ENCLOSURE 6
WATTS BAR NUCLEAR PLANT (WBN)
CALCULATION WBN-EEB-MS-TI11-0062
DIESEL GENERATOR CONTROL POWER SYSTEM




- Date
i
] USE FORM

QA Record

EBASCO SERVICES INCORPORATED
ONE CALCULATIONS

Page 1A

TITLE

125V DC DIESEL GENERATOR (DG) CONTROL POWER SYSTEM EVALUATION

Plant/Unit

WATTS BAR UNIT 1 & 2

NE, Ebasco

PREPARING ORGANIZATION

Services Inc.

KEY NOUNS (Consult RIMS DESCRIPTORS LIST)
DIESEL GEN, PWR SYS, CALC, BATTERIES

BRANCH/PROJECT IDENTIFIERS

WBN-EEB-MS~-TI11-0062

Each time these calculations are issued, preparers must easure that the
original (RO) RIMS accession number is filled in.
(for RIMS' use)

Rev

RIMS accession number

RO 90021480004

N 3)3i[42

B26 90 0202406

{
|

Yes [XZ|

* See sheet 1 for original signatures.

See velibion (oq Cor Ltel numbaer of

These calculations contain an unverified assumption(s)

that must be verified later. No [

cascade fuses and maximum voltage to control circuit components.

components is verified through pre—op test TVA-14D.
conclusians .

APPLICABLE DESIGN DOCUMENT(S ' TRF ) =
' |r |APROS 1992 (§5/B18 '92 0331 25%5
wB-DC-30-27 ' B
re B26 '92 0411 40¢
SAR SECTION(S) UNID SYSTEM(S) R
8.3 82 —_
Revision 0 R4 RG Safety-related? Yes [X] No [ ]
ECN NO.(or indicate Not Applicable)| SEE REV. | 4ee rev, Statement of Problem
N/A 70479 3/25/92 LOG log - £
Prepared 7. L. Ve 4ol VERIFY ADEQUACY OF DESIGN AND COMPLIANCE
3-25-92 WITH DESIGN CRITERIA AND SAR REQUIREMENTS.
C.G. Peterson* ; . 9,
Checked e~ [ 4o
W.J. Holbert=® 2-26-9L E}%w
Reviewed 3_\:
G.L. Nicely* 3-26-F2 |  4/n)9y i Q -
Approved T &ﬂ?ﬂ%};ﬂ (@ haT Ff-7i€ Fat = J&} ,
M.C. Brickey* e SEL AR
b S Ll G )
Z-2-40 3/@/4Z' 4/"/‘7D' - \f"? 7
List all pages added Yoe den. |hee ten. ™ ",ﬁ?
TVA 10534 by this revision loa. Le4 ST
IF MORE | List all pages deleted See rey. /zcear&v. Y
SPACE by this revision Lo Loy
REQUIRED| List all pages changed See ve. “ee ved .
by this revision log Lo«
Abstract: i !

This calculation evaluates the adequacy of the 125V DC 0G control power system for battery sizing, charger
sizing, protective device sizing, short circuit and coordination, Appendix R, Reg Guide 1.75-Associated circuits,

Adequacy of minimum voltage to control circuit

Gee ixchons 2.6 and 9.6 for rz‘,ol-Lg ana

{ 1 Microfiim and store calculations in RIMS Servicle Cente
[X] Microfilm and return calculations to:

pades and FEAR compliarnce yveyiew:

Pale
—BERM-—FSO8-—wBNP-

vdahon Control Hicrofilm and destroy. [ ]

Address : €EE—A=tOB—WBNPLPA/Ip/ge

‘ RIMS, SL 26 C-—K

1445x

D. Kilgore, TR-E

Canter
7 weNE Yl

o 1E , Wb

THIS SHEET ADDED BY REV_7..




TVA 10697 (DNE 6.86) QA Rmrd DNE CALCULATICNS | tege [

WB-0c- 30-2 7 = QO0327BOOOC?'\ 526 30 0308 ZFO

|
TITLE : : o PLANT/UNIT ]
(RN Lvese) oo rv—or (i ) 00r 0t [ 2 D27Ep) Ept feny 70 RHS fetr Ais # / ¢z
PREPARING ORGANIZATION KEY NOUNS (Consult RIMS DESCRIPTQRS LIST) a
ASE - EE - pERLT LDsese / ¢xon | For Sys, Gle , Ritterie s
BRANCH/PROJECT IDENTIFIERS Each time these caiculations are issued, preparer nsure that the original (RO} RjmS accession
number is filled in. l’ .
WO~ EESAy5-TL 1= 206 2 Rev {for RIMS* use) | 3 RIMS accession number
: ® 1900214B000L |Rog 'an 01202 10
APPLICABLE DESIGN DOCUMENT(S) R _1_

2811022000073

91 0919 40;

SAR SECTION(S)

26 :
ez | +2920110C0010(¥)B26 91 1219 40

8.3
Revision 0 R1 Safety-related? Yes[J  No [
ECN No. (or indicate Not Applicabie) éee cey. SEE eEY.
7, A/A (o4 Lod Statement of Probiem

Reviewed - gm/?/rsﬁ, S
t 5 AN e,
;\F—T? G & a/tv]q, Q\L‘Iﬂ’cl’

Prepared 3/8 /70 f//ﬁ/?/ L7 /ér/'/% A[A.’/(/ﬂ,dﬂf/ od ;{é‘é//é/?
K/{ﬁm &JJ/;/ lﬁ /2 ~/F -y oot/ 60'77/0/;(47& w4 ,/p.;,'fn_

Checked’ /18 ¥ / . . /
4/ %‘;‘—’L - ' w4 SIS NS,
J 2%,%—" @5/5/7:} AT [2oig—al | Crrerid oz, oA /;’7 N

t
Approy, ) IEN J x'*‘:"'q‘
W\ @t‘m\\\ "/l"{[«» /
Date /& / / dc¢ ? =N
2-D ~Fo G-19-11 14y me u@/ﬂ
List all pages added Yee (ev, | SEE RET U/jf‘ ! 4 ;
S gg by this revision. loa Lod ' 7 ~ ";.
Eo 2| List all pages deleted See fey. | SEE 2zy
Sz >| by this revision, Log Lodr
38 &/ List all pages changed 2o rev. |scE ey
by this revision. Log Lo
Abstract -
These calculations contain an unverifie assumption(s)
that must be verified later. Yes No O
Thrs  tolaclethon supleates Fhe ,4;&/4«447 oL the [25v0c Db Ceritye [ Poer Susstom
for bz %1-7 §/?z}/f L Mharger .8, ﬁf prorec e dey, s 312eng | Sho,t Lo F
BRI Coord) s 5009 ) 4/;/)//7 28y 2 ’@)j 97 178 o Bopaia /717) Errevrs ,
O ScoAS e 44./6(15 A2 PNl I x/p/-/ay’c » 6‘6-07,9;94‘2.’4/-'/5-' . ‘//;/ Hdace,
ol 7209 03904 Vel 7 co b/ Crrez, ¥ ao;/a;va)/s 5 Sl ‘4.%—/ ;fé,auj 4 .
ore-op Tos it Jrd-14p, ;
rE-9p i
|
i
) : : <, 3-8-9
AL FSAR Comn /.a-\cc Feviecw ////l /hénl o .
g o4 ;/ T & \/ Dat=
Zal Foaz Coow/;//.((ﬂ."e /\‘é,/.(w Y« /d / ;’9 ’70
BE fr e Dire .
Br 7“/75_{»"%/ N bor 0/7%5 e +he revieio 1 Zaq
D icrofilm and store calculations in RIMS Service Cenrer{ 7 Microfilm and destroy. D féfﬂ
G . (2 Cogitra/ Confer
Microfilm and return calculations to: 7 Address: PAC-Z¢ - Wpay E;ﬁ

cc: RIMS, SL 26 C.K




e 2 . / ;7 ’
Title: /2Gvoc ODi Contol /gw:/ 'Jy:/fzh Evofirr07)

/4,752'
BTVA | REVISION L¢

.
HElr/-EEL - 715~ 707

CoLZ

Revision
- No.

DESCRIPTION OF REVISION

De |
Appr:’

Turtal rssoe /%6 peges.

Lol [Eiv, ol !
=7 {y"'go 9 BB amdd 25, & e reuvs ez
% ver.s £y com 5/r6 e The 6/;?5’/’//'5 valves 5
batterey Loadim /ziw'/t revision o reflect Fhe
recolls of 7%’5 calenlabon. G yrg/p0

el Y30 /00

]
!
1
§
1

- aéidacy/. /%‘/,:gea/ Hc’ caé/e /'f;:u/a, l;n da

A"'C[a_;.c+ca/ Je.siﬁﬂ 1’4Pu+5 W ESE /ev;quCQ/ aﬂa/ c/Cre COnngcﬁq/a_s yiak
necessary, AHectod gy/'necm'/ﬁ \J'ucljc”)crﬂl.-s and a&suﬂ.’o?e:ons Y

Lrerne /EI/"CQJEQ/ and/ [T -l /)ew'sec/as necessan 7&: eSS
4

mage 7o mpeatine
fon /ool/e-ﬂv)z lene cable £rom 128 4 /5021/0.:/’ P2 o
Desiqgn Coitznia coB-DC- 30-13 dtod 2/13/90. Fovised
Fime ~conne ol conves cnd hont- circe i F valoes 15 /:e-f/ej
-fﬁc Jarje i /;::u/cﬂé.o—q c/amje émpcﬂa.é/’e % 150 QC

C’%cz'jed zzSSuMp'h;ﬂ S99 ;o oan u.«n/e/’;/i:zc/ assu-«v-,a‘ﬁlom andf

cXpa.no/ec/ 1L[t¢' conc/us;c-qs i~ panajﬂaklv “./3.
ﬁeﬂé‘ /s no 4lo~,aqc74 +e %Ae aéot/e FSAE ﬂch.eb\.J‘

@jes revised are cOvcﬂJ‘ACCféj //) 2/) o?é-} 27, 0747) 36}

57,39, 41, 2 48, Total mimber o jpages 136,

et T 3/8 %o
& 3/5//9’

TVA 10534 (EN DES-4-78)




Vaqe ZA

i

REVISION LO\

PAGES DELETED @ New&E

REYISED FPAGES @ /, 24, 4

TCTAL PAGES REY 3| 75

ATTACHAIEN T Pod s 75,4 S/ZEC LUSES FOR THE PRSIV I N
FUEL PP 47070RS AND AR START SoLEW2:D 4LVES,
SEE ATTACHIIENT SECT /A & FOL RESULTS. .
REVIEWED R/ THEouGH 3 To VERIFY THAT 7H#E iz
CUERE ALPR LR IA TELY ConlS/DERED foe TH= EfFFECT
OV DESIGN MARGINS AND THAT THE CEscs e AAND
CONCLLUS 1o/vS ARE LNCHANGED, EX/STING DESran)
NACGINS ARE NoT ADVERSEL ) AFFECTED By TH/S
REVISIEN AVD, 7'//E/€£Fo,€E/ EXIST/ING ‘/>‘55:/4:/1/ //vpaz';
AND fREVIOUSLY FIADE ENGIVEERING JIDGENENTS AAD
ASSUrip7roNs ARE WoT /NVALIDATED.

FSAR SECTIonNS £.3.// AND E.3./.2.2 WERE REVIEWED,
A0 DISCREPANCIES (UERE 1 DENTIFIED IV THESE SECT/IAS

FSAR Compriduce rEview CC 4/& Q PA7E 12/13/3]

7 e s

Title: |72/ DL D¢ lomTEol %W'Ef’\ A AL UATY SR Wizl EEFL“M’V'TIH‘OD’C_;
T en DESCRIPTION OF REVISION Aot
Z ‘ GCY\&\’A[ 4-“*' rC-\/i/?!D.ﬂ ;f\C.—OVPOV@'L"V.ﬁ Chﬂnﬁéé 'CDY 6{5(91{"
) LinA\.v\éf. Lron EE - ze\ b Acrsecrsyent Vvoqrzm . Shee
Revizyed loa(—lerﬁ&uh Cu\tlc and Provlclccl juel—(-’:ﬂa,u'—w}\
Lo Use o(—\ 20‘?. as YNIA MU e —Lémtxvﬂ.—\{VJC Lor
(ﬂa}l’el’u—( éw'@t-n\ﬂ . evioed refzrcnces ) Peleted AH’zzc{nmex\-l
lo.ﬁ )Cd-lﬂLC PUH Caxdfy &-Hcl r)roV\'A(cl re'p(fer\le \,:r\
Talde 2.4,
Thiv vevizns n popersedes @l A ity enkipole, il
pa4es reformatted and renvmbered. Total page4s
R2: 48.
AR, @dclﬂo;\ &.% Y‘eélui('lé Y?\/Aléﬁo'/\ Lov erci'\q;
corrent valves of the paie Au-L:.‘ éﬁcle.
R2 F28Z Cormpliance MM [7-17-71
/‘éx-/u—_ﬁ TATE
Z ADDED ATTACHMENT : Pods7s54 | Sece co
AOLED PAGE ! 328 sheet

éP 2L 9 /’G

TVA 10534 (EN DES-4-78)




CALCULATION REVISION LOG

Page 2B

TITLE: 125V DC DG CONTROL POWER SYSTEM EVALUATION

eraa

REVISION LOG

WBN EEB-MS-TI11-0062

REVISION
NUMBER

DESCRIPTION OF REVISION

DATE
APPROVED

ADDED ATTACHMENT S-15660-A (PAGES 1 THRU 7)
1. DOCUMENTED REPLACEMENT FUSE FOR "MIS 1"

ADDED PAGES: 1A, 2B, 3C

DELETED PAGES: NONE

REVISED PAGES: 4 A

TOTAL PAGES IN ENTIRE CALCULATION: 85

REVIEWED REV. 4 TO VERIFY THAT THE UVA'S WERE
APPROPRIATELY CONSIDERED FOR THE EFFECT ON DESIGN
MARGINS AND THAT THE RESULTS AND CONCLUSIONS

ARE UNCHANGED. EXISTING DESIGN MARGINS ARE

NOT ADVERSELY AFFECTED BY THIS REVISION AND,
THEREFORE, EXISTING DESIGN INPUTS AND PREVIOUSLY
MADE ENGINEERING JUDGEMENTS AND ASSUMPTIONS ARE
NOT INVALIDATED.

SECTION 8.3.2 OF THE FSAR WAS REVIEWED AND NO
DISCREPANCIES IDENTIFIED. 71.4.77 7/25/92

GZ
DATE

R4 FSAR COMPLIANCE REVIEW //

SEE COVER SHEET

m-L-71 S(25]9z2

W 2-26-72

f?w@mdfzrcaﬂZcﬁdcazédn1§rhevvﬁféagé47%7§;nﬂum&.éuﬁ%nf
and ém?‘vy chdrger 5izing for corrected ole foeloil and de fobe 0./
puoy: motor starting Pronsients. Added evalvabon of ker-7

R plocement calls (Dt M1179DA) for aapacitey onliy.

Kevived pages /A,28,9,6,9,10,11, /3,14, 29, 21,12

Added pages 30,124, 3a-134, 41-55,

Tota! Boesps = [00
x%yauaalﬁ?fbub~¢9u%af*&cLWﬂ§u¢z41/wgﬂnzﬁw;dwﬁkﬂmmd
*a*ngtfﬁndk$@”l”%%z:6;bk{*hﬂ* nauﬁe‘ﬁuifuﬁgiezj
are pachanged, £xi'sk; 9 Mangins are 2ot adverselyy alicty
67 s rei'/Z-'oa and M”Z):émf @,Z.;j Ja:yn% :'n?ow’s and
previovsly made APt rty [odffements und a”dmlp/n'n, e Aot
iavalrdated, .

FBAR Seehipa 8.3 Was revicwed and does not reguire ofany(.s Br His
revisioNn -

RE Foar Compliance __C. C’.(-},f;—/ Cm Mcg /;L/:l@z_
L‘f

bec cover Sheet for
dpproval ond date,

@4/1-0/42 .
EYH &fiofrr

1445x%

THIS SHEET ADDED BY REV_ 7.




/%ﬂé "5"‘4‘5 /7,9//&‘..:‘

NEP-3.1
Attachment 6
- Page 1 of 1

CALCULATION DESIGN VERIFICATION (INDEPENDENT REVIEW) FORM

WO~ EEB =15~ T -0062 R/ g
Calculation No. o Revision ;

Method of design verification (indépendent review) used (check method used):

1. Design Review /
2. Alternate Calculation
3. Qualification Test

Justification (explain below):

Method 1: In the design review method, justify the technical adequacy of the
calculation and explain how the adequacy was verified (calculation is
similar to another, based on accepted handbook methods, appropriate
sensitivity studies included for confidence, etc.).

Method 2: In the alternate calculation method, identify the pages where the
alternate calculation has been included in the calculation package
and explain why this method is adequate.

Method 3: In the qualification test method, identify the QA documented
source(s) where testing adequately demonstrates the adequacy of this
calculation and explain.

Keviswed +he  calmdafon revssipe tor Fechaen! Ry
_M&Mj and fovnd Jocsphiie . o, f//-u‘l: ia 1/7af >

datr omnd gssvmmohings  cucee r;//'eag-ec/w 4,//{;/#24;4,2’2@/_4__
e dnd rexsonafle. The Calenlethonr metbods wrwre EFcod sm

Loranh Tzebaical Lostrocthon E=2-7L1/ 20 . TRe _resel

_ Gmrd  Aonple sesas 2,2 M:fn@z‘c .

szw _ﬁz_/g -4 ﬁi_b
7 Design Verifier Date
(Independent Reviewer)




Vflz]& ZA
| o NEP-3.1
— ‘Attachment 6
. Page 1 of 1
CALCULATION DESIGN VERIFICATION (INDEPENDENT REVIEW) FORM

W EEZ-MG-TLl|-00072 R_72
Calculation No. Revision

i

Method of design verification (independent review) used (check method
used):

1. Design Review "

2. Alternate Calculation
3. Qualification Test

Justification (explain below):

Method 1: 1In the design review method, Justify the tschnical adequacy of
the calculation and explain how the adequacy was verified
(calculation is similar to another, based on acceptad handbook
methods, appropriate sensitivity studies included for

confidence, etc.).
i ‘ Method 2: 1In the alternate calculation method, identify the pages where
the alternate czlculation has been included in the calculation
package and explain why this method is adequate.

Method 3: In the qualification test method, identify the QA documentad
source(s) where testing adequately demonstratfas the adequacy
of this calculation and explain.

/?ew'ca_)co/ /?,2 .[;,-. ﬁQAﬂ,‘m/qj._égQac_)/ loe/' /VE/DJ./ A75/GC4MC’77L /O.
ZZ& dle,s,’ao—) /"),oufs Y Ac//.ema/ = #[e.:unc/ Fo ée‘ a%ﬂOQﬂ/‘aé g—;c/

7 7 ;
neaSew;a_é/e. T o= s s 22 c‘oac/c/d'roﬂs L2 2 ac/ct;da]‘e.
7

. liliaee AT YA~ o/iefor
Design Verifier Date
(Independent Reviewer)




- ' Page X B

CALCULATION DESIGN VERIFICATION (INDEPENDENT REVIEW) FORM

BN EER~NIS —TZLi/-008 2 3
€alculation No. Revision

Method of design verification (independent review) used (check method used):

1. Design Review *
2. Alternate Calculation MR
3. Qualification Test R

Justification (explain below):

Method 1: In the design review method, justify the technical adequacy of
the calculation and explain how the adequacy was verified
(calculation is similar to another, based on accepted handbook
methods, appropriate sensitivity studies included for confidence,
etc.).

Method 2: In the alternate calculation method, identify the pages where the
alternate calculation has been included in the calculation
package and explain why this method is adequate.

Method 3: In the qualification test method, identify the QA documented
source(s) where testing adequately demonstrates the adequacy of
this calculation and explain.

* Design verification has been performed by the design review method in accordance
with the guidelines set forth by Project Procedure E-76—TVA.

W J2~19=-20  Jrn.
(2t Fm sy
CfBEETE57Verifier Date

(Independent Reviewer)

THIS SHEET ADDED

U
ey
Fi
=
W



Page 3C
CALCULATION DESIGN VERIFICATION (INDEPENDENT REVIEW) FORM !
o - '
WBN EEB-MS-TI11-0062 4
Calculation No. Revision .
|

Method of design verification (independent review) used (check method used):

1. Design Review *
2. Alternate Calculation NR
3. Qualification Test : NR

Justification (explain below):

Method 1: 1In the design review method, justify the technical adequacy of
the calculation and explain how the adequacy was verified
‘ (calculation is similar to another, based on accepted handbook
| methods, appropriate sensitivity studies included for confidence,
' etc.).

Method 2: In the alternate calculation method, identify the pages where the
alternate calculation has been included in the calculation
package and explain why this method is adequate.

Method 3: 1In the qualification test method, identify the QA documented
source(s) where testing adequately demonstrates the adequacy of
! this calculation and explain.

*Design verification has been performed by the design review method in accordance
with the guidelines set forth by project procedure E-76-TVA.

7
L i
/ < Z-26-9
/‘besign Verifier Date

(Independent Reviewer)

THIS SHEET ADDED BY REV_4_.

1445%




i : CALCULATION DESIGN VERIFICATION (INDEPENDENT REVIEW) FORM
; b

Word EEPMSTL ] 6067 K=
Calculation No. Revision

| Method of design verification (independent review) usad (check method
| used):

1. Design Review v
2. Alternats Calculation
3. Qualification Test

Justification (explain below):

Methed 1: In the design review method, justify the tachnical adequacy ¢
the calculation and explain how the adequacy was verified
| (calculation is similar to ancther, basad on accesptasd handbee
\ methods, apprepriate sensitivity studies included for

. conTidence, etc.).

P i Method 2: In the alternate calculztion method, identify the pages whers
the alternate calculation has been included in the calculatic
package and explain why this method is adequate.

Method 3: 1In the qualification tast method, identify the QA documentad
sourca(s) whers testing adequately demonsiratss the adequacy
of this calculation and explain.

Inderendentfy reviewed colewlntion \WBK EEp-us. 111 - 00b7
reygion 6 tdv fechn col _adequact; as addreised 1A Nep 3.1
Aachmen#1 (0 / / &

The. desian ihput dato and assumphonS were verified Gnd
were dovnd appropriofe _and reasoncible The pethads loor, , 1esuts
and denclusiohd cre Ffechni ca//ef c:(de?ua%e. 77 '

E L JaRaiow 4oz

Deséﬁ? Verifier
(Indepeadent Reviewer)




WBN EEB-MS-TI11-0062 Page

4
TABLE OF CONTENTS  Page
Cover Sheet 1
Revision Log 2
Calculation Design Verification 3
Table of Contents 4
1.0 Purpose 5
2.0 Assumptions 5
3.0 References and Sources of Design Input 5
4.0 Design Input Data 6
5.0 Documentation of Assumptions 8
6.0 Calculation/Analysis 11
7.0 Supporting Graphics 23
8.0 Summary of Results 29
9.0 Conclusions 31
10.0 Attachments
10.1 Chart Recording from Preop Test WBN-TVA-14D, 36
step 5.4.1.35
10.2 C&D Batteries, Discharge Characteristics, 39
Type DC and DCU.
10.2 Square D - FA Cahracteristic Curve 40
10.4 Buss Time-Current Characteristic; KIM 41
10.5 Buss Time-Current Characteristic; FNM 42
10.6 Square D Molded Case Circuit Breaker Cat. Data 43
10.7 Buss Time-Current Characteristic; 44
Average Melting Time - Type NON
10.8 C&D Batteries, DCU Cell Specifications 45
10.9 Telecopy, MKW Power Suystems, DC Lube 0il Pumps 46
10.10 Maintenance Request, MR A-617680 - 47
10.11 C&D Batteries, KCR Cell Specifications 54
10.12 C&D Batteries, Discharge Characteristics, 55
Type KCR
P04575A, Evaluation of DCN Modification 26 pp
S15660A, Evaluation of DCN Modification 7 pp

ﬂ%r 4/'0 /ﬁ‘
E84fioe

Kare
[ R4 |apafiory
&4



WBN EEB-MS-TIL11-0062 Page 5

Purpose

The purpose of this calculation is to evaluate the
adequacy of the 125VDC Diesel Generator Control Power
System for compliance with FSAR and design criteria
requirements for the following:

-battery sizing o

-battery charger sizing

-protective device sizing

-short~circuit protection and coordination .
-Appendix R power supply and associated circuits

-Reg Guide 1.75 associated circuits

-cascade fuse analysis

-voltage to components

Assumptions

Refer to Section 5.0 for documentation and justification
of assumptions.

References and Sources of Design Input Data

3.1
3.2

WBN FSAR Sections 8.3.

Design Criteria WB-DC-30-27, "AC and DC Control
Power Systems",DIMS WB-DC-30-27-1 (B26890324040),
WB-30-27-2 (B26900510078).

WBN Preop Test 14D RO.

TVA drawings and vendor documents listed in Table
3.4, (page 7).

-DS-E8.1.1 R7,"Substitution Standard for Low-Voltage

Power and Control Fuses (600 Volts or Less)",

IEEE Standard 485 (1978), IEEE Recommended Practice
for Sizing Large Lead Storage Batteries for
Generating Stations and Substations".

SQN Calculation SQN-CPS-007 RO, "Diesel Generator
Battery Capacity™, B43861210901.

SQN Calculation SQN-CPS-012 RO, "Diesel Generator
Lube 0il Pump Voltage™, B43870401904.

Walkdown data for DG distribution panels included
as attachment to meno from R.W. Bradford to H.B.
Bounds, dated Nov. 28, 1988, "Watts Bar Nuclear :
Plant-Unit 1 and 2-Walkdown of Electrical Equipment
-Walkdown Procedure WP-37", C24881128629. :
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4.0

3.10 National Electric Code, Chapter 9, Table 8,

"Properties of Conductors" (dc resistance at 25°C).

3.11 DS-E12.6.3 R2, "Auxiliary and Control Power Cable
: Sizing, up to 15,000 Volts™".

3.12 Design Critefié WB-DC-30-13 R2, "10 CFR 50,
Appendix R, Type I, II, and III Circuits".

3.13 C & D Batteries, Discharge Characteristics, Type DU

and DCU (Att. 10.2); Type KCR (Att. 10.12).

3.14 Buss fuse time-current characteristics for KIM and
FNM fuses, Form FSB, (Attachments 10.4 and 10.5).

3.15 Square-D FA characteristic curve for 15A breaker,
curve no. 650-241, (Attachment 10.3).

3.16 Square-D molded-case circuit breaker catalog data,
(Attachment 10.6).

3.17 EEB-TI-7, "AC/DC Short-Circuit Analysis™.
3.18 EEB-TI-8, "AC/DC Short-Circuit Protection".

3.19 EE PM87-26 R2, "Cable Length/Impedence to be Used
in Electrical Calculations".

3.20 EE PM88-03 RO, "Calculations Which Identify
Limiting Conditions".

3.21 IEEE Sed 946-1985, "IEEE Recommended Practice for
the Design of Safety-Related DC Auxiliary Power
Systems for Nuclear Power Generating Stations".

3.22 Telecopy from MKW Power Systems to TVA (J. Mannone,
ESI), start time for DC lube o0il pumps.

3.23 Maintenance Request Form A-617680, DC lube oil and
DC fuel oil motor starting currents, (Att. 10.10).

Design Input Data

The design input data, provided by sources listed in
Section 3.0, is specifically documented in the analysis
in Section 6.0.
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TABLE 3.4-REFERENCE DRAWINGS

15N210-4 R10
15W814-5 R24

45W727 RS

45W728-1 R6

45W760-82~-1 R9,—2vR7,-3 R9,-4 R13,-5 R12,-6 R13,-11 RS6,

-12 R5,-13 R8,-14 R8,-15 R7,-16 RS .

45W1761-1
45W1762-1
45W1763-1
45W1780-1
45W1781~1
45W1782-1
45W1787-1
45W2761-1
45W2763-1
45W2780-1
45W2781-1
47E235-29

Pull Card

PL2512A
PL2517A
PL2564B
PL2569B
PL3293s
PL3323A
PL3329A
PL3330A
PL3331A
PL3332A
PL3333A
PL3334B
PL3335B

R20 ¢
R14
R19

Page 7

R15,-2 R8,-3 R14,-4 R10,-5 R5,-6 R10

R16,-2 R8,-3 R13,-4 R10,-5 R2,-6
R8,-2 R6,-3 R6,-4 R7,-5 R2,-6 R7
R14
R17
R19
R14,-2 R9,-3 R13,-4 R11l,-5 R2,-6

Vendor Documents

Contract 8

DG Manual Vol 1&2,TVA IDs 979,980 (DG 1A-A,1B-B,2A-A, 2B~

R16,-2 R9,-3 R1l4,-4 R10,-5 R2,-6

R2,-30 R2

Data
PL3336B PL3349B
PL3337B PL3350B
PL3338B PL3351B
PL3339B PL3354S
PL3340A P1.33558S
PL3341A PL3356S
PL3342A PL3357S
PL3343A PL3358S
PL.3344A P1.33598S
PL3345A PP382A
P1.3346B PP384A
PL3347B PP388A
P1.3348B PP502A

3090

R8

RS
R8

PP504A
PPS08A
PP622B
PP624B
PP628B
PP742B
PP744B
PP748B
PP1627S
PP1628S
PP1640S
PP1678S
PP1880S

B) ;DG Manual Vol 1&2,TVA IDs 1548,1549 (DG C-S)

650~242,24
6036B11010
6036C04501
C379C11501
6036C11501
6036F07006
6036F07001

4;655-241
RC, SH 1-10
RA
R905
R904
RO
RO
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5.0 Documentation of Assumptions

5.1

-

The minimum ambient temperature of the rooms
containing the diesel batteries is S0°F.

‘Justification: TVA drawings 47E235-29R2 and 47E235-

30R2 list the average DG room temperature at 75°F
and a normal minimum of 50°F. Supplemental heat
will be provided to-‘assure the room temperature is
50°F or higher. Ref. DCN M11594A.

The diesel batteries shall support two start
attempts; one at the beginning of its 30 minute
duty cycle and the other at the end.

Justification: If the diesel fails to reach 200 rpm
within 5 seconds of initial start, a fail to start
condition exists and the diesel is locked out,
requiring a manual reset for a restart attempt.
Experience with the diesel has proven that if it
does not start at the initial start command, the
time required for response and problem correction
is significant such that it is reasonable to assume
one subsequent restart attempt in the 30 minute
period. Assuming the second attempt occurs in the
final minute is conservative. .

It is assumed for short-circuit analysis that the
DG battery system voltage is determined by the base
emf of the battery at 2.06 volts-per-cell such that
the battery voltage used in analysis is 117.4V (57
cells x 2.06V).

Justification: Under short-circuit conditions, the
charger voltage declines as the output is current-
limited. The use of 2.06 volts per cell will
provide conservative results.

Resistance of components on the 125VDC DG
distribution panel such as breakers, fuses,
busbars, connections, etc., and the short cables
between the battery and the distribution panel is
negligible.

Justification: This assumption is conservative
Since 1s maximizes short-circuit currents.
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.-

Cable temperature of 25°C is used for short-circuit
calculations. :

Justification: This assumption is conservative
since is maximizes short-circuit currents.

The battery short-circuit current is ten times the

" batteries one-minute rate.

Justification: The factor of ten is recommended by
EEB-TI-7 and IEEE Std 946-1985 for estimating
short-circuit currents.

Diesel generator field flash current is assumed to
be 45 amps.

Justification: Preop test TVA-14D attachment for

section 5.4.1.35, records a field flash current at
25.2 amps. 45 amps is an approximate value based

on field impedance and is conservative.

A DG battery minimum terminal voltage of 105VDC is
sufficient to support diesel generator start and
operation. Preop test TVA-14D will be revised to
simulate the battery duty cycle contained in this
calculation such that a diesel start is attempted
with the battery discharged to 105V.

Justification: FSAR Table 14-2-1, Lists of
Preoperational Tests, sheet 139, Test Objectives
Summary of Testing and Acceptance Criteria,
includes the requirement to verify the capability
of the DG batteries to properly supply actual
loads. This method was used to successfully verify
adequate minimum voltage at SQN in properational
test TVA-14DRT1. The SQON diesel control circuits
and diesel battery system use the same type
components and have similar physical arrangements.

This assumption requires later verification.

The DG distribution panel main breaker adjustable
instantaneous trips are adjusted to the high limit.

Justification: Adjustment to the high limit
maximizes selective coordination with the branch
circuit breakers. Reference DCN M08699A.
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provides—margin— Since—the lube—oil motors—are— titlofy |

The diesel generator control circuits require 2.0
amps. '

Justification: 2.0 amps is consistent with the
value used SQN's battery sizing calculation

(reference 3.7). The SON value was determined by
testing for diesels having similar control
circuits.

Buss KILM3 fuées will be used for the instrument
circuit for the DG Distribution Panels. Reference
DCN M0O8699A.

Justification: The Buss KIM3 fuse has an adequate
dc rating and will provide selective coordination
with the main breaker (section 6.4.3.b).
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Analysis

The design basis of the 125VDC DG control power system
is to provide control power for the control and field
flashing of the DG sets under normal conditions, a loss
of all AC power and any single failure within the DG
control power system.

Battery Sizing

The loss of AC power event imposes the greatest demands
on the battery. The design criteria (ref 3.2), section
8.2.1, requires that the batteries supply diesel
generator loads - without benefit of chargers - for a
period of 30 minutes. The following sequence of events
and operating conditions are used in evaluating worst-
case battery loading.

Sequence of Events

-at time equal 0, an emergency start signal is received
by the diesel control circuits

-at time equal 0+, the fuel o0il pumps start while the
air starting circuits cycle attempting to start the
diesel

-at time equal 5.0 seconds, the shutdown relay is
actuated terminating the start attempt and causing the
fuel oil pumps to stop.

-at time equal 10 to 60 seconds, the lube oil pressure
decreases to setpoint causing the dc lube oil punmps to
start.

-from time 1 minute, 0 seconds to 29 minutes, 50
seconds; the load consists of the control circuit
demand plus two lube o0il pump running currents.

-at 29minutes, 50+ seconds, the second start attempt
begins with the fuel o0il pumps again starting followed
by the field flash current. The lube oil pumps are
shut off at 450 rpm and the field is flashed at 550
rpm.

Battery Duty Cycle Loads

~control circuits 2.0a assumption 5.11,
(cc) SQN-TVA-14DRT1

-fuel oil pump 36.0a, ea. reference 3.23,
starting (fops) MR A-617680

-fuel oil pump 4.0a, ea. motor data
running (fopr)

-lube o0il pump 53.0a, ea. reference 3.23,
starting (lops) MR A-617680

~lube o0il pump 7.4a, ea. motor data
running (lopr)

-field flash 45.0a assumption 5.7,
(£L) WBN-TVA-14D

]
v/ qr
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: Battery Duty Cycle - Simultaneous Motor Starts
lops
108.0 — 7 fops
88.8 —j fops o 88. 8-
A 74.0 — 7
M _ ‘ ff
P 55.0 — “ 55.0
S
fopr
24.8 —
lopr
16.8 — fopr : lopo
10.0 — ]
—Wfopo
2 I cc
0 T | 1
0 1 29 30 Qﬁ
MINUTES e
&refie
, . Battery Duty Cycle - Nonsimultaneous Motor Starts
; ' lops
62.4 — 7 fops ff
56.8 — 55. 0 56.87 55.0 1
A 52.8 — 52. 8-
M fops
P 42.0 — -
S 38.0 4 1
fopr
24.8 —
lopr =
16.8 — fopr lopo
10.0 — —‘ - S
— | fopo :
2 P cc
0 T | =
0 1 29 30
MINUTES
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Simplified Duty Cycle - Simultaneous Motor Starts

88.8 —

16.8 —

MINUTES

Simplified Duty Cycle - Nonsimultaneous Motor Starts

62.4
56.8 —

0 T T

0 1 29 30
MINUTES

The IEEE 485 worksheets are completed using the above
simplified battery duty cycle, a 50 F ambient, an aging
factor of 1.25, and a minimum cell voltage of 1.84V.
Both the 3-DCU-9 battery cell and the KCR-7 battery cell
(DCN M11793A) are evaluated. The KCR-7 is evaluated in
Section 6.1 only to confirm viability as a replacement.

An alternative worst-case scenario is' a successful
diesel start on the first attempt with consideration
given to DC lube oil pump starting transients concurrent
with field flash. Contrary to Attachment 10.9, the DC
lube oil pumps started as soon as 2.5 seconds in testing
performed at SQN. This could result in a one-minute
demand of 16la for simultaneous motor starts and 115.4a
for nonsimultaneous motor starts where the loads are the
control circuits (2a), the fuel oil pumps (8a), the
field flash (45a), and the lube oil pumps (60.4a or
106a). The one-minute rate to 1.84v considering
derating factors for temperature and aging is 67.2a for
the 3DCU-9 cell and 117.4a for the KCR-7 cell.
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Proiect Wz ts Par Moclear Plant Date: Page.
Lowest Expected Minimum )
Electrolyte Temp °F Cell Voltage" Cell Mfg: Cell Type Sized By"
th 2) (3) t4) (5) {6) (7
Required Section
Capacity at (3) (6A) = Positive/Plates
) T Min Rate ve
Change in Duration Time to End  [(6A) Amps/Pos (R7){(3Vx (6B}= RatedAmp Hrs
Load Load of Period of Section or
Period -| (amperes) | {amperes) | (minutes) {minutes) {6B) K Factor {Ky) {Pos Values l )(eg Values
Section | — First Periud Only =~ If A2 greater thun Al. go to Sectiva 2.
1 la=6/2 | A1—0=442 M1 = lT-M1=__ ¢ 25 "’4'5/ s
. Sec 1 Toual 2.4¢ e
Section 2 First Two Periods Only  If A3 1s yreater than A2. go to Secuon 3 /
i Als Al=0= lMl= T=M1+M2= /
2 AD: A2=Al=  [M2= T=M2= /
Sec Sub _Tot /
2 Total 4 re
Section 3 First Three Periods Only [ A4 1s greater than Ad. go to Section 4 /
| - 0l2 | A1=0:402M1= ! |T=M1 -M2eM3-30 4 4.4
2 A2=76.8 | A2—A|-H4Mz: 28 [T-MueMI- 29 /4 3,00
3 AJs 69.0 | A3-A2:=38U4M3= [/ |T:M3l- [] 25 /.52
Sec  Suf Tot 5.67 3, 00
3 Thtal 2.67 e
Section 3 Fint Four Periods Only I A5 w» greater than A4 go to Spcuu/s
] Al - Al=—i)= M1 TMle+e Mi: /
2 Al Ad=A}=: M2= T:M2+MJ+M{- /
1 Al AJ—A2= M3- T-M3+M4- /
3 Al Ad=AJ: M= T=M4: /
Sec Sub_ Tt
+ Total 2.
Seenion 3 First Five Periods Only 1T A6 s greater than AS. u/m Section
1 Al: Al~0: M= T-Mi- MS/
2 A= A2—Al= M2 T M2 MY
3 Ad> Al=A2= M3: T-M3-Mi/M5
I Al A3—AJ: M= T M4-MA
A3 AS=~A4: Ms: TM /
Sec Sub_Tot
3 Totai .
Section b First Six Praods Only  If A7 is greater/ihan A6, o to Section 7
1 Al: Al=0= Mi= Ml- M6-
2 A2s A2-Al= M2z M2+ M6-=
3 AJd= AJ—A2= KE /[T=M3+ Mé6-
4 Ad: A4-Ad3 M1+  / IT-M4-M5+M6=
5 AS= AS—Ad= M5z / |T-M5+M6-=
6 ~AG= - AB—~AS= M6= / T=-M6~
Sec Sub_Tat
_ [ Total s
Section 7 First Seven Periods Only /lf A8 s greater than A7, go Lo Section 8
i Al Al=0= __ AM1- T=Mls M7-
2 A2= A2=Al= / [M2= T=M2+ M7=
~ 3 Ad= AJ=A2=/ [M3- T:=M3+ M7=
3 Ad= A4=A3/ [M4= T=Mi+ M7=
S AS= AS5=Af= MS5= T:=MS5+M6+M7-
6 A6= A6— 452 M6= TaM6+M7=
7 Al= AT~YA6= M7= T=M7=
Sec Sub Tot
7 “Total LI
Random Equipment L%d Only (1f needed)
R |Ar- /| ar-0-  |mR- |T-MR- oo

Maximum Sectio
usah 2.6

Size.(8) 2.7
3 Temp (.orr (12)

Ra

o dom Section Size (9) = Uncorrected Size - (US)(10) 2.67 &7
é x Design Marg (lJ) 1.00 x Aging Factor (14) 1,29 = (15) 2'1'7__.

When the cell syte {15) is greater than a lt.lndlfd cell size, the next lu‘« ceil is required.

Required ceilfsize (16)

4

{A) — Positive Plates.
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2.

(For Ref. See ESC-291) pary.m
@u “Hrfr
Pr_o_ff.l, __E(_/ﬂ"/S &é{__wc//df //&47‘ : Date Page -

’ Lowest Expected - Minimum P
Electrolyte Temp °F 90 Cail Voltage /.84  cenMig. SE€°L  Cell Type 30c0-9 Sized By

| ¥ () (3 (4) (5) (6) (1)
Required Section Scze
‘ Capacity at (3) 168A) = Positive Plates
. T Min Rate or
Change in Duration Time to End  [t6A) Amps/Pos {Rp){(3)x (6B)= Rated Amp Hrs
Load Load of Period of Section or
Period -| {amperes) | {amperes) | (munutes) {minutes) {6B) K Factor tK¢) [Pos Vaiues | Neg Values

Section 1 = First Period Only — If A2 s greater than Al go to Sectica 2.

| T T ar f08.0] sia-fo8 A/ lTiwis  / ‘ z5 432 e
| . . Sec 1 Total 4.772 e
Section 2 First Two Pertods Only  1f AJ s greater than A2. go to Secuon 3
| ! Al Al=0= M1 T=M1 M2+
2 Als AZ=Al=  |M2= T=M2=

Sec Sub_Tot
2 Tatal e

| Seetion 3 First Three Periods Only I Ad s greater than A3. yo to Section 4

1 1 708.0) a1~0:/08.0M - / [T=wi.M2eM3:50 /4.8 7.30
0 1= 76.8 L AT-Al—HZMz= 28 [T -MoeMI- 29 /4.3 -6. /&
J Ad: BB.8 | Ad-A2=72IM3: 4 {T:Mi- ! 75 7.83
Sec Sub Tot /0./8 ~-o-/6
3 Total 4'02 e
i Section 3 Fint Four Peniods Only  [f AS is greater than A go to Section §
| 1 Al- lat—es M1: T:Mle M-
2 e A2=A]- M2- T:M2-MJeM{-
3 Ald AJ=A2e M3: T:M3+M4-
4 Al A4—AJ: M= T=Md:
Sec Sub_Tut
1 3 Toral e s
! Section 3 Fist Five Peniods Only 11 AR o greater than AL io te Section b
! Al: Al=0- M1 T Mie M3
- AL~ Ad=Al= M2 - T M2+ M5
3 AJ= Al=A2= M3: T MI-MisM>
| Al Ad—=Al: M4 T M4 M5
A3: AS—=\s: M5= T M3 |
Sec Sub_Tot
3 Total e
‘ Section b First Six Pertods Only  If AT is greater than A6. o to Section 7
' i Al - Al=0= Mi= T:Mi~ M6-
2 A< A2—Al= M2-= T-M2+ M6-
| 3 AJ= AJ—A2= 3= =M3J+ Mb=
| 4 A4 Ad4=-AJ= M= T:Mi-M5+MB:
S AS= AS~—A4= M5= T=M5+M6E=
5 A= AB—~AS® M6= T:=M6=
: . Sec  Sub Tot
| [ Total LR
Section 7 Sirst Seven Periads Onty I A8 s greater than A7 go to Section 8
1 Al= Al—0= Ml= T=M1+ M7=
| 2 A2= Al=Al= M2= T=M2+ M7=
3 Ad= AJ—A2= M3- T=M3+ M7=
4 Ad= . Ad—Al= Mi:= T=Mi+ M7=
b) Ad= AS—Ad= M5= T:zM5+M6+M7 -
6 AG= A6—AS= M6= T=-M6+M7=
7 AT= AT— AbB=2 M7= T=M7~
Sec Sub_ Tot
7 ’!'ou‘ T E D
~  Random Egquipment Losd Only {if needed)
R AR= l AR- 0= MR T=MR= vee
‘ Maximum tion Size.(#) 4_7L1__ + Random Section Size (9) 2 = Uncorrected Size - (US) (10} 4.%2

USit1) 422 » Temp Corr (12} L:/F Design Marg (13} 1.00 x Aging Factor (14) 1.25 = (15) ézz )
When the ceil nize {15) is grester than a standard cell size, the nest loger cell is required.

A) — Positive Plates.
Required cell size (16) __Z_.‘ ' ve T
~4 8} Ampere Hours. Therefore cell (17) W required,
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CELL SIZING WORKSHEET

|
/152
Prowct  ppth Par poclear Flant Dace
Lowest Ex pecledMN Minimum , ]
Electrolyte Temp °F 4 Cell Voltage L B4 Cell MIw CEL Cell Type Fhry- 4 Sized By
o (2) L3 T ($) (6) (7
Required Section Size
Capacity at {3) 16A) = Positive Plates
T Min Rate or
‘ Change in Duration Timeto End |(HA) Amps/Pos (R){{3)x (6B)=Rated Amp Hrs
| . Load Load of Period of Section or
‘ Period -| (amperes) | (amperes) | {munutes) {minutes) {6B) K Factor1Ky) {Pos Values I Neg Values
|
‘ Section | — First Period Only = If A2 s greater than Al. go to Sectiva 2.
i 1 I AL:=42.% l.n—-o=4z4lw= / ]T:Ml: / [ 25 Z 50 .
| ] . . Sec | Towal ..
Sectton 2 First Two Periods Only  If AJ is greater than A2, gn to Section 3
| :
‘ ! Al= Al-0= ‘Ml= T=MI1+M2=
| 2 Al: Al~Al:=  [M3:= T=M2<
; Sec Sub Tot
| 2 Total ¢
Section 3 First Three Periods Only  If A4 1s greater than A3, go to Section 4
\ AL:g2. € a1~0:02.4M1- [/ |T=M1 M2 oM =30 4.3 4.22
2 A= /0.8 L A2-ALZHAM2: 28 |T-MeeMI. 24 /4.8 %.0%
3 Ad= 54,8 | AJ-A2:40 M3+ 7 |T:M1- 7 15 Y
Sec Sub Tot 5 22 5 049
3 Total 2,74 ¢
Sertion 3 Fimt Four Perinds Only [ A3 is greater than A4 go to Section §
1 Al LAl Ml T=Mi> Mi:
2 Al Al=Al- M2- T:=M2-M3-M4-
3 Al AJ—A2= M3: T:M3+M4-
4 Al Ad=AJ: M= T:=M4:
Sec Sub_ Tot
* Toal s
Sevtin 3 First Five Periods Oniv - 1f AB 15 greater than AD o to Section b
1 Al Al-0- Ml T Ml M3
- Al- A2=Al= M2.- T M2+ Ma
1 Ad= Al—=A2= MJl: T MM MG
i Ad: A3—-AJ= M4 T M4 -M5
i Ad: AS—A4s= Ms:= T M3
Sec Sub Tot
3 Totai e e
Sectian b First Six Perrods Only  If A7 is greater than A6. o to Secuon 7
| Al - Al=0= Mi= T:M1+ M6-
2 A= A2-Al= M2-= T=M2+ Mb-
J Ad= AJ—A2= 3= =M3+ Més
4 Ad - A4—AJ= MJ = T-Mi-M5+M6=
3 Ad= Ad—Ad:= M5 = T:MS+M6=
5 Ab= Ab—=AS5= M6= T-M6=
: R Sec Sub Tat
6 Total s
Section 7 Sirst Seven Peniods Only [T A8 is greater than A7. go to Section 8
i Al- Al—0= M1-= T=M1l+ M7=
2 A2= A2=Al= M2= T=M2+ M7=
3 Ad= AJ—A2= M3 T=M3+ M7=
4 Ad= X Ad—AJ= M4= TMi+ M7=
S AdS= A5~ A4= MS&= TaM5+M6+M7 =
6 Ab= A6—~AS= M6= T=M6+M17=
7 AT= AT—AB= M7= T=M7-=
Sec Sub_Tot
7 Totat s
Random Equipment Load Oniy (1f needed)
R [ AR~ l AR- 0~ [Mas T=MR~ [ ces

Maximum Section Size.(8) 3_2_4__ + Random Section Size (9) _ 2

usan

When the cell size {15) is greater than s standard cell size, the next larger ceil is required.

Required celf size (16)

4 {A) — Positive Plates

~+By—Ampere-Houss. Therefore cell (17) ______ is required.

A - Uncorrected Size - (US)(10) Z. 7%
2.74 s Temp Corr (12} _/:/9__ x Design Marg (13) 1.40 x Aging Feciar (14) .25 = (15) _4:2
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Pr_(_)')c_ct_ __L_\_/ﬂ/% &__//(//(‘/fd/‘ /%/)/ Date 4/_7_/_92 Page

Lowest Expected Minimum

Electrolyte Temp °F 50 (eli Voltage /. 34 Cell Mfg. o éb Cell Type /(C/?‘ 7 Sized By |

h (2) t3) {4) (5 16) (7)
Required Section Size
Capacity at (3} 16A) = Positive Plates
: T Min Rate or
Change in Duration Time to End  |(6A) Amps/Pos (Ry)|{3)« (6B)=Rated Amp Hrs
Load Load of Period of Section or
Period -| {amperes) lamperes) (minutes) {minutes) t6B) K Factor (K¢} |Pos Values Neg Values

Section | — First Penod Only = If A2 1s'g¢reater than A1, go 1o Section 2.

- L ar-/08.0] a1—0- oAM=/ lrmi= 5/(1.041)268.21 1.86 | =--
] , . Sec | Toual /-5é ...
Section 1 First Two Periods Only  If AJ s greater than A2 go to Section 3
1 Al= Al=0= Mi= T=M1+M2=
2 Al Ad=Al= M2= T=M2=

Sec Sub_Tot
2 Total ve

Sectinn 3 First Three Periods Only  If A4 is greater than AJ. yo to Section 4

AL /08.0| A1-0-/08.AM1- 1 |T=M1-M2-M3:30 |Ja(l. (81) = 45.6 2.%7

1.
7 A2z Jp Bl AT=AI—9AM2: 28 |T Mu+M1- 29 |dol)./dt) = 44.6 Z.00
3 aAd= 88.8 1 A3-A2=72[M3=_ ;4 {T:-M3- 1 15(7.141)z 58,2 /. 24
Nec Sub Tot 2. Lol Z.00
3 Total /. b/
Section 3 Fint Four Periods Only  If AS v greater than A4 go to Section §
1 At Al M= T=Ml- Mt:
-~ A Al—=Al- M2= T=M2+M3-MY
3 Al AJ—A2: M3: T:-M3+M4-
3 Al A4=-AJ: M= T=M4-
Sec Sub Tt
ES Totat e
~ N ’ Section 3 First Five Periods Oniy 1T AB s greater than A5 go to Section b
1 Al Al=-0- My T M- M3
2 A2~ A2—Al= M2: T M2+ M5
3 Ad= Al=A2= M3: T-MI-MIAL |
: Ad: A3-AJ: M4 T _Mde-M5 |
i A3 AS—=A4= MsS= T M3

Sec Sub Tot
3 Totai T.

Sectinn i Fiest Six Pertods Only  If A7 is greater than A6. go to Section 7

- 1 Al Al=0= Mi:- T:Ml+ M6-
2 Al= A2—Al= M2s T-M2+ Mé-
3 Ad= AJ—=A2= 3= =M3+ Mé6=
4 Ad: A4-AJ= Mdi: T-MI-MS+M6=
5 Ad= AS—Ad= M5= T:M5+M6=
6 AG= A6—~A5- M6= T=M6~

Sec Sub Tot
5 Totai s

Section 7 First Seven Periods Only [T AB s greater than A7 go to Section 8

1 Al= Al=i)= Mt= T=M1+ M7=
2 Al- A2=Al= M2= T=M2+ M7=
3 AJ= AJ—~A2=3 M3 T=M3+ M7=
4 Ad= . Ad4=AJ= M4i= T=Mi+ M7=
S AS= AS=Ad4= MS= T=MS5+M6+M7 -
6 A6= A6—AS= Mé6= T-M6+M7- N
7 AT= AT=AB= M7= T=M7=
Sec _Sub Tot
7 Total ped
Random Equipment Load Oniy {if needed)

R AR= AR O~ IMR’ lT’MR’ A

Maximum Section Size.(8) .~ 86  + Random Section Size {9) __2__ = Uncorrected Size - (US)(10) _4- 86 86_
US(11) /.86 » Temp Corr (12) _/-/9  x Design Marg (13) L.OO x Aging Frctar (14) 1.25 = (15) 2.77
When the cell size (15) is greater than a standard ceil size, the next larger cell i required.
. % A Positive Plates.
Required ceil size (16) __ 2
{B) — Ampere H Therefore cell (17) . ___ W required.
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)
| Prowet Wiz ts Pas Woclear Flanl Date: Page
Lowest Expected Minimum ' .
Electroiyte Temp °F 5/) Cell Voltage /,54 Cell Mfg. C’? /D Ceil Type KC2- 7 Sized By"
y () T (4) {5 (8) {(7)
Required Section Size
| Capacity at {3) 6A) = Positive Plates
: T Min Rate Qe
Change in Duration Time to End  [(6A) Amps/Pos (Ry)|(3)x (6B)= Rated Amp Hrs
Load Load of Period of Section or
‘ Period _| (amperes) | (amperes) | (minutes) {minutes) {6B) K Factor (K¢) [Pos Values [ Neg Values
| Section | — First Penud Only = If A2 s greater than Al, go to Section 2.
‘ " a1 624 a1—0- 624[mas 7 |TaM1- ; \5u1001):58.2 | 407 .o
| ] . Sec 1 Toual! 17,07 Lo
| T,
Sectiva 2 First Two Periods Only  If AJ s yreater than A2. go to Section 3
} 1 Als= Al-0= 'Ml= T=M1-M2=
| 3 AZ= Al=Al=_ [M2- T-M2=
Sec Sub_Tot
2 Total b
Section 3 First Three Periods Only [ Ad s greater than A, go to Section 4
| ! 1. 624 | a1-0: 24 M1=_/ |T=M1-M2eMi=J0| o lid:] < 45.0 i 37
2 A= 76.8 | A2=AL=956M2: 28 IT-M2+MJ3- 29 | 40(1.747)» 45. & /.00
3 Ad: 64.9 | AJ-A2= JoIM3= ¢ [T:-M3- (15101141 ,=-58.2] 0.69
Sec Sub_Tat Z. 06 /.00
3 Total /06 L
Section 3 Finst Four Periads Only 1 A3 s greater than A4 go to Section §
1 Al L ai—os M1: T-Mi- Mi:
2 Al Al2=Al= M2z T:M2-M3+M4-
3 Al AJ—A2: M3-= T:M3M4-
4 Al- Ad~=—AJ= M3 = T:-M4-
Sec Sub _Tut
£ Toual A
Section 3 Fint Five Periods Only - [ AR s grestes than A5, o to Secuon b
ot | Al= Al=0s Mi- T M- M3
. 2 Al- A2=Al= M2 T M2+ M5
3 A= AJ=A2= M3- T-MJ-M1-AM5
| Adl: A3¥—=AJ: M4= T M4-M5
5 A3 AS—~A$: Ms: T M5
Sec Sub Tot
3 Total e ..
Section 6 First Six Perods Only [ AT is greater than A6. g0 o Secuon 7
‘ ! Al Al=0= M- T:Mle M6-
. 2 A= A2=Al= M2= T=M2+ Méb-
3 AJ= AJ—A2= 3= M3+ Mé6=
4 A Ad4=-AJ= M= T:-Mi-M5+M6-
3 AS= AS=—Ad= M5= T=M5+Mb=
6 Ab= - Ab—AS= M6 = T=Mb6~=
: Sec Sub_Tot
- 6 Total s
Section 7 First Seven Periads Only I A8 s greater than A7 go Lo Section 8
1 Al= Al—~0= M1= T:M1+ M7=
2 Ad= A2—Al= M2= T=M2+ M7=
3 Ad= AJ—A2= M3 - T=M3+ M7= 1
4 Ad= Ad—AJ= M4= T=Mi+r M7= i
S AS= AS=Ad4= MS= T:M5+M6+MT7=
6 AB= A6—AS= M6-= T=M6+MT*
7 Al= AT=A6= M7= T=M7 =
Sec Sub_Tot
7 Total et
_ Random Equipment Load Only {if needed)
R AR= AR- 0= MR= lT*MRB s

Maximum Section Size.{8) .4_0__‘; + Random Section Size {9) [2] = Uncorrected Size - (US)(10) [.06
US (11) /.0&  x Temp Corr (12} £./9__ x Design Marg {13) 1.80 x Aging Factor (14) 1.25 = (15) _/-
When the cell size [ 15) is greater than a standard ceil size, the next larger ceil is required.

j {A) — Positive Plates
(B) ~—Ampere-tHours—Therelore cell (17) ——_—_ is required.

Required cell size (16)
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Charger Sizing

DG battery 2B-B configured with 57 C&D DCU cells
was tested during the performance of Preop Test
TVA-14D. Control loads during standby and run were
measured and recorded in test section 5.4.1.35.

Inspection of the recording provides the following:

1. Control load current during standby is 2.0 amps.

2. Control load current during run is 10.0 amps.
This includes fuel oil pumps but not lube oil
pumps.

The charger is required to continuously supply all
steady state loads and maintain the batteries in
the design maximum charged state or to fully
recharge the batteries from the design minimum
discharge state within an acceptable time interval.
No specific time requirement is given in either
FSAR Section 8.3 or Design Criteria WB-DC-30-27,
section 8.2.2.2.

The ampere-hours to be recharged are taken from the
worst-case simplified duty cycle in Section 6.1:

AH 108.0(1/60) + 16.8(28/60) + 88.8(1/60)
11.12

The battery charger supplied for the DG battery
system is a LaMarche A11-20-130V-C3, having a
continuous output current rating of 20 amps. The
battery recharge time is calculated as follows:

Icp = I10ag + (1.1) (AH)/T

1.1) (AH)/ (Iop-I = (1.1)(11.12)/(20 -10.0
](..22)}(1rs /(Ich=I10ad) = (1-1)( )/ ( )

T

The battery recharge time is slightly over one
hour. In comparison, the recharge time for the
125VDC Vital Batteries is 36 hours following a
plant blackout and 12 hours following an accident
with a 30 minute AC power outage.

Protective Device Sizing

The main and branch circuit protective devices on
the 125VDC DG distribution panels should be sized
such that continuous load current does not exceed
80% of the trip (or fuse) rating and that circuit
transients should not cause the device to actuate.

lai%uwh
ok

RS
-4 4/)0/41

e 4ol
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The 125VDC DG Distribution Panel protective devices
are tabulated as follows:

-main breaker .....c.ccicieeececes 150a, SQD KAP26150
-main fuses .....ccccicrtcconse .. 1l50a, Buss NON150
-engine cont pnl ...iieiiiinncnns 20a, SQD FA26020
-gen prot relays ......... ceaena 20a, SQD FA26020
—excitation ....cvieenenecnccnnns 80a, SQD FA26080
-battery charger ......cecieeeenns 20a, SQD FA26020
-dc lube oil PUIIDS «.v.vnen ceeaae 20a, SQD FA26020
-swgr cntrl (5 diesel)....cco... 20a, SQD FA26020

From sections 6.1 and 6.2, the total continuous
load on all DG control c1rcu1ts was 10.0 amps.
Since this is less than 80% of the smallest breaker
(20a), all DG control branch circuit breakers are
acceptable for continous loading.

The branch circuit breaker for the ex01tatlon
controls is 80a. Since the field flash is 45a,
this breaker is properly sized for transient
conditions.

The breaker for the dc lube o0il pumps is 20a. This
circuit supplies the pump motors which experlence a
transient current of less than 59.2a (four times
full load current). Since the Square D type FA
circuit breakers have time-delay overload trip
characteristics, it is acceptably sized.

The breaker for the battery charger is 20a. Since
the battery charger rated output current is 20a and
is current-limited at 140% (28a) this breaker is
not acceptable.

The total continuous current and maximum transient
currents are less than 80% of the continuous
ratings of the main breaker and fuse, thus, these
devices are also acceptable.

Short Circuit Protection and Coordination

The 125VDC Diesel Generator Control Power System is
to be designed to provide adequate short circuit
protection and coordinated in accordance with the
following criteria from WB-DC-30-27, paragraph
8.2.6:

-Protective devices shall be rated to properly
1nterrupt maximum fault current. .

-Each circuit shall be protected by a thermal-
magnetic circuit breaker.
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-The battery charger input breaker shall be
considered a branch circuit.
-The battery input circuit shall be protected by a

thermal-magnetic breaker and a coordinated fuse.

6.4.1 Computation of Maximum Short Circuit Current

Battery(Iygc) - Battery one-minute rate for
3DCU-9 ceEf Is 148a (one-minute rate to
1.75vpc). The short circuit current is ten
times the one-minute rate, or 1480 amps.

Battery Charger(Iy. - The battery charger
is current- 11m1te8 %o 140% of full load
current or 28a.

Motor Contribution(I - The short circuit
current provided by gﬁe motors is based on
the sum of the horsepower ratings of both
fuel oil pump motors and both lube ©il pump
motors, or 2 1/2 hp.

= v/R'd, where v is rated voltage and
ﬁqd is the transient armature resistance
R'd = (r'd) (R); r'd is the per unit
tra951ent armature resistance
= v</(hp) (746w/hp) = (125)</(2.5) (746)

r'd

0.07, frog EEB-TI-07, section 7.5.2
R'd /

0.07(125)%/(2.5) (746) = 213a

Total Short Circuit Current -~

I + I

Ty + I
1385 + 28°%%213 25%51a

6.4.2 Evaluation of Protective Device Ratings - DG
Distribution Panel

sC

component type rating(aic)

main cb SQD KAP26150 10,000 @ 250VDC
main fuse BUSS NON150 10,000 @ 250VDC*
branch cb SQD FA26100 10,000 @ 250VDC
branch cb SQD FA26080 10,000 @ 250VDC
branch cb SQD FA26020 10.000 @ 250VDC
chgr out cb West EB2035 5,000 @ 250VDC
instr fuse  BUSS KTK3 no dc rating

All protective components on the DG
distribution panel have adequate
interrupting ratings except for the fuses
for the nonsafety-related instrumentation
circuits which are not rated for dc .
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applications.

6.4.3 Coordination of DG Distribution Panel
Protective Devices :

a.

Branch Circuits - Selective coordination
between the branch circuit breakers and
the main circuit breaker or fuse is
desirable but not essential for all
possible ‘fault current values. The
cables and loads involved are all
located within their respective diesel
generator room and will be exposed only
to the hazards/failures within that
room. Since the cables remain within
their respective diesel generator room,
any failure/event requiring protective
actuation of the circuit breakers is
bounded by the single failure criteria.

From SQD curve #655-241 (Figure 7.3),
the minimum pickup at the high limits
setting of the magnetic element of the
type KA main breaker is 8-times rated
current, or 1200a. Although selective
coordination will be lost for any fault
in excess of that value, that is
acceptable.

b. Instrument Circuit - Since the fused
circuit to the panel instrumentation is
nonsafety-related, selective
coordination is required between the
fuse and the main circuit breaker.
(Note: the shunt circuits, inherently
energy limited and in a single pole, do
not pose a protection concern). The
Buss KTK3 fuse used in the circuit as
determined by walkdown does not have a
dc rating. The dc-rated counterpart is
the Buss KIM3 which has the same time-
current characteristic and is analyzed
in the following:

Verification of selective coordination
between the main breaker and the KILM3
fuse is accomplished by verifying
coordination first with the Littelfuse
FLASS for which data is available for
peak let-through current for times less
than 0.01 seconds, then demonstrating
that the Buss KIM3 is more current-
limiting. Peak let-through current
testing performed on the FLASS as
documented by memorandum from Richard L.
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Morley, Chief, Central Laboratories.
Services Branch to W. S. Raughley,
Chief, Electrical Engineering Branch,
"Peak Let Through Current Test", dated
October 27, 1987 (E13871027167),
provided fuse charateristics for time
periods less than 0.01 seconds. From
Table I, of the test report, it was
determined that the fuse would clear a
3400a fault with a peak let-through
current of less than 300a at a time less
than 0.800 milliseconds. This point
would be on the fuses total clearing
time curve and the fuse characteristic
can be interpolated from 0.01 seconds
from published curves to the 0.008
seconds from the test. Comparison of
the FLASS fuse and SQD KA26150 curve
indicates a substantial margin of
coordination as shown in Figure 7.4.
Comparison of the KLM3 fuse curve with
the FLAS5 1in the 0.01 seconds to 100.0
| seconds time period indicates that the
KIM3 is more current-limiting. It is
‘ therefore concluded that coordination of

the main breaker with a Buss KIM3 fuse
is verified.

6.4.4 Cable Insulation Damage

Evaluation of branch circuit cables for
protection from cable insulation damage is
accomplished by comparison of the branch
circuit time-current curves with the cable
damage curves as determined by IPCEA formula
for copper cables:

(I/A)%t = 0.029710g; o (Ts+234/T +234)

where I = short circuit current in amperes
A = conductor c¢sa in circular nmils
t = time of short circuit current in

seconds
T, = max operating temp - Cc
- e}
T¢ = cable damage temp = ~C
for 7508 cable, Tf = 150°C
90°C cable, Tf = 250°C




|
|
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i CABLE INSULATION DAMAGE CURRENT

mk no size T, csa t=0.010 t=0.016 t=0.10 t=1.0 t=10.0

T #1475 4110 2176 1720 688 218 69
wgb-1, #12 90 6530 4698 3714 1486 470 149
wlb -, :
wfb #10 75 10380 5495 4344 1738 550 174
wfb-1 #10 90 10380 7468 5904 2362 747 236

#2 75 66360 35132 27775 11110 3513 1111
wdg, #2 90 66360 47746 37746 15098 4775 1510
wdg-1

Flgures 7.1a, 7.1b and 7.2 show the cable
insulation damage curves plotted with the
branch and main circuit breaker curves.
Figures 7.l1a and 7.1b show that a SQD

; FA26020 will prevent cable insulation damage

] for all possible ranges of fault current for
the #12 and #10 cables. Figure 7.2 shows
that a SQD FA26080 will similarly protect #2
cables.

6.4.5 Appendix R

Design Criteria WB-DC-30-13 requires an
evaluation to ensure that the upstream
protective devices that supply a board or
panel will not trip as a result of a high
impedence fault. The condition to be
evaluated is the total current loading of
all the normal loads that could be operating
plus all required Appendix R loads plus a
high impedence fault on the largest non-
required Appendix R load. For the faulted
non-required load, the current drawn is just
below the contlnuous rating of the
protective device.

Review of the diesel generator control
circuits indicates that only the alarms are
non-requlred Appendlx R circuits. All other
- circuits are required. From drawing
D379F02501 sh3 and 6036F02501 sh3, the alarm
circuits are supplled through a 10a fuse.
‘ The total continuous current measured during
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diesel operation is SQN preop test TVA-
14DRT1 (see Assumption 5.11) was 2.0a.

Using the 2.0a value for the engine controls
plus 10a for the faulted alarm relay circuit
would be 12a which is less than the 20a
rating of the branch circuit breaker.

Reg Guide 1.75 - Associated Circuits

From review of the DG control schematics and
connection diagrams, associated circuits
were identified in the alarm circuits of the
engine controls. The alarm portion of the
engine controls is fused with Buss FNM10
fuses in DG 1A-A, 1B-B, 2A-A and 2B-B and
fused with Buss KLM10 fuses in DG C-S.
Figure 7.4 shows that these fuses are
sufficient to prevent insulation damage in
the associated circuits. The cables
identified as associated circuits for each
DG are #14. The cable damage curve is taken
from data from section 6.4.4.

Cascade Fuse Analysis

From section 6.4.6, the alarm circuit
portion of the engine controls are
associated circuits and as such, are
required to have short circuit protection
which which isolates them from the balance
of the engine control circuits.

The alarm circuit is fused with Buss FMN10
fuses in DG 1A-A, 2A-A, 1B-B, and 2B-B and
Buss KIM10 fuses in DG C~S. These fuses are
in series with a SQD FA22015 circuit
breaker. The engine controls are supplied
by a SQD FA26020 circuit breaker located in
the DG distribution panel. The trip/fuse
characteristics are plotted in Figure 7.4.

From figure 7.4, it is seen that there is no
selective coordination above 180a due to
overlap between the 20a breaker and the 15a
breaker or 10a fuses. Short circuit current
at the engine control panel is calculated:

Equivalent source impedence, Z., equals
the supply voltage divided by £he maximum
available short circuit current from
section 6.1 Zg5 = 117.4/1721a = 0.0682

Cable impedence using straight line
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distance betwween the DG distribution
panel and the engine control panel for 30
feet of #10 cable at 25°c, o7

: Zo = 2(30)(1.04 /1000) = 0.0624
(ref 3.19, 15N210-4)
Short c1rcu1t current at the control
panel,
I = 117. 4v/(Z =
SC€ 117.4v/ (0. 023030 0624) = 936a
Thus selective coordination does not exist
for worst-case conditions.

6.5 Voltage Analysis
6.5.1 Minimum Voltage to Components

Adequate minimum voltage for functioning of
of essential components under worst-case
operating conditions wiill be verified
through preoperational test TVA-14D in
accordance with Assumption 5.8.

‘ 6.5.2 Maximum Voltage to Components

Exceeding component maximum voltage ratings
is a concern during battery equalizing. The
overall battery voltage during equalizing is
132.8v (2.33vpc x 57 cells).

The diesel generator control circuits were
reviewed to identify all type components
which may be continuously energized during
diesel standby and run modes. Components
having only momentary actuations were
excluded. The 1dent1f1ed components with
their nominal and maximum values are listed
| in Table 6.5.2.

Review of the component maximum voltage
ratings indicates that all exceed battery
equalizing voltage except the contacter and
control relay used in the DC lube ©il pump
c1rcu1ts Their rating is 132v versus the
alizing voltage of 132.8v. This

dlfference in voltage is negllglble since
(1) the difference in voltage is small, (2)
the voltage drop in supply cables was not

- considered, (3) the diesel generators are
run during testing only two hours per month
and (4) battery equalizing occurs

‘ infrequently.
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TABLE 6.5.2

component nom volt max volt note
Square D KPD-13 relay - - 120v 140v 1
Agastat 7012 TD relay 120v 140v 1
Agastat 7022 TD relay 120v 140v 1
West. MG-6 relay X25v 137.5v 2
GE HGA relay 125v 137.5v 2
Square D HCO-1 contactor l120v 140v 1
Synchrostart speedswitch 140v 1
Dynalco speedswitch 125v 137.5v 2
West. KLF-1 relay 125v 137.5v 2
GE IAV relay 140v 1
Potter-Brumfield MDR-5065-1 140v 1
DC lube oil pump motor 125v 137.5v 2
Square D HCO-2 contactor 120v 132v 3,2
Square D KPD-13 relay 120v 132v 3,2
DC fuel oil pump motor 125v 137.5v 2
Woodward governor control 125v 137.5v 2
Notes:

1. Maximum value per Engine-Generator Control Panel Material
List, 6036B11010 RC, Sheets 1-10.

2. Maximum value per standard +10% rating.

3. Components identified on 15W814-5 R24.
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7.

0

Supporting Graphics

Figure
Figure

Figure

Figure

Figure

7.1A

7.1B

Square D FA26020 trip characteristic with
cable damage curve.

Square D FA26020 trip characteristic with
cable damage curve.

Square D FA26080 trip characteristic with
cable damage curve.

Square D KA26160 trip characteristic with
cable damage curve.

Square D FA26020, FA22015, KAL26150; Buss
FNM10, KLM10, KLM3; cable damage curve.
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ummary of Results
Battery Sizing

The 3DCU-9 battery cell has 4 positive plates per cell
and is inadequate when considering simultanecus motor
starting transient currents; 6.43 positives required by
the calculated results. The 3DCU-9 is marginally’
adequate when considering nonsimultaneous motor starting
transients; 4.08 positives by the calculated result.

The KCR-7 has 3 positive plates per cell and is adequate
when considering the simultaneous motor starting
transients; 2.77 positives by the calculated result.
1.58 positives are required for the nonsimultaneous
starts.

The 3DCU-9 and the KCR-7 are inadequate for DC lube oil
pump motor starts concurrent with field flash.

Battery Charger Sizing

The battery charger is capéble of carrying normal loads
and recharging the battery in less than 1 1/2 hours for
the worst case load profile.

Protective Device Sizing

The branch circuit protective devices on the DG
Distribution Panels are properly sized for full load and
transient conditions with the exception of the battery
charger breaker which is undersized for battery charger
current-limit and full load current ratings.

Short Circuit Protection and Coordination

8.4.1 Short Circuit Current - Maximum short circuit current

8.4.3

available at the DG distribution panel is a maximum of
1721a.

Protective Device Ratings - All protective devices on
the DG distribution panel have adequate interrupting
ratings except for the instrument fuses. Buss KLM3
fuses are an acceptable substitute for the instrument
fuses having an adequate dc rating and coordinating
selectively with the main breaker. Additionally, the
main fuses are not covered by the fuse substitution
standard DS-E8.1.1.

Selective Coordination - Selective coordination
between the branch circuit breakers and the main
breaker is not required. Replacement of the
instrument fuses with Buss KLM3 is acceptable.

k5
Gfolg
&34k
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Cable Insulation Damage Protection - All cables have
adequate protection to prevent cable insulation
damage.

- Appendix R -~ The diesel engine controls have alarm

circuits which are non-required for Appendix R. A
high impedence fault occuring in these circuits would
not result in a loss of required engine control-
circuits. T

Associated Circuits - Associated circuits in the alarm
circuits of the engine controls have adequate
protection to prevent cable damage. The #14 cables
are shown to be protected by the 10a fuses supplying
the circuit. .

Cascade Fuses - Selective coordination is not
provided for the engine control alarm circuits for DG
1A-A, 2A-A, 1B-B, and 2B-B. These circuits have Buss
FNM10 fuses which must coordinate with SQD FA26020
breakers. Selective coordination cannot be verified
for DG C-S alarm circuit which is fused with Buss
KIM10 fuses. :

8.5 Voltage Analysis

8.5.1

Minimum Voltage - Adequacy of minimum voltage to
components is to be verified through performance of
preop test WBN-TVA-14D.

Maximum Voltage - The voltage ratings of continuocusly
energized components are adequate for the maximum
applied voltage during battery equalizing.
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Conclusions

The 3DCU-9 battery cell is inadequate considering
simultaneous motor starting transient currents and
marginally adequate with no margin considering
nonsimultaneous starts. Circuit modifications would be
required to assure that the motors would not start

simultaneouly.

The KCR-7 is adequate with 8.3% margin considering
simultaneous starts and 89.9% margin considering
nonsimultaneous starts.

A time delay or interlock feature should be added to the
DC lube oil pumps to provide assurance that they will
not start concurrent with field flashing. (DCN M08699A)

Battery charger size is adequate.

Existing 20a breakers on the battery charger supply
should be replaced with 40a breakers. (DCN M08699A)

All protective devices on the DG distribution panel have
adequate interrupting ratings except for instrument and
main fuses which should be replaced with fuses having
adequate dc ratings (e.g., Buss KIM3 for the instrument
fuses; Buss KWNR150 for the main fuses). (DCN MO8699A)

Protective devices provide sufficient cable thermal
damage protection.

Protective device sizes are adequate for Appendix R
requirements.

Protective devices are adequate to prevent cable damage
for Reg Guide 1.75 - assoclated circuit requirements.

The Buss FMN10 and KIM10 fuses used in the engine
control alarm circuits should be replaced with fuses
that provide selective cascade coordination between
safety and non-safety circuits. (DCN M08699a)

Adequacy of minimum voltage to components will be
verified by preoperational test WBN-TVA-14D.

The voltage ratings of continuously energized components
are adequate for maximum voltage requirements.

The requirement to have the DG distribution panel main

breaker adjustable trip set to the high limit should be
included in a design output document in accordance with
(DCN M08699A)

EE PM88-03.
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THEPMAL-MAGNETIC MOLDED CASE CIRCUIT BREAKERS “&Y ceeio=/t/radoz |

) B /%6 ;
CUNIT BR_EAKER ONLY WITHOUT ENCLOSURES /4774%;%\/7//0.&

T emal m cﬁ(; mblded case circuit breakers shown on Pages 60-62 are UL listed, CSA certfied. IEC rated, aqd;ﬂsz};neet the E
el e g i i _C-375B/GEN as indicated on Page 34. For [-LINE molded case circuit breaxers, see
quirements of Federal Specification W-C-375 & :
ings on Poges 102-105. 5
100 AMPERE FRAME—PERMANENT TRIP
Two Pole Tnree Poie
mvo:: 73';\1. de 240V. ac, 250V, dc 240V. ac, 250V. d¢
. Catalog Catalog Terminal Lug e
Catalog . . . " .
AR"a‘g'r’“'q’ Number Price Numoer Price Number Price Wire Size \pi
$63. FAL22015 $107. FAL32015 $157. -
i EAL 2020 61 | FAL22020 107. FAL32020 157, Haa
2 FAL12025 g1, | FAL2202z | 07 FAL32025 157, !
25 FAL12030 63. FAL22030 107. FAL32030 157, oo !
30 FAL12035 63. FAL22035 107 FAL32035 157. i
38 FAL12040 63 | FAL22040 107, FAL32040 157,
:g FAL12045 63. FAL22045 1077. ;ﬁugo;g 1 g; A
3. FAL22050 107. L320 .
P FAC17060 6. | FAL22060 107, | FAC32080 157. Aratid 16.0ne Pole
&0 FAL12070 85. FAL22070 173, FAL32070 225, mperes
n FAL12080 85, | FAL22080 173, FAL32080 225,
& FAL12090 8s, FAL22090 173 FAL32090 225,
,% FAL12100 8s. FAL22100 173. FAL32100 225,
S AR
Ii:l 100 AMPERE FRAME—PERMANENT TRIP
One Pole Two Pole Three Poie f
277V. ac, 125V. dc 480V, ag, 250V. dc 480V. ac, 250V, dc :
) Catalog Catalog Cataiog . Terminal Lug
’ﬁ"‘aﬁffg Number Price Number Price Number Price Wire Size
15 FAL14015 $80. FAL24015 $194. FAL34015 $249.
20 FAL14020 80. FAL24020 194, FAL34020 249, #14-4 Cu
25 . FAL14025 80. FAL24025 194, FAL34025 249, $12-4 Al
30 FAL14030 80. FAL24030 194, FAL34030 249.
B e FAL14035 80. FAL24035 194, FAL34035 249,
40 FAL14040 8. FAL24040 194. FAL34040 249.
45 FAL14045 80. FALZ4045 194. FAL34045 248,
50 FAL14050 80. FAL24050 194, FAL34050 249, #14-1/0 Cu r
60 F AL 14060 80. FAL24060 194. FAL34060 249, 12110 Al FA ;
70 FAL14070 100. FAL24070 252, FAL34070 295. F Two Pole :
80 FAL14080 100. F AL24080 252. FAL34080 295. 15-100 Amperes
0 FAL14080 100. F AL24090 252. FAL34090 295.
100 FAL14100 100. FAL24100 252. FAL34100 295,
m 100 AMPERE FRAME—PERMANENT TRIP
One Pote Two Pole Three Pole :
600V. ac, 250V. dc 600V. ac, 250V, d¢
Ampere Catalog Catalog Catalog Terminal Lug B
Rating Number Prics Number Price Number - Price Wire Size :
1 | e . . FAL26015 225, FAL36015 $289. :
26 | e .. FAL26020 225. FAL36020 .289. #14-4 Cu B
25 | eeee..s . FAL26025 225. FAL36025 289. #12-4 Al ;
0 | el .. FAL26030 225. FAL36030 289,
) 35 ceereenn .. FAL26035 225, FAL36035 289. :
5 40 | aeeeen.. . . FAL26040 225, FAL36040 289. ¢
45 1 e . FAL26045 225. FAL36045 289, i
- | EEs | o= | oo | o) s ° f
......... B . . #12-1/0 Al Thres Poie o
0 | ... .. FAL26070 285. FAL36070 355, 15-100 Amperss :
1, S . FAL26080 285, FAL36080 355,
90 | eeien.. . £ AL26090 285, FAL36090 355.
100 | el . FAL26100 285. FAL36100 3s5.

m—225 AMPERE FRAME—§00V. AC, 250V. DC PERMANENT TRIP

AC Magnetick
Trip Settings
Armrperes Tweo Pole Three Poie
Ampere Terminal Lug
Rating Low High Catalog Na. Price Cataiog No. Price Wire Size
70 350 700 KAL26070 $662. KAL36070 $830. :
80 400 800 KAL26080 662, KAL36080 830. -
90 450 900 KAL26090 662. KAL36090 830. -
100 500 1000 KAL26100 662. KAL36100 830. o -
ne
. 110 550 1100 KAL26110 662. KAL36110 830. #4-300 MCM
125 625 1250 KAL26123 662. KAL36125 830. Cu or Al
: 150 - 750 1507 KAL26150 662. KAL36150 830. KA
3 175 875 175 KAL26175 662. KAL36175 830. 70-225 Amperes
' 200 1000 2000 KAL26200 662. KAL36200 830.
225 1125 2250 KAL26225 662. KAL36225 830.
itional Information
*UL 489 magnetic trip setting tolorances are =25% (Low) and =20% {riigh) from the nominal values shown. AccessoriesA dd'hon‘ l“ ° K "‘_to':ces 76-77
LUGS ...ooiiicenacacrinn . .Pages 78-79
Dimensions ............. . .Page 63
interrupting Data . ........... Page 54

I-LINE is a Registered Trademark of Square D Company.

B8 DISCOUNT

DP CATALOG REFERENCE .FAL CLASS 650
KAL CLASS 655
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| b Section 1-9 et
: Power Distribution Fuses—600 Volts (or less) A77ACH =N T /DT ey

i ONE- TIME General Purpose—NON And NOS

Time-Current Characteristic Curves—Average Meit

b S g 8 AMPERE =] Q o .9 AMPERE
»2 88 82 R § B . RATING 2 & T 3 RATING |
NON  NOs

250V s00V

-eHre

Note—Contact Bussmann for Latest Performance Data,
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Section 11-12-206

STATIONARY BATTERIES

et e e e e e

25 to 200 AMP. HOURS
DU - Lead Antimony
DCU - Lead Calcium

1)

SPECIFICATIONS
CAPACITY . .......... 25 to 200 Amp. Hrs. at
8 Hr. Rate to 1.75 F.V.

PLATES Height Wwidth Thickness
Positive .......... 5%" 5%" 266" |
Negative .......... 57" 5%” 170" -
Qutside Neg. ...... 57" 5%" 110"

SPECIFIC GRAVITY .... 1.210@77° F.

CONTAINERS ........ Thermoplastic

CELL COVERS ....... Thermoplastic

SEPARATORS ........ Microporous

RETAINERS . ........ Fibrous glass mats

SEDIMENT SPACE ... A" (V1”11 plate)

ELECTROLYTE ....... Height above plate 13"

(1%"—11 plate)

TR
T bty 180 F
T Du onun 1yl FY

CEARGE FATE W AMPENES PR BUSITIVE i ATE

y. %4

' e e e e
T
l

/A4

Dt

N
N Jr%a 8 LU N0 % W M N

TIME IN HOURS

1 Saftee-Vent (optional) — Prevents accidental spark or flame
from entering ceil. Water can be added without removing

vent.

2 Hi-lmpac Cover — Virtually eliminates cover breakage.

3 Shock-Resistant,
have high

containers

Transparent
impact

eliminate breakage.

4 Close-Set Plates — Reduce internal resistance.
provides the high current rates needed for short term,

high-draw loads.

Container — Thermoplastic
virtually

resistance and

This design

Rated Capacities (Amp. 1 Minute Rate |Overall Dimensions | Approx. Wt.
Type Cells | Hrs. to_l:_7_§"\(_._ per Cell) | (Amperes) (Inches) | _(Pounds) | Elect.
of Cell Per To To Net Dom. | per Cell
Calcium Antimony Unit 8Hrs.{ 3Hrs. 1Hr. [FVY 1.75{ FV 1.50| L w H Filled | Packed| (Lbs.)
2DCU-3 20U-3 2 25 o | 1251 37.5] 71 | 3'%| 7% | 10%, | 18 22 3
3DCU-3 30U-3 3 25 1o | 125| 375 71| 5% | 7% | 10%, | 27 32 3
20CU-5 2DU-5 2 50 38 | 25 75 142 | 3'%3! 7% | 10%, | 22 26 2.8
30CU-5 | 3DU-5 3 50 8 | 25 75 142 | 5% | 7% | 10%,| 33 | 38 2.8
2DCU-7 20U-7 2 75 57 | 38 | 111 212 | 6% | 7% (10%,] 36 | 40 5.8
30CU7 | 30U-7 3 | s 5 [ 38 | 111 | 212 | 97! 7% | 10%, | 53 58 5.8
" o0cu9 | 20U9 | 2 100 s T s0 [ T1as | 282 | 6% | 7% | 10%, | 40 44 5.3
“ancue T 3008 173 [0 | 76 | so | 148 | 282 9%, | 7% | 10%, | 60 | 65 5.3
2DCU-11|  20U-11 | 2 120] 9o | 60 | 18a 342 | 74 | 7hei10% | 48 55 5.8
3bcu11|  3ou-il | 3 120| 9 | 60 | 184 342 |11% | 7%.10v | 71 79 5.8
Tbcuial obua3 | 1 150 | 114 | 75 | 220 ws | 6% 7% j10% |38 [ Tas | 125
ocu1si outs |71 [ Tizs| 132 | ss | 283 s | 6w 7% l1on |40 | a6 [ 115
DCU-17 DU-17 1 500 T T30 1Too [ 288 | 524 |6% | 7% |10% | 42 48 | 105
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APP.;B OF AI-9.2.3: Configuration control dufing maint activities.
Al-1.8: Houselieeping.

OBTAIN AMP READILINGS
REFER 70O A.E.L.

Reference dravings: 4SW780-8Z-2; 4SW7eN-BI-&.

Evtreme caution will need t~ he ohserved during performance of this
‘taslz: since it will reAauirc woriing el-ar f2 energited egutipment.

Contact MR originater pricr tz starting performance =f this MR.

Assist TC%S perseonnel in connecting a visicorder Lo abhtain amp
readings on referenced motors as requested by MR mriginater. Also take
amp readingz nsing medel FIF 1000 ampneter and record data belov.

NQTE: System Epajineer Tobin Tackar will he available for lending
technical assizthonce i{ nocrindg. ’

Motar ID# Q MIR-092-Doln -4 Amp readinag 53 L/A"»\P_

Motor 108 A NTR - 0%2=-(0oPb-_0 Amp reading S 5 7 SAmp

Motar ID# AMTK- 032=0055/3. __ amp reading . _ Do 7/ [ 4up

MT%E 10# 541739 oue pate 3-6-9] T
—JLF [0& a5 29-7¢

Craft shall verify that the device/devices that has/have been worked
npon is/are properly reinstalled after maintenance. By the .
fnstallation of-all balts, screrus, parts, covers, fastners, etc. and
hat they are snug tightk.

Moter ID# L MTR - OXA_—_'_QQ-S_fiy/‘__]__._"__ Amp reading Bl s S Rur.

"Snug _tight"--The tightness that exists when all of the parts =f the
Joint are in firm contact. s
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pace EQtIY Permit

e e

Conflned S

,l‘_

5.17 (Series
Fire Bartier Breaching Permict

ratop supporc< Needed .
.. o A - Z i
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‘KCR LEAD-CALCIUM

Standby Batteries

v/mE.Eppx uo@z
ANrzchment 10, 1L page 54

- 20-year environmental and seismic qualified
- 100 percent capacity on delivery

Specifications

PLATES

e Positive.........ooenne
e Negative..............

e Qutside negative .....

SPECIFIC GRAVITY......

Height Width Thickness
eee. 1138in 8.75in 0312 in
(289 mmy (222 mm) (79 mm)
cee. 11381in 8.75 in 0.210in
{289 mm (222 mm) i£3 mm)
vee. 11381in 8.75 in 0.130 in
{282 mm: (222 mmi. {3.3 mmi
....1.215 nominal @77 F {25 C

CONTAINER t......convvnnnn Transparent thermopiastic
CELL COVER........c.unvuen High-impact, flame-retardant thermopiastic with
tongue-and-groove seal; flammability raings:
UL 94-VO, ASTM D-635 self-extinguishing
SEPARATORS ......ccvvvnres Microporous
RETAINERS ......coevvenvnns Fibrous glass mats
ELECTROLYTE HEIGHT
ABOVE PLATES ............. 206 ini{f2 mm
WITHDRAWAL TUBES....... Two per cell
SEDIMENT SPACE........... 0.75in {1G.1 mm)
TERMINALS ......ooocennnnn 3KCR-5:two0.5inx i.38in¢i2.7 mmx3E mmicast
lead terminals; KCR-7 through 21:two 1in2E mm)
square posts per cetl (Copper inserts are used
with 15 through 21 plates.)
VENTCAPS ...ccoiiniivnannn Flame arrester type with dust cap
+ OPTIONAL
CONTAINER .......ccvnnnns Transparent. flame-retardent polycarbonate.
flammability ratings: UL 94-V2, ASTM D-635.
selt-extinguisnin
KCR-17 L quismng
Nominal capacities to 1.75 .
Type of Cal : u?at‘: s AavamgagVPg rg ’z7 F {25 C} Overall dimensions Approx wt. &%’;, na‘gv?.
o per cell
Ampere-hours Amperes L () w 0n) q fin) Net Dom. (1bs)
Calcium- | B8hrs 3hrs the | 30min | 15min | 1min {mm) {mmj {mm) | filed | packed | (kgs)
3KCR-5 180 132 81 109 134 177 853 22 a3 3
KCR-T 250 185 128 172 219 303 383 A AR o5
KCR-9 330 260 168 | 230 292 404 453 R =2 2
KCR-11 410 326 204 285 362 500 483 1044 | 1825 22 A a2
265 464
KCR-13 495 390 258 a1 444 639 53 & poed 2
KCR-15 sTT 456 298 410 522 ead 857 a3 32 22
KCR-17 660 521 340 468 596 852 853 a4 iy =2
KCR-19 742 586 378 517 657 328 873 o 335 5,
KCR-21 825 650 410 568 723 1010 853 a52 55 &,

Note: Electrolyte weights approximately 10 1bs per gallon {1.210 kgs per liten. .
<Data based on discharge girectly from a 72-hour float conaition, 60-cell battery discharged to 105 terminat volts.

|EEE-450 acceptance testing - optional, 100 percent testing of ail celis at name

piate rating (1 houn.
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\ 1.0 PURPOSE AND SCOPE

1.1 Purpose

. The purpose of this attachment is to evaluate and support the
modifications to be implemented under DCN P-04575-A.

This attachment documents the roll-up of mini-calculation
No. WBPE 0828905039.

The attachment affects the following baseline calculation: \
Baseline Calculation Calculation No.

125V DC Diesel Generator (DG) WBN EEB-MS-TI11-0062
Control Power System Evaluation

THIS SHzET ADGES BY =BV

PO Y

9069x
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1.2 Scope

The scope of this calculation is to Verify and document the
adequacy of the size and types of fuses installed in circuits

- for the diesel generator priming fuel pumps and air start
solenoid valves. The fuses in the C-S engine control panels are
Bussmann KLM-10 installed to implement the corrective action for
NCR W-326-P RO (Ref. 5.6) per ECN 6180 (Ref. 5.7).

2.0 CRITERTA

Each protective device (fuse) shall have a continuous rating greater
than the circuit load current but less than or equal to the allowable
circuit ampacity. The current interrupting capacity (AIC) shall be
greater than the maximum credible fault current. The melting times

| must be less than the upstream breaker trip initiation time during

‘ fault conditions to assure adequate fuse-breaker coordination..

3.0 APPLICABLE CODES AND STANDARDS

3.1 Electrical Design Standard DS-E12.6.3, R2.
‘ 3.2 Electrical Design Guide DG-E2.4.6, RO.

. 3.3 National Fire Protection Association, NFPA 70, National
Electrical Code, 1990 Edition, Articles 210-22, 240-3 (Exception
No. 1) and 240-6.

4.0 ASSUMPTIONS
4,1 Justified Assumptions

The Gould Shawmut TRM-1 fuse has not been tested for maximum DC
current interrupting capacity (AIC), however, typical DC ratings
range from 10 to 50 percent of the AC ratings. This calculation
demonstrates that the maximum SC current to which the TRM-1l would be
subjected is 137 amperes (Section 7.3.2) which is less than 1.5
percent of the AC rating of 10 K AIC. Based on the above, it is
assumed that the fuse will safely interrupt this small SC current.

There are no unverified assumptions.
5.0 REFERENCES

5.1 TVA Drawings - 1-45W760-82-2 (R1) and -4 (Rl), Wiring Diagrams -
Standby Diesel Generator System - Schematic Diagrams.

- 5.2 TVA Drawings - 1-45W760-82-12 (R1) and -14 (R0O), Wiring Diagrams
- Standby Diesel Generator SC-S - Schematic Diagrams.

5.3 Vendor Drawings ~ Power Systems Division Morrison-Knudsen
Company, Inc. Contract 83090 - 6036F02501 Sheet 1 (R905, C) and
Sheet 7 (R904, C) -~ Schematic Diagram - Engine Controls and
Alarms. '

s069x THIS SHEET ADDED BY REV_3
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5.0 REFERENCES (Continued)

5.4 Vendor Drawings - Power Systems Division Bruse GM Diesel, Inc. -
Contract 83090 — D379F02501 Sheet 1 (R904, C) and Sheet 7 (R902,
- E) - Schematic Diagram — Engine Controls and Alarms.

5.5 WBNP Computerized Cable Routing System, CCRS - WBNP Cable
Schedule Complete Summary

5.6 Nonconforming Condition Report NCR W-326-P RO.
5.7 Engineering Change Notice ECN 6180.

5.8 Field Verification of priming fuel pump motor and air-start
solenoid valves.

5.9 TVA Drawings - Diesel Generator Connection Diagrams

45W1780-1 RG
45W1781-1 NN
45W1782-1 RE
45W2780-1 RK
45W2781-1 RL

' (TVA Contract No. 74C63-83090)
5.10 TVA Drawings - Environmental Data - Mild

47E235-29 R2
47E235-29 R2

5.11 Departmental Guidelines for Electrical Mini Calculation Roll-Up
ELEC-004 of 4-30-91.

6.0 DESIGN INPUT DATA

6.1 Cable Data (See Appendix I)
6.2 Priming Fuel Pump Motor, (Appendix F and B)

Manufacturer: Honeywell

Model: BA36-40-1524-48BP (Rameplate)
Size: 1/2 hp

Voltage: 90VDC

FLA: 4.7 Amp

LRA: 75.0 Max

T 6.3 Air-Start Solenoid Valves, (Appendix G & B)
Manufacturer: Graham-White Mfg Co.
Type: Salem Model 712-051
Coil: 3160-020
' I Holding: 0.094 Amps
I Inrush: 0.131 Amps

3
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6.0 DESIGN INPUT DATA (Continued)

6.4 Relay (Blown Fuse), (Ref. 5.9 & Appendix H)

. Mfr/Model: Square D/KPD13
Voltage Rating: 125VDC
Power: 1.2 watt standard; 3 watt maximum
I(MAX) = 3w/125 VDC = 0.024 Amp
6.5 Fuse: Bussmann FNM-10, (Appendix D)
AIC: 10 X AIC € 125 vVDC
6.6 Fuse: Gould Shawmut TRM-1, (Ref. 4.0 & Appendix E)

Resistance Range: 0.690 - 0.795 ohm
AIC: (see 4.0)

6.7 Circuit Breaker, Molded Case (Ref. 5.9)

Mfr/Model: Square D/FAL 22015
Rating: 15 Amp, 125 VDC

E . 7.0 ANALYSTS/COMPUTATION

7.1 Priming Fuel Pump Motor Circuits

The simplified control circuit schematic for this calculation is

shown in Appendix A (Sh. 2). These circuits are identical to the
similar circuits in the other DG sets; the following calculation

will be generic for all circuits.

7.1.1 The fuse protecting a combination motor circuit must be
greater than 125% of the motor load (4.7 Amps) plus 100% of
the relay load (0.024 Amps)(reference 3.3), or
Minimum fuse rating = Fg

Fr 2 1.25x 4.7 + 0.024 > 5.9 Amps

Because the ambient temperature within the diesel engine
rooms can reach 120°F (reference 5.10), fuse derating is
required. Adding an estimated 30°F panel internal
temperature for conservatism, the derating factor of 0.85
(Appendix D) yields minimum fuse size of;

Fr > 5.9 Amp > 6.94 Amp

.85

t
o
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7.0 ANALYSIS/COMPUTATION (Continued)

All conductors listed in Appendix I table 1 are #l4 AWG routed
- in V3 (Ref. 5.5) and rated 6 amp per DS-E12.6.3 (Ref. 3.1).
. Therefore, per NEC section 240-6 and 240-3 exception 1, a 10
amp fuse will provide protection to the conductors and meet the
above minimum requirements.

Use Bussmann style FNM or similar 10 amp dual-element, time
delay fuse due to DC motor inrush. The FNM-10 is a standard
stores stock item at Watts Bar Nuclear Plant.

7.2 Air Start Solenoid Valves

The simplified control circuit schematic for this calculation is
shown in Appendix A (sh. 3). The other air start solenoid circuits
may be treated generically for all diesel engine control panels.

The holding current for each valve coil is 0.094 Amps (Reference
6.3). The blown fuse relay current is 0.024 Amps (Refernce 6.4).
The load current, Ip, is

I, =2 x0.094 + 0.024 = 0.212 Amps

§ . Fp > 1.25 x 0.212 » 0.31 Amp

Again applying temperature effect fuse derating
Min FR » 0.265/0.85 > 0.31 Amp

The next NEC standard fuse rating above this value is 1 amp

(reference 3.3). The Gould Shawmut dual-element, TRM-1 would

satisfy the above criteria. The TRM-1 is a standard stores stock
i item at Watts Bar Nuclear Plant.

7.3 Short Circuit Coordination
7.3.1 Fuel pump motor circuits:
A review of all feeder and end device cable combinations
resulted in a worst case (minimum resistance) for fuel pump

FPA circuit for the 1B-B diesel generator. The resistance
of Bussmann fuse FNM-10 is negligible (See Appendix D).

Rppg2ogp = 2 X li%%ox 58 = 0.12 Ohm (Appendix I)
- Rppsy7g = 2 X 2.62 x 58 = 0.30 Ohm (Appendix I)
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1
Regr = Z5* + Rppe2sB + RPPS2yB_0hmr SF7/2o/f=9/ duw. 1271771
(ref. baseline calculation, 6.5 and Appendix I)

= (0.0682 + 0.12 + 0.30) Ohm = 0.49 Ohms

This resistance represents a SC current of
»
Igc = 117.4V/RggT = 117.4/0.49 = 239 Amps

7.0 ANALYSIS/COMPUTATION (Continued)

For this SC value, the minimum breaker trip initiation time
would be approximately 0.4 seconds. The fuse melting time
-would be approximately 0.025 seconds and coordination is
assured for a solid short circuit near the end device and
the FNM has adequate current interrupting capacicy of
10KAIC (reference 6.5).

Based on motor manufacturer's recommendation (Appendix E)
diesel operating experience, the dual-element fuse will
permit proper motor operatiomn.

7.3.2 Air start solenoid circuits:
‘ A short circuit at the load side of the tuse, assuming the
- worst case cable lengths, would involve cahble PP508A (or

PP748B, both are of equal length, Appendix-l Table II).

Rppsoga = 2 X 1.04 x 48 = 0.100 Ohm
1000

Per reference 6.6, the minimum resistance of a TRM-1 fuse
is 0.690 ohm. The circuit resistance is

Rekr = Zs* + RppsogA + RIRM-1 oh7 . .- 5, s

».
- 12a—a !

Regr = (0.0682 + 0.100 + 0.690) ohm = 0.8 Onm
Igc = 117.4 VDC*/0.86 = 137 Amps

For this SC value, this minimum breaker trip initiator time
would be approximately 0.95 seconds. The (use melting time
would be less than 0.01 seconds, thus coordination is
assured.

* Zg (0.0682 Ohms) and source voltage (117.4V) from
Section 6.4.7 of base calculation. Zg is the
equivalent source impedence of the battery, battery

changeg, fuel oil pump motors and lube oil pump motors.
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8.0 SUMMARY OF RESULTS

8.1 The optimum fuse size/type for the priming fuel pump circuits,
incorporating a derating factor due to high ambient temperature,
. should be a dual element, 10 Amp Bussmann FNM-10 or equivalent.

8.2 The load current for the air start solenoid circuits is 0.212
Amps. Application of temperature effect derating requires a dual
element 1 Amp fuse Gould Shawmut TRM-1 or equivalent.

8.3 The coordination of fuse TRM-1 and FNM-10 with SQ-D FAL 15A breaker
is shown in sheet 9.

9.0 CONCLUSION

9.1 The fuses presently installed in the fuel pump motor circuits in
the C-S diesel generator control panels should be changed to dual
element 10A fuses, Bussmann type FNM-10.

9.2 The fuses presently installed in the air start solenoid circuits

for all diesels should be changed to 1 Amp dual element, Gould
Shawmut type TRM-1.

9.3 These fuses will allow the circuit devices to perform their design
; functions. The fuses coordinate with the breakers.
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THIS SO S %

9069x




/?ﬁLacémen/’ No. P~ 045'7_5'_,4 %
EJBA 555—/"/5«-7'[//; Seo 52':{‘.?

“Calealairon Al ‘4/0/13/76/')( A
B Sh./
' D/é’ﬁé (, SG}(&‘QAZZG m& SQIEAATIC "
___/ESE e o
TSRS Ref LumRoe Foyee (reps Lai )
D.G. BATT <25 ) pe
e # 2 - ]1[1[15 .
APPENDIX B porsg BG. BATrERY
A Fe = _!
|
; |
l /T04 l '
| 2 ! DC pISTR/IBUTI/ION
l 2o4 | ) r‘ﬂ/ FPANEL
—_ ‘I /r\ | — -.: _ !
_ L 204 § l,
/0 Awe ! % l
APPENDIX & L R 1
| ‘ ThdLE T — T T
S T
L e
AN v oy
J - 4%23 a/;rs A _
% 5
s _¢3- /,_w/vmoc PoLdFe, '
/)A ciecurr, /B/c‘f‘,qué - - ~5/J’;1 LD/ESEC
i ENC I/ &
L Eup danvrroc
g - DeVice : P
\Lf Mcms’: 5:’; \#.;,_ FANEC
¥
VO DEviee dﬁédf;
# 1Y 4g F
e ,4#4&//4&::)/ D, TARCE T :
1"‘{ :.y/",i "i. ‘M*)u .-‘.." : ;;
e R S TS




L SR

\ /47‘7{454,7,.5,77' N, P—04575~A
l Calewlatron o a)g,«/ ELB-MIS-TE/-0082

Afﬂénﬂ/x A 2
54, 2 |

v

o e vl v b

e, \Aﬂ&»?(’ﬁ..’,},‘y&ﬂ‘ﬁ/,( .

) !u
| SKETCH -  TYPICAC SOUEAATIC b
N o H
CENTROL cCrret/r rR' DI&sEL g
j 6754/4:’7@070,& P/l E /—‘05(_ Pl Ps 4
} (REF. S/ <LsT2) ‘
1 5 E §
ruze ]
l | == FFPI
‘ Z me-A0D
; \Q (/—\
| N
Q CaABLE
T83-A0)9 KEY
| g A
N {853 FPA
N v
[V T3 A
v _ :
18R.AG) $ T82-8() ?
FO 3N FUYN :
5 3 e
. e s k{ - :
FPA,8 ! FRIMING FU&L ?’o,qp Al ERS ¥ 2
BFI, ! Blownk Fose /254,9 Yo &

FL3 PN FUBES
- FUHBNIE Fuses

- ‘fA R




helily OaRban N il v

tt{'r,;‘.“; T .__,_" . \

gy, )‘ 1_3"
ol

Jix,_’r;ti_

SiA0

hia

g

s ' aag .
qp

Y

15

lep GEND :

ASA-A B! Qe START Solrmord YALVES A5

BF5, ¢!
FUsmier)

B Loeod
c FLSES

FUSE

Fuewsr)’

X DIESEL. G EV,

IA-A

CELAYCS

15-PA, 2A-A,

{28-85 owey

:l
¥
¥

¢

Vagk
Il

3
3
3}

o
N
>y
A

ey 4 ‘_;.,
i

/zs"vocge«s
B

Fu 5P

RE

T628 (<)
P s Cable

Hey
D

L 7838 (4D

AVZA

Cabl/e
Kar &€

Csble

ey € <

T®3 A
7 (+

@FLL&)PV
1

AVQB
TOBX))
Cable

Key

~
TB38 (+41)

4 TB2B(¥2)

—Cahble
Kevr

=
%TB 38 (W)

. -.":,‘pﬂ(‘g“;kw&ﬁﬁ"? @ Fa 5‘)("'(-«‘: EOA 4\)«:\ - :¥QWL§!}‘DQJ-—1W@¢§?¢¢-«:*1 ,v;.q-r;} ,)q @ FLL éMe@'& A-w r‘;" ',. .

E. N -

S -
e :"..)o_-. ot

A At 4 oA

e

g T RES

PR SR YA R INY W

NOTE

VERSY =

SRR Bl RS T

cee . ,477‘4uf.usur D o CABce +~EYS

CQ2 L

JIOENTIFIERL S

/

~~

TUON 3705 LA0LLT

IN7/A%

>

a7
NDS Pbora AL

( ?;:;;ii [is A5 <

LIOVFID)

—
-

?352/7

SOLYY 7P

b
~
p—

=HOLZN S

VL b’fr/

R90 O I TLSWmFFT VT Y e fT) TN

V—s{sto-4 o fwa*wt/-??%(y |




At cLomentd o, P- 025754

CALCULATION NO. LOEN ££8-MS-TL//-c0b 2 APPENDIX 1O, 5

Page _~_~/ of _ QZ-*M_

FIELD VERIFICATION

: _th/;y 721-4-6./ B/rr/f /‘70740 r-
/. ﬂ?gnﬂéc#&(}’ék: A/ame/we//

Nlodel: BA3ZEL—ab- 1S24 ~2BBP ( Wapre plate )
Sye 5 HF
FLA - 4,7/W
2 /V/anwféw/urer : A/o/o/"éﬁ/ WM oo
FLA : o Amp
Otfer cletarls rot vis'ble on namep/ate

| ‘

/’7/0/4@7/¢de/// prrotar fas %7/(2* FLA 07[)474”?

;< cuor:—/ case

RECORDED BY _ZLu. ' . éq/—~ﬁ\,q DATE /2 -~/&-9/
ki - .

VERIFIED BY LL%/ DATE__12.- (69 )
THIS SRTTT o v s
1346x l JL:J WY a4 Fmd b D a0 - e '3"~ ‘



%t’ﬁ//,/g//% /\/0 /D-’ 04—5/7$,—A

CALCULATION NO. LdBN EER-MS-TI//-00k 2 APPEHDLIX NO. &

Page 2 of 2~ .

FIELD VERIFICATION
’/4/‘/" - %f’% \S-/)/ﬁr)o/‘ﬂ/ %/ Ve

/V757/7‘/7[0)\C crer CJ:/"AAam ’&déz%e /'(’/r? 'Cﬂo.

7}/’&: Sa/em /‘/705/;2/ S22 -5p

RECORDED BY L= A /,Z A

., DATE__ /2 -/ & -G/

VERIFIED BY (ACD% ~ _ DATE__1Z-/¢~ 9
/

THIS SHEST ALGED BY REV_2_

1346x




COMMENTS

C e we Bow 082- Emo so 3@,

3. Ui Name/File No.
. \jpu,\&g‘:.g QPLQ\L\&\A ’
cuz*r/ﬁomcr - ’T\/ A~ WR t\\@ i
suss:cr-"' 'D@ ?Yl&h_\r- Tuel ®ump%\}om% = OL- 5

:

FROM

CHARGE : DHPI. NO. B CLIENT smorr

e RRRE - o

DISCUSSION wI i ’f o que, 'DQA.N\Qf
' - ’Z{?Q T f\\c_ %C.Lct\s-{'\. g\c/
CS(S) 2206~ 5\co

nreevey

\r\a,&Q_ wj-ewf\No/Q el oo 9 | ’?\’\Q-K ectiin S—w S,
~‘\<- é (._/A\ng %&v\ qu-e-cku _(c, :

o
g
. 'mir
S
.§,

CQQ‘ CA oA R Ve con o
A CLAN d.

Aa?ZZ_.Q Moy {2, ‘Q%ﬁﬁ

I I BT et TR

LS oae

R L A e ARl

0 .:"wmmwwmmmmﬁﬁw LRt S el e LIAR



T T e ek L el Bttt T B

KD DS PRSI ST S R A B I AR NS PR T o it
/4742(.5'4/7760’/ No. P— 045‘75 A f y .
Caleclatiorn No. LWBN EER-NIS-TL//~oo ‘%‘ //DenA /);
| i S,

‘ Fuse Time-Current{
Characteristic Curves *

and Temperature

Effects b

Average Tolal Clearing Time gf L

5:,:

Effects of Amb:ent Temperatures
Fi T ,
The Operahng characlerislics of fuses ar° based 5
on a nominal ambienl lemperalure leval! Higher
ambients will, lo some extent, reduce (he current
carrying compacity and the'fuse opening lime.
Conversely, lower ambients resull in a somewha(

increased currenl carrying capacily and opemng
time. 1, %

l

-
T v ool

As indicaled in the Fuselron graph below, for
example, an ambient of 100°F (40°C) reduces _ :
the current carrying capacity of this type of fuse . o

-~

=16°F =dQ°F  ~'F  JT'F R8P 108°F § MO° 118°F Nt
{~50°C)(~ 407}~ 20°C) 10°C) {20°C) (0°C) . (80°C lao 0 noo c:
: AMBIENT } |

IS0%F AWﬂC‘v« fAAx
o / INTERNAL] TEMP

by 5%. ‘ 1 i ,‘;
. The graphs below show the eﬂecls of am ient 1
. lemperalures for Fusetron and "Non- Txme- -
Delay" fuses. { - &
v : An

_ k _

150 Al 5

149 ! t , §

S uf— —— Elfect .otn gnrryl'ng . ‘g ‘

L{__gw 120 P — lC:apacn/y aling -

= = 4o - , :

< 317 :

@ (4 100 \JK. ; :

5Z % AN

'\;8(; A = S 1= :

= u 10 Effect on T—j:j: < k

Go - Opening Time : - g

o ® N i

c %) \ ‘ ’-;

0] — ; : S

30 - t

"Effects of Ambient Temper:!uro on n\e Oper
. alng Characteristics of Fuselron Dual
-+ Element Fuses. Nominal Fuse Ratlnqs Baied
on Ambienl Temparatures in lhe Ranga of
- »70 F{21.0°C) thru BO°F {28.7'C}, C}unqo In
' : Opening Time Occurs with Loads of 500% {or
;7 foxs) of the Homlnnl Current Rlﬂnq of tho

R PR

TPy




e RN A T mm‘w_mmumm.mmméwmfﬁ

Attochoment WoP= 095754 | e D
Cdeetladsomn No. BN EEBAIS=TL//~0dE 2 s 2

Vi

P e e g

R R A A S et i Rl e S

_ Type FNM
%37 X 1Y (10.3mm x 38 1mm
Time-Delay

Flbre Formerly decxona(ed SAB. A dual- g '
@eienl Fuselrong luse. For circuils with § .
hfgh inrush currents. Mount in Buss luse. &2 ¢

< holders, luseblocks. and clips. Shipping F&H
“weighl per 100 1.51bs. (680g). UL Fiie 53
._‘Z: E19180: Guide JOYX. CSA File 53787:
Class 1422-.0v, -

b

S la

=
,/
,:7
=

HI |

] £
i Electrical Ratings (Catalcq Symbot and Ampares) g
‘i 250 vonis [ 2ca vons 1250 Vons [ 250 Vonrs &
"3 FNM.ng FHM. Ay EETIVYE FAM.8 ;
?_'. Fria.tS 0 Frid. i} [FNM.}MQ FNM.9Q UL :{
x FHt g £iD2 140 tNM. T A FrAL1Q Li;r.ed i i
T FMI s ErIA L g FALELL 125 Yors £ CSA F
£ FNIM-Y0 UL _Fr_ﬁx-l‘no uL Fra.2n UL FNM.12 K. &
;§, Fantine - listed j——e—— Ligred b — T (g0 EVYRTE : 3
' FNM. Y0 £ CsA M Ao £ CSA Frisa.5 2 CS NM. 1S i
|- FrMn £r4.2 FHAL 55 g 32 Vors i
LEGIBILITY EYALUATED and v TN 7 FNM-6 FHH: 20 L
' . ANYRT NIAAY . S
ACCEPTED fOl" fSSUE ) § Ftird. %o FNML DA FNILAe VFNM 2% 5
Tk FNMeY FNIL. Mg FNM.T FMIA.20 {
‘ AMPERE :
- Lo RATING - £
@& & T T
| ’ ¢
| | ] HHH :
;
%, A A
? . : ' IR
.{ ' TR ,ﬂ'x_
d i ,'l
- n 1
i | l I AT
H ]
. L
4

[IN SECONDS  ~mvmsrsi s S it

0
H i
-5 [
& : !:vn!:;
{
2
! r-‘;l. : > T - ”'”’:
:;nh[ l lmuu \\,, v NIRRT
PRI \\IIE; NNIHI
ns TY\
_;ozs‘ S{_quL”' T e T;\\ ‘
Jéc' 2ys5;" : T
TN
* _ soasmvw ¢ cunnem IH
e Time-Current Curvet ~ Tyzicyl 2

¥ )
[ RSN

‘ R '-'."‘»f!..‘\-‘-’ o
Ul 1s Ay Al
S Hp SULFile e 19180, csa Fle 52787
! il ,v..'f_.

TPlb SH

L

e RS S R S 2 bk "w' ?st 2 i"
B i

754

A

R T R L Tl 1S R S e
Y Db ruriwesy rgzgg.mrr_vg.{zmez-ﬁ?‘.'wmﬁzf‘m‘* r G L .



ComeENnTs

57554

Hachment No P od5 75~ A4 >
S - T I Aok
/ [ CUBN EEB-IIS~=T
C“fcu'/“/’o’? N, ' RECORD OF TELEPHOWE,CONVERSATION

v B

DATE ___ 7/16/&7 :

TO :i _:1;§g£%%%f;_gzdiki>

19/2¢%%9 (splevint ) |

Name/File No.

Pl '
FROM, & M ?.i\v RAS®

T

CLIZNT/PROJECT: _ TUA

SUBJECT:

LOG A b
}

CAARGE DEPT. MNo.

Gddnqy. 1877

Ve Do, e ATC -{‘a_*_‘d«\.‘t F M

w6 RATC. &

C;/é(/&"? - @/f/jf‘/&/u;d“/‘,?/

‘ ‘ T AU
dnu%z‘ccfch( ?v‘ . U;/jc‘u..,o A_bgtua«fo"'"") L

Z/a-é[/-(,u' r;—vcxj- -

s LTS
N7
FMNA -2

FnAt-o

R I RE
ALGUCE S ki

\
/

QI‘C,. Jti O ronan

CLIEUT STMBOL

Tleaan

LRI 44

"’!‘
.

B ¢

!

Ohmo PEiisramce Rane,z (cocs )
f
0.¢.58 -~ 0, 750 "

0,0// _ 0.07/3 g5 !

d.0073 o

e Saat.

ro i

A s L LR . R
Ry FNG P
BT T .

;. O ]

TN




TTNET ac meh%‘/ﬂ/ﬂ /- 04.5‘75’——/{
) Chilece /it WNo, LUBN E£Z-prc FT /- col2
v et 2T RECORD or TELEPHONE corwmsmou

‘,a_mc -~ GouLy 341/\»Q ',UT

10 Cir{oY
, - NAuI/rv\.( NO, )
“.‘%
tErvict s, Tue.

Cetm

S e

7 moK __DJ;LA_L_FosTeuaee_v - EQALCe

~ Mwwwm%

A“/fe /lg/ X &
) P

- L - )
cLieny/prosecT T NA /wwm‘: BAL. wuetl ('\L?N_ANT
sussecr __FUY A REslisTANCE 3
CHARGE, 'ozrr. HO|_ CLIENT SympoL ' ors o
i 2 »
OIsCUssion WiTH o o . l% N - _ :
c,nbz:;ocuus o CDUWT REVAALED
AT LF_&.&L;TAUCG 2P _TaM - | Fu;n/) L%
— : ™
—_— | ©. %0 - &o. 745 OHMi?"<€’\‘
L 9
‘;L w -t o ‘ g .
:
f LA AL laim (a rw |
'— : 'fo ( ““”W

: #'
, & *
i ¥ ¥ '
: ¥
coMMeENTS .
; ] |
. b :
{ B .
; R ‘
L 1 g
A ¥ o+
1 v v
; ' '
s
.y 3 %
H ) 3 .
!‘ " ":' t a
; .
n X
— L - !
’

AN AL

5‘g,u.<.. i

NAvc . TITeR

'T.H',‘{s SHEET

::Z()f \‘EZ'; i

v,
R U H

N A O N Ry T ¥ A i IR BN Yo
R rh':m A *’w%'“ ikt

/%DD%Q&BY REV a

.v}q m;\ﬂ, ".8' ;

ok

i PEFTL WL 2

ey

N
M
=
L=
3
ta
&
had
=
@
A
K
&
]
wt
1.
)
ut
b2N
§t
&

PRI U T TR T RIFOI AR BN TR Y R b s
FETP S veny LA X, Y T T e

v
4
4
x




‘ e ?jﬂdtﬁ/’?en% .-“ "O4-C‘7f i L he. s :“W‘m :
cxgb/aJL/on' A?CORD g/F ?53 M:—-Q%”I//—aog;_
_ ELEPHONE_CON YERG.'TION

t

DISCUSSICN qu

s 3.
ey Oufs//gﬁf- /C";E‘/(/Jﬂ/ s/d/,t/ /wc/g,e TV%/LU//L/‘J /’1/‘/52/!,./(&.
&, 5§57

Howey wc// sold Fis pkoe C//M,W Lo P/ ST 5C/Wr¢or/g

_&QLLLS-C/ wr«/ _C_‘,T“(%/f ) Dl - iiﬂo ‘ //:74;/ /0)[ /&7
£3am 2£¥&i/ /iéthL/4/h£2452§¢5(cJ kggn/ﬁ’ |
SJMC‘~Q-£’// Awm/u( /%Mu( Ec/ //)4
cxence: ;w v, _ S ‘ 5 I

&
g
.

?f‘?{c.. QA/ /A/'J(Oﬂdo]é/u;\/f/\/cr«/ ﬁlo /)/OCJOCC ,)Q/(,.//;/f/q_ d n _ 3

"‘" A u'*iii fec hppedix B, (L, B

F&- %ﬁ%’%&——%l‘,,\x’\ A -(,‘/477‘;3;-. %;Z{
‘ ,er/qcamurl /fw/‘évé v RS dﬁ J{«:/f7~/€// inde] BAIL- 40 ~i5xT - 45/5'5;;
-‘f* v t'f‘%\ ? L /,x,d /,) f;/ﬁ:: usmm‘{ M 5&\ |

C~7> /’Ia 1o £ ;,4/ 5'5(//(_0__ _

C}) e fu///cc/ L/o VYT DE, /f,u:/se,-/%;c :C;z TV COVI—LZ%“/‘ th43 ?

CCAIMENTS
oA /,/ﬂﬁf//h/

\_/777*65 D\-LJ/C/? _/),éo(/,a/c, 56&, *v/ou/,lxj

/% c7 A/é// GO Vi< ‘e} LEGIBILITY EYALUMEO and
FZ/J A ’7 /7}/4? = ACCEPTED fo‘_r fssue
| ‘._/-/{’/4 75,0
RO 1750 Tgrature— — ate

g

A *”wr:w M‘"w T

h‘ }5




Grﬁa nam Wh&'t@ ﬁa&ag DIVIGION
GRAHAM- WHIT! MAMUFACTURING COMPAHY

Prescinalic a/fc{ g/cé&o-ﬂnwma&o .'bculcqt&

FAX NO.: 615/365 1 4207
SRS £ 2 T o

TO: Mr. David Martin i : R
Tennessee Valley kuthority

DATE! 6/12/89

SUBJECT! Salsm 3160 020 Coil Elactrical Information

MESSAGE: Dear ur.'
é .
With rafnrnncc to our. convarsation th 3 morning, I am pleased to
‘ ' furniah the following information onithe Sslem 3160- 020 coil!
} in rush current 131 millinmpn% :

YOS

holdlng currant 94 m{lliampa
B 7K

£hiould yo require additiénal information, please advise.- -

n N g % A { :5‘:
i i
| P
! ; :
‘ I ‘ B B
1 ; I :_ ‘. B
P ',_:_ : »
§.§ ‘ i B
| {' . A-.'.'. K
1 : ,
| i 5 ‘
E: i ,!. :?{..
L 0 "l
I SHNTEE ApAnl BV L2l
AN IS .
. . - ‘l‘.
H ;{. > : : ."-Z:T
. . 0, 210X 1099 - SALEM, YA 14183- 1093 PHONK (m)sn-mo
: xl(t'a_ D beA WIWS 3L wwas 62/ sa. 21 Mr g
% T IR N ) 3 S s N ..., .
‘“31‘:’1:‘ ,;,' .‘,&.," -.,'!' ‘g {*'};I{p: ’“"31, ”'... ’..,..,,i,;.'l:"‘fr.'wu G 6‘:», v ,Leu' ok 4 “m; ih ',; -\.d R pidat ,'-.,--
reell ﬂ.,}Ju KN IR o : SRR K




5P~ ppe 7{—/7 g Y
LENEN EEETMS C::NERAL PURPOSE CONTROL RELAYS

/4‘5424/3/% /
C}L/ow/tﬂé/ 0/7

. -1 i
APPLIC.AT!ON DATA — TYPE X
CU{iTLTT 2ATINGS

WIRING DIAGRAMS

: t ) .

y y n :

= v ’ wh o

Amoeres Amperss ) o ?-— — :

E : - i o v R

vons Indictive 38 PF Neurstrve 74% PF #r | vors | ueve | com ‘: }-:unuu-l :’
Uake | Breex | © Mare, Breax T ] Bevex {Unwous C g \o-« iy, eroip - [

sroout! & Continuout -A “1 e ’ A lu"
] . N - ’
129 30 3 o - 19 “a o o A ﬁ
5120 8O VAL 16A |- : ; ) Covrom o]
10 15 1.5 10+ 10e k2l ‘B j -
l l : ' . a1

* ) pofe devicse huve 623 Arnpt max. cononuoud reung,
A Tyne XP rated 4 HP,

T3 £
OPERATING DATA 3 anwed [U
Pick-Up T]m)'(' KU .’\ | | ' R ot dnas d etey gomme
Tv KF, KPP — nimat 15
Tyy‘:SKL—Approumnsr;)f.’: m:’ty ™ L{GlBILlTY EYAU})‘\TED an
Drop-Out Time: b ACC{PTEDrqu i.S.SUQ '

Types KF, XP, KU — Aprmt!mnlc!y 10 ms
Type KL — Approximate r
Operating Tempersture Range: 6@ =
Types KF. KPL KU -
AC: 2 pole: ~43°Clo +35°C(~-49F 10 +I3!'ﬂs gnature

Jroler ~45°Cto +45°C (= 49°F 10 + 11JTF)
CC: —45°C1o +70°C (~49°F 10 +1583° 1)

!°/H/§‘7
Dat.zT

APPROXIMATE DIMENSIONS

Type KL
ACIDC: —‘5 Clo 'L70C( 49°F 10 +138°F)
fr‘
COMTACTS
Canfigurston: 2 or DT (2 or § Form C)

Afaterials Silver ¢admium oxide
Ratingy: Sce Lsble sbove 3t -

yUCcsA ' 5? '
UL Component Rccognhec} tnd CSA Certified

UL listed with spprognriate Clux 3501 Types MR-S1, HR-$2, NR-61,
NR-62 and NR-82 sockcu.-‘ :

cois pa
Duty: Continvous rated coils
Standard Voltages: &

Type XP : Types KU, XF Tyoe KU
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oC |[a,12.24.48.110.123, mﬂ 1,12.24,48.110 12,24
Wes®

OC: 1.2 was standard ica.,
J was maximum

AC: 2 pole — VA lnrush,
VA tesled
) pole — 5 4 VA Inrush,
C - 2.7 VA sealed :
DC: 1. wans wandard - . !
} wane m:ulmum Ao

pe KL: Cua 3 +:
AC' 2.0 VA l.m'h. 0 6 VA unfarch vl dimentant: G meters b
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Attachment No. P-04575-A
Calculation No. WBN EEB-MS-TI11-0062
Appendix I

TABLE I
END DEVICE BRANCH CABLES

KEY (1) CABLE
LETTER I.D. (2) FUSE . DG (3) CIRCUIT LENGTH (5)
A PP1646-S FU3p, N C-S FPA 74
B PP1651-S FU4P, N C-§ FPB 96
C PP1648-S FUSP, ‘N C-S ASSA 74
D PP1653-S FUSP, N C~S ASSB 96
E PP1649-S FU6P, N C-S ASSA 74
F PP1654-S ryep, N C-S ASSB 96
A PP287-A FU3P, N 1A-A FPA 53
B PP288-A ¥U4P, N 1A-A APB 75
C PP284-A ¥usp, N 1A-A ASSA 53
D PP285-A FUSP, N 1A-A ASSB 75
E PP281-A FusP, N 1A-A ASSA 53
F PP282-A FUé6P, N 1A-A ASSB 75
A PPS27-B Fu3p, N 1B-B FPA 58
B PP528-B FU4P, N 1B-B . FPB 70
c PP524-B FUSP, N 1B-B ASSA 58
D PP525-B FUSP, N 1B-B ASSB 70
E PP521-B FUé6P, N 1B-B ASSA 58
F PP522-B FU6P, N 1B-B ASSB 70
A PP407-A ¥u3p, N 2A-A FPA 63
B PP408-A FU4P, N 2A-A FPB 80
C PP404-A FUsSP, N 2A-A ASSA 68
D PP405-A FUSP, N 2A-A ASSB 80
E PP401-A FUéP, N 2A-A ASSA 68
F PP402-A FU6P, N 2A-A ASSB 85
A PP647-B FU3P, N 2B-B FPA 68
B PP648-B FU4P, N 2B-B FPB 80
c PP644-B FUSP, N 2B-B ASSA 68
D PP645-B FUSP, N 2B-B ASSB 80
E PP641-B FuépP, N 2B-B ASSA 68
F PP642-B FU6P, N 2B-B ASSB 80

8763x




Attachment No.
Calculation No.

NOTES:

8763x

P-04575-A
WBN EEB-MS-TI11-0062

Appendix | (continued)

TABLE II

ENGINE CONTROL_ PANEL FEEDERS

Cable

I.D. (&) Length (5) DG
PP383A .53 1A-A
PP508A 48 24-A
PP628B 58 1B-B
PP748B 48 2B-B

PP1640S 59 C-8

Refer to Appendix A for key letter vs. cable identifier
Cable identifiers obtained from Diesel Generator Connection
Diagrams (Reference 5.9). '
Cables are type WHB or WHB-1l, No. 14 AWG (reference 5.5).
Resistance (min) € 25°C = 2.62 ohm/1000 ft (ref. 3.2).

‘All feeder cables are #10 AWG per CCRS (reference 5.5).
Resistance (min) @ 25°C = 1.04 ohm/1000 ft (ref. 3.2)

CCRS design lengths (reference 5.5)

Vendor supplied feeder cables from battery to DC distribution
panels are 2~-1/C #2/0; field estimated at approximately 8 to 10
feet. The resistance (min) @ 25°C is

2 x 0.0812 x 8 = 0.0013 ohm (reference 3.2)
1000
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Calcualtion No. WBN EEB-MS-TI11-0062 Prepared by?ﬂ%,?l}ﬂéll. Date %-Z(-92

Attachment No. S-15660-A )
125V DC Diesel Generator Checked by Jr/,,cl‘//_z;ﬁ Date 326~ 2

Control Power System Evaluation

’ - Sheet 2

1.0 PURPOSE AND SCOPE

1.1 Purpose

The purpose of this attachment is to evaluate the modification to be
implemented under Design Change Notice (DCN) S-15660-A. This DCN was
issued to document the replacement of fuses "MIS 1". As referenced
in DCN S-15660—-A the replacement of fuses "MIS 1" will be for the
standby diesel generator system (system 82) fuses as follows:

a. 0-FU-82-DC3-S

b. 1-FU-82-DA3

c. 1-FU-82-DB3

d. 2-FU-82-DA3

e. 2-FU-82-DB3

1.2 Scope

The following problem and its corresponding resolution are addressed
by this calculation. '

"MIS-1" is being used as a blown fuse indicator. This is a
misapplication (Appendix "A") and a replacement actuator must be
selected.

. 2.0 CRITERIA

2.1 The "MIS 1" replacement must meet the following criteria:

A, Have an operating voltage rating which equals or exceeds the
circuit voltage.

B. Have a fault current interrupting capacity rating greater than
1721A (Ref. 5.2 Pg 16).

C. Is physically interchangeable with the original fuse.

D. Must meet performance requirements necessary to be an actuating
device.

‘ e ARMERN DY BEYV. Y
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Calcualtion No. WBN EEB-MS-TI11-0062 Prepared by 2, ¢ @@gm Date 1-56-42
Attachment No. S5-15660-A /.
125V DC Diesel Generator Checked by Z) Date_S-2(-92-
Control Power System Evaluation

— Sheet 3

3.0 APPLICABLE_CODES AND STANDARDS

See Baseline Calculation. (Section 3.3)
4.0 ASSUMPTIONS

JUSIFIED .
See assumptions identified in the Baseline Calculation (Section 2.0 & 5.0).

UNVERIFIED
None per this attachment (see baseline for existing UVA's)

5.0 REFERENCES
5.1 DCN S-15660-A substitute fuses

5.2 TVA Baseline Calculation WBN EEB-MS-TI11-0062 R3, 125C DC, Diesel
Generator (DG) Control Power System Evaluation.

5.3 1-45W703-1, Rl Wiring Diagrams 125V Vital Battery Board I, Single
Line Sheet 1.

5.4 TVA Electrical Design Standard "DS-E8.1.1" R7 fuses
6.0 DESIGN INPUT DATA

See Design Input Data identified in Baseline calculation (Section 4.0).
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Calcualtion No. WBN EEB-MS-TI11-0062 Prepared by m.¢ Padrus Date_3-2¢£-92
Attachment No. S-15660-A 2 .
125V DC Diesel Generator Checked by s~ , Date $-26-92
Control Power System Evaluation )

- Sheet 4

7.0 COMPUTATION/ANALYSIS

7.1 "MIS 1" replacement (Section 1.2 & 2.1), analysis will be done with a
KAZ Actuator.

7.1.1 The circuit nominal voltage is 125V DG with a range of 135V
DC to 105V DC (Ref. 5.3). The KAZ Actuator rating is 150V
(Ref. 5.4).

7.1.2 The fault current rating of the KAZ Actuator is 10,000 A
(Ref. 5.4).

7.1.3 The "MIS 1" and the KAZ Actuator are both 13/32" x 2" in

dimension (Appendix "B").

7.1.4 The KAZ Actuator is a device that provides blown fuse
indication. (Appendix "B")

8.0 SUMMARY OF RESULTS

8.1 An acceptable qualified replacement for the "MIS 1" is the KAZ

Actuator.

8.1.1 The circuit nominal voltage is 125V DC with a range of 135V
DC to 105V DC (Ref. 5.3). The KAZ Actuator rating is 150V
(Ref. 5.4).

8.1.2 The fault current rating of the KAZ Actuator is 10,000 A
(Ref. 5.4),

8.1.3 The "MIS 1" and the KAZ Actuator are both 13/32" x 2" in
dimension (Appendix "B").

8.1.4 The KAZ is an actuator device to provide blown fuse

indication (Appendix "B").

9.0 CONCLUSIONS

9.1 The KAZ Actuator performs the required functions of a blown fuse
indicator and should be used as a replacement for the "MIS-1" fuse.
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CalevtaTion W /- EED - MS-TLil-py
MIENOIX'B Ps 1 oF
- Pin Indicating, Ferrule Fuses and Devices o oysicat size, God Srouedy
13/32" X 2" (10.3mm x 50.8mm)

For mounting in signal blocks 2778, 2788-2 thru-5, 2838, and 2837

{page 50) for signal activation.

* Man-Time-Delay Device to call attention to the opening of a paralleled
50 ampere or larger fuse. '

* Opens at 10 amperes or more.

* Interrupting Rating of 200,00CA.

* Only to be used in paralle! with a fuse—KAZ is an actuating device,

not a fuse. :
Curamt Voitags
Devics Rattog Rznnz
Symaol [Amperes) {Voits or Lass)
*KAZ ! - §00ac

“UL listed as “Fuse Accessory.

Request Form KAFS for more intormation,

For mounting in signal block mounts in ail KAZ blocks (page 34) for

H . signal activation.

* Non-Time-Delay Fuse

* Interrupting Rating of 200,000A.

* MIS is an indicating fuse—can be used as fuse or in paralie! with
larger fuses to indicate open fuse.

Current Yoltags
Fuse Rat! Rating
Symool | {Amos {Vaits or Less)
mis 1 | 600ac, 250dc
Mis 2 | 600ac. 250dc
Mis 3 SOO_GQ.Z.LQC_O Tast Spacilicatior.s
MIS 4 | 600ac, 250dc Load - Opoening Tima
MIs 5 | 600ac. 250dc 100% Indefinitety
Mis 6_! 600 MIS 1 to MIS 5
Mis 8 | 600ac, 250de 150% 6 Minutes. Max.
Mis 10 | 600ac. 250dc MIS Sto MIS 12
Mmis 12 sgom 150% 12 Minutes. Max.
H H Arranged by similar body and terminal
Special Fuses and Devices oy > erminat

Low Voitage Limiters

For mounting in block 4164 (page 50).

* ANL is Non:Time-Delay limiter to isolate faults-in equipment
systems such as lift trucks or batleries. i

* Visual indication of link element. Note: Sitver-piateg coope" ik

Mica window

Time Current Curve on pages 53to 57. Slot width: 1%
Oist b stot ¢
2%
Yoitzge Yoftage
Fuse Corrent | Rating Fusa Curraic Rating
Symbdol Ratint {Yoitg Symoai Ratin {Voits
{Amos| of 18s3) {Amog of 1833}
ANL 35 32 ANL 225 32
ANL 40 32 ARL 250 32
ANL 50 32_ ] ANL 275 32
ANL 80 32 ANL 325 32
ANL 100 32 ANL 350 32
~ ANL 130 32 ANL 400 32
ANL 150 32 AN 2Q0 32
{ ANL | 175 32
LANL ! 20,

20
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