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ABSTRACT

This report supplements the technical evaluation documented in
a separate report dated December 16, 1981 (UCID-19118) on the adequacy of
station electric distribution system voltages for the Arkansas Nuclear One,
Unit 1. -The evaluation is to determine the adequacy of the tests conducted
to verify the accuracy of the assumptions and system models used in the
distribution system voltage analyses..

The verification tests resulted in small percentage error differences
which demonstrates the accuracy of the assumptions and system models used in the,

analytical voltage profiles.

FOREWORD

This report is supplied as part of the Se3ected Operating Reactor
Issues Program II being conducted for the U. S. Nuclear Regulatory Commission,
Office of Nuclear Reactor Regulation, Division of Licensing, by Lawrence
Livermore National Laboratory.

,

- The U.- S. Nuclear Regulatory Commission funded the work under the
authorization entitled " Selected Operating Reactor Issues Program II,"
B&R 20 19 10 11 1, FIN No. A-0250.
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TECHNICAL EVALUATION REPORT ON THE TESTS CONDUCTED
TO VERIFY THE ANALYSES PERFORMED ON THE ADEQUACY OF STATION

ELECTRIC DISTRIBUTION SYSTEM VOLTAGES FOR THE
ARKANSAS NUCLEAR ONE, UNIT 1

(Docket No. 50-313)

.

James C. Selan.

Lawrence.Livermore National Laboratory, Nevada
o

1. INTRODUCTION

The Nuclear Regulatory Cemmission (NRC) by a letter dated
August 8, '1979 [Ref.1], expanded its generic review of the adequacy of
the station electric distribution systems for all operating nuclear power '

facilities. The review was to determine if the onsite distribution system,
in conjunction with the offsite power sources, has sufficient capacity and
capability to automatically start and operate all required safety loads
within the equipment voltage ratings. In addition, the NRC requested each
licensee to follow suggested guidelines and to meet certain requirements in
the analysis.

.By a letter dated August 17, 1983 [Ref. 2] and a telephone conference
[Ref. 3], Arkansas Power and Light Company (AP&L), the licensee, submitted the'

results of the tests conducted to verify the accuracy of their analysis and
I conclusion regarding the adequacy of the electrical distribution system voltages

at Arkansas Nuclear One, Unit 1.

The purpose of this report is to evaluate the licensee's submittal
with respect to the NRC criteria and present the reviewer's conclusion on the
accuracy of the voltage analysis performed to determine the adequacy of the
station electric distribution system to maintain the voltage for the required
Class 1E equipment within acceptable limits for the worst case starting and
load conditions...

This report is a supplement to the technical evaluation documented
in a separate report dated December 16, 1981 (UCID-19118) [Ref. 3], based on
new information submitted in Reference 2.

.
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' 2. ANALYSES VERIFICATION

The licensee completed the voltage verification tests during the
refueling outage in March 1983 with the plant shutdown and the available
grid voltage through Startup Transformer No. 2 [Ref. 3]. A one-line
diagram of the buses used in the tests is shown in Figure 1. This train
of buses experienced the worst case voltages identified in the voltege
profile analyses [Ref. 4]. -

.

The tests (two) were conducted according to the criteria outlined
in the March 9, 1982 Safety Evaluation Report [Ref. 2]. The buses, with the ,

exception of the 120/208-volt Class 1E buses, were loaded to at least 30%.
The 120/208-volt Class 1E buses are fed from inverters which are battery
backed and are therefore not subject to degradation. The two tests were
conducted for steady state conditions, starting of a large Class 1E load,
and the starting of a large non-Class 1E load.

The first test scenario was steady state (30% loading), start of
a 350 Hp service water pump (Bus A3), steady state, start of a 600 Hp main
chiller pump (Bus A1), then steady state [Ref. 3]. The second test reversed
the sequence in the starting of the two large motors.

The results of the two tests showed a worst case percentage error
during steady state conditions of 1.09% on 4160-volt Bus A3 and -0.83% on
480-volt Bus B5. For starting transients, the worst case percentage errors

k on 4160-volt Bus A3 ranged from -0.51% to 0.38% and on 480-volt Bus B5 of
of -1.08%. A minus percentage error difference indicates the measured voltages
were. lower than the analytical values.

Applying these percentage errors to the worst case voltages presented
in Reference 3. demonstrates that acceptable voltages will be supplied to the
Class 1E equipment under worst-case conditions. Thus, these small percentage ? '

error diffe.ences verifies the accurc:y of the program model used in the voltage
analyses.

~

3. CONCLUSION

.

Basedcon the information submitted by Arkansas Power and Light Company
for the Arkansas Nuclear One, Unit 1, it is concluded that the tests conducted 9
and the resultant small percentage error differences verifies the accuracy of
the computer program models and assumptions used to determine the adequacy of
the station electric distribution system voltages under worst case starting and
load conditions.

~

-2-

,

-

_ _ _ _ _ . _ _ _ _ _ . _ _



_ _ . .

..

. .
*

,
,

.

'
. .

161 kV, SYSTEM
-

.

.

STAR'iUP

y M TRANSFORMER NO. 2

4160 V Al
.,

f
_

} A3
CLASS lE
4160 V

, ,

_

LOAD CENTER WW"

TRANSFORMER mm

)CLASS lE.

480 V B5,

(

l

|
. .

FIGURE 1 - TEST VERIFICATION BUS TRAIN

! -3-j

1,
~m

'

_ _ '1 . - - - _ . . _ _ _ - . . _ _ _ - - - - - - . - - - - - - - - - - - - - - - - - - - - - ~~



- _ - - _ _ . - _ - .

|-

' - |
. . .

,
-

.

-
. . ,

v

REFERENCES .

P

NRC letter (W. Gammill) to all power reactor licensees, dated August 8,1979.1.
;

AP&L ~1etter (J. R. Marshall) to the NRC (J. F. Stolz), dated August 17, 1983.
|

2.
I

.
.

Telephone conference; Ted Enos (AP&L), Guy Vissing and H. Emani (NRC), and3.
James Selan (LLNL), dated September 16, 1983.

4

LLNL Report, UCID 19118, " Technical Evaluation of the Adequacy of Station4.
Electric Distribution System Voltages for the Arkansas Nuclear One, Unit 1,"

dated December 16, 1981.
.

I

J

'

.

e

t

)

.

-4-
.

- - - - - w. , -- - , ,,,- ,- ,, , . , , , ,_- , - . , - , , . . . - ... --- -- - , , . . .- -



.
.

__ - , - - - - , -

,. , , . , , , , . , , , , ,.
.

,

. .,

. _.. v . . .q;9. nii' 1. . ,. ' . " c.4 .

i . - .w. .. g: - * d. 'r -
' '

:\;
. . a. ,

- <-
. + . . , . .. . .

. .e. , , . . .. . , . . . . . . . . .- . ?,, .. ~x w -. . ; . . .. m* ..,.,....s ... y. . . .; . s.t. ;; ., _.4 J. b.*.. . m, .~: ;g,,;..;.. p. p .>.:. r
4. . . s. . . . ~ , , . . . , . .... ... .

e.. .

.,~
_..t g .... 7. .. .

9 '- * e
. :.;. *. . .t * . .,

. DWlhIER
, ' ' * *. . . - -

' ..' ' ; t . 'vl ra F. M MW>r $M&*JWe,*WM 4:U9 ;s.VW:4 m ,:5*Q g'. .. . - . . . . , , ,

nie d= -* was prepared as se accomme of warli spemessed by as agemry of she Usised Sesses Govevaname. Neisher

she United Senses Goveresseet ser any agemey shareof, ser any of their eseployees, usakes any marreaty, empressed

er imp 5ed, er enemmes any legni limhtity er sempemeEmey for,te assersey, f . er usefulness of any ,,,g.,. . ,
Iedermaales, appermans, preemet, or presses awa.-a, or supeessmes est les une would met lefringe priveesty onged. w. -

W
,,

rights. Referesse herein se any aposine seemsereini predmet, y ====. er :iervice by ereile name, eredemark, mammtae.
, , , .,

eurer,ersearwise,doseest -- - 4 esamelemse er imply les endersement, receaseemdmeien. er fevering by the Ueleed-

g* ' ,,

Senses Government er any asemey theseef. The views and epimises of aushere empressed herois de see asesseerty sense 6.
'

er reSeet ebene of the Uelsed Sensee Government e.r any agemry shareef. .. .. , . , .. .>s . .o . n

. -,m. . 9, . . &... . . .. is. .s ,. : m.:..... a, .u .n:.r...: .w+. d.W . A . .t .ny. . . a :. ..;..+::s .n, ;. , g ; :e. . + , .

.;, . ... .

c
.. -- . ..

e :"
..

. . . < +.n ,. . ; w. .; . . .- a
.

.

. .. $

. .p,. -

.r w . .. i, .

. 2: . .
-

.fu.,n.. W. - . . .' +^ r. '
%.- . s '.' @ .) p . %: y,.

.

@< . . + .. ; .... , aMj:p;y ; ,y - 2 t.p" ' '*;**: ~~'-ya-
~ a. ,. . .s . , . . . . .

J.Qe:d :4: ,

. - -
.

.

*.
.

. ..

. .

':
. VW';,.C ; .

,
r. y .. W r ,.. f n;; ;.:% : 5 ;. .;

* -

,

5,.f -AA4 v. c . ..:.c '). % .j;d g g; h sf..A M. ;'j,q'.g-@ M, N.2;t'i.:q M % .. $ g,.,.7,,-4 .-
,

.. .
,

.

. . . .f; :. . . . . . ... .

w .gr. w, . s, .: . d a.a . 1.J , w . 9. ;. u.. q y ,.; ..a , . . n. . . , .- :. - . . . . . .,s
. . , . e . . ..

-
. ..

.<- . .. . . . .

...........,,f. .p..
.

, ..<.
. . . . - ..,

.-.
.

. -
, , . .. . , , . -

4 .. .
..

. , . * . '

**.*.,.f',vf|, L..,,y.*. - * ? 7; . . .y I ; %*4. .r.~ . ;s . .* s t Q. 37s* f f :,fk,C =
-

*
;

., .

e

s .,*a . .

.

.s.. . . .

s . ..

, %' ' 4 '(. '. .. . . . .i*.v ~
- , s s . arg * h[c h .. . .% * . . *-- . . -' ..

* # '** "***4
,. . . , . .. i ~ w; ~

f

. .* -
'

. ?. y,'s * *[ ,*, M.* *J'.est',..d. * - . dh. . .M. .I .* * * * . T* .. . .M. ..-l* .
. . ,- g , , , s

, ._

* a.*-, r

'' .

co .y ,*UC.*.,.,@ s -,hdn .
. . ~ 5 .., ..

.
. . [ s < . . .; . s .$. o. L.t!. %.a .-

- ~ '. *

.. G.r '=r % :' -i .' t.% : g. .- t, .
.'i's.4 v 41 .% '. . ~

. _

g'. .r.
.

4 5.:w...,l g
. .e >.. - ..

.
.,. . ,

-_...a, g q.-

. . . , . ..

: .
, c.. .

-

y.g @ v d :% x.:..q y, u;. v :,.i.. + ;-m
-,.

,g% .,m. . y; .,

:,.,,.f'c+ w . . .y : Y. p;
ou.

..,:2. :.w..:.; ;,~..m. . ,;.w,. - .~ .*. m..< ~~ ..-
u : ..:

- ~- -. . .
. .

.. . .
.

.
.,. .

kj {: y.w , r .c . w w . d W ' k n Y M % . k ! g g @ !.j e . n % J T. O - +. .,

. . .

. . . . . . ... . .

',.2 M.,'. x" W>yg.
. ,. .

.
. . ", ' ..s. :. w . , n ~w. .?. .w.e:,h;+. y. .-|.:y,,**e. .. ,;Q p:: .'.: e._~:w. ,.s.: , . ' s. . .. . . .

. ; ..
b|,es:'M.R.Q.1;n f

* -

:: e.,
w . ,. , , . . . . . .:-.. 4.. ,. m -

$'.&. .

.,

.. - s ,.
. . . . :.. : .;

.

*f... .y, .?. . , 'GM.*fQ&. ,,i'Ya. . . .,I$iw'|&h*7 ,.-Q ..Q.Q;&,.% w:.YE*;Qi
- . .

..1 .. s.. V.;.-. ,2. .

. . m. . .. r .. ,.- .

- -
~

.$. ,. .

.#. 9,'.n..
&: ,Q

..

T y$e f.'%
.

- , . ?!.
,

*
v

*
n

*! Q .j Y*

o??{M):, .s .v-
.

.
- .- ' -

-1N.a. n.@ 'e-y W. , &: <| s| &c:.&.. .. ' ,"...,
. .

T* M. .- i

.. . . . .

s

. m..%. ..c x :s;,.s L.M.. %,...W W. .t+ &. W.
--

. . #...w . 1. .e.-.. _ , .

w p. . . v.. . ..o. .s. ,.w..y m- . m c.w.. . . .
- . j. . . .

,: ,... . . . . ..
- . . .. .: .c , ~. a. r a - + . - . - .w. . . .

n. . . . .. a.

p &...u.Y W .;u..A..,.
.. ,,..s.>r..e. #

m ..2..e -
. . . .a w t

* h .Av,.csu. h 4 ,b.e.|;. M $|$ |.w: w :: . .% : . . J '. - .-
x.wsa.sL.: -- o.s. r-n7s. .

*

. . . . x. w

&.W.MZ~A't%.E - . E. 4. .*C$, 5.9M. .. . . . .. . r.$&.M,4,. . .
.

. ,-.

mu *:n p. r .,: :.W. .. &h'.&- =.kR 7%5ea";;&. . . , .. .
,s. ~ r -,<:...,a s- .

7 ..

". W !. M. .XL1
. . .

M**
. :, .: . ' .;.,g , ;F va ~y.-;,. p. rey +

N. .. ~.
3..r. ; ,7 yg;.f..g.y-e v,

,

..
,.. . - . . , . . . .,

h.[Nhff. b. ..$hY E'$hk f *' ,, . .m .kh , ~. ..h.. Nh . ,k, . t .
.

W,.N5 n' M k .f '
. . . . . s...

.lf .
%. ..w. es, ..,y.4. . %. .u.w.s .e .a u, *., .. .p~f,3 . y R&W -n w f,, @ e

*5r%.W.W,?M'4?;t,ty*:%. ,,. % .y.<
t.w..,. %,.g..Mer.Gr

'

q.. ,, m. , . .r.4,. ..
.

1 u.e. s .* .u p ..
n .s, .

.. 4 W W t4G| N .;%,; u j a > > , .
..

, s' ,t ** -
.

.
- ..

.

y.g--
g.).*.Q; *. . ., ... ' *QV ' ''

- .

J' %,. . . .Q, ; .e7, '
,e.s

'

- ee 3

&*- **-|vf qeM.'.:,,
. . , .

. . p.4 f.: .., - p. . -; Aveashie tem: Nealmsel Tesheismi teforamine Servise U.S. Dsperansme of Comanese'% e+p't.en "'< ' . 8. .
-

% Q % .c.A+fa tue
-- - - SIES Post Reyel Read M VA3396E'=''SFAO per empy . (Miseseshe 98.50)- - .%g . s

'4 : , - ''

E.Jh. %. . .N4*."'If M* Md.4bM .a tb D N N f

6..$.M@N@.h,N,h$e.N.n.rh.n.,.V.ilh..
N' Y..t n '- ..

eu. n?[.. w,p . . p::.
.

.~.. . m. .e ..

k Mhh.tr <D,%
h424#6h[hfM4.WL%4ff%iM/M;p6MM[ikP.,3 . < '''I N'N1,. r

-

_ _ _ _ _ _ _ _ _ _ _ _ . _ _ _ _ _ _ _ _



.,
.

.

,

.O

Distribution' *

Docket File
NRC PDR
Local PDR
ORBf4 Rdg
DEisenhut
OELD y

.CMiles
LHarmon
ACRS-10
TBarnhart
EJordan
J'aylor-
WJones
DBrinkman
RDiggs
GVissing
RIngram.
Gray Files +4
HDenton
EBlackwood
H0rnstein
SECY

A Ungaro
MSrivasan
DSI

ORB PSBLI 6 ORB #

GV4 g;ef A JStol:
12//#/83 12/l(/83 12/ ,/

.
. _- _

;


