lcads, Svaphony verston 2.0 was used to perfera the
tslouizticas, TRz Sypphany file is LCR_BIB.WRL,

.« =233 Svaoncav, inen retrieve LER_BIB, Zater each lead acdation or deletion as i separate
«i38 :i3a 05 page 2. .31ng the referencea Eiscirizal Lead Change (ELC) fora as the source
icuzent.  ~itach eil references ELC forms to ihis renert.

2. 7y obtatn the hard copies of Load Change Report pages 1, 2 and 3, hold down the ALT xey
<il2 striving the P key, The upaated report will de autoeatically saved. Mext, tha scraen
41l zhow the fora i1n the Allways Application. Hit F10, select P for print, and 6 for qa.

3o To exrt Allsays, fat F10, select Q to quit. After it has returned to Syaphony,
axit Syaphony. The Sycphony Access Systes aenu should appear on the screen.

4, To sbrain tha hard copy of Load Change Report page 4, select *PRINTGRAPH® froa the
yaphony Access Menu, iUse Image-Select to retrieve FISBILRIC, -Select Settings, iiage,
siza, Full, 2uit, Quit, CGuit and 6o.

. Zait "PRINTGAAPH®. “se Syephony Access Systes senu should reaopear cn the screen,

e

*lz3se «329 10 2ind, ALT-F can onlv be used once, (f “he user wiches to get another

Srintsut. he aust use ALT-X instead of ALT-2, because the Aiiways Application need oniv
te 3ttaned once. Au7-if wili function the sage as ALT-? oxcept 1t won’t sttach Allways
:Galf. N

OSCUNENTATION RECUISEMENTS:

io The currant revisian of this regort dated 02/09/90 pages ! through 4 and
sitached ELC foras shsll be filed in the Eizctrical Engin2ering Central Technical Fils.

£

urrent rsvisian of this report i3 referenced by the fallzwing docuaents :a the
czri2al Sngineering {entra! Technical Filel

)
-
(3]
. .
m (L]

4

«o I33-15% “lndex - Zl:ctrical Engineering Central Tachnical File?
I, EBS-1Z2 "Dasign verificaticn Nodel®



7ﬁme6;wd

.03
.10
.15
- 20
25
.0
.33
.40
.45
.30
.38
.60
. &3
.70
.79
-39

NRIE
gom
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70.50226
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&7.55907
&67.23011
&7.02945
646.20551
64.82753
£65.77712
&b.743164
b6.71911
&6.70100
66.463643
4&.567400
b4, 646284
bb. 65244
&b.864251
ab.sIZ2PT
Hb. &2TTT

Table

“zaﬁ#wVei?fj

73. 00000
73.00000
73. 00000

73200000

73.00000
75. 00000
73. 00000
73. 00000
73.60000
73.00000
73. 00000
73.00000
73. 00000
73.00000
73.00000
T = DOOCO
7300000
73. 00000
73. 00000

1

Traadl (°F)
60.99733
&60.9908°9
60.98217
G0 Q7214
b0.75130
a0, 74999
60.93840
&0, 92663
60.91481
&£0,90298
60.89114
60.87933
&0.8867530
&0.83568
60.8438S
&HO.ZF2C3
&Q.82020
60.80838
&0. 74658
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1.00
2.00
3.00
4,00
5.00
b 00
700
8.00
?.00
10.00

—— o
Tair () Tbm‘f'eries(F)
66.61121 72.99786
b66. 42575 72.99554
b6. 24506 72.99281
b46. 06881 72.98972
65.859657 72.986b4
&5.72945 72.98356
65.556610 72.98048
&5. 40685 72.97739
65. 25159 72.97431
65.10023 72.97123

Table 2

Twalis (°F)
&0.72171
&£0.54597
&60.31615

6009213

S57.87373
59.66082
5%9.45328
59.28094
S9.08370
58.86142




“Time (min)

‘ 10.00
20.00
F0.00

10.00
S50.00
&50.00
70.00
20.00
F0O.00
100.0Q0
110.00
120.00
130.00
140Q.00
150.900
160,00
170.Q0
180.00
LZ0.00
TGO. 00
T10.00
220,06
2T0.00
40, GG
250,00 7
260,00
70.00
Q.00
290.00
200,00

ToinCE)

65. 11355
&3.79964
&2, 77337
51.97340
&1.34925
6G.85844
60. 47269
60. 16732
59.924183
S9.72976
SP.57317
59.443592
59.34149
S99.25470
92.1815°9

59.11912

5%.06309
52.017321
58.97448
58.93545
58.89945
58.864628
58.833%€5
58.8B0428
S58.77470Q
S8.74543
58.71882
58.69223
I8. 66564
38. 63705

I7Zdﬁm4e§?F7

72.927150
72.93719
72.89%200
72.885&620
72.81038
72.7464864
72.71873
72.646805
72.461408%9
72.56113
72.50767
72.45421
72.40073
72. 34729
72.29383
72.24057
72.13691
72.13345
72.0799°
F2.025654
71.97308
Ti.R196&2
71.846616

‘71.81270

71.75924
71.70578
71.65232
71.59886
71.54540
71.49194

Table 3

Twall (°F)

o8.87835
S7.21142
55.9151Z

*54.90628

S4.12008
53.3065%9
S53.02711
S2.465153
S52.35611
S2. 12292
S51.93798
S51.79042
S51.67204
S1.57611
$1.49770
S1.43282
S51.37872
51.332&2
S51.29280
TL.25780
S1.22697
S1.19926
S1.17273
Sl.14984
S1.12693
51.1044%
S51.08534
S1.06625
51.047156
S1.02806




Tiore (o)

10.00
20.00
S0.00

40,00
=0.00
£50.00
7TO.00
50,00
“0.00
100.00
110,00
120.00
1.30.00
140.00
1S0.60
160,00
VT0.CO
180.00
LR, G0
2.0
- 5 S 4
LEOLO0

el Ta]
- aw tw? W g

240,00
250.00
260.C0O

270,00
30 . G0
220,00
BGO.. G0

lair

78.97565
79.63584
80.15108
80.55375
80.86841
81.115473
31.30933
al.462351
81.58344
81.&68002
81.75716
81.81980
81.87035
81.21272
81.54785
81.97693
Q2.0013S
B2.0247646
G2. 04757
22,0605
B2, 27748
52.0943%
W2, L0ETS
82.11793
82. 12889
82. 139846
82.13083
a2.16180
B82.1727

82. 18374

‘TLdHQrms
75.01507
75.03034
75. 05125
- 75.07416
75.09707
75.11998
75.14289
75. 16580
75.18871
75.21162
75.23454
75.25745
75. 28036
75.30327
75.32618
75.34909
75.37200
75.39491
75.41782
75, 44073
73. 46365
75. 48656
7350787
75. 53238
75.55529
75.57820
75.60111
75. 62402
75.4534593
75. 646985

Table 4

“wall
76.065673
76.20488
77.535647
78.046388
78.45927
78.76781
7%9.00887
79.19768
79.34587
7?.46278
79.35487
79.42840
79.68658
79.73428
79.77272
79.8034=
7R.82820
79.85181
7%.8&693%9
7?.88467
77.89994
72.91521
TE.FRATS
7TR.9I243
79.94006
79.R4770
7?.95534
TR.GH297
72.97061
79.97825

'BAH‘M,‘ roowm t‘\eo.'*’

ap under SBO condbions.

BATEMTRL.FOR
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Tﬁme(mmﬂ

1.0
2.00
Z.00

4,00
Z.00
o. 00
TR0

.50

I, 00

L4, 00

Tair

78.22R280
78.31583
73. 40672
78.47336
78.3817&
73.&86399
TB.THBLE
78.82219
78.920623
78.9823C

Table

Thatenes
75. 00134
75.00288
75. 00442
75, COS%6
75. CO7SS
B, 00904
75.01053
75.01212
75. 01366

75.01521

-

“Tunlis
75.1097%
75.22825

75.343R0

P73 45645
75.568627
73.867331
75.77767
79.87%40
73.97857
7407525

[
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Project:  Ginna Station Vital Battery A Date 02/09/950 Page 3of4
Lowest Expected Minimum Cell Cell
Electrolyte Temp (F): 73 Cell Voltage: 1.75 Mfg: GNB Type: NAX 1200 By: GWD
(1) ¢)] 3 @ 5) © )
Changoin | Duration { Timeto End Capacity at Required Section Size
Load Load of Period of Section T Min Rate (3)x(6)=Rated Amp Hours
Period {(amperes) | (amperes)  |(minutes) (minutes) K Factor(KT) Pos Values | Neg Values
Section | — First Period Only — If A2 is greater than Al, go to Section 2.
1 JAl 962 [Al-0= 962 M1 1 |T=Ml= 1 0.882353 848.82 tee
Sece | Total 848.82 +e e
Scction 2 — First Two Periods Only - If A3 is greater than A2, go to Section 3,
1 |Al 962 |Al-0= 962 Ml 1 |T=M1+M2 3 0.918774 883.86 0
2 (A2 623 |A2-Al -339 (M2 2 |T=M2= 2 0.900574 , 0 -305.29
. Sec  Subtotal 883.86 -305.29
2 Total 578.57 see
Section 3 -- First Three Periods Qnly -- If A4 is greater than A3, go to Section 4.
1 (Al 962 |Al0= 962 |[MI 1 |T=Ml+... 12 1.079923 1038.89 0
2 |A2 623 |A2-Al -339 |[M2 2 |T=M2+M3 (1 1.062346 0 -360.14
3 |A3 507 |A3-A2 -116 |[M3 9 [T=M3= 9 1.026912 0 -119.12
Sec  Subtotal 1038.89 479.26
3  Total 559.63 see
Section 4 -- First Four Periods Only - If AS is greater than A4, go to Section §.
1 |Al 1081, |Al-0= 1081 |M] 1 |T=Ml+... 60 2 2162.72 0
2 |A2 623 |A2-Al 458. [M2 2 |T=M2+... 59 1.973431 0 -904.54
3 |A3 507 |A3-A2 -116 [M3 9 |T=M3+M4 57 1.921919 0 -222.94
4 |Ad4 589.3 |A4-A3 82.3 |[M4 48 |T=M4= 48 1.714833 141.24 0
Scc  Subtotal 2303.96 -1127.48
4 Total 1176.48 se0
Section 5 -- First Five Periods Only — If A6 is greater than AS, go to Section 6.
1 Al Al0= M1 T=Mt+...
2 |A2 A2-Al M2 T=M2+...
3 |A3 A3-A2 M3 T=M3+...
4 A4 A4-A3 M4 T=Md4+MS5
5 |AS AS-Ad M5 T=M5=
Sec  Subtotal
s Total e
Scction 6 ~ First Six Periods Only ~ If A7 is greater than A6, skip this Section.
t |Al 1081, |A1-0= 1081 M1 1 |T=MI1+... 240 4,724 | + 5108.35 0
2 |A2 623 |A2-Al 458, M2 2 |IT=M2+... 239 4,706 Q -2157.05
3 |A3 507 |A3-A2 -116 |M3 9 |T=M3+... 237 4.671 0 -541.84
4 |Ad4 470 |A4-A3 37 M4 48 [T=M4+... 228 4.518 0 -167.17
5 |AS 173.3 |AS5-A4-296. IMS 179 |T=M5+M6 180 3.846 Q -1140.87
6 |A6 258.4 |AG6-AS 85.0 [M6 L [T=M6= { 0.88235 75.04 0
Sec  Subtotal 5183.39 -4006.93
6 Total 1176.46 A
Maximum Section Size 1176 + Random Scction Size 0 = Uncorrected Size (US) 1176
(USs) 1176 x Temp Corr 1.02 x Design Marg 1 x Aging Factor 1.0 = 1200
Required cell size = 1200 Ampere Hours. Cecll 1200 is installed.
Cell size correction factor for first hour= 1.253959635
Cell size correction factor for last 3 hours= 1.635491325

CELL SIZING WORK SHEET
TABLE ASA
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Project: _ Ginna Station Vital Battery B Dato 02/09/90 Page  3of4

Lowest Expected Minimum Cell Cell
Electrolyte Temp (F): 73 Cell Voltage: 1.75 Mfg: GNB Type: NAX 1200 -By: ‘GWD
H 2 ) @ &) © M
Changein | Duration | Time to End Capacity at Required Section Size
Load Load of Period of Section T Min Rato (3)x(6)=Rated Amp Hours
Period [(amperes) | (amperes)  |(minutes) | (minutes) " K Factor(KT) Pos Values | Neg Values
Scction | -- First Period Only — If A2 is greater than Al, go to Section 2.
1 |Al 1186 |A1-0= {186 [M1 1|T=Ml= 1 0.882353 1046.47 *e0
Sec | Total 1046.47 se0
Section 2 -- First Two Periods Only — If A3 is greater than A2, go to Section 3. x
1 |Al 1186 |A1-0= 1186 [MI 1 |T=M1+M2 3 0.918774 1089.67 0
2 JA2° 492 |A2-Al -694 |M2 2 |T=M2= 2 0.900574 0 -625
Sec  Subtotal 1089.67 625
2  Total 464.67 te s
Section 3 -- First Three Periods Only - If A4 is greater than A3, g0 to Section 4.
1 [Al 1186 |A1-0= 1186 |[MI 1 |T=Ml1+... 12 1.079923 1280.79 0
2 (A2 492 |A2-Al -694 IM2 2 |IT=M2+M3 11 1.062346 0 <737.27
3 |A3 248 |A3-A2 -244 M3 9 |[T=M3= 9 1.026912 0 -250.57
‘ Sec  Subtotal 1280.79 -987.84
3 Total 292.95 see
Section 4 -- First Four Periods Only — If A5 is greater than A4, go to Section 5.
1 (Al Al0= Ml T=Ml+...
2, |A2 A2-Al M2 T=M2+...
3 |A3 A3-A2 M3 - |T=M3+M4
4 |A4 A4-A3 M4 T=M4= .
' Sec  Subtotal
. 4  Total | te0
Section 5 -- First Five Periods Only - If AG is greater than AS, go to Section 6.
1 JAl 1186 |A1-0= 1186 |[MI 1 [T=Ml+... 240 4.724 5602.66 0
2 A2 492 |A2-Al -694 M2 2 |TaM2+... 239 4.706 0 -3265.96
3 |A3 248 |A3-A2 -244 IM3 9 |T=M3+... 237 4.671 0 -1139.72
4 |A4 232.2 |A4-A3 -15.7 M4 227 |T=M4+MS5 228 ‘ 4.518 0 -71.01
5 |AS 289.5 |AS-Ad4 57.2 M5 ! [T=M5= t 0.88235 50.51 0
Sec  Subtotal 5653.17 4476.69
5 Total 1176.48 tse
Scction 6 -- First Six Periods Only — If A7 is greater than A6, skip this Section.
1 jAl Ald= M1 T=Mi+... :
2 |A2 A2-Al M2 T=M2+...
3 JA3 A3-A2 M3 T=M3+...
4 |Ad Ad4-A3 M4 T=Md4+...
5 |AS AS-A4 M5 T=M5+M6
6 |A6 AG-AS M6 T=M6=
Sec  Subtotal
6 Total X
Maximum Section Size 1176 + Random Scction Size 0 = Uncorrected Size (US) 1176
(US) 1176 x Temp Corr 1.02 x Design Marg 1 x Aging Factor 1.0= 1200
Required cell size = 1200 Ampere Hours. Cell 1200 is installed.
Cell size correction factor for last 3 hours=, 1.100861486

CELL SIZING WORK SHEET
TABLE BSA
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.50
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<SG
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20
25
.« 70
TS

Tair F)

746.44152
77.22379
77.64530
77 .88237
78.01097
78.08307

"T8.124469

78.14983
78. 156602
78.17738
78.18611
78.19343
78.19997
78.20610
TB.21199
78.2177C
72.22334
78.22709

78.23A471%

Table

Thothor es

/S.QUOO?
75.00006
73.00011
75.00016
75.00025
75. 00034
75.00043
F5.00053
75. 000482
735. 00071
75. 00080
75.00089
75.000%3
FELCOL108
75.00117
75.001246
TES.001Z35
TS 00144
e Q1SS

6

Toaik

75.00185
75. 00620
75.01190

73.01831

75.02511
TS.03211
79.03922
735.0463E
. 089357
75.06075
73.067%4
735.07513
73.08231
73.08949
735.09663
73. 10877
T30
73.1:1805
735.1231
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Time( it n)

10.00
@20. Qo
0. 00

£0.00
S50.00
A0.00
70.00
E0.00
.00
100.00
110,00
120.00
130.00
140,00
150.00
140.00
T70. 00
WE0L00
L2000
::“30- 5:‘.:
MRS
prinia ity

- - .
O N

240,00
250.00
260,00

O .00

0.00
270,06
6 1o TR T

Fatv
82.95024
84,27222
85.30215
86.10672
8&6.73634
87.227381
87.61762
87.92328
88. 15986
88.36530
88.522469
88.4&50860
88.7353°
28.84270
88.91&605
88.978546
/9.0G3320
89.0z:102
29,1232
B9, 1243
HRL17801
IP.2TTTS
TR RIS
89.29254
89.3221
82.3317G
89.38127
89.41027
859. 43583
292.4614X

T pattevies”.

75.02878
7506347
73.10165
75.14521
75.19103
75.234685
75.28268
79.33579
75.38925
75.44271
75.49617
79.549463
75.60309
75.465655
79.71001
79.76347
75.816%93
735.87038
7S.90284
FSLPTTIO
Th.D5076
TH.0R2422
T 2.d DT AB
T7ha 19114
7b6.24450
756.29806
76£.35152
TH. 40498
76.45844
746.51189

Table 7

Tuolls

77.13339
78.809465
80.1131%
81.12765
81.71826
82.53519
83.01732
83.29518
83. 69233
B3.92681

84.11283 .

84.26115
84.38007

B4.47662

84.355Z4
84.62028
24.67325
34.72139
84.76046
Ba4. 72556
84.82610
B4, 85633
G4.E7524
84.90215
84.92506
84.24798
84.9708%9
84.99306
85.01086
835. 02864
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1.00
2.00
T.00
4,00
5.00
.00
7.00
3.00
F.00
LO.G0

81l.44488
81.63137
81.81311
81.99034
B82. 146315
82.33140

'B82. 49586

82. 465598
a8z2.81212
82.96432

Tyatreries

75.00214
75.00446
75.00745

*75.01083

75.01361
75.01669
75.01978
75.02286
75.025%4
75.02902

Table 8

Furdls
75.21941
735.45647
75.68B755

" 73.91283

76.13244
76.3465=
76.35525
7&6.75872
76.957086
77.15042

Loss of C)“s\"{e Powem
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w20
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. 20
« 25
-0
W35
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.45
. S0
.55
. &0
55
70
» 75
« 80
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.70
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77.88B305
79.44738
80.29899
80.756471
81.02184
8l.16612
51.24938
81.29%9&2
81.3319°
81.35470
81.37216
81.38678
81.37986
81.41210
31.32387
81. 43539
21.48444678
81.45805

31l.467Z7

Table

Thdtories
75.00003
75.00012
75.00024
75. 00038
75.00052
75. 000866
75.0C07°9
75, 00093
75.00107
75.00121
75.00134
75.00148
75.001&2
75.00175
75.0018%
735.00203
7S 00217
TS 00230
TS.00244

9

{wolls
75.00371
75.01240
75.02377
75.03661
75.03020
75.06421
75.07842
75.09274
75.10711
75.12148
75.13586
75.135023
75.145458
75.1758%1
75.19323
75.207351
732279
7S.2360E
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LOAD CHANGE REPORT - FAGE § of 4
“ITAL BATTERY A FRINT OATE:  21/23/9%
EHR 334§
REPORT DATE: 91/23/91
SPREADSHEET INSTRUCTIONS . .
QBJECTIVE: ' .

70 give the users the procequre 2ng docusentation recuirements for using tne Lead Change
Report Spreaashest. This spreadsheet calculates the required cell size of Ginna Station
Vital battery A, basea on present lcads. Symphony version 2.0 vas used to perfora the
calculations. The Symphony file is LCR_B1A.HRI. .

PROCEDURE : ’
1. Load Sympnony, then retrieve LCR_8IA. Zater each loaa addition'or geletion as a separate
tine iten on oage 2. using the referenced Electrical Loaa Change {ELC) fora as the source
cocument. Attach aii referenced ELC foras to this report,

2. To obtain the nara ccoies of Lozd Change Xerort o
<hile striking tne P key. a2 upaateq recort wil
w11l snov the fora-in the Ailvays Aoplicarion, it

29es 1, 2 2na 3, nhola down the ALT key
i 5e agtomaticaily saved, lNext, the screen
F10, za2:ect P for orint, and 6 for go.
1. To exit Allvays, hit F10. select O o quit., After it has returned to Syaphony,

exit Syaphony. The Symphony Access 3ystem aenu should 3ppear on the screen,

Staase xeen in aing, ALT-P <20 only be used once, [f the user wishes to set another
srintout, ne nust use ALT-Y instead of ALi-P, fecause the Al;uays Aoplication need only
s¢ sttacnee once, Aui-M vill function ine saze as ALT-? evceot 1T won "t attach Allvays
23210,

DMCUMENTATION REQUIREMENTS:

]

. the current revisicn of this report <ated 01/23/91 ,pages l through § ana
attached ELC foras snall ne riled in the Elsctrical Ensineering Central Technical File.

[58
.

The current revision of this report is referencea by the folloving qocuzents in :ne
flectrical £ngineering Central Technicai fils:
£nginsering Central “2chnical File’

1, €D6-151 "Iazex - Ziactrice
ion Moagei’

2, £96-158 B cign Verificat

i
en

BRrsASE S S sramh 0o
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~3AD CHANGE REZPORT PAGE 2 3 ¢

YITAL BATTERY A PRINT DATE:  21/23/91
THR 3341 8Y: cAY
REPORT DATE: 01/23/91

BASED ON BATTERY SIZING ANALYSIS REV 0. SWR 3341, APPROVED 3/12/90

UPDATED FOR EWRS:

P nsenie W : " “= R
wéc[\w\cmﬂ(' Ll

it

EUR  ELZ ELS LOAD o¢ (LOAD AMPS, {-J=DELETE}  ZEPORT <$I1ZED IN SERVICE
No. RE OATE NAME PANEL Ly L2 43 L4 15 16 DATE  8Y DATE

) 3361 N/A N/A INITIAL N/A 106 366 37 116 339 52 02/09/90 GHD

V6756 NJA N/A ANN ALARM  HCB PANEL 1A 0.2 27/06/90 PMS  :7/31/90
' 4968 0 01/04/91 72/E0P OCPOPCBO2A -36¢ -261 01/11/9% 3JAY  04/20/9%
14773 9 01/23/R0)INVCVT-1A  DCPDPCBO3A -2.2¢ 01/23/91 JAY  24/22/%1
V4773 0 01/23M0Q/INVCVT-1A  OCPDPCBO3A 10.09 . 01/23/91 JAY  24/22/%1
: 4

H

A E A s 4 m e me mm T wm ®m mem mm mw e oam b

aw e o

o e ma o

T AN mm e et AR RS A N e TS me fm mER AN me B B WE mm ew mm EE em wa

- wm ms - o= os -

TOTALS Li=  114.05 Al=tis,, . L3= 345,05
L2z 0 A2sLlt...tis 237.05
L3= 37 AdsLit,. L3= 151,05
té= 116 Ad=sllelzz -+ 114,05
L5= 78 ASsLl1= 114.05

ST 32 A6zL14L6z 106.05
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Project:  Ginna Station Vital Battery A Date 01/23/91 Page 3 of4
Lowest Expected Misimum Cell Cell
Electrolyte Temp (F): 73 Cell Voltage: 1.75 Mfag: GNB Type: NAX 1200 By: JAY
m | o (3 ) (5 () %)
Changoin | Duration | Time to End Capacity at Required Section Size
Losd Load of Period of Section T Mia Rate (3)x({6)=Rated Amp Hours
Period l(amperes) | (amperes)  |(mioutes) | (minutes) K Factot(KT) | Pos Values | Neg Values
Section | - First Period Only — 1f A2 is greater than Al go to Section 2.
1 !Al= 345.0 |A1-0= 345, lMll 1 |T=M1= 1 . 0.882353 | 304.46 = xx
Sec 1 Total { 304.46 =
Section 2 -~ First Two Periods Only =~ If AS is greater than A2, go to Section 3.
1 |Al= 345.0 |JA1-0= 345, [MI: 1 {T=M1+M2= 3 0.918774 | 317.02 0
2 |A2: 267.0 |A2-AL: -78 |M2: 2 |T=M2= 2 0.900574 | 0 -70.24
Sea  Subtotal 317.02 -70.24 |
2 Total 286.78 | *
Section 3 —— First Throo Periods Only ~~ If A4 is grester than A3. go to Section 4.
1 |Al= 345.0 |A1-0= 345. [MI: 1 |T=M1+...M% 12 1.079923 | 372.63 0
2 |A2= 267.0 |A2-AlT =78 |[M2: 2 |T=M2¢M3= 11 1.062346 | 0 -32,86
3 1A3:2151.0 ,AS-AZ-I!G M3: 9 |T=M3= 9 1.026912 | 0 -119.12 |
Sec  Subtotsl 372.63 -201.98 |
3  Total 170.65 | o
{Section 4 == First Four Periods Only =~ If AS is greatsr than A4. go to Section 5.
1 1Al1= 345.0 |A1-0= 345. IM1: 1 {T=M1+,..M& 60| 2| 690.1 0
2 ]A2= 267.0 1A2-A1. 78 |[M2: 2 | T=M2+..M4& 59 1.973431 | Y ~153.93 {
3 A= 151.0 |A3-A2 -116 |[M3: 9 |T=M3+Md= 57 1.921919 | 0 -222,94 |
4 A4 114.0 [A4-A3 -37 |M& 43 | T=Md= 43 1.714833 | 0 -63.45 l
Sec  Subtotal 690.1 -440.32
4  Total 249.78 | “xu
Section 5 -~ First Five Periods Oaly — If A6 is greater than AS, go to Section 6.
1 jAl: Al-0= Ml: T=M1+.. . M5
2 (A2 A2~-Al M2 T=M2+...M&
3 A3 A3-A2 M3 T=M3+...M$
4 A4 Ad-A3. Mé4: T=M4+M3=
5 |AS: AS-A4 MS: T=MS5=
Sec  Subtotal
5 Total - -
Section 6 == First Six Periods Qnly — if A7 is groator thaa A6, skip this Section. {
1 iAls 345.0 |A1-0= 345. IM1: 1 |T=M1+..M6120 | 2.941176 | 1014.85 1 0]
2 1A2:= 267.0 |A2-A1 -73 |[M2: 2 I T=M2+..M&119 | 2.971795 | 0l -231.3 1
3 |A3=151.0 |A3~-A2 ~116 |M3: 9 {T=M3+..MG&117 3.02899 | ol -351.36 |
4 (A4 114.0 [A4-A3 =37 |[M4: 43 | T=M4+...M6 108 3.193429 | 0 -118.16 |
S JAS: 114.0 |AS-A4 0 |[MS: 59 |T=M5+M6= 60 2] 0 0
6 |A62166.0 |[A6-A5 52 IM& 1 |T=M6= 1 0.882353 ) 45.83 0
Soc  Subtotal 1060.73 -701.32 |
6 Total 359.41 | o
Maximum Section Siza 359 + Random Section Sizs O = Uncorroctod Size (US) 359
us) 359 x Temp Corr £.02 x Design Marg 1 x Agiag Factor 1.20= 439

Required cell size =

439 Ampere Hours. Cell 1200 is installed.

CELL SIZING WORK SHEET
TABLE A5
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LOAD CHANGE REPORT PAGE 1 of 4

VITAL BATTERY B FRINT DATE:  31/23/91
EWR 3341 )

REPORT DATE: 01/23/91 )

SPREADSHEEY INSTRUCTIONS

0BJECTIVE:

To give the users the procedure ana docuaentation reauiresents for using the Load Change
Report Spreadsheet. This spreadsheet calculates the required cell size of Ginna Station
Vital battery 8 based on present loads. Symphony version 2.0 vas used to perfora the
calculations. The Syaphony tile is LCR_B18.WR1.

PROCEDURE :

+1. Load Syaphony, then retrieve LCR BIB. Enter each load addition or deletion as a separate
line iten on page 2, using the referenced Electrical Load Change (ELC) form as the source
Jocunent. Attach sil referenced ELC foras to this report.

2. To obtain the hard copies of Loaa Change feport pages 1, 2 and 3. hold dovn the ALT key
ahile striking the P key, Tae upcated reoort will be autosatically saved. Next, :ne screen
vill show the fors in the Allvays Application. Hit £19, select # for print, ana ¢ for 90.

3. To exit Allvays, hit F10, select © to quit. After it has returnes So Syaphony,
exit Symphony, The Symonony Access System menu snould appear on the scresn.

Please xeep in aind, ALT-? can only be usea once. [f the user wishes 23 et another
orintout, he aust use ALT-M insteaa of ALT-P. because the Allvays Aoplication need oniy
ot attacned once, ~LT-M will functicn tha same as ALT-P except i won't 2ttach Allvays
aga1n,

QOCUNENTATION REQUIREMENTS:

.

1. The current revision of *his report 2ated 01/21/91 .pages ! through & and .
attached ELC foras shail be filed in the Electrical Engineering Central Tachnical File.

"
.

The current revisicn of this resort i3 raferencea by :he falloving docuaents in the
tisctrical Zngineering Central Tachnical Fiie:

‘ . EDG-1ST "Index - Zlectrical Sngineering Central Taonnicai File’
3, EDG-158 ‘Desiqn Verification Model®
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~JAD CHANGE REPORT PAGE 2 of 4
VITAL BATTERY 8 PRINT DATE: 31/23/91
EWR 3344 gY: JAY
REPORT DATE: 01/23/%1
BASED ON BATTERY SIZING ANALYSIS REV 0, EHR 3341, APPROVED 3/12/90 *
UPDATED FOR EWRS:
EWR  ELC ELC LOAD V] {LOAD AMPS, (-)=DELETE} REPORT  SIZED IN SERVICE
No. 2% DAIE NANE PANEL L L2 L3 L4 1§ L& DATE 8Y DATE
v 3341 N/A N/A IRITIAL N/A 24 437 286 694 32 02/09/90 6D 42/09/90
Y 4968 0 01/04/91 MOV3I150,3151 DCPDOPSHO1B =120 -490 01/11/91 JaY 04/20/91 |
v 4968 0 01/04/91 72/508 0CPDPSHOLB =73 =73 01/31/91 IAY a4/20/9% ¢
V4773 0 01/23[90\INVCVT-13 HCPDPCBO3B -2,53 01/23/91 JAY 04/22/91
V4773 5 01723A90/INVCYT-1R HCPDPCBOIB Q.96 01/23/91 3AY 24722191
: ql E
X M X
: :
(] I
T "
( N
(] 1]
(] (]
] 1
] '
TOTALS L1z 145,43 Alzbl+,..03= 437.43
i 1] A2=L1+,..14=z  306.43
RH] 1 Ad=tis... Ll= 132.43
fiz 124 Af=L14L2= 145.43
L3 1 AS=Li= 145.43
Lz 2 | MalisLes  197.43

R R
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Project: (Giona Station Vital Battery B Date 01723/91 Page 3 of4
Lowest Expected Misimum Cell Cell
Electrolyte Temp (F): 73 Cell Voltage: 1.75 Mfg: GNB Type: NAX 1200 By: JAY -
Wi @ ) @) (&) | (6) @)
! Changein | Durstion | Time to End ; Capacity at Required Section Size
% Load | Load of Period of Section { T Min Rate (3)x(6y=Rated Amp Hours
Period i(amperes) | (amperes) {(minutes) {minutes) ! K Factor(KT) Pos Values | Neg Values |
Section § —— First Period Only -- If A2 is greater than Al, go to Section 2. ’
I ! JAl1a2 437.4 |A1-0= 437. IMIs 1 |T=Ml= 1] 0.882353 | 385.97 |  x x
1Sec 1 Total ] 335.97 | x4
Section 2 -~ First Two Periods Only —— If A3 is greater than A2, go to Section 3. .
1 1AIs 437.4 [A1-0= 437, [M1: 1 IT=M{+M2= 3 0.918774 401.9 0
2 |A2=306.4 |A2-Al1~131 |M2: 2 |T=M2= 2 0.900574 0 -117.98
Sec  Subtotal 401.9 -117.98 |
I 2  Total 233.92 = H
{Section 3 = First Three Periods Oaly — If Ad is greatar than A3, go to Section 4. |
1 [Al= 437.4 |A1-0= 437. [MIs 1 {T=M1+...M3 12 1.079923 | 472.39 (.ﬁ
2 |A2: 306.4 lA2-A1:-131 |M2: 2 |T=M2+M3= (1 1.062346 | 0 ~139.17 |
{3 1A3:182.4 1A3-A2 -124 |IM3: 9 |T=M3= 9l 1.026912 | 0 -127.34 |
{Sec  Subtotal i 472.39 -266.51 i
'3 Total i 205.38 | .
.Section 4 =— First Four Periods Qaly == If A5 is areater than Ad. 20 to Section 5. o
1 iAl1=437.4 |A1-0= 437, IMI1: L {T=M1+...M4&119 | 2.971795 | 1299.95 1 0l
l 2 [A2:306.4 1A2~A1 -131 |[M2: 2 1T=M2+... M4 118 | 3.001116 | 0 ~-393.1{5 |
3 [A3=132.4 1A3-A2 -128 |M3: 9 IT=M3+Md= 116 | 3.055274 | 0 -378.85 |
4 1A4: 145.4 lA4-AS. ~37 IM& 107 IT=M4= 107 | 3.200264 | 0 l ~-113.41 1
Sec  Subtotal 1299.95 | -890.41 |
4 Total 409.54 = !
Section 5 =~ First Five Periods Only == If A6 is greatar than A S, go to Section 6.
1 {Als Al-O= Ml T=Mi+... M5
2 (A2 A2-Al M2 T=M2+...MS$
1 3 A3 A3-A2 IM3s T=M3+...MS !
i 4 lAg Ad-A3 Ma: T=Md4+M5=
i 5 lAs AS-Ad4 iMS: {T=M3= . i !
Sec  Subtotal ; ; :
5 Toul ! “xx
Section 0 == First Six Periods Oaly =~ if A7 is greater than A6. skip this Section.
i1 iAl1: 437.4 JA1=-0= 437, IMI: L IT=M1+...M6 120 | 2.941176 | 1236.56 | 0!
2 ;A2: 306.4 [A2-A1 -131 |M2: 3 1T=M2+..M6 119 | 2.971795 | DAL -389.31 !
3 [A3:132.4 |A3-A2 -124 IM3: 9 |T=M3+..M6 117 | 3.02899 | 0 | -375.59 |
4 A4 145.4 |A4-A3 -37 IM4&: 107 |T=M4d+,..M6 108 | 3.193429 | 0\ -113.16
5 1AS=145.4 |AS-A4 0 [MS: 1 IT=M5+M6= | 0.882353 | 0| 0
6 1A62197.4 |A6-AS 52 IM6 D |T=M6= 0 0.864125 | 44,93 | 0
Sec  Subtotal ' i 1331.49 | -333.06 1
‘ 16 Total 443.43 | * {
Maximum Section Size 448 + Random Section Size 0 = Uncorrected Size (US) 448
Uus) 443 x Temp Corr 1.02 x Desiga Marg 1 x Aging Factor 1.10= 503
Required cell size = 503 Ampere Hours. Cell 1200 is installed.

CELL SIZING WORK SHEET
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