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PURPOSE

This study is tc review the voltages on varicus 20%/120V Auxiliary
Distribution I'anels and the equinment connected to these panels to
assure prope: voltage at the iterminals of each satety related load.
The distribution transformer tap settings weie ., OJSen to as.ure
propei operation of the safer . ‘ated equipment under conditions cf
an acrident ve one unit and a false accident signal on the olher

unit (2X LOCA;.

DEFINITION

1, 7% LOCA: Cases are it 36¢ initiated by 2 Loss of Coolant
Accident on Unit 2 and a false LOCA signal from
tnit 1, resulting in the runaing oi bath Units' ESS
lpads .

2. SAT ‘ight Load. This represents the winimum auxiliary load

with _he pient shutiown and all aovi® . ure

loads fed {rom the SAT.
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2.0 SUMMARY OF RESULTS

For the 2X LOCA Run, the Voltage Criteria were chosen to ensure that zll
safety related instrumentation would furction and the relav coils and
solenoids would pick up. The veltage 1.wit would be above 907 of the

equipment rated voltage.

It is recorended for the operating conditions shown, the source voltage

to be held writhin the restrictions taoulated in 2.1,

2.1 OPERATING VOLTAGE LIMITS (Ref. 7.3)

BASE PER UNIT ACTUAL

CASE BUS VOLTAGE VOLTAGE VOLTAGE
SAT SWYD 230,000 1.00% 232,068
Light Load

E? 480 1.0813 519

EB 4BO 1.0765 517
2X LOCA iun SWYD 230,000 .9351 215,073

E 400 8870 Lék

E8 480 .BBO3 423

*This operating voltage limit does not supersede the minimum
recommended voltage of 0.9550 per + . i: (219, 655 volts) listed in
Section 7.1.2 of Voltage Drop Study (Ref. 7.3 2X LOCA Run,

Reactor Building closed cooling water pumps 2A and 2C start)
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“UMMARY OF VOLTAGE KEQUIREMENTS

PESULTS

PANEL MINIMUM VOLTACE MAXTMUM VOLTAGE
NAME 2X LOCA RIN SAT LIGHT LOAD

BASE PER UNIT | ACTUAL FER UNIT | ACTUAL
| VOLTAGE | VOLTAGE VOLTAGE VOLTAGE VOLTAGE

UNIT 480 .087H 426 1.0813 519
SU3 E?

MAIN DIST.| 208 L8916 185 1.1017 229
FNL. 2E7

iNL. 2CA 480 8677 417 1.0733 515
PNL. DGC 480 .8351 425 1.0807 519
NL. 2A 208 L8911 185 1.1015 229
PNL. 2C 208 L8915 185 1.1017 229
PNL. 32AB | 208 L8911 185 1.1015 229
PNL. 32A 208 8874 185 1.099% 229
PNL. 2ADG | 208 ,  .BB5 184 1.1000 229
UNIT 480 .B803 423 1.0765 517
SUR E8

MAIN DIST.| 208 L8916 185 1.0994 229
PNL. 2E8

PNL. 2CD 480 .8523 409 1.0650 511
PNL. DGD 480 8782 422 1.0761 517
PY_. 2B 208 LB913 185 1.0993 229
PNL. 2D 208 L8915 185 1.0994 228
PNL. 328 208 .8701 181 1.0909 227
PNL. 2BUG| 208 8742 182 1.0940 228

i
B




WORST CASE VOLTAGE
COIL OR SOLENOTD TERMIFNALS
4
' UNIT SUB. E7 UNIT SUB. EB
Actual Actual
P U Vritage Voltage P.U. Voltage Voltage
Minimum Voltage 0.9235 106.2V 0.9026 103 &V
Maximum Voltage 1.15%78 132v 1.1492 132,16V
2.3 TAP SETTINGS
F Recommended transformer high voltage tap settings are as follows:
TRANSFORMEX NOLe TAP_SEITINGS
150 KvA, 29 G (=2,5%)
} 480 - 208/120V GFb (-2.5%)
1. KVA, 19 GES (=2.5%)
80 - 278/120V F17 (=2.5%)
GE7 (=2.5%)
236 {=2.5%,
i
lye
h‘ — - - L . > |
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Voltage at the load terminals should be maintained at 90% of the rated
voltage during "2) LOCA Run" condition and voltage at the load terminals

should not exceed 110% of rated voltage during "SAT Light Load" condition,
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4.0

4.1

4.2

DISCUSSION

TAP SETTINGS

The criteria used to choose transformer tap settings was to determine,
for each set of tap settings, the voltage to fall in the limits of
safe operation of all safety related equipment. To accemplish this,
for each tep setting combination, voltage drop calculations were
performed at SAT Light Load and ZX LOCA Run. The tap settings chosen
are those most closely approach the desired voltepe requirement,

For the recommended tap settings, see Article 2.3,

ALLOWABLE LOAD VOLTAGE RANGE

Unit substations were specified for 4BOV, power distribution pamels for
280V and operating voltage for relay coils and solenoids are 907 -
1107 of rated voltage (115V). The minimum pick up voltage 103.5V.
4,2,1 For 2X LOCA Run, the voltage drop between the Unit Substation
and the power distiibution panels is significant. The veltage
drop between the distribution panel buses and terminals of
relay coils, solenoids were determined for three parameters
e. Longest length of cable run in 1 - P circuit
b. Maximum load in 1 - P circuit
¢c. Cable length 7", wore than "a." and load above 50% of "b.".
The voltage drop for SAT Light Load was determined for shortest
length of cable run from the distribution panel buses to the
terminals of relay coils and solenoids, It was found that if
the voltages at Unit Substation E7 is above .BE76 p.u.

(426 Volts) and EB is above .BB03 p.u. (423 Volts), then all

.b-
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4.2.2

4.3

METHOD OF ANALYSIS

relay coils, solenoid and instrumentation veoltages will be

above 90% of the rated Voltages.

Operation at voltages higher than the rated V»nltage of coils
would probably result in abnormal heating of ceoils and
shorten their life span. The over voltage case could occur

when & unit is shutdown.

When units are tripped the switchyard voltage is expected
to drop to 98% (225,400 Velts) (Ref. 7.5). This in turn |
improves the case of over voltage condition since this :
study was based on switchyard voltage of 100.9% (232.070 '

Volts) when the unit is shutdown - SAT Light Load (Ref, 7.3).

Rurmming loads on 480V system were taken from 480V Load Study
(Ref. 7.2). Running loads on 208/120V svstem were calculated

based on actual loads from the drawings (Ref. 7.9).

4.3.1

The UESC Computer Program 'VOLTS' was used to calcvlave bus '
voltages. This program performs a GAUSS - STEDAL load flow
calculation, up to 25 buses can be modeled. Transformer with
tap changes can be represented. Bus voltages are computed by

the program to 2 tolerance of 2. oo01.

i
|
\
|
|
|
|

- -

J
|
i
g hiie A




R,

T TR L i L . SRR R R A B
-

. Sy

4.3.2

4.3.3

Per Unit Values

Calculations were performed using a per unit scheme with base

values as follows:
SYSTEM
4LBOV

208V

Impedances

The transformer impedances are assumed.

BASE VOLTS

LBOV

208V

BASE MVA
100

100

Cable impedances

were calculated based on actual length of cable run and

cable size. Impedance from 4BOV Unit Substation to 208V

System were taken from report on Voltage Drop Study (Ref. 7.3).

Transformer impedances were combined with cable impedance

between two buses,




5.0

5.1

5.2

5.3

5.4

480V _SYSTEM

4BOV Unit Substation ler Unit Voltages

E7  2X LOCA Run 8876 p.u.
SAT Light Load 1.0813 p.u.
E8  2X LOCA Run .B803 p.u.
SAT Light Load 1.0765 p.u.

P.¥F.

-

The above data was taken from the report on Voltage

(Ref. 7.3).

DISTRIBUTION TRANSFORMER

Rated KVA - 150 KVA
Nominal Impedance - 3.3" T 7.5% tolerance
X/R Ratio - 2.5

Voltage Ratio - 4BO - 208/120V

DISTRIBUTION TRANSFORMER

Rated KVA - 10 KVA
Nominal Impedance - 1.95% % 7.5% tolerance
X/R Ratio -~ 2

Voltage Ratio - 480 - 208/120V

RELAY COI

Type: CR2810 G.E.
Rated Voltage - 115V
Frequency - 60 Hz

VA - 130
Watts - 4.18

-g-

e A e —————

.85
.85
.85

Drop Study




5.5 SOLENOIDS
Rated Voltage - 115V

Wattape - 30 Watts

Frequency - 60 Hz




6.0

6.1

6,2

6.3

6.4
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The nominal impedance and X/R ratio of distribution transformer

150 KVA is 3.3%7 and 2.5.

The nominal impedance and X/R ratio of 1f - 10 KVA transformer is

1.95% and 2.

The power factor of power distribution panels is 0.85.

The wattage of solencids is 30 watts.

i1~
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7.4 Industrial Power Syvstem Handbook - Beeman (McCraw Hill).

7.5 CPSL letter to BRC Serial No. NO-80-1093 dated September 26, 1980.

7.6 9527-F~3005 Single Line Diagram

480V System Unit Substations 2E, 2F, E7, EB and Common “D"

7.7  9527-F-3053 Single Line Diagram

480V System MCC 2CA, 2CB, 2PA, 2PB and 25A

7.8 9527-F-3057 Single Line Diagram

4BOV System MCC DGA, DGB, DGC and DuD
7.9 9527«F-9331 Single Line Diagram

Emergency Power System

120/208V Distribution Panels 3p, 4 Wire

7.10 G.E. Catalog Control GEP 1240C

7.11 Solenoid ASCC Catalog No. 30.
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APPENDI X

VOLTAGE DROP STUDY

FOR

CAROLINA POWER & LIGUT COMPANY

BRUNSWICK STEAM ELECTRIC PLANT

UNIT NO. 2

BY

UNITED ENGINEERS & CONSTRUCTORS INC,

VOLTAGES

AND

IMPEDANCE DIAGRAMS

Al
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BUS NAMES

4BOV Unit Substation E7
208 Main Dist. PNL 2E7
480V PNL 2CA

4BOV PNL DGC

208 PNL 2A

206 PNL 2C

208 PNL 22AB

208 PNL 32A

208 PNL 2ADG

480V Unit Substation EB
208V Main Dist. PNL 2EB
480V PNL 2CD

480V PNL DGD

208 PNL 2B

208 PNL 2D

208 PNL 32B

208 PNL 2BDG

VOLTAGE DROP STUDY

2X

APPERDIX

RUN

P.U. VOLTAGE
MINIMUM

.BETS
8916
86/
. 8851
.8911
.8915
.8911
.8874
.BB54
.8803
.8916
.8523
.B782
.8913
.8915
.8701

LB742

ACTUAL
VOLTAGE

426 |
185

417

185
185

185 '

422
185
185
181

182

NOTE: BASE VOLTAGES FOR ALL BUSES ARE THE RATED VOLTAGES SHOWN IN THE

LEFT HAND COLUMN




VOLTAGE DROP STUDY

APPENDIX

SAT LIGHT LOAD

P.U. VOLTAGE ACTUAL
BUS NAME® MAX IMUM VOLTAGE
480V Umit Substation E£7 1.0813 519
§ 208 Main Dist, PNL 2E7 1.1017 229
480V PNL 2CA 1.0733 515
480V PNL DRC 1.0807 519
208V PNL 24 1.1015 229
208V PNL 2C 1.1017 229
208V PNL 32AB 1.1015 220
208V PNL 32A 1.0999 229
208V PNL 2ADG 1,1000 229 |
480V Unit Substation EB 1.0765 517
208V Main Dist. PNL 2E8 1,0994 229
480V PNL 2CD 1.0650 511 |
480V PNL DGD 1,0761 517 |
208 PNL 2B 1.0993 229 J
208 PNL 2D 1.0994 229
208 PNL 32B 1.0209 227
208 PNL 2BDG 1.0940 228

NOTE: BASE VOLTACES FOR ALL BUSES ARE THE RATED VOLTAGES SHOWN IN THE
LEFT HAND COLUMN,
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VOL STUDY

APPLEDIX

TOTAL RUNKIRG LOAD MW AND MVAR

UNIT SUBSTATION E7 POWER FACTOR - .85

22X LOCA RUN SAT LIGHT LOAD
BUS LC=D
NO, IN K& Mw MVAR Mw MVAR
{507 of 2X LOCA RUN LOAL)
PNL. 2A-TB(El12) - 9.075
2 PRL_ ZA-RX(HP9) - 3.125 | 0.024 | 0.0148 0.012 0.0074
PNL. ZAB-RX(H11l) - 4.8
PNL. 2AB(HPR) - 6.98
3 PNL. 2CA (other load) 0.3218| 0.19%1 0.1594 0.0%88
& PNL. DGC (other load) 0.1593| 0,0986 0.0435 0.027
B PNL. 24(HP6) - 13.055 0.0131] 0.008 0. 0066 0.00&1
3 PNL. 2C(HYP) - 3.157 0.0032| 9.002 0.0016 0,001
7 PNL. 32AB(HX0) - 2.029 0.002 | 0.0013 0.001 0.0007
B PNL. 32A(HWB) - 0.92 0.0009 | 0.0006 0.0005 0, 0003
B PEL., 2A-DC - 8.525 0.0085! 0.0053 0.0044 0.0028

*Refer (7.2)

Unit Substation E7, Shutdown Condition and LOCA Condition

ALD
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VOLTAGE DROP STUDY

APPENDIX

TOTAL RUNNING LOAD MW AND MVAR

UNIT SUBSTATION E8

POMER FACTOR - .BS

2X LOCA RUN SAT LIGHET LOAD
BUS LOAD
XO. (IN KWS) . MVAR i MVAR
(501 of 2X LOCA RUN LOAD)

PNL. 2AB-TB(HI2) - 2.09
2 PNL. 2B-RX(H1P) = 3.21 | 0.0107] 0.0066 0.0056 | 0.0033

PNL. 2B-TB(HI3) - 5.535
3 PNL. 2CB (other loads) 0.3119} 0.193 0.1601 | 0.099"
" PNL. DGD (other loads) 9.1775] 0.1098 0.0433 | 5.0269
5 PNL. ZB(HO7) - 7.55 0.0076 | 0.0047 5.0038 | 0.0024
6 PNL. 2D(HY1) = 2.07 0.0021 | 0.0013 0.0011 | ©.0007
7 PNL. 32B(HWS) - 1.41 0.0014| 0.0008 0.0007 | ©0.0004
8 PNL. 2B-DG - ©.32 o.ooesi 0.0058 0.0048 | 0.002¢

*Refer (7.2)

Unit Substation E8, Shutdown Condition and LOCA Condition

All
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Case

2

A% AEf 4

A

ta)
32A({HWB)
NO. 22

(b)
2A(HPE)
NO. &

(c)

32AB(HXD)
NO. 5

2C(HY®)

. NO. 22

R e LR vy w—

VOLTAGE

DROP STUDY

AFFENDIX

UNIT SUBSTATION E7

VOLTAGE DROP IN 1 - @ CIRCUITS

2 RUN
LOAD VOLTAGE VOLTAGE
RESISTANCE  REACTANCE  (WATTS) DROP AT TERMINALS
0.522 0.0115 30 0.2v 1066V
0.12 0.00041 240 0.4V 106.4V
0.167 0.0058 238 0.6V 106. 2V
SAT LICHT LOAD
0.169% 0.0037 25 0.2v 132v

»

-

Volt Drop = 2 {1 (R COS @ + x Sinﬂ)}

Al3




clivM Q- Qe
w 2IeGC U 4 Ely0n 2
GLON a2

__ 14 007
Zipg L+l

C.sz\,nu TINA
” (2) 35D

“ R o T LU

R R R RN _— -

SLiv™ O% - AYOT
CLZOO'TOT+ R 21022

IZ°ON L9D

‘L3 09
Nf‘ U\Q..

T(AH) 47 Ing

ave JH9IT 1YS

SLiYM QO% - avyo
DENC O F4BDPE 0= 2

CON AN

14 L9%
Qla J/%!

o

(9) 3%VYD

NOA VOO X 2
SLI0241D @-1 NI 4O3A FOVYLIOA
L83 MuAvLsSans LN

¥ X1AN3ddv

AANLS 4044 35HvLITI0A

L — S

S1iVM 001 ~ aYOT
SPIO0O P+ 1 LS 0=2

ZZ'ON'AND

13 8
rAPe /e

Ba-8% INd
(e) Isv2

Ald




L

R T —

——

R R R R R R R RS~
ln

.
=

Casge

REF H3

g

ek

i#

(a)
2B-0G
KO, 22

(b)
2B(HP7)
NO. 3

(¢)
2B(HPT)
NO 26

2D(HY1)
NO. 21

VOLTAGE DRCP STUDY
APPE. DIX

UNIT SUBSTATION ES8

VOLTAGE DROP IN 1 - @ CIRCUITS

2X_LOCA RUN
LOAD VOLTAGE
RESISTANCE ~ KEACTARCE  (WATTS) DROP
0.6571 0.0145 {00 0.9V
M. 3468 0.01196 600 v
£.413 0.00912 120 0.7V
SAL LICHT LOAD
0.1239 0.00272 30 0.05v
AlS

VOLTALE
AT TERMINALS

104 .18V

103.8v

106.1V

132.16V
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VOLTAGE DROP STUDY

APPERDIX

UNIT SUBSTATiL. 17

1., EDARCES

CABLE AND TRANSFORMER IMNPEDANDES

RESISTANCE
X LOCA Sal
R LIGHT LOAD
Cables. 7.8950 7.8950
Transformer: £.76 1.3593
Total: 16.655 15.46543
3.2882
0.9792
2.079
3.00405
16.54
2X LOCA SAT
RUN LIGH™ TOAD
Cahle: 10.06 10,06
Cable: 23.80 23.80
Transformer: 93.91 82.73
Total: 127.77 116.59
Cable: Lo - 9.722
Cable: €.93%7 9.537
Transformer: 93,95 82.73
Total: 113.56 102.389
Al6

(

REACTANCE
2Y LOCA SAT
KiUN LIGET Lual
6345 7.6345
21.% 18 _B986
29.53 26.5. °
3.3229
0.5347
2.3557
1.71
9.244
2% LOCA SAT
_2UN_ LIGHT LUAD
0.7595 0.7395
3.928 3,928
iB7.8 165,546
182.5 170.1475
1.605 1.605
1.663 1.5663
187.82 165,46
191.08 168.728

e e e
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FROM
S

T0
BUS

Cable:
Trans ormer .

Total:

Cable:
Cable:

Tran. former:
Total:
Catle:
Cable:
Transformer:

Tuzal:

VOLTAGE DROP STUDY

APPERDIX

UNIT SUBSTATION E8

IMPEDANCES

CABLE AND TRANSFORMER IMPEDANCES

RES ISTANCE
2X LoCcr SAT
_RU*_ LIGHT LOAD
15,0599 13.0599
_B.76 7.5593
21.8199 20.6192

4,6875

0.612

2,475

3.948
2X LOCA SAT

RUN LIGHT LOAD
32.464 32,464
11.901 11.901
93.61 82.73

138.275 127.995

24,825 24,825

9.983 9.983

93.91 82./3

128.718 117.538
Al7

REACTARCE
2% LOCA SAT
RUN LIGHT LOAD
12.322 12.322
A= 18, 8986
A 5 31.2206
4,739
0.6163
2.38
2.218
2X LOuA SAT
_RUN  LIGHT LOAT
2.4585 2.4565
1.987 1.987
187.82 165,46
192.263 169,9035
1.B83 1.883
1.663 1.663
191.346 169006




VOLTAGE DROP_STUDY

APPENDIX

IMPELANCE CALCULATIONS

AUXILIARY TRANSFORMERS

BASE: 100 MvA

P s P s e e P e e S Fe] 4 A0 e i S I e e e L T e e Ak E e A =T e e

CALCULATIONS : z -de-x

| R.P.U, = Ohms

{ e [T R O N T e
1

2X_LOCA RUN
PERCENTAGE ~ TOLERANCE
KvA IMPEDANCE t 7.5%
150 3.3% 3.54
10 1.95% 2.1
SAT LIGHT LOAD
150 3.3 3.0525
10 1.95% 1.8038

x _New KVA
0ld  KVA

AlE

X/R_RATIO
2-3

2

z‘s

R X
PER UNIT PER UNIT
8.76 21.9
93.91 187.82
0 18.8986
82.73 165,46




VOLTAGE DROP STUDY
APPENDIX
CABLE IMPEDANCES
BASE MVA = 100
P.U. Z 480V Cable - Z Ohms x 100 = 7 Ohms x 434,02
L4R2
P.U, % 208V Cable = Z Ohms x 100 = Z Ohms x 2311
. 2082
Resistance at 90°C = Resistance at 75°C x 234.5 + 90 = Rx 1.048
(234.5 + 75)
UNIT SUBSTATION E7
S1ZE R/1000 Ft. X/1000 Ft.
: OF LENCTH in N in N R in X in R X
= | FROM 10 CABLE (FEET) | (7.4) (7.4) n ~ P.U P.U.
Unit Sub | Power 7.8950 | 7.6345 #
E7 Dist. PNL
2E7
PNL 2E7 PNL 2A 1-3/¢ 500 30 L0306 L0295 L0009 . 00Ra9 2.079 2.0567!
MCM s X,
PNL 2E7 PNL 2C 1-3/c 250 23 +0573 L0322 L0013 00074 | 3.D043 1.710
_— < LEMTEN LTRSS
PNL 267 ' PNL 32AB 1-3/c 250 125 0573 .0322 00716 004 16,54 9.2an
' MCM . ___{L”__v__“#___u__
E7 2CA b 3,2882 3.3229 *
———a e v —-»I --~~—t+a-——-——- —1—-—---«-»‘
2CA Transf. 1-4/c #6 AWG 45 316 .0391 .0232 T 00175 | 10.06 ,7'3:15‘
| e T st TR JER
e N -

e e
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VOLTAGE DROP STUDY
AFPENDIX

UNIT SUBSTATION E7

PNL. 2C {uY®)
™G, 9527-¥-93131

CKT LOAD
NO, WATTS
, 1 108
3 25
5 25
7 116
9 116
| 11 116
j 13 116
| 15 200
17 50
19 150
; 21 150
q 23 150
' 25 150
’ 27 25
29 224
2 100
4 50
6 150
: & 150
1 10 150
E 12 200
| 14 -
| 16 200
‘ 18 25
' 20 25
I 22 25
i 24 150
; 26 150
: 264 36
| 28 25
| Total KW  3.157
=noowT

A23

T — S — - - repn—_ B e i s L




! VOLTAGE M STUDY

APPENDIX

' UNIT SUBSTATION E7

PNL_2A-DG
WG, 9527-F-9331

CKT LOAD
NO, WATTS

| 1 25

2 50

] 3 -

: 4 100

i 5 -

l 3 100

| 7 250

' 8 100

3 9 -
10 250

: 11 -

& 12 50
13 250

.! 14 250
15 50

" 16 50

| 17 50

i 18 50

:‘ 19 50

‘: 20 0

J 21 .

| 22 50

: 23 6800

E 24 . %

! Total Kw 8.525

| mEmme

i

i

E

‘. A24




VOLTAGE DROP STUDY

APPENDI X
~UNIT SUBSTATION EJ
PNL 32AB (HXO)
DWC., 9527-F-9331
CKT LOAD
NO, WATTS
1 100
3 107
5 238
7 238
B 58
11 108
13 116
15 18.5
17 18.5
19 -
21 -
23 108
2 82
4 279
6 108
8 238
10 58
12 58
14 32
16 32
18 32
Total KW 2.029
.

A25
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VOLTAGE DROP STUDY
APPENDIX
IRIT SUBSTATION EJ

DWG. ©9527-F-9331

LOAD
WIS

100
30
120
260
240
€00
100
5250
100
1200
2000
120
100
2000
50
30
50
150
0
50
125
50
60
80
690
60
30
30

- N
Total KW 13.055

A26

SRRy RRe—.—,



i n b ki T M T e S L e W TS S R — g

VOLTAGE DROP STUDY

] APPENDIX

UNIT SUBSTATION E7

PNL. 32A (MW8

ING. 9527-F-9331

LOAD
WATTS

30
560
30

30

RPN T

10 30
12 30
13 30
14 30
16 30
18 30
20 30

22 30

Total KW .92
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Total KW

VOLTAGE DROP STUDY

APPERDIX

UNIT SUBSTATION E7

PNL ZA-TB (H12)

DWE. ©527-F-9331

LOAD
WATTS

1250
95
3400
100
130
100
130
100
275
275
100
30
30

Prlmea s
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VOLTAGE DROP STUDY

APPENDIX
UNIT SUBSTATION E7

PNL. 2A-RX (HD9)
W 27=F=9331

CKT LOAD
8O, WATTS
1 -
2 -
3 360
4 .
5 -
g 100
7 -
8 100
9 100
10 100
11 -
12 -
13 -
14 .
15 -
16 -
17 -
18 -
19 700
20 100
21 100
22 100
23 75
24 100
25 75
26 100
27 100
28 100
29 50
30 175
31 50
32 100
33 -
3% 100
35 240
36 100
Total KW 3.125
IR BRI

A29
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. . VOLTAGE DROP_STUDY

APPENDIX
f_ UNIT SUBSTATION E7

PNL. 2AB-RX (H11)

DWG. 9527-F-9331

* CKT LOAD

| NO, WATTS

!

| 1 &
2 »
3 -

: 4 240

| 5 100
6 1000
7 -
8 1000
9 -
10 -
11 100
12 240

" 13 240
14 240
15 -
16 -

u 17 -
18 -
19 -
20 -
21 100

" 22 100
23 -
24 240
25 1000
26 .
27 -
28 -
29 -
30 -
31 100
32 -

‘ 33 -
3% -

T 35 -

" 36 -
37 -

u 38 -
E 3 -
40 -
42 100

Total KW 4.800

A30
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VOLTAGE DROP STUDY
DIX
UNIT SUBSTATION E7

PNL. 2AB (HPS8)
WG, 9527-F-9331

CKT LOAD
N0, WATTS
2 100
5 100
6 100
7 360
10 100
11 240
12 2490
13 100
14 1600
15 -
19 600
20 600
22 240
24 240
e 360
33 100
34 1200
36 -
42 700
Total KW 6.980
==

A3l
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APPENDIX

UNIT SUBSTATION E8

PNL. 2AB-TB (H14)

VG, 9527-F-9331

LOAD
WATTS

390
100
200
240
240
240
240
240
12 100

14 100
Total Kw 2.0%0

A32
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VOLTAGE DROP STUDY

APPENDIX

UNIT SUBSTATION ES

PNL. 2B-RX (H1®)

MG, 9527-F=9331

Total KW

e

LOAD
WATTS

100
360
200
100
200
100
100
100
100
100
700
100

75
100
100
175
100
100
100
100

- .

3.210

A33
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VOLTAGE DROP Si'DY

APPENDIX
UN SUBST. ON EB

PNL. 2B-TB {H13)

DWG. 9527-F-9331

CKT LOAD
20, WATTS
2 1270
3 100
4 3400
5 390
6 75
7 100
& 100
9 100

Total KW 5.535

A3
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Total KW

VOLTAGE DROP STUDY
APPENDIX

UNIT SUBSTATION ES

PNL. 32B (HW9)

WG, 9527-F-9331

LOAD
BATXS

100
30
50

100
100
100
100
100
100
100
200
100

1.410

A35
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VOLTAGE DROP_STUDY

APPENDLX

UNIT SUBSTATION EB

PNL. 28-DC

WG, 8527-F-9331

CKT LOAD
NO. WATTS
1 100
2 100
3 100
4 50
5 100
6 50
7 200
8 200
9 -~
10 200
11 -
12 100
13 250
14 250
15 -
16 100
17 -
18 100
19 120
20 100 |
21 200 |
22 100 |
23 6800 |
24 100

Total ¥W 9,32

I
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STUDY

APPENDIX

UNIT SUBSTATION ER

PNL. 2D (HYl)
NG, 9527-F-9331

Total KW

LOAD
WATTS
100
100
100
100
100
100
100
100
100
100
100
100
100
100
100
100
30
30
30
30
30
30
30

30

100
100

e
2.070

A3y
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VOLTAGE DROP STUDY
APPERDIX

UNIT SUBSTATION EB

PNL. 2B (HP7)
NG, 9527-F-033]

LOAD
WATTS

150

30
600
240
240
600

100
0
125
2000
2000
30

100
100

275
100 |
100
100
100
100
120
120

120
100

Total KW 7.55

e, Nl TR T B T RS S

R
S— e R S — e e e



VOLTAGE DROP STUDY

CAROLINA POWER & LIGHT COMPANY

BRUNSWICK STEAM ELECTRIC PLANT

URIT RO,

(%]

‘m
"

UNITED ENGINEERS & CONSTRUCTORS INC

Date: December 2, 1974 UVE&C J.0. No, 9527.018

Rev., 1: Februarv 6, 1978

Prepared by: kgw'm Ag-f'ﬂ—_(k“’\

Rev. 2: December 15, 1980 Fevin Dozé -
~ &£ F
Reviewed bv: (L ﬁ&l .

A. Pal - Elect. Engr.

spproved by:_© ) Dsimem

C. D. Greimen - SDE

Approved by:

B)’J. Huselton - Engr, Mgr.



L= ]

38 Source Voltape Restrictions

2.2 Tap Settings

DISCUSSION

3.1 Bases for Comparison

3.2 Criteria
3.3 thod of Analysis

ARALYSIS OF ALTERRATES

REFERENCES

APPENDICIES
Appendix A
Appendix B

Appendix C

Page No.

-

to 17

18

e
(=]

b
Al

Bl

IRDEX




1.1

1.0 PURPOSE

This study is an analvsis of the voltage regulation performance of ﬁhe
Brunswick Steam Electric Plant auxiliarv distribution syvstem, First,
the optimum transformer tap settings were determined for the various
auxiliary transformers. Second, using these tap settings, the voltage
ranges at the various suxiliary load terminals were determined, for the
expected generator and 230KV switchyvard voltage variations, &nd for
postulated variations in load conditions. Third, limitetions on
gemerator &nd 230KV switchyard voltage varistions were determined.
These limitations were established such that under expected normal
operating conditions equipment design lifetimes would not be de:reased,
Under emergency operating conditions the limits were set to provide

proper operation of all safety-related equipment.

sl




2.1

2.0 SUMMARY OF RESULTS

SOURCE VOILTAGE RESTRICTIONS

2.1.1 Criteria

Tor those operating conditions which are expected to continue
for long periods of time, the voltage criteria at the load

buses were chosen to maximize motor life (90% to 110% of the
motor rated voltage), and the source voltage restrictions for
these cases were based on such criteria. (See Article 3.2.1).
For the emergency operating conditions, the voltage criteria
were chosen to ensure that all safety-related egquipment would
function, (85% to 110% of the motor control center voltage),
with th~ possibility that motor life might be adversely affected
if operation beyond either wvoltage limit continued for a long
period of time. (See Article 3.2.1). For all motor starting
cases, both accident-related and normal operation, the veltage
criteria were chosen to snsure that the motors in guestion would
start (70% or 75% for 4000-volt safety-related motors, B85% for
a2ll 460-volt motors and 4000-volt BOP motors), and that the 480-

volt starters would not drop out (70%).

It is recommended, for the operating conditions shown, that the
source voltages be held within the restrictions tabulated in

2.1.2 and 2.1.3.




2.1.2
GENERATOR AND SWITCHYARD VOLTAGES
BRUNSWICK STEAM ELECTRIC PLANT, UNIT NO. 2

VOLTAGE DROF STD¥ (4160 VOLT BUSES COMMON B & COMMON A TIE BREAKER OPEN)

OPERATING VOLT «=+ LIMITS

BASE . PER-UNIT ACTUAL
CASE BUS VOLT \ZE VOLTAGE VT
UAT, LIGH{ LOAD

GEN 24000 1.9365 24876, Max.

UAT, SCRET * WASE PUMP 2 A STARTING (FULL LOAD)

GEX 24000, P.9665 23198. Min.
SAT, SHUTDOWSN (LIGHT LOAD)

SWYD 23pp00 1.009¢ 232P68. Max.
SAT, UNIT LOADS FED FROM UAT

SWYD 230000 1.P138 233185, Max,
SAT, SCREEN WASH PUMP 2A STAR  ING (FULL LOAD)

SWYD 23000 p.9727 223711. Min.

SAT, 2X LOCA START (FULL LOAD)

B 230000 9.9593 229638, Min.




. 233
GENERATOR AND SWITCHYARD VOLTAGES
BRUNSWICK STEAM ELECTKRIC PLART, UNIT NO, 2

VOLTACE DROF STUDY (&16) VOLT BUSES COMMON B & COMMOR A TIE BREAKER CLOSED)

OPERATING VOLTAGE LIMITS

FASE PER-UNIT ACTUAL
CASE BUS VOLTAGE VOLTAGE VOLTAGE
—— e ecd A e

SAT, SCREEN WASE PUMF 2 A STARTIRG (FULL LOAD)

SWiT 230000 . 0.989% 2256P7. M

[N

SAT, 2X LOCA START (FULL LOAD)

SWYD 230000 p.5720 223560, Win,

-y -
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Recommended transformer high-voltage wiading tap settings &

UAT 1.00 (base)

SAT 975 2. 5%

Unit Substations

s 3 .95 {(=37)

ZF 85 {(=5%)

E7 .95 (=5%)

EER 95 {=5%)

285Y 975 (=2.5%)

Common I 875 (=2.5%)

2L 1.00 (base)

41 .875 (=2.5%)
The above tap settings will provide adequate voltage at the eguipment
terminals under the operating conditions evaluated and were used in

-

calculating the source voltage limits govern in Table 2,.1.2

ané 2.1.3.
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3.1

3.0 DISCUSSION

BASES FOR COMPARISON

3.1.

1

Tap Settings

The criterion used to choose transformer tap settings was

to determine, for each set of tap settings, the maximuwm

230 KV switchvard voltage required to meet the load voitage
requirements. To accomplish this, for each tap setting
combination, voltage drop calculations were performed for

the SAT Shutdown (Light load) case to d:termine the meximum
switchyard voltage. The tap settings chosen are those whick
most closely approach the desired switchyard operating voltage
range of 96.0 to 102153'1) The tap settings chosen must &also
provide proper load voltages over the entire range of generstor

voltages from light load to full load., (See Article 3.2.1).

The recommended tap settings do this. (3ee Article 2.2),

b




3.2  CRITERLA

3.2.1 Allowable load Voltage Ranpes

52.1.1

Motor voltage criteria vary with the class of the motor,
as well as the voltage rating. For 4000-volt motors,

: (5.2)(5.3)
non-Class-IE, the requirements are:
Running continuous 4000~V base 90%~110% 36004400V
Starting 4000~V base 85%=110% 3400-4400V

Running transient 4000-V base 5%=110% 3400-4400V

For 4000-volt motors, Class IE, specified and supplied by
G.E., the reguirements .re:(ﬁ.h)(5.55
Running continuous  4000-V base 90%~110% 3600-4400V
Starting 4000~V base 70%=110% 2500=4400V

Running transient 4L000-V base 70%=110% 2B00-4500V

For 4000-volt motors, Class IE, specified by UE&C, the
requirements are:‘s'e)
Running continuous 4000~V base 90%-110% 36004400V
Starting 4000~V base 75%=110% 3000-4400V

Running transient 4000~V base 75%=110% 3000-4400V

For 460evolt motors, the reguirements for nmormal motor life are:

Running continuous  460-V base 90%«1107% 414=506V
Starting 460-V base 85%~110% 391-506V
Running transient 460-V base *70.7%-110% 325-506V

+*Based on 2007 torque at rated voltape for NEMA design motors.
(5.8)

Motor contrel centers were specified for 480 volts, &nd the

minimum hold-in voltage requirement for the starters is 70% of

480 volts, or 336 volts. The minimum pickup voltege requirement

for starters is 85% of 4BD volts, or 408 volts.

- -



3.2

CRITERIA (Cont'd)
3.2.1 Allowable load Voltage Ranges (Comt'd)

3.2.1.3

For the normal operation cases, that is, for the UAT
FPull Load, SAT Tull load, UAT Light Load, and SAT Shut-
down cases, the load voltage restrictions are based on
the rated continuous running voltages of motors to
achieve neormal lifetimes (90% to 110% of rated voltage,
4000V or 460V). (See Articles 3.2.3 for definitionms

of these cases).

Operation at voltages higher than those given would probably
result in abnormal heating of motors due to saturation.

This heating would shorten the Mean Time Between Failures

for the motors so exposed. The MIBF could be expected to
decrease with increased time at nigh voltages, and to
decrease rapidly with increased voltage levels above the
veltage where saturation begins. At the other extreme,
because the speed of an induction motor varies greatly

with changes in frequency and only slightly on voltage,

the load speed remains essentially constant with decreasing
voltage. Therefore, the loa¢ power and electrical volt-
ampere regquirements remain essentially constamt for decreasing
motor voltage, and the current increases. Below the limiting
values shown in Article 3.2.1.1, the 1°R losses due to this
increased current could be expected to produce abnormal
heating and again result in reduced MIBF's. Both ol these
effests are long-term results of high- or low-voltage

opervation, hence these limiting values apply only to

Be



3.2

CRITERIA (Comt'd)

3.2.1 Allowable load Voltage Ranpes (Cont'd)

3.2.1.3

3.2.1.4

operating conditions expected to occur for a
substantial portion of the forty-year plant liletime.
Since high voltages would occur with most motors
stopped, while low voltages would occur with most
motors running and therefore more motors would be
exposed to the potemtially damaging condition.

Thus the decrease in reliability due to extended
low-voltage operation would be much more severe than

that due to extended high-voltage operation.

For 4000 wvolt motor starting cases, the criteria are
simpler. At the 4160-volt level, the limitation is
maintaining the minimum motor voltages cited in
Article 3.2.1.1. Since motors can, without stalling,
ride through & transient voltage dip at a voltage
sufficient to start them, the limiting condition for
the 4160-volt level is to maintain sufficient voltage
to start the motors. At the 480-volt level. the
limitation is that the starters of motors already
running must not drop out when a 4000-volt motor
starts. Starters are not guaranteed to hold in at
voltages below 70% of their rated coil voltage, or in
the case of BSEP, 70% x 4BOV or 336V. Tor 460 wvolt
motor starting cases, the criterion is simply that the
460 volt motor must have no less than rated starting

voltage (B5% of 460V).

-9.



3.2 CRITERIA (Cont'd)

3.2.1 Allowable load Voltage Ranges (Cont'd)

3.2.1.5

3.2.1.6

For the running LOCA and 2X LOCA cases, the postulated
combination of depressed 230KV syetem voltage ancd heavy
auxiliary load would not be expected to continue
indefinitely. Because these are temporiiy conditionms,

and because such an accident could affect the operating
1ife of the plant, reduction in motor MTBF becomes a
secondarv consideration. The important voltage limitation
in these accident conditions is imposed by the reguirement
of B5% x 4BOV or 40BV at the motor control centers to
ensure that a starter will pick wup.

Using the above values, voltage criteriz were developed
for buses and unit substatiocns. At the 4160-volt level,
the voltage d~ops due to cable impedances are megligible.
Hence, the bus voltages are considered to be the same as

the motor voltages., At the 480-volt level, the voltage

drops between the unit substations and motor control centers,
and between the motor control centers and the motor terminzls

are significant. VOLTS runs were made to determine the exact

480 Volt unit substation voltege reguired to meintain the

required voltages &t all motor control centers. It was found

that if the voltage at Unit Substation E7 is above .B718, and

that &t Unit Substation EE is above .RBB03, then all MCC

voltages will be at least 85%. VOLTS runs were also made

-10-



‘ 3.2 CRITERIA {(Cont'd)

3.2.1 Allowable lLoad Voltage Ranges (Comt'd)

3.2.1.6

to determine the minimum unit substatior voltages to
ensure that all MCC's will see not less than 707

voltage when 4000 volt motors start. It was foun”

that if the Unit Substation EB voltage is .7368 x 480V

or more, all MCC's will see not less than 70% voltage.
Note that specifyving & single unit substation’s
voltage essentially specifies all unit substations'
voltages, because unit substation voltapges are

determined by the 4KV svstem voltage.

Summarv of Voltape Reguirements

4160-Volt Buses Minimum Maximum
Running Voltage 3600 4400
Starting Veltage (non-Class IE) 3400 4400
Starting Voltage (Class IE Spec. by G.E.) 2800 4400
Starting Voltage (Class IE Spec. by UE&C) 3000 &400
460-Volt Motors
Starting voltage &t motor terminals 391 506
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.7 SUMMARY OF VOLTAGE REQUIREMLNTS

()
o

s

VOLT TNIT SUBSTATION VOLTAGES

=3

8
CP&L BRUNSWICK STEA:r ELECTRIC FLANT, UNIT NO. 2

VOLTACE DROP STUDY

OPERATINRG VOLTAGE LIMITS

BASE PER-UNIT ACTUAL

CASE U VOLTAGE VCLTAGE VOLTAGE

m

LOCA RURRING LOADS, UNIT SUESTATION E7 MOTOR CONTROL CENTERS

2Ca 480. e.8520 408.
E7 480. £.8718 418.
LOCA RURNING LOADS, UNIT SUBSTATION EE MOTOR CONTROL CENTEKRS
2CB 4o, p.850e 4.
£8 4ui. g.8803 423.
LOCA STARTING, UNIT SUBSTATION E7 MOTCR CONTROL CERTERS
2CA 4pd. g.7008 336.
E7 488. 0.7265 345.
LOCA STARTING, UNIT SUBSTATION E8 MOTOR CONTROL CENTERS
2CB 4gcC. e.72¢2 336.
E£8 sul. 0.7368 354.
FULL LOAD, UNIT SUBSTATION E7 MOTOR CORTROL CENTERS
2C 460. e.npee 414,
E7 48i. 2.8797 422.
FULL LOAD, UNIT SUBSTATION Eb MUTOR CORTROL CENTERS
2C8 46¢C. c.a000 414,
EE éri. C.0864 425.
FULL LOAD, UNIT SUBSTATION 2E MCTOR CORTROL CENTERS
¢TK 4e0. e.sped 414.
ZE 4ei. e.8715 418.
FULL LOAD, UNIT SUBSTATIOR 2F MOTOR CONTROL CENRTERS
27G 4sl. £.%¢03¢ 414,
<F 4ei. £.873€0 41%9.
FULL LOAD, UNIT SUBSTATION COMHOR D MOTOR CONTROL CENTERS
RWD 460. gc.eeee 414.
COM D 480l. 0.8753 420.

Note: Firet line represents the MCC having the lowest bus volt-ge for the
operating condition. The second line represents the w it substat.on
to which the MCC is connected and the corresponding veltage on dits bus.



RITERIA (Cont'd)

Loads

4000 Volt motor loads were based on the load brake horsepower,

using the motors' actual efficiencies and power factors to determine
the electrical loads. The starting admittance velees for both 4000
Velt and large 460 Volt motors were derived from the motors’' actual
inrush currents &nd power factors. Running loads on the 4E0 Veolt
(5.9)

svstem were taken from the 480 Volt Load Studv

Postulated Events and Plant Operating Conditions

3.2.3.1 "Normal Operation", as used in this study, includes the

entire range of steadv-state non-accident conditions from
cold shutdown to full vower operation. Anv of the conditions
included in this concept could be expected to continue for
weeks or months at & time, and therefore the load voltage
range for these conditions is that described in Article 3.2.1.2.
The load conditions for normel operation are:

UAT Full Load

SAT Full Load

UAT Light Load

SAL Shutdown (Light load)

w
.
L")

.3.2 "Motor Starting" cases refer to those motors which would be
started at various times during normal plant operation. Om
each 4160 volt bus and each 480 volt unit substation, the
largest motor was selected for study. It was assumed that
the motor was starting while all other loads reguired for

full power operstion were running. If the largest motors

a13-



. 3.2 CRITER1A {Cont

3.2.2 Postulated Events and Plant Operating Conditioms

' a

c)

2. 52

(Cont'd)

on each bus can be started under this condition, it is

reasonable to assume that all motors can be started

under 21l “Normal Operation"” conditions.

starting runs were made for both the UAT and SAT.

The following motors were studied:

Motor

Reactor Recirculation
Pump MG Set

Circulating Water
Intake Pump 2B

Screen Wash Pump ZA
Screen Wash rump 2B
Turbine Building Closed
Cooling Water Pump 24

Turbine Building Cloused
Cooling Water Pump 2B

Backwash Air Blower
2-CFD=D063

Reactor Building
Closed Cooling Water
Pumps 2A and 2C

=L

HP

7000

2250
200

200

200

200

150

-4
w
4
~J
un

Fed From

4160V Bus 2B

4160V Bus 2D

48OV Unit

480V Unit

LBOV Unit

LEOV Dnit

4BOV Unit

Common

480V Unit

Sub

Sub

Sub

Sub

Sub

Sub

These motor

¥7

Eb

2E

2F

E8

Via

MCC

MCC

MCC

MCC

2PA

> 2P

2TH

RWD



5.9 CRITERIA (Cont'd)

II 3.2.3 Postulated Events end Plant Operating Conditions (Cont'd)
3.2.3.3 "“LOCA" cases are those initiated by 2 Loss of Coolant

3.2.3.6

Accident on Unit 2. Both starting cases and running
cases were studied, For detailed descriptions of the
load conditions, see Article 3.2.4. The voltage
criteria for these cases are described in Article
3.2.1.4 (starting) and 3.2.1.5 (running).

"2X LOCA" cases are those initiated by & Loss of Coolant
Accident on Unit 2 and 8 false LOCA signal from Unit 1,
resulting in the starting and running of both units' ESS
loads. Again, both starting and running céses were
studied. The voltage criterie for these cases ere
described in Article 3.2.1.4 (starting) and 3.2.1.5
{running).

"LOCA Motor Starting" and "2X LOCA Motor Starting"

rre the cases which address the problem of starting

460 volt motors &fter an accident, while the emergency
motors are still running. The largest 460 volt motors
fed from the emergency power svstem are the screen

wash pumps, and starting and running of the screen

wash pumps is blocked under LOCA conditions. The next
largest motors on the 48D volt emergency system, which
could srart unfer LOCA conditions, are the 75 horsepower
Reactor Building Closed Cooling Water Pumps. The worst

case is & postulated simulteaneous start of Reactor



3.2 CRITERIA (Cont'd)

3.2.3 Postulated Events and Plant Operating Conditions (Cont'd)

bl

3.2.3.5 Building Closed Cooling Water Pumpe ZA and 2C on loss

of closed cooling water header pressure.

3.2.4 Load Conditions

The various load conditions studied are defined below:

3.2.4.1 DAT Full load: This is the mormal plant operating condition,
with the generating unit &t full power and
with suxiliary loads fed as follows:

Source VAT SAT
4160V Bus ZB X
4160V Bus 2C X
4160V Bus 2D X
4160V Bus Common B X
4BOV Bus 2E X
480V Bus 2F %
4BOV Bus E7 X
4LBOV Bus EB X

480V Bus 2SY X
480V Bus Common D b ¢
480V Bus 2L X
480V Bus 4L X

3.2.4.2 SAT Full load: This is the normal plant operating condition
with the generating unit at full power and
auxiliary loads fed from the SAT. The plant
is in operation with the UAT out of service.

3.2.4.3 UAT Light load: This represents the estimeted minimum suxiliary
load that would exist with the generator
connected to the system. Load buses are fed
from the same sources as cited under "UAT Full

Load",
3.2.4.4 SAT Shutdown: This represents the minimum 2uxiliary load,
(Light Load) with the plant shut down and all auxiliary

loads fed from the SAT.



3.2 CRITERIA

(Cont'd)

3.2,4 Load Conditions (Cont'd)

(¥

.2.4.5 LOCA Start:

.2.4.6 LOCA Run:

o 2.4.7 2X LOCA Start:

.2.4.8 2X 1LOCA Run:

This represents the inrush
condition at the start of an
accident, with 2 RHR pumps and

2 Core Spray pumps simultaneously
starting, with all other loads
running @8 in the SAT Full Load
condition except that the Turbine
Building Air Conditioning
Compressors are tripped.

This represents the steady-state
condition during an 8sccident,
with 2 RHR pumps and 2 Core Spray
pumps running in addition to the
running loads cited in the LOCA
Start case above.

This represents the simultaneous
starting of all RHR pumps and
Core Spray pumps, with all the
other loads running as in the SAT
Full load condition except that
the Turbine Building Air
Conditioning Compressors are
tripped.

This represents the steady-state
condition following 2X LOCA Start
with all RHR pumps, all Core Spray
pumps and all other loads (except
Turbine Building Air Conditioning
Compressors) running. It should
be noted theat this condition
applies during 8 LOCA on Unit 2
and simultaneous shutdown cooling
of Unit 1.

=



3.3 METHOD OF ARALYSIS
3.3.1 Program

The UEEC computer program "VOLTS" was useé to calculate bus voltages.
This program performs a Gauss-Seidel load flow caléulation, with
provision for constant MVA loads to model running motors, &nd constant
admittance loads to model starting motors. Up to 25 buses can be
modeled. Transformers with tep changers can be represented. Bus
voltages are computed by the program to & tolerance of +.0001+.0001

per unit,

3,3.2 Per Upit Values

Calculations were performed using 3 per-unit scheme with base values

as follows:

System Base Volts Base MVA
230-¥V 230 KV 100
24-KV 23.5 Kvx 100
4160~V 4160-V 100
LB0-V 4BO-V 100

#23.5 KV is the base value for computer calculations only. Where
generator voltages are expressed in %, the base value is the rated

generator voltage, i.e., 24 KV,

«1Be



3.3.3. Ilmpedances

The transformer impedances in the study &re the actual impedances

(9.10)
taken from the test reports. Ceble impedances were calculated

r

from the manufacturer's data. In order to stayv within the computex
progrem’s 25-bus limitation, cable impedances were combined with

transformer impedances as required.



4.1

4.3

4.0 ANALYSIS OF ALTERNATES

ALTERNATIVES

Two alternative operating conditions have been reviewed. One operating
condition is with the 4160 Veolt Buses Common B and Common A Tie Breaker
Open. This is a normal operating condition. The other operating
condition is with this Tie Breaker closed. This condition could occur
when the Unit No. 1 startup transformer is out of service.

4160 VOLT BUSES COMMCK B & COMMON A TIE BREAKER OPEN

Review of the verious VOLTS computer rums (Appendix A) determined six
operating voltage limits, These limits are tabulated in 2.1.2. The

minimum expected switchvard voltage of 1002(5'1) is above the 97.27%

required for normel plant operstion and the minimum post turbine

gencrator trip switchyvard of 96%2(2+1) i¢ above the 95.93% required

for operating the ESS equipment. The maximum switchyard voltage of
el3.1)

#
x

102 would normelly occur when the unit was operating and the
Startup Avxiliary Transformer was feeding both 4160 Volt Bus Common B
and 4160 Volt Bus 2. The additional load imposed by Bus 2B would allow
the Switchvard Voltage to exceed the 101.38% limit. It is expected that
with Unit No. 2 shutdown, the switchvard voltage would not exceed the
100.9% limit. In addition, any loads which might be operating during
shutdown (i.e. circulating water pumps; service water pumps, etc.)

would allow an increase of switchvard voltage beyond the 100.9%.

4160 VOLT BUSES COMMON B & COMMON A TIE BREAKER CLOSED

Review of the various VOLTS computer runs (Appendix B) determined two
opersting voltage limits. These limits are tabulated in 2.1.3. The

«(5.1)

minimum expected switchyard voltage of 100 ‘s above the 98.09%

required for normel plant operstion. The minimum post turbine trip

-20-



5.1)
voltage of 962(' 3

is below the 97.20% required for operation of the
ESS equipment. This problem can be resolved in one of two ways:
8., Provide 2 minimum Switchard Voltage of 101.2% when tie
breaker is closed
b. Reduce suxiliarv load (UAT and SAT) to 1.5 MW and 18.8 MVAK
when tie breaker is closed
The addition of the 4160 Volt Bus Common A loads will permit &n increase
in Switchvard Voltage above the limits of 100.9% and 101.38% noted in

4.2 and therefore cannot be considered an operating limit. For thi.

reason the VOLTS runes were not performed.

e



wn

wn

5.0 REFERERCES
o2 DL

CP&L letter to NRC NU-BD-;093 dated July 24, 1980.

United Engineers and Comstructors, Miscellaneous Induction Motors

100 HP end Larger, Spevification Number 9527-01-128-2, Revision 6,

dated June &, 1976.

United Engineers and Constructors, Svnchronous Motors 100 EP and larper,

Specification Number 9527-01-128-3, Revision &4, dated July 11, 1975.
General Electric Companv letter GU-894 to United Engineers and
Constructors, dated April 21, 1971.

General Electric Company, Electric Motor list, GE Specificatien

Number 22AE27, Revision 1, dated November 23, 1970.

United Engineers and Constructors, Clasg 1 Induction Motors
100 HP and Larger, Specification Number 9527-01-128-4, Revision &,

dated June 9, 197€.

United Engineers and Constructors, Non-Specisl Alternsting Current

Induction Motors less than 100 HP in size, Specification Number

9527-01-128-1, Revision &4, dated December 23, 1974.

United Engineers and Constructors, 480 Volt Motor Comtrol Centers,

Specification Number 9527-01-143-1, Revision 4, dated August 9, 1976,
United Engineers and Constructors, 480 Volt load Studv for Carolins

Power and Light Companv, Brunswick Steam Electric Plant, Unit 2,

Revision 1, dated March 31, 1978

22
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Transformer Test Report
Transformer
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Unit Auxiliary
Start uvp Auxiliary

Unit Substations:
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5.11

5.12

Eev Single line Diagrans

9527-F=3043

9527-F=3044

Single line

Diagrams

9527-F~3002

9527-F-3003

9527-F=3004

9527~F-3005

9527~F-3045

9527-F=3047

9527-F-3048

9527-F-3049

9527-F=3050

9527-F-3051

9527 -F-3052

9527-F-3053

9527~F-3055

9527-F-3057

T

230KV, 24KV, 4160V
Key Single Line Diagram

480V System

4160V System
SWGR 2B, 2C, 2D end Common "B"

4160V Emergency System
Buses E3 and E&4

4160V Emergency S -stem
Buses El1 and E2

4B0V System Unit Substations
28, 2F, E7, E8 &nd Common "D"

4BOV Motor Control Centers
2TA, 2TB, 27C, 21F, 2ZT1)

4BOV Motor Control Centers
2Td, 2TE, 271G, 2TH

LROV dotor Control Centers
2TK, 2TL, 2™, 2TR

4LBOV Motor Control Centers
2XA, 2%C, 2ZXE, 2XG, 2XJ, ZXL

480 V Motor Control Centers
ZXB, 2XD, 2XF, 2ZXB, 2XK, 2XM

LBOV Motor Control Centers
EWA, EWB, RMWC, RWD

4BOV Motor Control Centers
BHA, SBA, WIA and WHA

B0V Motor Control Centers
2CA, 2CB, 2PA, 2PB, 2SA

48W Motor Control Centers
SYA, SYB, SYC and SYD

4LBOV Motor Control Centers
DGA, DGB, DGC and DGD
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VOLTAGE DROP STIDY

GENERAL NOTES

The choice of source voltages to be studied was made as follows:

Ar initial VOLTS run was made at the appropriate limiting value determined
by the source in question. For the full load, motor starting,and LOCA
cases, the initial runs were made at 95% of 24KV for the UAT cases,

and 95% of 230KV for the SAT cases. For tl. light load cases,

the initial runs —ere made at 110% of 24KV for the UAT cases aud 105% of
230KV for the SAT cases. I1f the voltages which resulted from a given
initial run were satisfactoryv for &1l loads, then no further runs were
made for that pa~ticular operating case. 1f the voltages were not
satisfactory, then & second run was made &t & voltage chosen so that the
two voltages would bracket the limiting voltage. After load voltages were
available for two source voltages, & linear interpolation calculation was
done to determine the limiting voltage. The VOLTS run was then performed
using the limicting source voltage, anc these are the runs which are
presented in those cases where the limiting voltage would be determined by
the loeds. 1In the accident cases @ minimum voltage limited by the loads
was determined in every case, even when this voltage was below the expectec

minimum 230KV switcayvard voltage.



VOLTAGE DROF STUDY

APPERDIX A
UAT
LIGHT LOAD
(Fig. Ko, 4l)

MAXIMUM VOLTAGE

BUS NAMES PER UNIT VOLTAGE ACTUAL VOLTAGE
GENERATOR (24 KV BASE) 1.0368 24,87
4160 VOLT BUS 2B 1.1 4,576
4160 VOLT BUS 2C, 2D, E3 & E4 1.059 4,405
480 VOLT UNIT SUBSTATION E7 1.0648 511
480 VOLT UNIT SUBSTATION 2E 1.0721 515
480 VOLT UNIT SUBSTATION 2F 1.0685 513
480 VOLT UNIT SUBSTATICK EB 1.0631 510

NOTE: ALl VOLTAGES, EXCEPT GENERATOR, ARE ON 4000 VOLT OR 460 VOLT
BASE AS APPROPRIATE.



LAT

FULL LOAD
(Fig. No. A2)

MINIMUM VOLTAGE

BUS RAMES PER. UNIT VOLTAGE ACTUAL VOLTATE
GENERATOR (24 KV BASE) .95 22,800
4160 VOLT BUS 2B JBLLE 3,930
4160 VOLT BUS 2C, 2D, E3 & E& .9191 3,823
4B0 VOLT UKIT SUBSTATION E7 .9095 &37
4B0 VOLT UNIT SUBSTATION 2E L9175 440
480 VOLT UNIT SUBSTATIOR 2F .9135 438
4B0 VOLT UNIT SUBSTATION EE . 9078 <36

NOTE: ALL VOLTAGES ARE EXPRESSED IN PER UKIT ON THE BASE VOLTAGE
SHOWN IN THE LEFT-HAND COLUMR



VOLTAGE DROP STUDY

APPERDIX A
 UAT

REACTOR RECIRC. PUMP MG SET 2B MOTOR STARTING
(Fig. No. A3)

BUS RAMES PER UNIT VOLTACGE ACTUAL VOLTAGE
GENERATOR (24 KV BASE) .95 22,800
4160 VOLT BUS 2B .8093 3,367
4160 VOLT BUS 2C, 2D, E3 & E& 9374 3,900
4B0 VOLT UNIT SUBSTATION E7 .93 446
480 VOLT UKIT SUBSTATION 2E .9378 450
480 VOLT UINIT SUBSTATION 2F .934 448
480 VOLT UNIT SUBSTATION EE& .9282 446
4000V REACTOR RECIRC. MG SET .8307 3,322

28 MOTOR

NOTL: ALL VOLTAGES ARE ON THE BASE SHOWN IN THE LEFT-HAND COLUMN,



VOLTAGE DROP STUJY

APPENDIX A

UAT

CIRCULATING WATEP PUMP STARTING
(Fig. No. A4)

MINIMOM VOLTAGE

U8 NAMES PER UNIT VOLTAGE ACTUAL VOLTAGE
CENEFATOR (24 KV BASE) 93 22,800
4160 YOL: BUS 2B . 9505 3,954
4160 VOLT BUS 2C, 2D, E3 & E&4 .B723 3,629
480 VOLT UNIT SUBSTATION F7 .B563 411
480 VOLT UNIT SUBSTATION 2E 865 415
480 VOLT UNIT SUFSTATION 2F . 8607 413
480 VOLT UNIT SUBSTATIOR L2 LB543 410
4000V CIRCULATING #ATER PINMY .E803 3,521

2B MOTOR

NOTE: ALL VOLTAGES ARE ON THE BASE SHOWN IN THE LEFT-RAND CCLUMN.

AS



VOLTAGE D-OP STUDY

AFPPERDIX A
UAT

SCREER WASE PUMP 2/ STARTING
(Fig. No. AS5)

MINIMUM VOLTAGE

US RAMES PER URIT VOU TAGE CTUAL VOLTAGE
GENERATOR (24 KV BASE) . 9665 23,198
4160 VOLT BUS 2B .9628 4,005
4160 VOLT BUS 2C, 2D, E3 & E&4 .9321 3,878
480 VOLT UNIT SUBSTATION E7 .BBO7 473
4B0 VOLT UNIT SUBSTATION 2E .932 447
480 VOLT UNIT SUBSTATION 2F . 9281 445
480 VOLT UNIT SUBSTATION E8 .9222 L
4BO VOLT MOTOR COLTROL CENTER 2PA .B298 396
460 V SCREEN WASH PUMP 2A MOTOR 1ERMINALS .8501 391

NOTE: ALl VOLTAGES ARE ON THE BASE VOLTAGE SHOWN IN THE LEFT

HAND COLDMK,



VOLTAGE DROP STUDY

APPENDIY &
UAT

TORBINE BUILDING CLOSED COOLING WATER PUMP 24 STARTING
(Fig. No. A6)

MINIMUM VOLTAGE

BUS RAMES PER UNIT VOLTAGE ACTUAL VOLTAGE
GENERATOR {24 KV BASE) 95 22,800
4160 VOLT BUS 2B L9455 3,933
4160 VCLT BUS 2C, 2D, E3 4 E&4 .9135 3,800
480 VOLT UNIT SUBSTATION E7 .9031 433
480 VOLT UNIT SUBSTATION 2E .86355 415
480 VOLT UNIT SUBSTATION 2F .9072 435
480 VOLT UNIT SUBSTATION EB .9012 433
480 VOLT MOTOR CONTROL CENTER 2TJ .8338 ;440

460V TURBINE BUILDING CLOSED COOLING
WATER PUMP 24 8573 394

NOTE: ALL VOLTAG:s . KE ON THE BASE VOLTAGE SHOWN IN THE LEFT HAND
COLUMN.



VOLTAGE DROP STUDY

APPENDIX A
DAT
TURBINE BUILDING CLOSED COOLING WATER PUMP 2B STARTING
(Fig. No. A7)
MINIMUM VOLTAGE
BUS RAMES PER UNIT VOLTAGE ACTUAL VOLTAGE

GERERATOR (24 KV BASE) 956 22,944
4160 VOLT BUS 2B . 9519 3,960
4160 VOLT BUS 2C, 2D, E3 & Ea .9201 3,828
480 VOLT UNIT SUBSTATION E7 .9106 437
480 VOLT UNIT SUBSTATION 22 .9187 441
480 VOLT UNIT SUBSTATION 2F LB6BL 417
480 VOLT UNIT SUBSTATIOR EB . 9087 436
480 VOLT MOTOR CONTROL CENTER 2TRE .8381 &02
460 V TURBINE BUILDING CLOSED COOLING .B501 391

WATER PUMP 2B

NOTE: ALL VOLTAGES ARE ON THE BASE VOLTAGE SHOWN IN THE LEFT
BAND COLUMR,

49



SCREEN WASH T'uMP 2B STARTING

{(Fig. No. ASB)

BUS NAMES

GENERATOR (24 KV BASE)

4160 VOLT BUS 2B

416C "OLT BUS 2C, 2D, E3 & E&4

4B0 VOLT UNIT SUBSTATION E7

480 VOLT UNIT SUBSTATION 2E

480 VOLT UNIT SUBSTATION 2F

480 VOLT UNIT SUBSTATION EB

480 VOLT MOTOR CONTROL CENTER 2PB

460V SCREEN WASH PUMP 2B MOTOR TEIMINALS

MINIMUM VOLTAGE
PER UNIT VOLTAGE ACTUAL VOLTAGE
.9576 2,298
.9535 3,967
. 9223 3,837
.913 438
.92) 4462
9171 449
.B681 417
.832 399
.8502 391

NOTE: ALL VOLTAGES ARE ON THE BASE VOLTAGE SHOWN IN THE LEFT

HAND COLUMN,

AlD
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SHUTDOWN
(Fig. No. 49)

MAXIMUM VOLTAGE

ACTUAL VOLTAGE

BUS KAMES PER UNIT VOLTAGE

230 KV SWITCHYARD
4160 VOLT BUS 2B

4160 VOLT BUS 2C, 2D, E3, E&
& COMMOX B

480 VOLT UNIT SUBSTATION E7

480 VOLT UNIT SUBSTATION 2E

480 VOLT T SUBSTATION 2F

480 VOLT UNIT SUBSTATION EB

480 VOLT UNIT SUBSTATION 28Y

480 VOLT UNIT SUBSTATION COMMOK D
480 VOLT UNIT SUBSTATION 2L

4B0 VOLT UNIT SUBSTATION AL

1.0090

1,0751

1.0599
1.0813
1.0927
1.1001
1.0765
1.0809
1.0813
1.054¢

1.0725

232,068

&,472

4,408

519

NWOTE: ALL VOLTAGES, EXCEPT SWITCHYARD, ARE OF 4000 VOLT OR 460

VOLT BASE AS APPROPRIATE,

411



BUS RAMES PFa UNIT VOLTAGE
230 KV SWITCEYARD 1.0138
4160 VOLT BUS COMMON B 1.0787
480 WOLT UNIT SUBSTATION 2SY 1.0999
480 VOLT UNIT SUBSTATION COMMON D 1.0931
480 VOLT SUBSTATION 2L 1.0738
480 VOLT UNIT SUBSTATION 41 1.0922

VOLTAGE DROP STU

APPENDIX 4

SAT

UNIT LOADS FED FROM UAT

(Fig. No. Al0)

s TMUM VOLTAGE

ACTUAL VOLTAGE

235,185
4, 487
528

525

515

524

NOTE: ALL VOLTAGES, EXCEPT SWITCHYARD, ARE OF 4000 VOLT OR 460 VOLT

BASE AS APPROPRIATE.

al2



VOLTAGE DROP STULY

ST

FULL LCAD
(Fig. No. All)
MINIMUM VOLTAGE

BUS NAMES PER UNIT VOLTAGE ACTUAL VOLTAGE
230 KV SWITCHYARD .95 218,500
4160 VOLT BUS 2B . 9384 3,904
4160 VOLT BUS 2C, 2D, E3, 4 & COMMOKN B L9119 3,79
480 VOLT UNIT SUBSTATION E7 .9013 £33
480 VOLT UNIT SUBSTATION ZE . 9095 437
480 VOLT UNIT SUBSTATION 2F . 9055 435
460 VOLT UNIT S'BSTATION EB .B994 432
480 VOLT UNIT SUBSTATION 2SY . 9243 444
4B0 VOLT UKIT SUBSTATION COMMON D . 9167 450
480 VOLT UNIT SUBSTATION 2L .9027 433
480 VOLT UNIT SUBSTATIUR 4L L9157 &40
NOTE: ALL VNLTAGES ARE EXPRESSED IN PER UNIT ON THE BASE

VOLTAGE SHOWN IN THE LEFT HAND COLUMN.

Al3



BUS NAMES

APPENDIX A

SAT

REACTOR RECIRC, PUMP MC SET 2B MOTOR STARTING

(Fig. No. Al2)

230 KV SWITCHYARD

4160 VOLT BUS
4160 VOLT BUS
48D VOLT URIT
480 VOLT UNIT
480 VOLT UNIT
480 VOLT UNIT
480 VOLT UNIT
480 VOLT URIT
480 VOLT UNIT
480 VOLT UNIT

4000V REACTOR

NOTE: ALL VOLTAGES ARE ON THE BASE VOLTAGE SHOWN IN THE LEFT RARD

2B

2C, 2, COMMOX B, E3 & E4
SUBSTATION E7

SUBSTATION 2E

SUBSTATION 2F

SUBSTATION EB

MINIMUM VOLTAGE

SUBSTATION

SUBSTATION

SUBSTATION

SUBSTATION

RECIRC. PUMP MG SET MOTOR TETMINALS

COLUMN.

28Y
COMMOR D
2L

4L

Al

VOLTAGE ACTUAL VOLTAGE
+95 218,500
.8019 3,336
. 9004 3,746
. 8882 426
.8965 430
.8924 428
.BBE3 425
.9123 438
. 9046 L34
.891 428
.9036 434
.8231 3,292



VOLTAGE DROP STUDY

APPENDIX 4
SAT

CIRCULATING WATER PUMP 2E MOTOR STARTING
(Fig. No. A13)

MINIMUM VOLTAGE

BUS NAMES PER UNIT VOLTAGE ACTUAL VOLTAGE
230 KV SWITCHYARD + 35 218,500
4160 VOLT BUS 2B L9348 3,889
4160 VOLT BUS 2C, 2D, COMMON B, E3 & E& LB6al 3,595
480 VOLT UNIT SUBSTATION E7 LBAT 407
4B0 VOLT URIT SUBSTATION 2E .8559 <11
480 VOLT UNIT SUBSTATION 2F .8515 409
480 VOLT UNIT SUESTATION EB .B45 406
480 VOLT UNIT SUBSTATION 25Y L8747 420
480 VOLT "WIT SUBSTATION COMMON D . 8657 416
480 VOLT UNIT SUBSTATIOR 2L LB544 41¢
480 VOLT UNIT SUBSTATION 41 .8656 415
4DOOV CIRCULATING WATER PUMP MOTOR 2B .8721 3,488

NOTE: ALl VOLTAGES ARE ON THE BASE VOLTAGE SHOWN IN THE LEFT HAND
COLUMN,

Al5



BUS NAMES

VOLTAGE DROP STUDY

APPERDIX A

SAT

SCREEN WASH PUMP 2A STARTING

259 KV SWITCHYARD

4760 VOLT BUS
£160 VLLT BUS
480 VOLT UNIT
480 VOLT UNIT
480 VOLT UNIT
480 VOLT UNIT
480 VOLT UNIT
480 VOLT UNIT
480 VOLT UNIT

480 VOLT UNIT

pa s

{Fig. No

2C, 2D, E3, E& & COMMON B

SUBSTATION E7
SUBSTATION 2E
SUBSTATIOR 2ZF
SUBSTATION EB

STBSTATION

25Y

S JBSTATION COMMON D

SUBSTATION 2L

SUBSTATION 4L

480 VOLT MOTOR CONTROL CERTER 2PA

460V SCREEN WASHE PUMP 2A

. Al4)

MINIMU'™M VOLTAGE

PER UNIT VOLTAGE

ACTUAL VOLTAGE

9727

NOTE: BASE VOLTAGES ARE SHOWN IN THE LEFT HARD COLUMN.

Ale

223,711



VOLTAGE DROP STUDY

APPENDIX A
SAT

TURBI'E BUILDING CLOSED COOLING WATER PUMP 2A MOTOR STARTING
(Fig. No. Al5)

MINIMIDM VOLTAGE

BUS NAMES PER UNIT VOLTAGE ACTUAL VOLTAGE

230 KV SWITCHYARD +95 218,500
4160 VOLT BUS 2B 9379 3,902
4180 VOLT BUS 2C, 2D, E3, E4

& COMMOR B . 9061 3,769
4B0 VOLT UNIT SUBSTATION E7 B934T 429
480 VOLT UNIT SUBSTATIUR 2E .8579 412
480 VOLT UNIT SUBSTATION 2F .8989 431
480 VOLT UNIT SUBSTATION EB .B928 429
480 VOLT UNIT SUBSTATION 25Y .9182 44l
480 VOLT UNIT SUBSTATION COMMOR D .9106 437
480 VOLT UNIT SUBSTATION 2L .B96E 430
480 VOLT UNIT SUBSTATION 4L .9096 437
480 VOLT MOTNR CONTROL CERTEK 27J L8265 397

460V TURBINE BUILDING CLOSED COOLING
WATER PUMP 2A .B4YB 391

WOTE: ALL VOLTAGES ARE ON THE BASE VOLTAGE SHOWN IN THE LEFT
HAND COLUMN,



VOLTAGE DROP STUDY

APPERDIX A
SAT

TURBINE BUILDING CLOSED COOLING WATER PUMP 2B START
(Fig. Wo. Al6)

MIRIMIM VOLTAGE

BUS RAMES FER UNIT VOLTAGE ACTUAL VOLTAGE
230 KV SWITCHYARD .9623 221,329
4160 VOLT BUS 2B .9511 3,957
4160 VOLY BUS 2C, 2D, E3, E4 & COMMON B .92 3,827
480 VOLT UNIT SUBSITATIOR E7 L9104 437
480 VOLT UNIT SUBSTATION 2E .9185 45l
480 VOLT UNIT SUBSTATION 2F .8684 417
480 VOLT UNIT SUBSTATIOR EB . 9085 436
480 VOLT UNIT SUBSTATIOR 2SY .9326 448
48( VOLT UNIT SUBSTATION COMMON D .9252 440
480 VOLT UNIT SUBSTATION 2L .9108 &L37
480 VOLT UNIT SUBSTATION 4L L9242 Lbd
480 VOLT MOTOR CONTROL CENTER 2TH .8382 402
460 V TURBINE BUILDING CLOSED COOLING .8501 301

WATER PUMP 2B

NOTE: ALL VOLTAGES ARE ON THE BASE VOLTAGE SHOWK IN THE LEFT
HAND COLUMK,

AlB




BUS NAMES

VOLTAGE DROP STUDY

APPENDIX A
SAT

SCREEN WASH PUMP 2B STARTING

(Fig. No. Al7)

MINIMUM VOLTAGE

230 KV SWITCHYARD

4160 VOLT BUS
4160 VOLT BUS
480 VOLT UNIT
480 VOLT UNIT
480 VOLT UNIT
480 VOLT UNIT
480 VOLT UNIT
480 VOLT UNIT

480 VOLT UNIT

2B

2C, 2p, E3, E4 & COMMON B
SUBSTATION E7

SUBSTATICN 2E

SUBSTATION 2F

SUBSTATION 25Y

SUBSTATION COMMON D
SUBSTATIOR 2L

SUBSTATION 4L

480 VOLT MOTOR CONTROL CENTER 2PB

PLR URIT VOLTAGE ACTUAL ¥
.9638 221,674
9527 3,963
.9222 3,836
9126 438
.9207 442
.9167 440
.8679 417
L9347 449
.9273 LL5
.9263 L45
.8319 399
.8501 391

460 V SCREEN WASE PUMP 2B

NOTE: ALL VOLTAGES ARE ON THE BASE VOLTAGE SHOWN IN THE LEFT HAND
COLUMN,

Al9



BUS NAMES PER UNIT VOLTAGE ACTUAL VOLTAGE
230 KV SWITCHYARD ' .9115 209,645
4160 VOLT BUS 2B 9218 3,835
4160 VOLT BUS 2C, 2D, E3, E4 & COMMON B L7577 3,152
480 VOLT UNIT SUBSTATION E7 7457 358
480 VOLT UNIT SUBSTATION 2E .7151 343
480 VOLT UNIT SUBSTATION 2F .7079 340
. 480 VOLT UNIT SUBSTATION E8 .7366 354
480 VOLT UNIT SUBSTATION 25Y .7603 365
480 VOLT UNIT SUBSTATION COMMON D . 7485 359
480 VOLT UNIT SUBSTATION 2L L7419 356
480 VOLT UNIT SUBSTATION 4L . 7468 358
4000 VOLT CORE SPRAY PUMP 24 7735 3,09
4000 VOLT RHR PUMP 2A .7807 3,123
4000 VOLT CORE SPRAY PUMP 2B . 7705 3,082
4000 VOLT RHR PUMP 2B 777 3,111

VOLTAGE DROF STUDY

APPENDIX A
SAT
LOCA START
(Fig. No, AlB)

MINIMUM VOLTAGE

NOTE: BASE VOLTAGES POR ALL LOATS ARE THE RATED VOLTAGES SHOWN
IN THE LEFT HAND COLUMN,

A20



VOLTAGE DROP STUDY

SAT

LOCA RUN
(Fig. No. Al9)

MINIMUM VOLTAGE

BUS RAMES PER URIT VOLTAGE . ACTUAL VOLTAGE
230 KV SWITCHYARD .9291 213,693
4160 VOLT BUS 2B L9478 3,943
4160 VOLT BUS 2C, ZD, E3, E4 & COMMOR B LBBAZ 3,679
4B0 VOLT UNIT SUBSTATION E7 .BB76 426
480 VOLT UNIT SUBSTATIOR 2E 8637 415
480 VOLT UNIT SUBSTATION 2F .B582 412
480 VOLT UNIT SUBSTATION EB . 8804 423
480 VOLT UNIT SUBSTATION 2SY .8927 428
480 VOLT UNIT SUBSTATION COMMON D .8828 L24
480 VOLT UNIT SUBSTATION 2L .8711 L1
480 VOLT UNIT SUBSTATION 4L .8814 423

NOTE: ALL VOLTAGES ARE ON THE BASE VOLTAGE SHOWN IN THE LEFT HAND
COLUMN.

A21



S Wk ; e
VOLTAGE DROP STUDE

-

APPENDIX &
- SAT

LOCA

REACTOR BUILDING CLO

Y S

CLOSED COOLIRG WATER PUMPS

STARTING

230 ¥V SWITCHYARD
£160 VOLT BUS 2B

4160 VOLT BUS 2C,

Fig. No. AZ0)

2D, E3, B4 & COMNON B

480 VOLT
480 VOLT
480 VOLT

480 VOLT

XIT

v-l&...'

URIT

-
-

UNIT

URIT

SUBSTATION E7

SUBSTATI
SUBSTATL
SUBSTATION
SUBSTATION
SUBSTATION
SUBSTATION

SUBSTATION

sl

480 VOLT MOTOR CONTROL CENTER ZXE

460V REACTOR BUILDING CLOSED COOLING WATER PTMP 2A

460V REACTOR BUILDING CLOSED COOLING WATER PIMP 2C

MINIMIOM VOLTAGE

PER UNIT VOLTAGE ACTUAL VOLT#GE
. 9508 218,707
.97 4,035
LS0LE 3,764
8776 <21
.BE73 2¢
.BEBZ %23

9035 <3~
L8142 3%
L9005 <3<
8321 L28
.9032 434
8267 397
.8501 391
8535 393

WOTE: ALl VOLTAGES ARE OF THE BASE VOLTAGE SHOWN IN THE 1EFI RAND
COLIMK,




B

BUS RAMES

VOLTAGE DROP STUDY

R

APPERDIX A
SAT

2X LOCA START
(Fig. No. A21)

230 KV SWITCHYARD

4160 VOLT BUS
4160 VOLT BUS
4B0 VOLT URIT
480 VOLT UNIT
480 VOLT URIT
&B0 VOLT UNIT
480 VOLT UNIT
480 VOLT URIT
480 VOLT UNIT

480 VOLT UKRIT

2B

2¢, 2v, E3, B4, & COMMOK B
SUBSTATION E7

SUBSTATION 2E

SUBSTATIOR 2F

SUBSTATIOR EB

SUBSTATIOR 2SY

SUBSTATION COMMOXN D
SUBSTATION 2L

SUBSTATION &L

4000 VOLT CORE SPRAY PUMP 24

4000 VOLT RHR PIMP 1A

4000 VOLT RHR PUMP 24

4000 VOLT CORE SPRAY PUMP 2B

4000 VOLT RHR

PINP 1B

4000 VOLT RHR PUMP 2B

MINTMIM VOLTAGE

PER UNIT VOLTAGCE ACTUAL VOLTAGE
«9583 220,839
. 9673 4,024
. 758 3,153
<7459 358

7154 343
. 7082 30
. 7368 354
. 7605 365
. 7487 359
7621 356
7471 359
s T0S7 3,095
7798 3,119
L7809 3,124
.7708 3,083
- 7811 3,124
« 7709 3,084

NOTE: ALl VOLTAGES ARE OF THE BASE VOLTAGE SHOWN IN TEE 1EFT HAND
COLUMN,

——— —r————— i ——- A . 3 ok e
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BUS NAMES

23C KV SWITCHYARD

4160 VOLT BUS
4160 VOLT BUS
480 VOLT UNIT
480 VOLT UNIT
480 VOLT URIT
480 VCLT UNIT
480 VOLT URIT
480 VOLT UNIT
480 VOLT UNIT

480 VOLT UNIT

2B

2, 20, E3,

SUBSTATION
SUBSTATIOR
SUBSTATION
SUESTATION
SUBSTATION
SUBSTATION
SUBSTATION

SUBSTATION

NOTE: ALL VOLTAGES
COLIMK,

VOLTAGE DROP STUDY

APPERDIX A

SAT

2X _1LOCA RUN
(Fig. No. A22)

MINIMUM VOLTAGE

PER UNIT VOLTAGE ACTUAL VOLTAGE

.9351 215,073

9534 3,966
E4 & COMMON B .8843 3,679
E7 .E876 426
2F .B636 415
2F .8581 412
EE .8803 423
28Y .B926 428
COMMON D .8827 424
2L .871 418
4L 8814 423

ARE ON THE BASE VOLTAGE SHOWN IR THE LEFT HAND



YCLTA

GE DROP STUDY

REACTOR BUILDING CLOSED

APPENDIX A

SAT
2% LOcA
COOLING WATER PUMPS 2A AND 2C START

(Fig. No. A23)

MINIMUM VOLTAGE

PER UNIT VOLTAGE ACTULL VOLTAGE

BUS NAMES
230 XV SWITCHYARD .955 219,
416C VOLT BUS 2B .9739 4,
4160 VOLT BUS 2C, 2D, E3, E4 & COMMON B . 9048 3,
480 VOLT URIT SUBSTATION E7 -8775
480 VOLT UNIT SUBSTATION 2E .8872
480 VOLT UNIT SUBSTATION 2ZF .8819
480 VOLT UNIT SUBSTATION EB .9033
480 VOLT UNIT SUBSTATIOR 2SY L9141
480 VOLT UNIT SUBSTATIONR COMMON D . 9044
480 VOLT UNIT SUBSTATION 2L .892
480 VOLT UNIT SUBSTATION 4L .9031
480 VOLT MOTOR CONTROL CENTER 2ZXE .8266
460V REACTOR BUILDING CLOSED COOLING
WATER PUMP 2A .85
460V REACTOR BUILDING CLOSED COOLING
WATER PUMP 2C L8534

NOTE: ALL LOAD VOLTAGES ARE
COLUMN.

650
051
764
421

426

434
439
%34
428
433

397

391

393

ON THE BASE VOLTAGE SHOWN IN THE LEFT HAND

A25
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VOLTAGE DROP STUDY

APPENDIX B

GENERAL NOTES

The choice of source vel:cages to be studied was made as follows:

The VOLTS runs of 4160V Buses Common A & Common ¥ Tie Breaker Closed
were made for the worst cases of minimum Switchyard Voltage bhased on
the previous studies with the tie breaker open (Appendix A). Brth the
normel operating conditions and accident conditions were considered
for the VOLTS runs. The worst case Switchvard Voltage for the normal
operating condition is SAT, Screen Wash Pump 2A Starting (Full Load).
The worst cese Switchyard Voltage for the asccident condition is SAT,
2% LOCA Start (Full load).

Impedance input data for the VOLTS runs duplicated the input data
utilized in Appendix A VOLTS runs. Load input data for the VOLTS runs
was the same as input data in Appendix A with the exception cof the
4160 Volt Bus Loads. These loads were increesed to reflect the additional
loads from 4160 Volt Bus Common A.

The Switchyard input voltage to the VOLTS run was then increased to
compensate for the additional load. The resu’ ting Switchyvard Voltages

meet the criterie established in 3.2,



VOLTAGE DROP STUDY

APPERDIX B

SAT

SCREEN WASH PUMP 2A STARTING
(Fig. No. Bl)

MINIMUM VOLTAGE

BUS NAMES P. U, VOLTAGE ACTUAL VOLTAGE
230 X\' SWITCHARD 0.980% 225,607
4160 VOLT BUS 2B 0.9703 4,037
4160 VOLT BUS 2C, 2D, E3, E4 _COMMON B, COMMON A 0.9326 3,880
480 VOLT UNIT SUBSTATION E7 0.8815 423
480 VOLT UNIT SUBSTATIOR 2E 0.9326 L4E
4B0 VOLT UNIT SUBSTATION 2F 0.9288 446
4B0 VOLT UNIT SUBSTATION EB 0.9228 443
480 VOLT UNIT SUBSTATION 25Y 0.98457 454
480 VOLT U™MIT SUBSTATION COMMOR D 0.93884 450
480 VOLT UNIT SUBSTATION 2L 0.9236 4L
480 VOLT URIT SUBSTATION 4L 0.9374 450
480 VOLT MOTOR CONTROL CENTER 2PA 0.8307 399
460 VOLT SCREEN WASH PUMP 24 0.8510 39

BOTE: ¥. U. VOLTAGES ARE BASED ON BASE VOLTAGE SHOWN IN LEFT-HAND COLUMN

B3



BUS NAMES

230 XV SWITCHARD

4160 VOLT BUS
4160 VOLT BUS
480 VOLT UNIT
480 VOLT UNIT
480 VOLT UNIT
480 VOLT UNIT
480 VOLT UNIT
480 VOLT UNIT
480 VOLT UNIT

480 VOLT UNIT

2B

2C, 2D, E3, E4, COMMON B, COMMON A

SUBSTATIOR E7
SUBSTATION 2E
SUBSTATICN 2F
SUBSTATION EB

SUBSTATION 25Y

VOLTAGE DROP STUDY

APFERDIX B

sAT

2X_LOCA START

(Fig. No. B2)

SUBSTATION COMMON D

SUBSTATION 2L

SUBSTATION 4L

4000 VOLT CORE SPRAY PUMP 2A

4000 VOLT RHR

4000 VOLT RHR

PUMP 1A

PUMP 2A

4000 VOLT CORE SPRAY PIMP 2B

4000 VOLT RHR

4000 VOLT RHR

NOTE :

POMP 1B

PIMP 2B

MINIMUM VOLTAGE

U. VOLTAGE ACTUAL VOLTAGE
0.9720 223,560
0.9793 4,074
0.7382 3,154
0.7462 358
0.7157 344
0.7086 340
0.7372 354
0.7608 365
0.7490 360
0.7424 356
0.7474 359
0.7740 3,096
0.7801 3,120
0.7812 3,125
0.7711 3,084
0.7814 3,125
0.7782 3,113

¥P. U. VOLTAGES ARE BASCD ON BASE VOLTAGES SHOWN IN LEFI-HAND COLUMN



VOLTAGE DROP STUDY

APPERDIX B
SAT
23 LOCA RUN
(Fig No. 13)
MINIMIM VOLTAGE
BUS RAMES P. U. VOLTAGE ACTUAL VOLTACE

230 KV SWITCHYARD 0.9460 217,580
4160 VOLT BUS 2B 0.9637 4,009
4160 VOLT BUS 2C, 2D, E3, E4, COMMON B, COMMON A 0.8848 3,681
480 VOLT UNIT SUBSTATION E7 0.8881 426
4B0 VOLT UNIT SUBSTATIOR 2E 0.8642 415
4LBD VOLT UNIT SUBSTATION 2F 0.8587 412
480 VOLT UNIT SUBSTATION EB 0.88D9 423
480 VOLT UNIT SUBSTATION 2SY 0.8931 428
4B0O VOLT UNIT SUBSTATION COMMON D 0.8832 L24
480 VOLT UNIT SUBSTATION 2L 0.871¢6 418
480 VOLT UNIT SUBSTATION 4L 0.8619 423

NOTE: ¥P. U, VOLTAGES ARE BASED ON BASE VOLTAGES SHOWN IN LEFT-HAND COLUMK

B5

et e



VOLTAGE DROP STUDY

APPERDIX B
SAT
2X LOCA
(Fig. No. B4)

REACTOR BUILDING CLOSED COOLINC WATER PUMPS 24 AND 2C START

MINIMUM VOLTAGE

US NAMFS P, U. VOLTAGE ACTUAL VOLTAGE
230 KV SWITCHYARD 0.9670 222,410
4160 VOLT BUS 2B 0.9852 4,090
4160 VOLT BUS 2C, 2D, E3, E4, COMMON B, COMMON A 0.9050 3,765
480 VOLT UNIT SUBSTATION E7 0.8775 421
480 VOLT UNIT SUBSTATION 2E 0.8875 426
4B0 VOLT UNIT SUBSTATION 2F 0.8821 423
480 VOLT UKIT SURSTATION ES 0.9036 434
4B0 VOLT UNIT SUBSTATION 25Y 0.9143 439
480 VOLT UNIT SUBSTATION COMMON I 0.9047 434
480 VOLT UNIT SUBSTATION 2L 0.8922 428
480 VOLT UNIT SUBSTATION 4L 0.9033 434
480 VOLT MOTOR CONTROL CENTER 2XE 0.8265 397
460 VOLT REACTOR BUILDING CLOSED COOLING WATER PUMP 2A 0.849% 391
467 VOLT REACTOR BUILDING CLOSED COOLING WATER PUMP 2C D.8533 393

NOTE: P. U. VOLTAGES ARE BASED ON BASE VOLTAGES SHOWN IN LEFT-HAND COLUMN

Bb
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Form SOYE Rev. 'Y 78

IDISCIPLINE

NAME OF COMPANY ..

GENERAL COMPUTATION SHEET

L=y nited

& CONSTTUCIONE INC

engineers

ol

CaLcl

SET NO

PRELIM "':;

7-092-5-£ -

FiINAL

voID

SHEETC 2 OF

SUBJECT. “"—’L:E r [(ﬁ S-UDV N i T S U W —
J.O. 9527 -03 12
"t | come By | cHx'D BY
4160V RUNNINEG LOADS o
DATE DATE
NOTE: UNIT SUBSTATION L0ADS ARE NOT
INCLUVDED IN THE BYyS LORDS DATE DATE
BUS
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;;»‘ubmou 28 3 2R £2 S B T4TA!
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(VAT)  myaR L% .60] 2,067 e A58 0 3.379
FULL ew (0,208 LR ¥4 7.97% 599 <& It 4,637
VAL £.23 107 .35 35 JI55 ( 4,159
LOCAS mvy ¢ 4 16k (6f 59 W " 11,045
MVAE ¢ 8% LTI 3 8§13 4] 2,957
LOCAR W 0 <, 16} L8 2,258 2.415 0 15,699
MVAK 0 4% LT LISy 1. 368 0 €765
ZL0CAE Mw { %066 Lo SN N Y, 12,045
VAL ¢ R 1772 356 355 U 2,957
2L0CAR MW 0 4.6t b.6f 3036 3.413 0 17,295
pmvAal 0 4% L7z 1.£3g 1755 0 550
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Form 5018 Res

IDISCIPLINE

NAWE

I

GENERAL

COMPUTATION SHEET

g engineers
& CONETTUTIONE INC
- ‘5 r : [ 4 < ¥ » -
OF COMPANY.. . - | 3 & e s, 81 UNITS.. &
- - -~
supecr. VO IR G& XX S LY, .
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G/ OV RYywni/ing LOARDS
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—— —— e—
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a¥ 7 2
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-
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Sorm SDIE Ben

DISCIPLINE

Lot GENERAL COMPUTATION SHEET
CALC SET NO
gmlmd engineers PRELW | 247 7038 €
& SONETTUCTOS T
FiNaL
name OF comeany. o & b ERUNSHWIEK. .. wwirs. L EL. vOID
. SHEETC OF
sunsecy.. VOLIARGE. DEXCEL... STUdll .o T %4 T35
"t ] cowe By | CHKD BY
~
~ foaveE DATE
DATE DATE
7ok RATED EoEEpowel LOCKEY-  LOLKEP-  PER-UMIT ADwiTTANE
VOLTALE ROTOK KOTOR CON. i
v CURRENT POWER
A FALTOR
REALTOR FECTIRC ) B
MG SET 4000 000 S456° o7 §.83-10° 3731
FP-5353 _ "
LIRC. WATEE PUnMP Y& 4000 2250 1400 10° 133 40107 105K
CORE SFRAY FUMP  &QpC 1250 108507 2 LSE 10 2.68-167%
FP- 5487 .
z - ' Tl n 2 “ - 4 s ,,'z ' - Ml
LHR PUMP 400C 000 $40-10 % 4 L2640 .11
FFP-5727 ') L -
NUCLEAR Sw. fumP  &4000 300 2.42-10 3 545077 L1300 °
Fp-3101 X - ) ¢
FIRE pUMP AC00 250 .82+ 10 o £,0916"7 1.3g+10*
Fp-4¢c% o k- of
SCREEN WalH POMP G40 200 L 38-;‘6’ 2 2.08040 7 g 0700 "
FP~3447 F. " .
- : ” 7~ far 7 a L - - .-
UEB BLDE. LW UMy 440 200 L& 2 2.5 L13-K
FP-3551 1 g : :
RACKWR H AR BLowER 44D | 50 231" 2 2424007 1,081 ¢
- : < - "}
REACT. BLDG. CCw pums 860 15 500" 2% s130% 44l
¥ CHALACTERIsSTIcs FROM FCATEC PARTA SHEET - Fi5c LEVELSE RCTATIO?
# ESTIMVMATED
€ ESTInETED BRSEDP ON (KVA PER HOKRSEPOWER RUNNING,
LY CRTING CURRENT = L. F » MWINNING CUKH EnNT
z —’EE :H- g “:o .I C4 :* f,'r,:\ —:‘E "‘ e e
b = -' v -:~ -;;J.'”::
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Form 5015

(DISCIPLINE

NAWE

SUBJECT.......

OF COMPANY ..o

GENERAL COMPUTATION SHEET

g wnited engineers
& CONBTrUtTONs InC

uh 'T's”..‘,‘ ‘:: Z "o

1174

* V. BEUNSHLICK. ......

L TBT WL T =) T3 X5 7 ) S——
RERCTOR BULILDING CLOSEP colLING WATEK rump
STARTING

LOCKEP KDTOR CODE LETTER

F L. 0-55Y KVA/H?

USINE 5.£9 KVvA/HF,

£,59. 761000

T= 5 - 440

va

= 328 A

)

CALC. SET NO
PRELIM |9£77.232- 72/
FinaL
vOID
SHEET £S5 OF
J O :’t:—‘/" v }:_

"t | comp BY | CHK'D BY
C et BATE
DATE DATE




Form SUIE Sev, 1174

(DISCIPLINE

GENERAL COMPUTATION SHEET

g wnited engineers
8 CONSTTUCTOrE INC

~§ TEUNSWIC
NAWE OF COmMPanY - -‘R .7 F‘ “n’ K TS R

-

UNITSS. . e

CALC SET NO

PRELIM |527-(532-5-£- |
FINAL
vOID

SHEETC & OF

sussecy YOLTAGE CROP STUPN . YT
440V MOTIR sTARTING PATa "e | cowe By | cux'D BY
O DaTE DATE
DATE DATE
LARCEST. VIOTOR
;:;’4*..”f.‘ €€ METOR 1A ZFBLE WO LENCTH TVIE
2E 274 Tee-2A 100  MFI-NGO 73 3/C 350 MCm
2F 2TH TCC-2¢ 200 DIg-wEL  |H 3/C 350 mCiu
E£7 2PA SCw-21A 200 E@Z-NKé %6 3/035C wC
. EF 2¢B Scw-28 200 E&1-NKT 109 3/cmi MCA
CoNMON D RwB 2-CFD-pULL3 iSO BGS-PR2 77 ek K
UNIT mMOTOE CAFLE ‘i”“
SUBSTATIIN MCC L 3 £ [ ¥ _F
ZE 274 L0152 01232 i.2788 .7384 35512
2 LTH 00252 0123 1.4¢(9Y 1.BI12é 2552
£E7 2FA 00239 L0117 Le81T 1134 7647
£t LPg 0239 L0117 LI0% 1402 2447
COMMON D FWB A0z L0104 2.2020 9929 VETE ESTIMATED

Cé



Formm SO1E Rew. 117748

(DISCIPLINE

GENERAL COMPUTATION SHEET

CALC SET NO
g tnited engineers PRELIM |7.527-052-5- &/
& CONETUCIONS INC
FINAL
NAME OF :onum...z'..f..t. o RN S I i UN T~ vOoIid
e SHEET C F
ummmmf?kjﬁﬁﬁmuﬁﬂCfW”ézkzﬁfw”mmmmwmmumuhWmmw.WN‘ €70
JvO. §£27-022
"¢l cowe By | cHx D BY
™
ot BATE
BATE oATE
UNIT
Mr< MOTOR HP CABLE NO  LENCTH TveE

s L’&: TATI O

E7 1XE
£7 2XE
E® IXF

UNIT

SUBS TATION
E7

mMcC
(28) 1 XE
E7 (2¢) 1

Ef (28) 2xF

Rpcewp-24 75
ﬁf CCVVP’Z.: -
RBCCWP-2B 75

MOTOR
£ £

.0396% 14007
913407 #.47.i0°

-4 3
91310 44700

Eal-NF§
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EDT-NF7

CABLE

£ X
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CARCLIRA POWER A«D LIGHT COMPARY
BRUNSWICK STEAKM ELECTRIC PLANT, UNIT NO. 2

UKNIT SUBSTATION E7 MOTOR CORTROL CERTERS

FROM TO CABLE TMPEDANCES
BUS BUS RESISTANCE REACTANCE
£7 2Xa 3.3854 2.4783
£7 2%C 3.3854 2.4783
£7 2XE 5.1654 .221

£ 2%G 2.8178 2.1753
£7 2XL 4.9349 4.3954
£7 1Xh=2 6.7665 7.2312
£7 1xJ 7.5868 7.6693
E7 2Ch 3.2862 3.3229
E7 2PA 5.1875 3.8028
£7 DGC 2.9792 2.5347
E7 22 7.8958 7.6345

C8

P A T g g



CAROLINA POWER AND LIGHT COMPANY
BRUNEWICK STEAM ELECTRIC PLART, UNIT RO. 2

UNIT SUBSTATION ZE MOTOR CONTROL CENTERS

FROM ™™ CABLY TMPEDANCES

RUS EUS RESISTARCE REACTANRCE
<E 2TA 3.7934 3.8235
2E 2TB 2.6432 2.6736
2E 27TC 2.6432 2.6736
2E 2TF 2.7908 2.8212
<E 273 2.3134 2+3351
2E 2TK l1.6580 2.4088
2E TL l1.8403 2.6736
2E 2ETB 6£.9314 e ki3S

c9



URNIT SUBSTATION 2F MOTOR CORTROL CERTERS

FROM 70 CABLE 1M4PEDANCES

B80S BUS RESISTANRCE REACTANCE
2F 2TD 1.8663 l1.3672
2 2TE 1.8663 1,3672
2F 271G 1.6823 1.2335
2F 2TH 1.5998 Z.3264
2F 2TH 1.1892 1.7318
% 2TH 3.0859 2.2613
<F <FTB £.5925 1.914¢€

€10



CARCLINA P

- o

OnER ARD LIGHT COMPANY

STEAM ELECTRIC PLANT, UNIT NO, 2

ATICN EEB ECTOR CONTROL CENTERS

TC CABLE IMPEDANCES

BUS RESISTANCE REACTANCE
2XE 1.6588 1.2153
<XD 2.6345 2.6649
ZXF 6.2031 7.5521
<XB 3.4772 3.977¢
2XM 5.859¢4 4.4835
1XB~-2 €.1198 $.5993%
1XK T«83586 7113
<PB 2.8273 2.85
<C 4.6875 4.735¢
DGD g.612¢0 .6163
E11,E12 £.3906 £.1754
<B 13.8599 12,3228
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CAROLINA POWER ARD LIGET COMPANY

(-

*

.

BRUNSWICR STEAM ELECTRIC PLANT, UNIT NO. 2

UNIT SUBSTATION COKMON MOTOR CONTROL CENTERS

(W)

FRON 70 CABLE TMPEDANCES
BUS BUS RESISTANCE REACTANCE

KWE 1.7958 l.8181
RWD 4.7613 4.8059

COMMON

COMMOR

oo

COMMON Z5A 9.1797 9.2752
COMKON CRANE 14,7352 E.046€69

£
ot
)
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MOTOR LIST
CP&l BRUNSWICK STEAM ELECTRIC PLANT, UNIT NO, 2
VCLTAGE DROP STUD

4160 VOLT BUS 23, FULL LOAD AND ACCIDERT CONDITIONS

BRAKE RATED POWER
MOTOR HP HP  FACTOR 33 MW MVAR
REACTOR RECIRC PUMP 2A

6520, 6520,  0.8900  ©.5530 5.1038  2.6148
REACTOR RECIRC PUMP 2B

6528, 6520, ©.890P  ©.953¢  5.1838  2.6148
TOTAL 16,2076  5.2295

0
ot
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MOTOR LIST

REACTOR RECIRC PUMP 2A

€528,

REACTOR RECIRC PUMP 2B
g.

PUMP 2E MOTOR STARTING

RATED

EP
—

€528,

6520.

POWER

FACTOR

Cls4

e.89020

e.esoe

» UNIT NO, 2

F

-

£.9530

0.9532

CONDITION

=
k3

$.1038

P
5.1038

MVAR

2.6148

e.
2.6148



e o®0 06 06 06 o 6 6 0 o 0 0 0 n o o a8 o

W

MOTOR L1ST

CPél BRUNSWICK STEAM ELECTRIC

VOLT?GE JROP STUDY

BUS 2C LOADS, FULL LOAD CONDIT
BRAKE RATED
MOTOR HP BP
CIRCULATING WATER PUMP 2A
2060, 2250.
CIRCULATING WATER PUMP 2C
2060, 2250,
CONDENSATE BOOSTER PUMP 2A
1243, 12580.
CONDENSATE BOOSTER PUMP 2C
e. 1258,
HE.TER DRAIN PUMP 2B
e. 1e00.,
CONDENSATE PUMP 2B
0. leoe,
CEILLER 2B-RM~TB
1650, 1650,

TOTAL

RS o

PLANT, URIT NO, 2

ION

POWER
FACTOR
l.oece
l.0020
g.o000
g.9000
e.895¢

C.BRCT

€.5079

C15

£.9645

0.9645

g.5460

£.9460

0.9260

2.9260

£.5500

1,5933

1,5933

2.%804

1,2957
5.4628

MVAR

le

£.474%

0.

2.6016
1.,0765
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MOTOR LIST

CP&L BRUNSWICK STEAM ELECTRIC PLANT, UNIT NO, 2

VOLTAGE DROP STUDY

BUS 2C LOADS, UAT LIGHT LOAD CONDITION

BRAKE RATED
MQTOR BP EP
CIRCULATING WATER PUMP 2A
2. 22580,
CIRCULATING WATER PUMP 2C
20680, 2258,
CORDENSATE BOCSTER PUMP 2A
2. 1250,
CONDENSATE BOOSTER PUMP 2C
£. 1250,
HEATER DRAIN PUMP 2B
e. 1000,
CONDENSATE PUMP 2B
e. 1000,
CEILLER 2B~RM~TB
1650, 1650,

TOTAL

POWER

FACTOR

l.0000

l.0000

g.9082

g.;eee

0.B95¢

g.s8ee

2.9070

™
ey
b |

2.9645

£.9645

£.9460

£.94680

£.9260

0.9260

2.9500

MW
e.
1,5933
0.
e.
0.
0.
1,2957
2,8890

MVAR

0.

2.6016
g.6016
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MOTOR LIST

CPsL BRUNSWICK STEAM ELECTRIC PLANT, UNIT NO, 2

VOLTAGE DROP STUDY

BUS 2C LOADS, ACCIDENT (LOCA AND 2XLOCA) CONDITION

BRAKE RATED
MOTOR HP HP
CIRCULATING WATER PUMP 2A
2060, 2258,
CI.CULATING WATER PUMP 2C
2060. 2250.
CORDENSATE BOOSTER PUMP 2A
1243, 1250.
CONDENSATE BOOSTER PUMP 2C
0. 1250,
HEATER DRAIN PUMP 2B
e. 1000.
CONDENSATE PUMP 2B
e. 1008,
CHILLER 2B-RM~TB
8. 1650,

TOTAL

POWER
FACTCR

l.e000

1.0020

£.9000

2.%008

0.8950

0.8800

e.907¢

C17

EFF

0.9645

£.9645

£.9460

2.9460

2.92680

g.9268

g.9500

1,5933

1,5933

g.o804

0.

D.
4.1671

MVAR

0.4745

2.
2.4749
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MOTOR LIST

CP&L BRUNSWICK STEAM ELECTRIC PLANT, UNI

VOLTAGE DROP STUDY

RATED
HP

CIRCULATING WATER PUMP 2B
2068. 2258.

CIRCULATING WATER PIMP 2D
20680, 2250.

CONDENSATE BOOSTER PIMP 2B
1243. 125¢.

HERTER DRAIN PUMP 2A
855. ipee.

HEATER DRAIN PUMP 2C
E55. leee.

CONDENSATE PUMP 2A
785, lgee.

CONDENSATE PIMP 2C
705. leee.

CHILLER 2A-RM~TB
i65e. l65¢.

TOTAL

Cle

POWER
FACTOR

i.eeee

l.egep

g.oeee

2.8958

€.855¢

e.ggep

e.ssee

e.%07¢

No. 2

.9645

0.9645

2.9468

£.9268

£.95260

e.92682

2.9260

e.9s5ee

MW

1.5933

1.5933

e.98064

¢.6888

f.6888

g.5680

e.5680

1.2957
7.9763

MVER

e.

2.474°%

0.3433

2.3433

8.3066

0.3066

e2.6216
2.3762
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MCTOR LIST

CPeL BRUNSWICK STEAM ELECTRIC PLANT,

VOLTAGE DROP STUDY

UNIT NO, 2

BUS 2D LOADS, CIRC WATER PUMP 2B START, FULL LOAD

BRAKE RATED
iOTOR HP EP

CIRCULATING WATER PUMP 2B
C. 2250,

CIRCULATING WATER PUMP 2D
20682, 22580,

CONDENSATE BOOSTER PUNMP 2B
1243. 1258,

HEATER DRAIN PUMP 2A
855, igoe.

BEATER DRAIN PUMP 2C
855. leged.

CONDERSATE PUMP 2A
785. lpee.

CONDERSATE PUMP 2C
7e5. leep.

CEILLER ZA-RM-TB
1650, 1650,

TOTAL

POWER

FACTOR

l.00200

l.epep

e.o000

2.89580

£.8950

g.8800

e.8800

0.%07¢2

EFF

£.9645

2.9645

£.9460

£.9260

2.9260

2.9260

p.o2602

e.ssee

1,5933

£.2804

£.6888

2.68B8E

c.5680

2.5680

1,2957
€.3830

MVAR

0o

0.4749

£.3433

£.3433

2.3066

0.3066

2.6016
2.3762
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CP&L BRUNSWICK STEAY ELECTRIC PLANT,

VOLTAGE DROP STUDY

BUS 2D LOADS, UAT LIGHT LOAD CONDITION

BR AKE R ATED
MOTOR BP 8P

CIRCULATING WATER PUMP 2B
g. 2258,

CIRCULATING WATER PUMP 2D
22680, 2258.

CONDENSATE BOOSTER PUMP 2B
1243. 1258.

HEATER DRAIR PUMP 24
855. legoe.

HEATER DRAIN PUMP 2C
B5S. loge.

CONDENSATE PUMP 2A
g. lpee.

CONDENSATE PUMP 2C
785, ieee.

CHILLER 2A<RM~TB
i658e. l16580.

TOTAL

POWER

FACTOR

i.ceee

l.eeee

g.s00e

2.895¢

2.8958

g.ssee

2.88e8

g.seve

c20

UNIT NO, 2

m
o
e |

0.9645

£.9645

0.9460

2.92680

2.9268

2.926¢

2.9526¢0

e.95680

2.

1.5933

P.95804

P.6888

£.6880

g.56882

11,2957
5.815¢8

£.474%

2.3433

2.3433

2.3866

2.6016
2.0696
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CP&L BRUNSWICK STEAYM ELECTRIC PLANT,

VOLTAGE DROFP STUDY

BUS 2D LOADS, ACCIDENT (LOCA AND 2XLOCA)

BR AKL RATED
MOTOR HP HP
CIRCULATING WATER PUMP 2B
2060. 2258,
CIRCULATING WATER PIMP 2D
2660, 2258,
CONDEISATE BOOSTER PUMP 2B
1243. 1258,
HEATER DRAIN PUvMP 2A
855. lpee.
HEARTER DRAIN PUMP 2C
855. ieee.
CONDENSATE PUMP 2A
785. igee.
CONDENSATE PUMP 2C
785, igee.
CHILLER 2A~RM~TB
e. 16500

TOTAL

c21

POWER
F ACTOR

l.cee0

l.eeee

e.5020

@.895¢

2.8958

2.8800

e.88280

2.907¢8

UNIT NO. 2

CONDITION

EFF

2.9645

£.9645

2.94¢60

2.9260

g.9268

£.9260

£.9260

g.9s508e

MW

—

1.5933

1,5933

g.9804

2.6888

2.6888

0.5680

g.56882

e.
6.6806

g.

B.4749

P.3433

8.3433

2.3066

£.3066

2.
1.7745



MOTOR LIST

CPeL BRUNSKICK STEAM ELECTRIC PLANT, URIT NO, £

VOLTAGE DROP STUDY

4160 VCLT BUS E3 LOADS, RORMAL
ERAKE RATEL

MOTOR HP B
CORE SPRAY FUMP 2R

L. 1258,
RER SEPVICE WATER PUNMP 2A

0. goe.
RHR PUMP 1A

0. Bee.
RER SERVICE WATER PUMP 1A

B. 8620
RHR PUMP 2A

P Ede.

CONTRCL RCD DRIVE HYD, PUNMP
ise. 25¢.

NUCLEAR SERVICE PUMP 2A
275, 3te.

CONVENTIORAL SERVICE PUMP 22
275, 3ce.

TOTAL

OPERATING
POWER
FACTOR
c.5008
c.20080
g.9cee
e.o0ee
£.9000
C.6860

c.e5e8

g.8500

CONDITION

EFF

0.9400

2.9350

£.9350

£.9358

2.93582

£.9270

e.szee

£.223¢0

0.2238
2.59E9

g.

b.eeee

0.1382

0.1382
2.3564



CPslL BRUNSWICK STEAM ELECTRIC PLAXT,

VOLTAGE DROP STULY

4162 VOLT BUS E3 LOADS,
ERAKE

¥OTOR HP
CORE SPRAY PUMP 22

0.
RER SERVICE WATER PUMP

P.
RHE PUMP 12

f.
RHR SERVICE WATER PUMP

f.
RER PUMP 23

e.

CONTROL ROD DRIVE EYD,
2.

gee.
1A

Ee0.

gde.

PUMP
258,

NUCLEAR SERVICE PUMP 2A

275,

3pe.

CONVENTIONAL SERVICE PUMP 2A

275,

TOTAL

3ee.

UNIT NO, 2

POWER
FACTOR EFF MW
g.se0e  ©.9400 0.
8.9200  P.935e @O,
e.9000  ©.9350  ©.
e.9088  9.9350  ©.
e.9020  2.9350 @O,
e.8860  0.927¢ 0.
e.8508  8.9200  £.2230
e.6560  £.9200  ©.2230
2.440

c23

g.

¢

0.

2.

£.1382

£.1382

2.2764
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£1680 VOLT BUS E3 LOARDS
BRAKE
MOTOR BP
CORE SPRAY PIVP 2A
1068.
RER SERVICE WATER PUMP
g.
RER PUMP 1A
B.
RTR ERVICE WATER PUVP
2.
RER PUOMP 2A
igge.

DRIVE HYD.
i%82.

CORTROL ROD

NUCLEAR SERVICE PUMP 22

275.

CONVENTIONAL SERVICE PU

275.
TOTAL

1.0 2 COARDTTY

Sl & N

R ATED

e e

HP

leee.

PUMP
258,
ige.

MNP 2R

3ge.

DITION

POWER

FACTOE

g.5ede

¢.%e8¢

g.scee

g.seae

£.886¢

e.gsee

g.8502

-~
e~

EFF

g,%4e?

2.9358

8.9358

e.935¢

2.935¢

2.527%

g.saee

g.s2@e¢

£2.7979

{ ] 3
. .

"~ L=
W L)
on w
- -~

£.3864

2.e8ee

2.1382

g.1382
1.1583
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MOTOR LIST
CP&L BRUNSWICK STEAY ELECTRIC

VOLTAGE DROP STUDY

PLANRT,

41602 VOLT BUS E3 LOADS, 2XLOC2Z CONDITION

BRAKE R ATED
MOTOR HP P
CORE SPRAY PUMP 22
1860, 1258.
RER SERVICE WATER PIMP 2A
e. Bzz'
RER PIMP 1A
1008, 1000.
RHR SERVICE WATER PUMP 1A
e. 00,
RER PIMP 2A
1802. 1800.

CONTROL ROD DRIVE HYD. PUMP
198. 258.

NUCLEAR SERVICE PUMP 2A
275. 3ee.

CONVENTIONAL SERVICE PMP 2A
275. 3gp.

TOTAL

POWER
FACTOR

e.sp0e

g.s0080

g.2002

g.o0080

2.9002

P.8B6D

g.85e0

e.850¢

URIT NO. 2

™
|
"

2.9400

2.9350

2.9350

.93580

2.9350

2.92780

g.s208

2.%200

2.7879

£.1529

2.2238

0.2230
3.8358

0.3864

2.3864

p.o800

2.1382

p.138E2
1.5367
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MOTOR LIST

CP&l BRUNSWICK STEAY ELETTRIC PLANT,

VOLTAGE DROP STUDY

4160 VOLT BUS E4 LOADS, FUL. LOAD CORDITION

BR AKE R ATED
MOTOR HP HP
CORE SPRAY PUMP 2B
e. 1252.
RER SERVICE WATER PUMP 2B
e. see.
RER PUMP 1B
8. 1000.
RER SERVICE WATER PUMP 1B
e. 500,
RER PUMP 28
e. 1eee.
CONTROL ROD DRIVE HYD. PUMP
°. 2560.
NUCLEAR SERVICE PUMP 2B
2. 3ee.
CONVERTIONAL SERVICE PUMP 2B
275. ipe.
CONVENTIONAL SERVICE PUMP 1A
275. jee.
FIRE PUMP
19e. 258.
TOTAL

POWER
FACTOR

g.%080

2.9000

p.%000

g.soee

g.sepe

e.s86e

e.8508

e.ssee

e.8500

P.8890

C26

UNIT NO. 2

FF

p.9%400

2.9350

£.9358

2.9350

£.935¢

2.927¢

g.s20e

g.9200

g.9200

e.s2e0

g.2230

£.2230

0.1541
e.c000

6.1382

v.1382

2.0794
8.3557
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CP&L BRUNSWICK STEA ELECTRIC PLAN
VOLTAGE DROP STUDY

4168 VOLT BUS E4 LOADS, UAT LIGHT

B3 AKE R ATED
4OTOR BP 8P
CORE SPRAY PUMP 2B

] 1258,
RER SERVICE WATER PIMP 2B

2. 808,
RER PUMP 1B

2. 1ze0.
RHR SERVICE WATER PUMP 1B

2. gee.
RER PUMP 2B

e. 1eee.
CONTROL ROD DRIVE HYD. PUMP

2. 250,
NUCLEAR SERVICE PIMP 2B

e. 3ze.
CONVENTIONAL SERVICE PUMP 2B

278. 300.
CONVERTIONAL SERVICE PDMP 1A
275. 302,

FIRE PUMP

2. 258,
TOTAL

-
-

LOAD COND

POWER
FACTOR

g.ocee

g.seoee

g.seee

g.sece

e.seee

g.8e6p

e.ss5ee0

e.gsee

2.e500

B.8890

» UNIT NO. 2

ITION

FF

£.9402

2.9352

£.9358

g.935¢

2.9358

2.9270

£.9200

g.92e0

p.%20¢0

g.5%200

g.

e.2230

e.223¢

e.
B.4460

=
<

é.

2.

£.1382

£.1382

@.
P.2764
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MOTOR LIST

CP&lL BRUNSWICK STEAM ELECTRIC PLANT, UNIT NO. 2

VOLTAGE DROFP STUDY

4162 VOLT BUS E4 LOADS, LOCA CONDITION

BR AKE RATED POWER
MOTOR HP 8P FACTOR
CORE SPRA. PUvMP 2B
1p68. 1258. p.oe2e
RHR SERVICE WATER PMP 2B
B. s@e. p.seep
RHER PUMP 1B
é. lgee. g.sep
RHR SERVICE WATER PIMP 1B
e. BEE. p.cppe
RHEHR PUMP 2B
leog. lgge. J.oeee
CORTROL ROD DRIVE HYD. PUMP
19¢. 258, 2.6B6R
KUCLEAR SERVICE PUMP 2B
275, 3ep. 2.85¢20
CORVENTIORAL SERVICE PUMP 2B
275. 3ee. g.8508
CONVENTIOKAL SERVICE #MP 1A
275. 3pe. 0.85080
FIRE PUMP
1%8. 250. g.8gse
TOTAL

m
"y
™

g.s4ce

2.9350

g.9350

2.9350

£.9358

2.%27¢

2.5200

£.9200

g.s2ee

g.%200

e.

2.

2.797%

£.1529

g.223¢0

0.2230

e.2230

8.1541
2.615¢8

MVAR

g.4074

B.3864

c.osee

2.1382

8.1382

.1382

g.079¢4
1.3678
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GE DROP SETUDY

CP&L BRUNSWICK STEAY ELECTRIC PLANT,
- &

4160 VOLT BUS E4 LOADS, 2XLOCA CORNDITION

BR AKE RATED
MOTOR BP e
CORE SPRAY PUMP 2B
1865, 12580.
RHR SERVICE WATER PUMP 2B
e. gae.
RHR PUMP 18
lgge. lepe.
RHR SERVICE WATER PU¥P 1B
B. gep.
RHR PUVP 2B
1882. lpee.
CONTROL ROD DRIVE EYD. PMP
198, 258,
NUCLEAR SERVICE PUMP 2B
21D 3pe.
CONVENTIONAL SERVICE PUMP 2B
35 W 300.
CONVENTIORAL SERVICE PIMP 1A
275, 3ee.
FIRE PUMFP
1%8. 258.
TOTAL

g

POWER
FACTOR

g.scee

2.9020

e.s002

g.sepe

e.9%000

e.8860

g.85e0

.8500

g.85e0

e.889¢@

URIT NO., 2

g.s54002

2.9359

0.935¢2

B.93580

2.535¢0

2.927¢2

P.92¢0

g.52002

e.scpe

2.9200

|3

p.8412
e.

2.7979
e.

2.7974
6.1529
g.223¢0
8.2230
#8.2230

g.1541
3.4129

MV2R

2.4074

£.3864

2.3864

c.esoee

#.1382

£.1382

£.1382

2.279%4
1,7542



CARDLINE POWER AND LIGHT COMPANY, BRUNSWIC(K STEANM ELELTRIC PLANT

UNITS NDS, 1 AND 20 48U VOLT LOAD STUDY

UKIT SUBSTATION E7+ FfULL LOAD CONDITION

LOAD FACTOR = D.80 POWER FACTOR = [,B5,

Mmee HORSEPOWER Mys " MVRR o
2yt 36,19 0. 0290 C.0245% 0.0153
2xt 85,63 C.08685 0.D582 0.0387
2XE 193,45 D.1548 0.139% 0.0815
___2X6 503,67 D 4029 D.3425 0,2123
2xL 159,42 0.1275 D.108¢ G. 0672
1X84=2 75.63 D.0205 0.0174 0.D108
X3 B1.67 D.0653 0.055% D.0344& - .
2Ca «08,70 D.3270 02779 D.1722
2P e 243,65 0.19 9 0.1657 D.1027
beC 150,92 D.,1207 0,1026 0.0636
$ 28 75.00 0.0600 C.DS10 D.0316
TOTAL 1964, 1.5719 1.3355 0,8277
e Rote:

Load MVA is given bared on horsey w~er times load factor
expressed in P. U. on 100 MVA base.

C30
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UNITS NOS, 1 AND 2, 480 vOLT LORD STUDY

TARDLINE POSER AKD LIGHT COMPANYs, SRUNSWICK STEAM ELECTRIC PLANT

UNIT SUBSTRTION E7.

SCwP 28

STAFT »

FULL LOAD

CONDITIONW

LORD FACTOR = D.BD POWER FACTOR = [.8S.

L HORSEPOWER L My MyaR

J e 26,19 2.0Z90 0.0266 0,0153 R
2 FER 183,45 0.1548 0.1375 0.0815
2¢5 S03,67 D.402% 3425 D.2123
ZRL 159,42 0.1275 C.1084 D.0872
Tua=2 25,65 D.0205 0.D17%¢ 0.C108
1% £1.67  D,0653  £.0555 0.0364
= 2l LOEL70 0.2270 0.2779 0.1722
.:~ 28 75.00 0.0600 0.0510 0.0316
1.3782 1.16%98 0.7250

@M T0TAL 1720.

A e -

€3
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CEROLINA POWER AND LIGHT COMPANYs BRUNS<ICK STEAM ELECTRIC FLANT

UNITS NOS,. 1 AKD 2. &4BD VOLTY LOAD STUDY

UNIT SUSSTATION E7,

SHUTDOWN CORDITION

LOAD FACTOR = 0O.80 POWER FACTOR = 0,85,

LA HORSEPOWER LA W MVER
2X4 14,50 « 01186 0.0069 0. 00861
. 2%C B81.5% D.0652 0.055%5 D.0340
2XE 155.50 D. 1244 0.1057 D.0655
2X6 503,50 0.40:8 Q3424 D. 2122
ZXL 153.55 0., 1228 0.1044 D.0047
1"'2 U. D. G. 0.
__xJ £1,50 D, D332 0. U282 D. 0175
e 264,45 0.2116 0.17%8 D.11%¢
24 208 4£3.00 D.0346 D.02%2 0.0181
® 94,00  0.0752 _ 0.0039  0.05%9s
j2e Zh 75,00 0. 0600 D.0510 0.031%
"%
0 TOTAL 1427, 1.1412 0.9701 D.6012
e
.;J.
it

€32
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UNITS NOS, 3 AND 2., 480 wOLT LOAD STUDY

CARDLINA POWER AND LIGHT CONPANY, BRUNSWICK STEAM ELE(TRIL PLANT

UNIT SUBSTATION £E7.

LOCA CONDITION

LOAD FRZTGR = 1,00 POuER FACTOR = (.85,

wee HORSEPOWER an v wieR
¢ 2%A 36,19  5.03s2  0,0308  0.0181 B
SR T T %6.78  J.0368  0.0313  0,0194
* n - 2uE 158.45 0.1585 D.1347 0.082%
;  2x8 122,17 0,1222 _ 0.1038 _ 0.Dets
2x1 25,97  D.0240  0.0204 0.0126
- 1587 25,63  0.D256  0,0218  0,0115
| 1%4 ‘1,67 80,0017 £.0014 0,000% o
| H O 408.70 D. 4087 0.24T% 0.2153
L 2ea 43,40  D.043&4  0.0389  0.0229
| .: D&C 217.42  D.2174  D.1B4R D, 1145
| ST 75.00  0.0750  0.06%56 .0398
| TOTAL 1949, | 1,1496  B.9770  D,6055
i L4 - - - L. -~
|
; -
|
| .

€33
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CARDLINA POUWER AND LIGHT COMPANY, BRUNSWICK STEAM ELECTRIC PLANT

UNITS NOS, 1 AND 2o 48D vOLT LOAD STUDY

UNIT SUBSTRATION E7, RBUCWP 22 AND 2C START, LOCA CONDITION

LOAD FACTOR = 1.00 POWER FRLTOR = [.85.

miC HORSEPOWER vye Ly MVAR
2% A 26,19 D, 03562 0., 0308 0.01%91
2xC 36.78 0.0368 0.0313 0.0194
2Xe 12217 D.1222 D.T038 0. 0644
U 4 23,97 Q.0240 C.0204 C.D1286
1x4=7 25,63 D. 0256 D.0218 0.0135
1% P 0.00%7 0.0D%4 0.0009
ZCAa LOB.70 0.4087 0,.3474 D.2153
Pt «3,40 0,0434 D.0369 D.022¥
DEC 217,42 D.2174 0. 1848 D145
2R 75.00 0.0750 D.0638 n.,0395
TOTAL 9c1, 0.9909 0.B&?23 0.5220

- W W -

c3s
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CAROL INA POWER AND LIGHT COMPANY, BRUNSWICK STEAWM ELELTRIC PLANT

UNJTS NOS. 1 AND 2, 480 VOLT LOAD STUDY

JUNIT SU3ISTATION 2E.

FULL LOAD CONDITION

LOAD FACTOR = ([,BD POWNER FACTOR = [,85,

mee KORSEPOWER LA'L] L™ MVYAR

} 2T 116,461 D,08%Y G.07%92 D.0491
27¢C 225.%67 D. 1805 D.153% D.0551
2TF 250,69 D.200& 0.170% 0.10586
274 292 4% Da2340 U.198% 0.12%3

21 21K 362.69 0.2902 0,.26466 0D.1528
27L cBD.89 Je2247 0.1210 D.1184

5 2ETSE 75,01 0. 0600 0.0510 D.03%%
TOTAL 1754, 1.6029 1.1024 0, 735D

51

e

b

¥

wo

e

L

“k

€35




CARDLINA POWER AND LIGHT L(OMPANY,

BEUNSHILK STEaM ELECTRIL

PLANT

_ UNITS NOS, 1 AND 2, 480 wOLT LOAD STUDY
3 UNIYT SUBSTATION 2%, Ci® 22 Ts FUL
" TLCAD FACTOF = 0.8 POWER FALTOR = [_8%,
mee HORSEPOMES® Mya .
'F: - - - - - -
. t 214 118,41 D.0931 00782
5 A & ] 149, 7% D.1188 0.1018
’ 27¢L 225.%87 0.180% D.153%
; 27¢ 250,89 D.2008 0.170%
s 27K 262,569 J, 2902 Lalhts
a2 2YL 2RI Je 2247 0.191G
' . 2ET3 75,00 0. 0600 0.0510
I TOTAL 1467, 1.188% 0.9935%
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E ‘  UNITS NOS., 1 AND 2, &8O VOLT LOAD STUDY

CAROLINA POWER AND LIGHT COMPANY, BRUNSWICK STEA™ ELECTRIC PLANT

UNIT SUBSTATION 2E.

SHUTDOWN

CONDITION

LOAD FRCLTOR = D.B0 POWER FACTOR = 0,85,

U mee HORSEPOWER MYR ¥ MYAR
r - - - - - - -
| AL 57,63  0,0461 0392  D.0243
B T 218 $9.50 0.055% 0.0673 0.0293
, 27¢C 179.50 0.143¢6 0.1221 0.0756
| 2 2AF 72.00 0,0576 0, 0490 0.0303
| 274 29.50 0.0236 6.0207 0.0124
| 27K 284,50 0.2276 0.192% 0.119%
; 7__/ ZYL 2?"05C 002190 ra1867 501157
| T3 75.00 0.0600 0.0510 00218
i .}? T07AL 1042,  D.8337  0.7086  0.4392

- G e e S -~

LT

4§

c37
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CARDLINA POWER AND LIGHT (OMPANY, BRUNSWICK STEaAM ELECTRIC

UNITS NOS, 1 AND 2

480 VOLT LUBRD STUDY

PLANT

UNIT SUSSTRTION ZE.

LOCA CONDITION

LOAD FACTOR = 1,00 POWER FACTOR = 0,85,

MmCC HORSEPOWER MyR L™ MyAR
214 116,41 0. 17864 C. 0989 D.0¢13
2718 149,75 0.1698 D.M273 0.078%
2T 225.67 D.2257 0.1918 0.118%
|___2TF 250,69 0. 2507 D.213% 0.1221
21y 292.4% Ja2825 C.2786 D.1541
27K 362.69 3627 0.3083 L1911
271 280,89 D.2EDS 0.2388 D.7480 o
2ETB 75.00 0.0750D C. 0638 0.C395
TOTAL 1754, 1.7536 1.4L9086 0.9238

PR —————————— A ettt b it e

136

3E

“e
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CARDLINA POWER AND LIGHT COMPANY, BRUNSWICK STEAWM ELECTRIC PLANT

UNITS NOS, 1 AND 2, 4E0L VOLTY LOAD STUDY

; UNIT SUBSTATION 2F, FULL LOAD CONDITION

LOAD FACTOR = D.80 POWER FACIOR = (.85,

| ; MCce HORSEPDWER MyR Mw MVAR
; P 21D 256,57 0,2052 L. AT4k D, 1081
. & 2TE 325,94 0.2608 0.221¢ D.137¢
276 SLE, 54 0.6376 .371¢ 0.2305
21H 335 98 J.2688 [.2285 0.1416
. 2™ 228,32 J.1827 0,1553 C.0v62
. 2TN $9,.70 0.0478 0.0406 0.0252
| 1AL 75,00 0.06C0 }.0510 0.0316
r.'?«- TOTAL 1828, 1.4627 1.2433 0,7705
3y
| A
Al

c39
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CARDLINR POWER AND LIGHY COMPANY, BRUNSWICK STEA™ ELECTRIC PLANT

_UNITS NOS,

1 AND 2o £80 vOLT LOAD STUDY

UNIT SUBSTATION 2F.

TECCWP 2B START,

FULL LOAD CORNDITION

LOAD FACTOR = D.B0 POWER FACTOR = [_,BS,

MCC HORSEPOWER MVA " MYLR
2TE 325,94 J.2603 0.2216 0.1374
276 SLb. 94 0.437¢6 0.371%9 0.230%
2T 228,32 D.1827 0,1553 D 0362
27N $9.70 J.0478 C.0406 n.02%2
2FT13 75.00 0.0e00 0.0510 D.C31s
TOTAL 1492, 1.1939 1.0148 D.628%

cLo
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CAROLINA POWER AND LIGHT COMPANY, BRUNSWICK STEAM ELECTRIC PLANT

UNITS NOS,

1 AND 2, 4BD vOLY LO2D STUDY

UNIT SUBSTATION 2F,

SHUTDOWN CONDITION

LOAD FALTOR = D.B0 POJER FACTOR = 0,85,

mece HORSEPOWER MVA MW MVAR
27D °0.50 D.0724 0.,061% 0.038Y
LtE 29.BE 0. 0239 0.0203 D.0128%
276 344,50 D 2756 Q2343 0.1452
L 2TH 129,50 D.1038 0.0881 D.DS5LE
2TN 67,00 0.0536 C.0&58 D.0czB¢
2F18 75.00 0.0600 £.051D D.0316
TOTAL 741, « 35927 0.503E e 5182

e e
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CAROLINA PDWER AND LIGHT COMPANY, SRUNSWICK STEAM ELECTRIC PLANT

UNITS NDS. 1 BND 2o 4BD wOLTY LORD STUDY

UNIT SUBSTATION 2F, LOCA C(ONDITION

LOAD FALTOR = 1,00 POWER FRCT0R = [D,E5,

ueC HORSEPOWER ¥y Ve MVER
210 256,51 0.25%5 0.218D £.1351 -
21¢% 325,54 0.3259 0.2770 0,977
276 548,94 U.54869 06649 D.2B8%
2TH T15, 98 0.3360 0.28586 0.1770
21w 228,32 D.2283 D.1541 C.7203
21N £9.70 0.0597 0. 0507 0,034
7ETa 75,00 0.07%0 L0638 0.,03%5% -
TOTAL 1828, 1.8284 1.55¢1 0.96%2

-




CARDLINR POWER AND LIGHT COPPANY, BRUNSWI(K STERM ELECTRIL PLANTY

_ UNITS NDS. 1 AND 2, 4LBU WOLT LORD STUDY
UNIT SUSSTATION £Be FuLL LOA&D CORDITION
LOAD FACTYOR = (.BD POWER FRALTOF = (.BS,
mee HORSEPDWER MyA L2 MYRLR
2%x8 £5,54 D.D3¢4 0.0310 0, 0192
2% 8115 D.0LLE D.0552 Q0342
2xF 164.33 D125 D.3117 D.00693
2XH 508,50 D.4T48 0.3458 Q2343
23M 120,97 D088 C.C823 0.03%0
1x8-2 25:63 2.D205 0.0174 0.010%
ZPE 271,50 De2172 L.1848 0 %144
2C8 39¢6.90 D.3%7S (1. 26%%9 0.1673
06D 151.92 £.%1215 D.1033 D.0640
E1 70.67 U 0585 C.D&81 0.0298
€12 31.54 D.0253 OL021% 0.0133

8 75,00 J.,0600 00,0510 D.0318
TOTAL 2025, 1.6203 1.3773 D.853%6
i C43
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CAROLINA POMER 2ND LIGHT COMPANY, BRUNSWICK STEAm ELECTRILC PLANT

UN]ITS NOS.

1 _AND 2, 480 VOLT LORD STUDY

UNIT SuBSTY

ATION EBs

CwP 2B STRRT,

FULL LO&D CONDITION

LOAD FACTOR = C.B0 POWER FACTOR = D.B5.

MCeC HORSEPDWER ryVa Vo MVAR
2X8 L5,.54 0.0364 0.0310 00122
2XD B1.13 D. 0649 0.0552 0.0342
ZXF 164,33 D.731% D.1117 0.0893
2XH 08,50 0, 40868 C.3458 0,2143
2xMm 120.97 0.0968 p.DB23 0.0510
1Xg=2 25.63 0.0205 D.G174 D.6108
154 RY1,57 D. D653 D.C_SSS D.03¢4 ——
2¢c8 396.90 0.317% 0.265% D.1673
DGO 151.92 J3,1215 0.7D33 00,0640
£11 70.67 0, 0555 J. 0681 0.0298 oy
£E12 21.64 D.0253 D. 0215 0.0133
28 75,00 0,.060D 0.0510 0.03186
TOTAL 1784, 1.4031 1.1927 s

-

-
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CAROLINE POWER AND LIGHT COMPANY, BRUNSWI(K

UNITS NDOS, 1 AND 2, 4BD VOLT LCAD STUDY

STEAM ELECTRIC PLANT

UNIT SUBSTATION EB.

SHUTDOWN CONDITION

LOAD FALTOR = 0,80 POWER FACTOR = (.85,

meC HORSEPOWER MyVe MW MyeR
2X8 24,50 D. L1986 0,D0167 0.0103
2XD 75.30 0.,0602 0.0512 0.0317
2XF 163,00 J. 1304 D.1108 D.0687
ZXH $22.50 0,4180 Da3553 D.2202
2X¥ 125.05 D. 1005 D.0854 0.0530
1X8-2 e ‘e D. B

1x¥ 81,50  0,0652 £, 0554 0,033 N
2P3 71.00 D.0568 D.0683 0.029%
2ce 265,40 D.2123 0.1805 0.1118
bGP 93.67 3.0749 D.0837 0.0395
£E11 70.67 J.0565 D.0481 0.0258
E12 31.54 D.0253 D.D215 C.0133
28 75,00 0.0600 00,0510 0,038
TOTAL 1600, 1.2799 1.0879 D.6742

- -
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CARDLINA POWER AND LIGHT COMPANY, BRUNSWICK STEAM ELECTRIC PLARNT

UNITS NDOS, 1 AND 2. 4B0 VOLT LOZD STUDY

UNIT SUBSTATION EB8. LOCA COWNLITION

LOAD FACTOR = 1,00 POWER FRLTOR = D,ES,

” . mee HORSEPOWER Mye M MVER
. 2xB 45,54  D,0455 _ 0,0387  0,0240 _

A T 37.73  0.0377  0.0321  0.0199
T 179.33  0.1793  0.1524 0,095
2xH 138.50  0.1385  0.1177 _ 0.0730
2w 15,97 0.0160  C.01%6  0.008é

1x& 1,67  D.001? 06,0014 _ 0,0009 -
T zre 71.25  0.C713  0.0606  D.0375
w208 396,90  D.2069  0.3374  0.2091
® 236.92  D.2389  0,2031 __ 0,1259
< EN 70.67  0.0707  0.0601  0,0372
w E12 11.64  0.0316  0.0269  D.0167
. 28 75,00  D.0750  0.0638  0.0395
ToTAL 1329.  1.3288 1,129  0£.7000
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CARDLINA POWER AND LIGHT COMPANY, QRUNSWICK STEAM ELECTRIC

UNITS NOS. 1 BND 2+ 4BU VOLT LOAD STUDY

PLANT

UNIT SUBSTATION €8, RBOCWP 28 STRRT. LOC

CORDITION

LDAD FALTOR & 1,00 POWER FALTOR = (,85.

mMee HORSEPOWER Mya M MyRR
H ___2xB L5 .54 D.BE&55 0. 0387 D,0240
| - 25D 3T.78 D.0377? 0.0321 0.019%
: 2xH 138.%0 D.1385 00,1177 . 0730
“ 2xm 15. 907 0.0160 0.0136 D.0084
' 1XK 1.67 %.0017 0.0044 0.0008
H 2PR 71.25 D.0713 0.0606 N.037%
d 2¢(8 398.%0 03909 0.3374 0.2091
e bGd 235,92 D.2389 0.2031 D.125%9
. £11 0. 567 D.,0707 0. 0601 D.0372
& £12 X1.54 D.03186 C.D269 0.0167
% 78 75,00 0.0750 0.06%8 0.039%

| e
| 2 TOTAL 1145, 1,149 0.9770 0.6055
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CARDLINA POMER BND LIGHT [OWPANY, BRUNSWICK

UNITS %DS, 1 AND 2. &80 VOLTY LDAD STUDY

STEAM ELECLTRIC PLANTY

UNIT SUBSTATION 25¥, FULL LOAD (ONDITION

LOAD FALTOR = C,8D POWJER FALTOR = [,.85.

wee HORSEFLWER mys e wysR
sY8 227,96 D.1B26  0,1550 0.0981 i
TOTAL 228.  D.1824 . D0.1550  0.09e%

- -
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CARDLINA POWJER AND LIGHT COMPAKY, BRUNSWICK STEAM ELECTRIC PLANT

UNITS NDS, 1 BND 2. 4AD vOLTY LOAD STUDY

UNIT SUBSTATION 2SYe SHUTDOWN CONDITION

LOAD FALTOR = 0,80 POJER FACTOR = [.85.

MeicC HORSEPDWER Mya oW MYLR
__5y8 217,76 1744 0.,14682 n.0916 o
TOTAL 218, O.174&46 D.N4LEZ U.0919
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CAROLINA POWER AND LIGHT (OMPANY, BRUNSWICK STEA™ ELECTRIC PLANT

_ UNITS NOS. 1 AND 2, 480 VOLT LOAD STUDY

UNIT SUBSTATION 25Y. LOCA CONDITION

LOAD FACTOR = 1.0C POWNER FACTOR = (.85,

.| 4 MORSEPOWER My L LA WYAR
___SYe 227.96 00,2280 L.193% 0.,1201
ToTAL 228, J.2280 0.1938 01201

[ ———————————— ettt ol e
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CAROLINA POWER AND LIGHT COMPANY, BRUNSWICK STEAM ELECTRIC PLANT

UNITS NOS, 1 AND 2. 4BOD vOLT LOAD STUDY

UNIT SUBSTATION (OMMON De.

FULL LOAD CONDITION

LOAD FACTOR = D.BO POw:i® T-C.0R = D BS.

micC HORSEPOWER wyAa "o Myee
___FRuB 267,36 0,2139 0,188 D.1127 N
RWD 209.33 D.1675 D423 0.0882
254 77.%0 D.D623 0.0530 D.03238
CRANE £5,00 0.0520 0.0442 n0.,0274
TOTAL 620. Je 4957 0.4213 0.2611

- e e e S R AR A S e -
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CARDLINSA PUWER AND LIGHT COMPANY, BRUNSWICK STEAM £LELTRIC PLANT

UNITS NDS, 1 AND 2. 4BC VOLT LOAD STUDY

UNIT SUSSTATION COMMON

“r

PACKWASH RIR BLR START,

LORD CONDITION

LOAD FACTOR = [,BD POWER FACTOR = D,.85,

mee HORSEPDWER vyb v MYAR

©_ ’WD 209,33 0.1675 0.1423 D, 0882

= e 254 T4.90 2.0623 0.0530 G.0328
i GCRANE $5.00 0.0520 D.0442 D.0274
TOTAL 352, 0.2818 0.2365 D.14B6
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CARDLINE POWER AND LIGHT COMPANY, BRUNSWICK STEAW ELECTRIC

PLANT

UNITS NOS. 1 AND 2. 4BC VOLTY LOAD STULY

UNIT SUBSTATION COMMON D,

SHJTOOWN

CONDITION

LOAD FACTOR = D BD POWER FRCTOR = [,85,

mec HORSIPOWER LR M MYER
Rw? Bh.28 <642 0D,05¢6 £.0338 o
RWD 132.80 D.10862 0.0903 C.0560
Z%82 £5.50 0.05%24 0D.08645 0.0278
CRANE $5.00 p. 0520 (,0442 D.0274
T0TAL 264, DL.2745 0.23386 C.1648
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CARDLINA POWER AND LIGHT COMPANY, ERUNSWICK STEA™ ELECTRIC PLANTY

___UNJITS NDS, 1 AND 2 480D VOLY LOAD STUDY

UNIT SUSSTATION COMMON Dy LOCR (ONDITION

LOAD FATTOR = 1,00 PDWER FECTOR = 0,85,

" ___mcc HORSEPOWER Pyt M MUEE

- - - - -

L aw 267,38 0,2676 02273 0, 1408 o
. RuD 205,33 0.2093 6.1779 0.1103
| . 2%A 77.90 0.0779 0.0D662 0.0410
CRANE £5.00 0. 0850 00552 0,0342
| T07AL ¢20, D.6158 U.5287 D.3264
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CARDLINA POWER BND LIGHT COMPENY,

UNITS NOS, 1 AND 2o 480 #OLT LOUAD

BRUNSWICK STEA® ELECTRIC FLANT

STUDY

JKIT SUBSTATION 2L.

FULL LOAD

SHUTDOWN CONDLITIONS

LOBD FALTOR = (.80 POQER FACTOR = 100
mee HORSEPOWER L W MVER
| 24 138,62  2.1109 _ 0,1109 D, o
28 169,08 D.1353  0,1383 0.
20 132.25  0.1058  ©,105  ©D.
ToTAL “e0.  0.3520  D.3520  O.

-
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CAROLINA POWER AND LIGHT [OMPANY, BRUNSWICK STEA™ ELELTRIC PLANT

UNITS NOS. 1 END 2, 4BD wDOLY LORD STUDY

UNIT SUSSTATION ZLes LOCA CONDITION

LOAD FAZTOR = 1,00 POWER FACTOR = 1,00,

HORSEPOWER L M L
Je 1385 0,1386 Ds
0.1091 D.18%1 D.
0.1323 0.1323 Ce
D.4t00 C.4400 O

e R W R S R W e R R R e R e e
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CARDLINA POWER AND LIGHT COMPANY, BRUNSWICK STEAM ELECTRIL PLANT

UNITS NOS, 1 AND 2. LED vOLTY LOAD STUDY

UNIT SUBSTATION 4Les FULL LOAD AND SHUTDOWN CONDITIONS

LDAD FALTOR = 0.80 POJER FACTOR = 0,00,

-

mee HORSEPOWER pya M mVBR
WPk 89,00  0.0712 L0541 0.0310 o
201 35,29  D.0282 0.0254 0.0123
202 18,95 0.0152  £.0136 0.0066
203 2,71 0.0022 _ 0,0020 0. 0009
204 7.50  0.0060  0.DD54 0.0025
252 16,02  0.0128 0.0115 0.0056
S84 220,42 0,1763 L.1587 0.0769
TOTAL 190, 0.3119  0.2807 0.1360

- -
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CARDLING POWER AND LIGHT (OMPANY, BRUNSWICK STEAM ELECTRIC PLANT

UNITS NOS. 1 AND 2. &B0 VOLT LORD STUDY

UNIT SUBSTATIOR &L LOCE CONDITION

LOAD FACTOR = 1,00 POJER FALTOR = (.90,

MmCC HORSEPOWER MV A L™ MyAR
U - - - - .- - ——— -
e HEE 89,00 0, 0890 0. 0801 O0.,0388
| = ¥ 201 35.29 D.D353 0.0318 D.0154
203 el D.0027 0.0024 0.,0D12
204 Tao1) o D075 0.00068 0.0032
282 16,02 D.0160 D.0144 0.0070
S84 220,42 D.2204 0.,1984 0.0961
. TOTAL 390, 0.3899 0.3509 0.1699
R
n
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CAROLINA POWER AND LIGHT COMPANY, BRUNSWICK STEAM ELECTRIC PLANT
UNITS NOS. 1 AND 2, &80 VOLT LOAD STUDY
UNIT SUBSTATION COMMON C, FULL LOAD CONDITION

LOAD FACTOR = 0.80 POWER FACTOR = 0,85

ueC HORJERONIE AN M MUAR
Rk 283. 54 0.2268 0.1928 0.1195
RWC 251.73 0. 2014 0.1712 0.1061
EHA €15.65 0.4925 0.4186 0.2595
WIA 621.77 0.4974 0,4228 0.2620
154 77.90 0.0623 0.0330  0.0328
b5l - PR, T O L S 2. 719
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CAROLINA POWER AND LIGHT COMPANY, BRUKSWICK

UNITS 480 VOLT LOAD STUDY

URITS ROS. 1 AND 2,

UNIT SUBSTATION 15Y,
0.80 POWER FACTOR -

LOAD

Mg YiaE

SY& 295.89 0.2367 0.2012 0.1247

TOTAL 296. 0.2367 0.2012 0.1247

-



CAROLINA POWER AND LIGHT COMPANY, BRUNSWICK STEAM ELECTRIC PLANRT
UNITS NOS. 1 AND 2, 4BO VOLT LOAD STUDY

UNIT SUBSTATION 1SY, LOCA CORDITIOR

LOAD FACTOR = 1,00 POWER FACTOR = 0,85

YLl UORSETONLE bt ) Yiek
SYA 295.89 0.2959 0.2515 0.1559

TOTAL 296. 0.2959 0.2515 0.1559

-
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CAROLINA POWER AND LIGHT COMPANY, BRUNSWICK STEAM ELECTRIC PLANI
UNI1s NOS. 1 AND 2, 480 VOLT LOAD STUDY
UNIT SUBSTATION 1L, FULL LOAD AND SHUTDOWN CONDITIONS

LOAD FACTOR = 0.80 POWER FACTOR = 1.00

e el ey = o
14 112.48 0.0900 0.0900 0
13 161.64 0.1293 0.1293 0
1D 126. 51 0.1012 0.1012 0
TOTAL 401. 0.3205 0.3205 0

- -
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CAROLINA POWER AND LIGHT COMPANY, BRUNSWICK STEAM ELECTRIC PLANI
UNITS NOS. 1 AND 2, 480 VOLT LOAD STUDY

UNIT SUBSTATION 11, LOCA CONDITION

LOAD FACTOR = 1.00 POWER FACTOR = 1.00

MCC HORSEPOWER MVA Mw MVAR

- - - -

14 112.48 0.1125 0.1125 0

L=

1B 161.64 0.161¢6 0.1616

1D 126.51 0.1265 0.1265 0

TOTAL 401, 0.4006 0.4006 0

- e R e G
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CAROLINA POWER AND LIGHT COMPANY, BRUNSWICK STEAM ELECTRIC PLANT
UNITS NOS, 1 AND 2, 48O VOLT LOAD STUDY
UNIT SUBSTATION 3L, FULL LOAD AND SHUTDOWN CONDITIONS

LOAD FACTOR = 0.80 POWER FACTOR - 0.90

MCL HORSEPOWER o o Pt
WHA 222.00  0.1776  0.1598  0.077
w1 24.3  0.0195  0.0176  0.0085
1%2 28,77  0.0230  0.0207  0.0100
w2-1 5.60  0.0045  0.0040  0.0020
w3 30,00  0.0240  0.0216  0.0105
PNLC 159.3¢  0.1275  0.1147  0.0556
e ORI . OOREOO . s IOt SIS
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CAROLINA POWER AND LIGHT COMPANY, BRUNSWICK STEAM ELECTIR

UNITS NOS. 1 AND 2, 480 VOLT LOAD STUDY

MeC HORSEPOVER WA s MVAR
WHA 222.00 0.2220 0.1998 0.0968
w1 24 .38 0.0244 0.0219 0.0106
W2 28,77 0.0288 0.0259 0.0125
1W2-1 5.60 0.0056 0.0050 0.0024
W3 30.00 0.0300 0.0270 0.0131
PRLC 159.34 0.1593 0.1434 0.0695
&
TOTAL 470 £.4701 0.4231 0.204%
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1. INTRODUCTION

This report summarizes results of a l-year ecological base-
line survey of the site of the Union Electric Company
Callaway Plant, Units 1 and 2, Callaway County, Missouri.

Part of the data contained in this report was used to prepare
chapters of the Union Electric Company's Environmental Report.
The remainder is reported here for the first time. These data
give a guantitative and qualitative overview of plant site
biotic and abiotic seasonal variation; the data have been ex-
tensively summarized for the convenience of the reader.

The report consists of two major parts, Aguatic Ecology an
Terrestrial Ecology. Each is an entity, with its own intro-
duction, arrangement, supplemental data, summary, and conclusion.
The subsections are the standard divisions found in most en-
vironmental reports, with the possible exception of the last.

In this subsection, Conclusion and Recommendation, an attempt

is made to relate survey data to potential environmental impact
from plant construction and operation. Tables and figures are
placed in the text following the three-digit subsection in which
they are mentioned. There are appendices to both the aguatic
and terrestrial parts of this report.
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2. AQUATIC ECOLOGY

2.1 INTRODUCTION

This report presents results of the aguatic baseline survey of
the proposed Callaway Nuclear Power Plant Site near Fulton,
Missouri. for Union Electric Company. The study consisted of
five sampling periods between April, 1973, and February, 1974.
The purpose of our study was to establish the baseline character-
istics of the aguatic ecosystems present in the study area. This
baseline information will provide the basis for validating pre-
dictions regarding environmental impact anticipated to result
from the construction and operation of the proposed nuclear
project.

As outlined in the proposal dated 6 March 1973, the scope of
this study is the description and delineation of the major
components of the aguatic ecosystems within the immediate areas
of the proposed plant. The specific components of each aguatic
system considered in this investigation are:

Phytoplankton

Zooplankton

Benthic Macroinvertebrates
Vascular Hydrophytes

Fish

Water Quality.

Agquatic sampling stations were established on the Missouri River
and on Logan Creek, a small tributary to the Missouri River.
Locations and desciiptions of the stations are discussed in
Section 2.2.1 and are shown in Figure 2.2-1. Originally, six
locations were sampled in the Missouri and one in Logan Creek.
Following Sverdrup & Parcel's feasibility study evaluating
alternate intake and discharge locations, five additicnal stations
were established to accommodate potential alternatives. Samples
from these stations were collected during September and December,
1973, and February, 1974. To minimize total project costs,
however, laboratory analyses of the February samples were not
performed for four of the extra stations (F-1, F-2, C-1, and
G-2). BSince only September and December samples were analyzed,
the data from these extra stations are presented in th2 Appendix
instead of the text. Information obtained from these stations
are included in the fisheries section, however, because the
limited numbers of fish collected from all stations would have
made data interpretation extrewnely speculative.

The report is divided into four major subsections. Subsection
2.1 outlines the purpose and scope of the study and discusses
format. Subsection 2.2 describes the sampling stations and the
methods and materials utilized to analyze tie various aguatic



v

"ot
eLel

ra

Ppa

.~ _\
BNE N B D e oG G - BE

!
e ’
i}
= .
B o~ W
o .
T @ )
bW 1
1
;oM
n m
n
4 D
= i
BTy ™
-” W .
1] L]
! =
« O O
4
v
O
| ()
LR B
U & 4
o ad D
™ Ui
) o
(& O
oMo
% I
U @O
@D @
oA
[ o
L @
M U
L YY)
S
w g
s 44
M 5y
4T M
i W
) A8 k5
~ O =
SRR B |
(S ]
Qo Q)
18] o)
(O |
w O o
M e
L QO
@30
w -4
LY O
MO O
o w
-

W
(&)

O
-
e

(o

L)
9]

i

a

o
(¢}

s

e
Beon

-



/
“a’

Y

= wm A .

- -

R

2.2 METHODS AND MATERIALS

2.2.1 DESCRIPTION OF SAMFLING LOCATIONS

Two primary areas were selected for aguatic sampling: the
Missouri River and Logan Creek, a tributary tc the Missouri
River. The stations were chosen to define the baseline con-
ditions in the site vicinity; they are representative of the
area that may be affected by the operation of the plant. The

locations of the aguatic sampling stations are shown by Figure
2.2.1-1.

Five stations located in the main channel of the Missouri River
(A-1, B-1, C-1, F~1, and G-1) were sampled for water guality,
benthos, and plankton. Five stations located approximately 10
meters from the north bank of the Missouri River (a-2, B-2, C-2,
F-2, and G-2) were sampled for larval fish, as well as for the
parameters listed for the mid-channel stations. Two stations
(A-1 and A-2) constituted atransect. Fish collection .ccations
were largely determined by water level and flow rate:; therefore,
individual sampling stations were not delineated. Instead, fish
were collected from each general transect area.

Transect A was located at River Mile 116. Transect B was located
0.4 miles east of Tramsect A at Mile 115.6. Transect C was
immediately downstream from the confluence of Logan Creek and

the Missouri River. It was marked by the opening between two
groins adjacent to the mouth of Logan Creek. Transect G was
approximately 0.5 miles west of Transect A on a line due north

of the first groin east of the power plant at Chamois, Missouri.
Transect F was the uppermost sampling area on the river and was
marked by the confluence of a small, unnamed stream on the south
side of the river, approximately 2.0 miles west of Transect G.

The substrate texture along Transects A, B, C, F, and G was
characterized as sandy at the main channel stations. The shore-
line stations along Transects A, B, and C were silty, while
Stations F-2 and G-2 were sandy, with some small gravel.

Two aguatic sampling stations were established on Logan Creek
(Figure 2.2.1-1). Station D-1 was mar):] by the Missouri Highway
94 bridge crossing. Station E-1 was located 0.9 milss upstream
from the confluence of Mud Creek. The substrate of Logan Creek
varied from rubble and coarse sand at Station E-1 to fine sand
and silt at D-1. The banks along Logan Creek were well vegetated
by willow, poplar, sycamore, and various shrubs. Near D-1, the
creek had a wide bed and was typically slow moving. Fallen

logs were numerous in the area and blocked the stream during
periods of low flow. 1In the upper reaches, near E-1, the stream
was typically free flowing, with many riffle areas and pools up
0 5 feet in depth during normal flow.

-
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2.2.2 WATER QUALITY

Water gquality samples were ctllected from each station during
April, July, September, and De~ember, 1973, and February, 1374.
Samples were collected 1 meter be.ow the surface with a Van Dorn
PVC water sampler and placed in po.yethylene bottles containing
& premeasured amount of preservat’wve, as appropriate. Preserva-
tives used were those recommended by the U.S. Environmental ey
Protection Agency (1971). Sazples for fecal and total coliform
analyses were collected in steri.ized glass bottles. Following
collection, all samples were packed in ice for immediate trans-
port to the laboratory. Fielu determinations were made for
dissolved nxygen (YSI Model 54), conductivity (¥YSI Model 33),
temperature (YSI Model 54), turbiuity (Hach Model 2100A), and

pH (Fisher Acumet).

At the laboratory, gas chromatograchy was used for pesticide
analyses. Analytical techniques for all other physical and
chemical parameters were taken from Standard Methods (A.P.H.A.,
1971). Coliform bacteria were enumerated by the membrane filter
technigue.

2.2.3 PHYTOPLANKTON

Phytoplankton samples were collected at all river and creek sta-
tions during September and December, 1973, and February, 1974.
All stations were sampled during July, 1973, except for river
Stations F-1, F-2, G-1, and G-2. Duplicate quantitative plankton
samples were collected from all river stations with a Clarke-
Bumpus plankton sampler with a No. 20 mesh nylon net (aperture
size 76 u). Subsurface tows (<0.25 meters deep) were made for

30 seconds against the direction ~{ streamflow at each station
parallel to the shoreline. Meter readings for calculating sample
volumes were taken before and after each tow. Duplicate guantita-
tive samples were obtained at Logan Creek stations by passing 40
liters of water through a Wisconsin plankton net (No. 20 mesh
nylon). Sample concentrates from all stations were preserved in
S-percent buffered formalin solution for troasport to the labora-
t&ry.

In the laboratory, phytoplankters were identified to the lowest
possible taxon from wet mount slide preparations viewed at
1000X. Taxonomic source authorities for phytoplankton identifi-
cations were Palmer (1962), Prescott (1962, 1970), Smith (1950},
Whitford and Schumacher (1969), and U.S. Department of the
Interior (1966). Algal enumerations made from Sedgwick-Rafter
preparations were scanned at 200X with a Whipple grid. Counts
were extrapolated to organisms per liter.

Chlorophyll a, b, and ¢ measurements were made by filtering
whole water samples through membrane filters (0.45 . porosity)
and extracting the pigments in MgCO; saturated 90-percent
aguecus acetone solution in the dark at 4°C. Determinations
were made colorimetrically following procedures outlined in
Standard Methods (A.P.H.A., 1971).

"
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2.2.4 ZOOPLANKTON

Zooplankton composition and densities were wotermineé for July,
September, and December, 1973, and February, 1974. Population
estimates for Missouri River stations were made from samples
collected with a Clarke-Bumpus plankton sampler, as described in
Section 2.2.3. Similarly, population estimates for Logan Creek
stations were made from samples concentrated through a Wisconsin
plankton net, as previously described.

In the laboratory, a l-ml subsample from each sample was pipetted
into a Sedgwick-Rafter counting chamber for analysis at 200X.

Zooplankters were identified to the lowest possible taxon, follow-
ing Aklstrom (1940, 1943), Edmondson (1959), Pennak (1953) , and
Brooks (1957). Counts were extrapolated to organisms per liter.

2.2.5 VASCULAR HYDROPHYTES

Qualitative sampling of rooted aguatic vegetation included visual
observations and identif{ication to genus of all hydrophytes
encountered in the field. Taxonomic sources consulted were
Fassett (1972) and Prescott (1969).

2.2.6 BENTHIC MACROINVERTEBRATES

Triplicate grab samples were taken at each Missouri River station
with a 520-cm? Ponar bottom sampler. Samples were screeaned in
the field with a U.S. No. 30 standard sieve (0.59 mm). All
material not passing through the sieve was washed into plastic
bags and preserved in 10-percent buffered formalin solution con-
taining a small amount of rose bengal to stain the biota.

In the laboratory, each sample was washed in a No. 30 sieve and
placed in a white tray for sorting invertebrates from detritus.
Worm and midge larvae were permanently mounted on glass slides
for identification and enumeration. Other macroinvertebrates
were preserved in 90-percent ethyl alcochol after analysis. Wet-
weicght biomass was determined for all species except chironomids
and oligochaetes, which were weighed in their respective groups.
Each species or group was blotted dry and immediately weighed to
the nearest 0.1 mg in a tared dish. &all sanples were retained
as legal voucher specimens. The following taxonomic references
were used: Beck (1968), Brinkhurst (1964, 1965), Brown (1972},
Burks (1953), cCurry (1958), Eddy and Hodson (1961), Edmondson
(1959), Hamilton, Saether and Oliver (1969), Hilsenhoff and Narf
(1968), Hiltunen (1973), Hols'nger (1972), Kennedy (1969),

Mason (1973), Roback (1957), Ross (1944), Usincer and Day (1968),
and Williams (1972).

Field and laboratory technigues for the Logan Creek macrobenthos
were identical to those described for the Missouri River benthos,
with the exception of the type of bottom sampler used. A stan-
dard 230-cm2 Ekman dredge was employed at Stations D-1 and E-1
for benthos samples.

be
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Species diversity was calculated according to the Shannon-Wiener
Diversity Index. The general form for this index is:
D= - Ip;, log; p; + where pi'ls a decimal fraction

a
of total individuals belonging

to the ith species.

This function describes the average decree of unﬁertai“t" of pre-
dicting the species of i1 given individu picked at random from
a community. A high species diversity 1ﬁdex is indicative of a
quality environment while a low index indicates e&*rophlc or

polluted conditions.

The following guide for interpreting species diversity indices was
adopted from Wilhm and Dorris (1968):

1l = grossly polluted
2 = moderately polluted
3 = unpolluted

2.2.7 F1sH

The fish community of the Missouri River was sampled in July
September, and December, 1973, by netting and electroshocking.
Because the placement of nets and locations of shocking areas

were largely determined by the water level and flow rate of the
Missouri River, individual sampling stations were not established
for fisheries studies. General transect areas were sampled
instead. High water levels prevented sampling fish in the Missouri
River during February, 1974.

Experimental gill nets, utilized along all transects, were ri
for bottom sets and checked every 12 hours for a maximum of 4
hours. These nets were B0 feet long and 6 feet deep with 10-
long panels of graduated mesh sizes ranging from 0.5 to 40 in
In September, standard wincless fyke nets (with 0.S5-inch mesh an
3 x 6-foot openings) were utilized along some transects in con-
junction with the gill nets. -

The electroshocker was a Solid State Electro-Fisher manufactured
by Power Control Corporation in Pittsburgh, Pennsylvania. The
electrical specifications were as follows:
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Input Power
240 volts AC, 50 cycle, single phase
Output Voltage
Adjustable 0 to 350 wvolts, DC, or 0
to 280 volts, AC
Pulse Frequency and Shape
Adjustable 18 CPS to 205 CPS
Rectangular Shape
Output Power
3 KW maximum
Pulse Width (Duty Cycle)
Adjustable 0 to 50 percent
Current Types
Selective for DC pulsing, DC direct,
or AC 60 Cycle
Step-up Transformer
3-7 amps

The shocker was a portable unit, constructed of alumin:m, and
had an all solid state design. It was mounted on a lé-foot
flat-bottomed boat powered by a 20-hp outboard motor.

In the field, captured fish were weighed to the nearest gram and
measured to the nearest mm (total length: measured from tip of
snout to end of compressed caudal fin). Scale samples were taken
from all fish for age and growth studies. Stomachs were dissected
from a representative sample of shocked fish for food habit
analyses and preserved in l0-percent formalin. Specimens compri-
sing the subsamples represented an age gradient of the most
abundant species collected. 1In the laboratory, stomachs were open-
ed and the contents washed into a dish for sorting and identifi-
cation to the lowest taxon possible, following Edmondson (1959),
Pennak (1953), and Usinger and Day (1968). Taxonomic references
consulted for fish identification included Eddy (196%9), Hubbs and
Lagler (1967), Cross (1967), and Pflieger (1971).

Condition factor (Kqp) was computed for gizzard shad collected
during the September and December Missouri River samplings.
Condition factor describes the relative plumpness or well-being
of a fish and is defined as:

= W x 105

X
TL LJ

where:
k bl -
KTL condition factor
W = weight (grams)
L = total length (mm).
Larval fish were sampled at all Missouri River stations during

July, September, and December, 1973. A conical larval fish net,
with a 2-foot diameter hoop and an 1/32-inch mesh size, was used.

8-
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The net was equipped with an interocean flow meter; this allows
the quantity of water passing through the net to be measured.
Duplicate l-minute tows were made against the current at all
river stations.

The fish community of Logan Creek was sampled in July, September,
and December, 1973, and February, 1974. A battery-powered
back-pack electroshocker delivering pulsed AC current was used
during all sampling periods. A 50-foot minnow seine was also
utiliz.d Juring the July and September surveys. Field and lab-
oratory technigues were similar to those described for Missouri
River fish. Scale samples did not include the cyprinids.

No attempt was made to sample larval fish in Logan Creek: rather,
observations cof newly hatched fish were made at several loca-
tions along the stream bank.

2.2.8 STATISTICAL METHODS

2.2.8.1 Wilcoxan's Test

A statistical analysis of the water guality data was conducted
utilizing Wilcoxan's test. Wilcoxan's test is utilized to evalu-
ate two independent samples on the basis of the null hypothesis
(Conover, 1971, Hollander and Wolfe, 1873, and Siegel, 1956). The
nuli hypothesis is employed in instances where it is important

to ascertain whether or not two independent samples are identical.
Wilcoran's test is used to rank the independent samples from
smallest to largest, regardless ¢f the population from which the
samples originated. Statistical evaluation is then used to sum
the assigned ranks for both samples. If the summation reveals no
difference in the rank sums between the two independent samples,
the null hypothesis (identical nature of the two independent
samples) is proven. However, if there is a difference in the
ranked sums, the null hypothesis must be rejected and th
pendent samples are proven to be significantly distinct.
statistical procedures follow:

= )
(40

e.-

=

m

l. If T is between W 3/2 and w, sz accept H:

2. Reject H@ at the level of significance a, if T exceeds

wl- 0/2 or if T is less than W 3/2 (after Conover, 1971)

H‘ = Null hypothesis

Wl = Individual rank sum
T = Total rank sum

B = Level of significance

Statistically, Wilcoxan's test is a very powerful test, having a

power efficiency of 3/r = 95.5 percent as the population increases

-5
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(Mood, 1954). The power efficiency remains close to 95 percent
for moderate sample sizes (Conover, 1971).

2.2.8.1.1 Application to Water Quality Data

The water guality data was taken during five seasonal sampling
periods from 6 distinct sampling transects, for 28 distinct
chemical parameters. To test the null hypothesis applied to
these samples, it was necessary to analyze the seasonal differ-
ences in the data. This was accomplished by comparing all
samples for each individual water Quality parameter taken during
each sampling period with all samples taken during each other
sampling period and comparing these data monthly by employing the
following groups:

April - July July - September September - December
April - September July - December September - February
April - December July - February December - February
April - February

The analysis was continued for the water guality parameters in-
cluding: pH, turbidity, dissclved oxygen, chemical oxygen demand,
total suspended solids, total dissolved solids, temperature, and
conductivity. Two levels of significance were utilized: p=.005
indicated significant differences in the two sets of data com-
pared and p=.025 indicated that the difference was insignificant.
Using this method, 90 data set comparisons were conducted.

Wilcoxan's test was also used to test the null hypothesis for
sample station variance. Data collected for each of 6 distinct
sampling locatioc.s were analyzed for each water guality parameter
previously mentioned. Specifically, the comparisons which were
made included:

Al AZ AZ Bl Bl BZ 82 Cl Cl C2
o B | ay 8, B G B

A % A G 5, S

A €5 A, C,

A C

This analysis involved 135 separate subsets of the data base.
The levels of significance used were p=.025 (insignificant
difference). The power efficiency of Wilcoxan's test remains
close to 95 percent for this analysis (Conover, 1971).

2.2.8.1.2 Application to Flankton Data
Phytoplankton and zooplankton populations were sampled at six
Missouri River stations during July, September, and December,

1973, and February, 1974. Seasonal differences in the data were
statistically analyzed to test the null hypothesis. Wilcoxan's

o 10-
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two-sample test was used to test for differences between sam-
pling dates in fregquency of green algae, blue-green algae, dia-
toms, and total phytoplankton per liter and in freguency of
rotifers, copepods, and total zooplankton per liter. Comparisons
were made between the following sets of data:

July anéd September
July and December

July and February
September and December
September and February
December and February

Significant differences in two sets of data compared were indi-
cated by p £ 0.025, while p > 0.025 indicated differences were
not significant.

2.2.8.2 Kruskal-Wallis Test

The Kruskal-Wallis one-way analysis of variance by ranks (Siecgel,
1956) was employed to determine the overall station and seasonal
variance in water guality data. The Kruskal-Wallis test is an
analysis of variance which is employed in determining the rank-
ing of the data from the lowest to the highest data point. This
test ascertains whether the sums of the assigned ranks are suf-
ficiently distinct to have come from samples drawn from separate
populations. The Kruskal-Wallis test employs the null hypoth-
esis as outlined :n Wilcoxan's test ~overed previously.

The probability limits weir~ extended and are listed along with
the degrees of freedom (df) for the individual analysis. The
null hypothesis was utilized to indicate whether there was a
significant or insignificant variance within the subset of data
analyzed. Nine different water guality parameters were tested
using the Kruskal-Wallis analvsis of variance. The power effi-
ciency of this test approaches 95 percent for moderate popula-
tion sizes; therefore, it is one of the most powerful of the
nonparametric tests (Siegel, 1956).



-

?
. -

s

. Em AW R W WD W

-,

)

e--—--c

~

2.3 RESULTS AND DISCUSSION

2.53.1 WATER QUALITY

2.3.1.1 Missouri River

Missouri River discharge data were obtained frc.. the U.S.G.S. at
Hermann, Missouri, approximately 20 river miles (R.M.) downstream
from the project area. The following discharges were recorded on
ez *h sampling date: 18 April 1973 - 280,000 cfs; 12 July 1973 -
67,000 cfs; 7 September 1973 - 58,500 cfs; 18 December 1973 -
86,300 cfs; and 22 February 1°74 - 136,000 cfs. The discharge in
this section of the Missouri River is partly regulatec by numerous
upstream reservoirs. The 75- '‘ear average discharge at Hermann is

78,370 cfs. The maximur: discharge of 676,000 cfs occurred in
1903, 4. the minimum of about 4.200 cfs was recorded in 1940
before flow control was initiated by the Corpe of Engineers
(U.S. Geological Survey, 1972).

The physical characteristics of the Missouri River near the
project vicinity have been drastically altered by channuelization
(Figure 2.3.1-1). The Mederal River and Harbo: Act of March 2,
1945, authorized the Rivar and Harbor Project %o improve the
Missouri River's navigation and channel stabilization from Sioux
City, Iowa, to its mouth. The project provides for develcpment
of one mixed navigable channel, 300 feet wide and 9 feet deep,
from the numerous, small, shallow channele of tle natural river.
The refinement and control of iL1is channel were obtained by
shaping the flow into smoosth, easy bends through a system of
stone and/or wood pile clump dikes (Un versity of Missouri~Rolla,
1972).

Rapid changes in its erosional and depositional properties may
vary the river's morphological characteristics. Substrate texture
in particular areas ‘ay a.so be changed by alternating erosional
and depositional 2f/.cts. GCenerally, thz texture of the main
channel sediments rear the site area varies from gravel to sand.
Shorelines, where currents are much reduced, usually have a
silt-clay (mud) tottom. &Shifting sand bars are quite common to
the area.

Depth profiles of sampling transects are shown by Figure 2.3.1-1.
Soundings were taken by the Crops of Engineers during October 17
and 18, 1972, when the gage veading at Hermann was 9.2, with a
discharge of 62,000 cubic feet per second (cfs) (U.S. Dept. of
the Army, Corps of Fngineers, 197za). At this river stage, the
maxirum river channel depth is approximately 30 feet.

Water quality data from Transects A, B,and C for five sampling
periods are presented in Table 2.3.1-1. These recent data from
near the site generally correspond to historical records from
Herwann (Table 2.3.1-2).

The April, 1973, water quality data significantly exceed the re-

corded maximum historical values for chemical oxygen demand (COD),
turbidity, total dissolved solids (TDS;, and total iron. These

-12-
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data were collected and analyzed d 'ring a near-record flood, when
rgnoff was extremely high, which wuuld account for their unusually
high values. Normally, TDS values would be expected to decrease '
during flood conditions. But whenever, as during the April survey,
tpe discharge suddenly increases, the fi. "t water is ushally more
highly mineralized than the dilute runoft water. Alsc, increased
concentrations of TDS occur when this first water picks up salt
left by evaporation in the channel (Hem, 1959).

The pH values did fall below the state water guality -=tandard of
6.5 (Missouri Clean Water Commission, 1973) at Static' A-1l during
April, 1973. All stations exhibited low pH readings during this
time. These low pH values were probably the result of acid mine
runoff above the site area. Extended periods of low pH could be
detrimental to aguatic biota.

The only other parameter found to exceed the state watesr guality
standards was fecal coliform bacteria. The standard of 2,000/100
ml (Missouri Clean Water Commission, 1973) was exceeded at Sta-
tions A-1, B-1l, B-2, and C-1 during the April survey, all six
stations during the July collections, Station C-2 during the
September survey, and all six stations during the December surve;.
Fecal coliform bacteria are indicators of relatively recent feca.
pellution.

Of all the heavy metals analyzel (historically and during the
present survey), only copper and cadmium were found in concentra-
tions that may be toxic to aguatic organisms The usual range
for coppe:r toxicity is from several hundred to a thousand parts-
per-billion (ppb): toxic effects have, however, been noted as low
as 20 ppb and cadAmium has been found to be toxic at 10 ppb
(Battelle's Columbus Laboratories, 1971). The effect on the
Missouri River biota depends on the duration of recorded hich
concentrations, as well as the presence of other stresses (toxic
metals, temperature, dissolved oxygen, etc.).

Presumptive pesticide tests for total chlorinated hydrocarbons
were run on the April water samples. Chlorizated pesticires were
present, but only in low concentrations (19-31 ug/l). Analysis
for specific pesticides were conducted on the July, September,

and December samples, and all concentrations were below detectable
limits. Acute biocide toxicity to aguatic organisms, therefore,
does not ap. iar to be a problem; chronic effects cannot presently
be ruled out, however.

Nutrients such as phosphorus and nitrogen appear to be in suffi-
cient concentrations to support dense populations of algae (see
Section 2.3.2). The heavy silt load and associated reduced river
system transparency appear tuv be a major factor limiting phyto-
»lankton populations.

Discharge appears to be the major influence on Missouri River water
quality. Turbidity and suspended solids were directly related to
river discharge, while total dissolved solids and conductivity

were inversely related (Figure 2.3.1-2). An exception to this
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or they may be .ae result of high variability and smell sample
size.

Tpv direct and indirect activities of man have modified the
Missouri River water guality. Strip-mining, poor scoil conservation
p;actices,and dredging contribute to excessive turbidities. Acid
mine drainage lowers the river's pH and increases trace metal con-
centrations, while agricultural runoff and municipal and industrial
effluents increase the concerntration of oxygen-demanding materials,
nutrients and other dissolved chemical:, including heavy metals

and pesticides. Accidental spills of hazardous materials from
pipeline breaks, truck accidents, and railway wrecks have been
occurring with increased frequency within the Missouri River drain-
age system. Thus, numerous human activities have resulted in a
highly stressed aguatic ecosystem. A more complete treatment of
pre-existing environmental stresses can be found in Section 2.1 OF
the Environmental Report.

2.3.1.2 Llogan Creek

Logan Creek is a small, percnnial tributary stream of the Missouri
River (see Pigure 2.2.1-1). The upper portion drains most of the
site area and flows in a southerly direction until it reaches the
flood plain. From its confluence with Mud Creek, it proce=ds
eastward until it empties into the Missouri River at River Mile
115.2.

No gaging station is located on Logan Creek and, therefore, dis~
charges have not been recorded. Flows are generally very low to
non-existent, except for periods of local precipitation.

The banks along lLogan Creek are well vegetated with willow, poplar,
sycamore, and various shrubs. Fallen logs are numerous and serve
to bleck the stream during periods of low flow.

The upper section has a normal width of approximately 18 feet,
while the depth varies from 1-5 feet in pools. The bottom sub-
strate consists of rocks and gravel. The lower portion is about
35 feet wide, with an average depth of 3-4 feet; however, ~=pths
cf 20-25 feet were observed during the April survey. The bottom
cons. ts of fine mud and organic debris.

Historical water quality data for Logan Creek are lacking. Data
from the present s.~vey (Table 2.3.1-5) indicate that the general
water guality is higher than that of the Missouri River; during
local precipitation, however, various concentrations approach or
exceed those of the Missouri.

Chemical concentrations in Logan Creek can be expected to follow
the same general trends established for the Missouri River. They
would be influenced to a much greater extent, however, during
local precipitation. Chemical concentrations were less in the
upper reaches of the creek (E-1) than in the lower section (D-1).
The lower section is subjected to more runcff, which increases
chemical concentrations. Coliform bacteria counts, however, are
greater in the upper section, reflecting man's influence.
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TABLE 2.3.1~1 (Continued)

Sample Transect A Transect B Transect
Parameter _Date A-1 A-2 B-1 B-2 C=1 c-2 Average
Nitrate April '713 3.0 4.5 4.3 3.3 2.5 3.8 3.6
mg/1 N July '73 2.9 3.0 2.5 3.2 £+ 9 2.2 - Py
Sept. '73 0.3 0.4 0.6 0.7 0.4 0.4 0.5
Dec. '73 1.3 1.3 1.3 1.2 1.3 1.3 1.3
Feb. '74 1.9 1.9 1.3 1.7 1.4 2.0 1.6
Organic Nitrogen April '73 - - - - - - -
mg/ 1 July '73 3.6 3.2 3.2 3.9 2.9 1.4 3.0
Sept. '73 C.7 0.7 0.6 0.6 0.6 0.6 0.6
Dec. '73 0.9 0.9 1.0 1.1 0.9 0.8 0.9
Feb. '74 1.2 1.4 1+3 1.4 1.3 1.8 1.4
Total Organic Carbon April '73 44 62 319 44 48 113 58
mag/ 1 July '73 - ~ - - ~ - -~
Sept, '73 - - - - ~ - -
Dec, '73 - - - - - - -
Feb. '74 - - - - - - -
Orthophosphate April '73 <0.01 <0.01 <0.01 <0,01 <0.01 <0.01 <0.01
mag/1 P July '73 0.01 0.06 0.01 0.01 0.01 0.01 <0.02
Sept. '73 0.19 0.19 0.18 0.16 0.113 0.16 0.17
Dec. '73 0.18 0.18 0.16 0.17 0.17 0.14 0.17
Feb, '74 0.11 0.13 0.09 0.13 0.07 0.12 0.11
Total Phosphorus April '73 0.53 0.57 0.56 057 0.41 0.50 0.52
mg/1 P July '73 0.69 0.66 0.66 0.69 0.65 0.33 0.61
Sept. '73 0.24 0.22 0.21 0.19 0.17 0.18 0.20
bec. '73 06.27 0.28 0.26 0.25 0.25 0.21 0.25
Feb, '74 0.19 0.23 0.15 0.23 0.15 0.23 0.20

Sheet 2
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TABLE 2.3.1-2

HISTORICAL DATA ON MISSOURI

(From EPA STORET System)

Sampling Site:

Time of Record:
(Based on flow

Hermann, Missouri
Longitude: 38-42-36 N
Latitude: 91-26-21 W

7/31/69 to 4/18/72

RIVER WATER QUALITY

data)
Number
of Mean Maximum Minimum
Parameter Samples Value Value Value

Water Temperature, °C 18 12.9 27 0
Dissolved Oxygen, mg/l 18 8.9 13 5.6
Turbidity, JTU 11 132 380 19
Flow, cfs. entire 18 80,500 230,000 19,000
pPF, units 18 7.9 8.3 7.7
Dissolved Solids, mg/1l 18 375 499 253
Specific Conductance,

micromhos/cm 18 577 770 359
Total Hardness,

mg/l as CaCoO; 18 213 260 140
Calcium, mg/1l 11 56 70 38
Magnesium, mg/1l 11 17 21 11
Alkalinity, mg/l as CaCO; 18 157 197 112
Ammonia Nitrogen, mg/l 18 0.06 0.49 0
Organic Nitrogen, mg/1l 10 .73 1.20 0.44
Total Phosphorous, mg/1l 18 0.39 AP 0.03
Chemical Oxygen Demand, mg/1 8 12.3 28 5.6
Sulfate, mg/1 18 120 186 56
Chloride, mg/1 12 16 25 8
Iron, ug/1 11 182 900 0
Cadmium, ug/1l 11 1 5 0
Chromium, ug/1 5 3.2 16 0
Copper, ug/l 11 38.5 180 0
Lead, ug/1 10 7.3 15 0
Manganese, g/l 15 31 221 0
Mercury, ug/1 1 0.5 0.5 0.5
Zinc, ug/1 13 67.4 210 14
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TAVLE 2.3.1-4

WILCOXAN'S TWO SAMPLE TEST RESULTS FOR
DIFFERENCES BETWEEN STATIONS 1IN
WATER QUALITY PARAMETERS®

Chemical Total Total
Stations Dissolved Oxygen Suspended Dissolved
Compared pii Turbidity Temperature Conductivity Oxyagen Demand Solids Solids
Al, A2 p=.025 p=.025 p=.025 p=.025 p=.025 p=.025 p=.025 p=.025
Al, Bl p=.025 p=.025 p=.025 p=.025 p=.025 p=.025 p=.025 p=.025
Al, B2 p=.025 p=.025 p=.025 p=.025 p=.025 p=.025 p=.025 p=.025
Al, C1 p=.025 p=.025 p=.025 p=.025 p=.025 p=.025 p=.005 p=.025
Al, C2 p=.025 p=.025 p=.025 p=-G25 p=.0C5 p=.005 p=.025% p=.025
A2, Bl p=.025 p=.025 p=,025 p=.025 p=.025 p=.025 p=.025 p=.025
A2, B2 p=.025 p=.025 p=.025 p=.025 p=.025 p=.025 p=.025 . b=.025
A2, Cl p=.025 p=.025 p=.025 p=.025 p=.025 p=.025 p=.025 p=.025
A2, C2 p=.025% p=.025 p=.025 p=.025 p=.025 p=.025% p=.025 p=.025
Bl, B2 p=.025 p=.025 p=.025 p=.025 p=.025 p=.025 p=.025 p=.025
Bl, Cl p=.025 p=.025 p=.025 p=.025 p=.025 p=.025 p=.005 p=.725
Bl1, C2 p=.025 p=.025 p=.025 p=.025 p=.025 p=.025 p=.025 p=.025
Bz, Cl p=.025 p=.025 p=.u25 p=.005 p=.025 p=.025 p=.025 p=.025
B2, C2 p=.025 p=.025 p=.025 p=.005 p=.025 p=.005 p=,025 p=.(25
cl, C2 p=.025 p=.025 p=.025 p=.025 p=.025 p=.025 p=.025 p=.J25
a

=.005 is significant
p=.025 is nonsignificant
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TABLE 2.3.1-5

LOGAN CREEK WATER QUALITY DATA

Sample Station Station Missouri River
Parameter Date I - __E-1 Average
Temperature April '73 12.5 - 12.0
°C July '73 27.2 23.5 29.1
Sept. '73 21.5 21.0 24.7
Dec. '73 2.0 0.9 2:9
Feb. *74 5.0 Pa D 4.0
pH April '73 5:3 - 6.6
Standard Units July '73 8.6 7.8 8.3
Sept. '73 T+ 8.1 8.0
Dec., '73 7.4 7.8 749
Feb. 74 F P 7.3 7.4
Conductivity April '73 296 - 272
pmhos/cm July '73 750 264 546 |,
Sept. '73 600 430 671
Dec. '3 425 295 467
Feb. ‘74 225 220 321
Turbiditv April '73 220 - 571
FTU July '73 70 90 194
Sept. '73 2 3 19
Dec, 7 10 7 41
Feb. '74 5 3 121
Chloride April '73 17 - 19
mg/1 July '73 7 2 22
Sept. '73 5 3 25
Dec. '*73 5 5 27
Feb, '74 3 2 2

Sheet 1
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Parameter

Dissolved Oxygen

mg/1

Sample

_pate

April
July
Sept.
Dec.
Feb.

Chemical Oxygen Demand April

mg./1

Total Suspended Solids

mg/1

Total Dissolved Solids

mg/1

Total Solids

mg/1

July
Sept.
Dec.
Feb.

April
July
Sept.
Dec.
Feb.

April
July
Sept.
Dec.
Feb.

April
July
Sept.
Dec.
Feb.

'73
'73
g3
'73
‘74

'73
i
l”}
s &
'74

13
sl L.
*13
*73
'74

ol &
'73
T3
'73
'74

7 &
'73
*T73
I'7'3
'74

TABLE 2.3.1-5 (Continued)

118

117
364
476
394
270

501
440
594
412
3168

Station
B3

nNoov:m
. »
wNeBaBD

et

W U 0 &

3

18

34

210
320
496
318

211
338
501
352

Missouri River

Average

7.6
6.1
7.4
12.8
11.8

96
52
14
18
24

631
33
100
120
179

508
274
511
498
462

1139
100°
6" .
618
641

Sheet



-

TABLE 2.3.1-5 (Continued)

Sample Station Station Missouri River
Parameter _Date . . _EB=1 Average
Hardness April '73 - - -
mqg/ 1 (.‘aCO3 July '73 - - -
Sept. '73 351 247 223
Dec. '73 140 264 239
Feb, '74 92 102 188
Arsenic April '73 <0.01 ~ <0.0]
mqg /1 July '73 0.006 <0.001 0.010
Sept. '73 0.004 <0.001 0.005
Dec. '73 0.004 <0.001 0.003
Feb. '74 <0.001 <0.001 0.003
Cadmium April '73 <0.02 - <0.02
ma/1 July '73 0.005 0.005 0.006
Sept. '73 0.008 0.005 <0.004
Dec. '73 0.002 0.001 0.003
Feb. '74 0.009 0.009 0.018
Iron (total) April '73 3.0 11.8
mag/ 1 July '73 5.6 5.2 3.4
Sept. '73 1.8 0.1 1.2
Dec. 3 1.2 0.3 1.6
Feb. '74 3. 1 0.7 1.8
Copper April '73 <0.02 - <0.13
maq /1 July ol 0.010 0.008 0.027
Sept. '73 0.01% 0.005 0.012
bec. '73 <0.002 0.003 0.003
Feb. '74 0.014 0.016 0.018

Sheet 4
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TABLE 2.3.1-5 (Continued)

Sample Station Station Missouri River

Parameter _Date =3 __E-1 Average
Hexane Solubles April '73 8 - 12
mg/1 July '73 1 2 3
Sept, '73 4 1 5

Pec. '73 7 6 8

. Feb. ' 4 6 6
Fecal Coliforms April '73 1000 - 4167
number /100 ml July '73 120 130 4717
Sept. '73 20 380 1490

Dec., '73 210 90 4400

Feb. '74 1100 440 862

Total Coliforms April '73 10,000 - 14,800
number /100 ml July '73 120 2,200 14,700
Sept. '73 110 13,000 13,800

Dec. *3 260 200 21,100

Feb. '74 1600 830 4100

Sheet 6
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2.3.2 PHYTOPLANKTON

2.3.2.1 Missouri River

Phytoplankton samples collected in the Missouri River near the
site in July, September, and December, 1973, and February, 1974,
included 118 algal taxa, almost half of which were diatoms

(Table 2.3.2~1). Except in July, when green algae were dominant,
diatoms were the dominant group numerically and included the
greatest number of taxa. According to Hynes (1972), diatoms
typically dominate the plankton of large temperate rivers.

The highest number of taxa occurred in the December samples, which
contained 70 taxa, including 45 diatoms. The average phytoplankton
density of the six Missouri River stations was 241 organisms

per liter (range: 193-290 per liter). Sixty-one taxa were observed
in September samples:; these samples were characterized by the
highest densities {(an average of 587 organisms per liter; range:
179-776 per liter). February samples had 53 taxa but the lowest
average density (168 per liter; range: 125-286 per liter). The
lowest number of taxa, 24, occurred in July samples, which had

an average of 276 organisms per liter (range: 143-625 per liter).

The relatively low plankton densities characterizing the Missouri
River near the site were similar to those previously recorded for
the lower Missouri River (University of Missouri-Rella, 1972;
Berner, 1951; Williams, 1966). Although phytoplankton levels
recorded in the present study were somewhat higher than those from
net plankton collected by Berner (1947), they were 3 orders of
magnitude lower than those of total plankton collected by Damann
(1951). However, Damann's collections included nannoplankton
organisms and these cannot be collected in nets because of their
small size. Phytoplankton levels during July and September of the
present study were also substantially lower than Logan Creek den-
sities recorded during that time (see Figures 2.3.2-1 and 2. -2=2) .
Damann (1951) likewise found that Missouri River popg‘a*lﬂ"s, which
averaged 4.6 x 10> plankters per liter, were lower than those of
19 Missouri River tributaries, which averaged 7.9 x 108 plankters
per liter.

The paucity of phytoplankton in the Missouri River apparently is
related to excessive turbidities, high current velocities, and the
lack of adjoining lentic waters (Berner, 1951). Turbidity is
probably the major factor limiting plankton populations because

it inhibits photosynthesis, respiration, and other physiological
processes by decreasing light penetration and dissolved oxygen
levels (Berner, 1951). During the present study, the lowest
turbidities occurred in September and probably accounted in part
for the maximum phytoplankton populations then observed.

September turbldlty values ranged from 16~22 Formazin Turbidity
Units (FTU: eguivalent to Jackson Turbidity Units [JTU]);: they
were thus well within the 50 JTU maximum recommended by the Federal
Water Pollution Control Administration (1968) as satisfactory for
the aguatic life of warm water streams. With the exception of
Station C-1 in February, all other turbidity values exceeded the

.
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recommended maximum,

Channelization of the river has increased current velocities and
removed the standing water chutes, sloughs, and backwaters where
plankton typically proliferates (Whitley and Campbell, 1972).
Several studies have shown that plankton numbers generally are
inversely proportional to stream flow (Hynes, 1972). This inverse
relationship was demonstrated *hroughout the present study,
although a complex of seasonal and physicochemical factors affect-
ed populations. The relationship between discharge and several
water guality parameters is illustrated in Figure 2.3.1-2.

Algae are likely to suffer a nutrient deficiency when nitrogen
concentration is below 0.2 mg/l and phosphorus below 0.05 mg/1
(Chu, 1942). ©Nitrogen levels exceeded 0.2 mg/l at all river sta-
tions throughout the study, and phosphorus exceeded 0.05 mg/l at
all stations during all sampling periods except July, 1973.

The deficiency of phosphorus during July in combination with the
excessive turbidity (average, 194 FTU) and high water levels

may have inhibited phytoplankton.

Figure 2.3.2-1 illustrates the component breakdown of phytoplankton
numbers for each station and sampling period. The seasonal
fluctuations illustrated are typical of large temperate rivers,
where plankton populations almost always show a summer maximum and
winter minimum (Hynes, 1972). However, seascnal variations were
statistically significant only in the comparison of February
populations with those of September and December (Table 2.3.2-2).

The composition of Missouri River phytoplankton is also character-
istic of large temperate streams and reflects seasonal variaticn
in temperature and light. In temperate climates during winter,
phytoplankton communities largely consist of diatoms (Williams,
1966), but increasing temperatures encourage the development of
Chlorophyta (green algae) and Cyanophyta (blue-green algae),
which attain maximum development in warmer waters. Green algae
were significantly more abundant in July and September samples
than in December and February samples (Table 2.3.2-2). Similar-
ly, numbers of blue-green algae were significantly higher in
summer than winter, although they were also statistically higher
in December than in February, when they were nearly absent.

Diatom numbers were similar for September, December, and February,
but were significantly lower during July, when green algae domin~-
ated all stations.

Principal taxa are those composing at least 5 percent of the
phytoplankters in a sample. The green filamentous alga, Ulothrix
eylindricum, was the most abundant taxa in July, comprising as
much as 60 percent of one sample. Another green alga, Pediastrum,
ranked second in abundance and was numerically dominant at one
station, comprising 24 percent of the sample. The diatoms
Fragilaria brevistriata, Astericnella formosa, and Synedra ulna
also were relatively abundant, but seldom did any of these species

=18- ’
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exceed 10 percent of a sample. 1In September, diatoms were dominant
at all staticas. The centric diatom, Cyclotella, was the most
abundant genus, comprising as much as 31 percent of one sample.
The green alga Scenedesmus ranked second in abundance, numericall
dominating Stations A-]l ani B-~1 by comprising 15 and 18 percent o
the totals, respectivelv Other principal genera in September
included Nitzschia, a pennaLs diatom, and Ulothrix. All the princi-
pal algae 1in December were cilatoms except for the blue- -green
species, Aphanizomenon flos-aguae. As in September, Cyclotella

was the dominant genus. The other principal taxa included

Melosira granulata, Fragilaria construens, and Synedra ulna. Most
of the principal taxa collected during the July, September, and
December surveys wer- classified as true plankters, independent of
a substrate. These .nclude the following genera: Pediastrum,
Scenedesmus, Aphanizomenon, Cyclotella, Synedra, Fragilaria,
Melosira, and Asterionella (Hynes, 1972; Blum, 1956). According

to Hynes, numbers of benthic species increase disproportionately

to true plankters during periods of high discharge. The scouring
effect of the high February discharge is reflected in the princi-
pal taxa Navicula, Nitzschia, and Gomphonema olivaceum, all benthic
diatoms. However, the most abundant species 1n February was a
planktonic diatom, Asterionella formosa.

4
£

Missouri River levels of chlorcphyll a, b, and ¢ are presented in
Table 2.3.2-3. According to Odum (1959), chloropayll content
appears to be a better measure of produ C*lVlt than of relative
abundance. Chlorophyll levels determined during the present stuly
do not correlate with phytoplankton densities as chlorophyll con-
centrations may vary among different species and with selec
environmental parameters. 1In addition, nannoplankton population
densities were not reported during the study and no doubt would
considerably affect chlorophyll coﬂcentratlon values and pigment
content ratios. Total chlorophyl ranged from 0 at Station C-1
in July to 1.3 mg/1 at Station A-l in September. High chlorophyll
values during September are the result of more favorable environ-
mental conditions, i.e., warm temperatures, reduced turbidity,.

and sufficient nutrients.

2.3.2.2 Llogan Creek

Phytoplankton populations of Logan Creek during July and September,
1973, averaged 8.76 x 103 and 5.97 x 103 phytoplankters per liter,
respectively. These populations were 1 to 4 orders of magnitude
higher than those characterizing the Missouri kiver near the site.
Similarly, Damann's (1951) collections during the summer of 1950
showed an average of 7.88 x 106 plankters per liter for 19 Missouri
River tributaries, in contrast to an average of 4.60 x 103 organ-
isms per liter for the Missouri River. These higher plankton
populations in Logan Creek relative to the Missouri River may be
related to its more stable substrates, lower current velocities,
and lower t.-bidity levels. July turbidity levels at the two
Logan Creek stations were 70 and 90 FTU's, respectively, in con-
trast to the range of 100-215 units for Missourl River stations.
September levels at the Logar Creek stations were only 23 and 3
units, respectively, but the levels for Missouri River stations
also were low. Minimum plankton populations occurred in December,
1973, and February, 1974, and averaged 319 and 142 per liter,

=15«



respectively. Winter minima are typical of phytoplankton
communities of temperate climates (Hynes, 1972). Winter levels
near the site were similar for both Logan Creek and the Missouri
River.

During the present study, 76 phytoplankton taxa from Logan Creek
were identified, including 39 diatom taxa (Table 2.3.2-1).
Figure 2.3.2-2 illustrates the average densities and Table 2.3.2-4
includes the component breakdown of phytoplankton numbers for
each station and sampling perind. Seasconal variations 1in the
composition of Logan Creek phytoplankton are typical of temperate
strears, where green and euglenoid species attain maximum devel-
opment during the warmest months but are almost absent during
winter, when diatoms predominate (Williams, 1966; Hynes, 1972).

During all sampling periods, phytolankton was more abundant
upstream at Station E than downstream at Station D. This does
not appear to reflect differences in nutrient levels or flow
characteristics, but may be related to diffurences in substrates.
The bottom at Station E is gravel and rock, which undoubtedly
provides a more favcrable habitat for benthic algae than the
bottom at Station D, which is composed of several inches of fine
mud and organic debris.

Most of the principal taxa in Logan Creek samples were benthic
diatoms, although the unicellular euglenoid Phacus was extremely
abundant in July at Station D, comprising Bl percent of the
phytoplankters. According to Smith (1950), this genus 1is rarely
abundant. The factors stimulating its extremely high abundance
in this case are undetermined. Dominant benthic feorms in the
remaining samples included the genera Cymbella, Navicula,

Nitzschia, and Gomphonema. The predominance of benthic forms in
Iogan Creek is in contrast to the dominance of planktonic taxa
-

in the Missouri River. Williams (1964) found the number o
detached plankters to be proportionally higher in creek and
very shallow river plankton populations than in large river
planktcn populations.

thlorophylla, b, and ¢ levels in Logar Creek are presented in
Table 2.3.2-5. Tctal chlorophyll levels varied widely, ranging
from 0.1 to 7.6 mg/l at Station D and from 0.1 to 1.3 mg/l at
Station E. The chlorophyll value of 7.6 mg/l at Station D was
obtained during July as the result of a euglenoid bloom

(Phacus sp.).

-20-
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TABLE 2.3.2~1

PHYTOPLANKTON COLLECTED FROM THE MISSOURI RIVER AND LOGAN CREEK IN
JULY (J), SEPTEMBER (S), AND DECEMBER (D), 1973, AND FEBRUARY (F), 1974

Divi.sion Occurrence 1in Occurrence In
Class ‘Missouri River Logan Creek

et .~ A et e e e

jcientific Name J S I F 5 S D ¥

Chlorophyta
Chlorophyceae

Actinastrum hantzschii X X X X
Ankistrodesmus falcatus X X ¥ X
Ankistrodesmus spp. X X

Characium sp. X X x
Chlamydomonas sp. X X X X
Cladophora pacta *

Closteriaium s8p. X

closteriopsis sp. X x

Closterium gracilis X ‘

Closterium setaceum x

Closterium spn. X x X X X
Cosmarjium sp. X

“rucigeria crucifera X

Crucigenia tetrapedia X X

Crucigenia sp. X X

Elakatothrix gelatinosa b X

Golenkinia radiata :
Kirchnerielia sp.
Micractinium pusillum X

x x

Microspora floccosa x

‘ocystis sp. X

Pediastrum buryanum x X

Pudlasgrym anjyx X X X x X
X

Féﬁiﬁ?}}}ﬁﬁ iqtggfum

Sheet 1
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TABLE 2.3.2-1(Continued)

Division Occurrence in Occurrence in

Class ‘Missouri River Logan Creek
Scientific Name J S D 3 J [ D F
Navicula pupula X x x
Navicula rhynchocephala X X X
Navicula sp. X % b X ¥ X x
Nitzschia acicularis X X K x X X
Nitzschia filiformis X X
Nitzschia hungarica X
Nitzschia linearis X

Nitzschia lorenziana X X X
Nitzschia parvula

Nitzschia sigmoidea X X
Nitzschia spp. X X
Pinnularia sp.

Rhoicosphenia curvata

Stauroneis ancepq

Stauroneis phoénicenteron

Stauroneis sp. x
uteubpnodlscus 5ppP. X X
Surirella angustata

Surirella ovata

XX X X X XX
ES
*

» X X
x x
x

x

Surirella sp. X

Synedra actinastroides X

Synedra acus X X v

Rynpdra u]qg X b4 X % X x X
Synedra sp. X X X X X X
Tabellaria fenestrata X X X X x X X
Tabellaria flocculosa X X X
Tabellaria sp. X ~

Sheet 4
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TABLE 2.3,2-1 (Continued)

Division Occurrence in Occurrence in
Class __Missouri River Logan Creek
Scientific Name J 8§ D F J 5 D F
M)croqxstiq aorug nosa X
Mlcroqystls sp. »
Oscillatoria sp. X b ¢ X
‘3_1_)} ru Ll na sp. X X X X X X
BEuglenophyta
Euaglenophyceae
!uglnna splrogyra X
Euglena sp. X X X
Phacus sp. X X X X x

T:acnelumnnas sp. x X X X X

Pyrrhophyta
Dinophyceae
Ceratium hirundinella ® X

G le‘m)d)nlum 8. X X X

Sheet 6
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2.3.3 ZOOPLANKTON

20 3. 3.1 MISSOUII Ri‘\l'er

Zooplankton populations sampled near the site in July, September,
and December, 1973, and February, 1574, included 52 taxa. Thirty-
six of these taxa were rotifers, while most remaining taxa were
cladoceran and copepod crustaceans (Table 2.3.3-1). The maximum
density per liter and the greatest array of taxa occurred in the
September samples. They contained a mean of 49.5 organisms per
liter (range: 36.4-74.8 per liter) and consisted of 33 taxa,
including 25 rotifers. Populations of zooplankters were statis-
tically lower during the remaining sampling periods than in
September (Table 2.3.3-2). Average densities for July and December,
1973, and February, 1974, were 7.6, 8.2, and 4.2 zooplankters

per liter, respectively. Of these, the largest number of taxa,
~8, occurred in December. The July samples included 16 taxa and
the February samples, 17 taxa.

Figure 2.3.3-1 illustrates the comprnent breakdown of zooplankton
numbers for each station and sampli , period. The summer maximum
of rotifers is typical of large temperate rivers. Rotifers per
liter were significantly higher in September samples than in

other sampiss (Table 2.3.3-2). According to Williams (1966),
higher rotifer densities are usually asscciated with warm water

of high clarity and low turbidity, conditions prevailing during

the September sampling period. This maximum may also be related

to relative increases in diatom numbers. Hynes (1972) reports

that when diatom numbers increase, rotifers become more common.
This may indicate either a trophic effect or that similar con-
ditions favor hoth types of organisms (Hynes, 1972). Rotifers

were significantly lests abundant in February than in other sampling
periods. Williams (1966) found that most rotifers disappear during
winter and during periods of high stream flow, such as occurred .n
February.

Copepod crustaceans persisted in similar numbers throughout the
study (range: 1.0-10.2 per liter). They were the most numerous
group occurring in December and February (Figure 2.3.3-1).
Anderson (1969), studying a North Dakota prairie lake, found that
copepods were the only plankters commonly cccurring in winter and
suggested that temperature was not a contreolling factcor in their
distribution.

The principal taxa (those comprising at least five percent of a
sample) were primarily planktonic zooplankters. Principal taxa
in July included the rotifers Monostyla, Brachionus calyciflorus,
and Brachionus caudatus and copepod nauplii and copepodites, but
no single taxon dominated. However, the rotifers Brachionus and
Keratella ranked first and second in abundance, respectively, at
all stations during September. Together they comprised 61 to 52
percent of the total zocoplankters in the sample. Brachicnus
calyciflorus and Keratella cochlearis were particularly abundant.
§§achiggus was the dominant rotifer collected during the Misscuri
River Environmental Inventory (University of Missouri-Rolla, 1972).

-2 l-



=

,\-

AR s AR T e TN .

"= em am ws e wm 5

Brachionus calyciflorus was the most abundant species at sta
near Hermann and alsc a major species at other stations. Ke
cochlearis was the most abundant species collected in the Mis
River by Williams (1966), but it was not reported among net pl
of the Missouri River Environmental Inventory. No single species
comprised a large percentage of zooplankton samples in December or
February, although cyclopoid copepods were the dominant group.

Of 14 rotifer species collected in December, principal taxa were
Asplanchna priodonta, Brachionus calyciflorus, and Brachionus
variabilis.

Specific zooplankters in these collections have not been discussed
as trophic indicators because present knowledge of their ecology

is inadequate to classify them by this criterion (Gannon, 197%).
The indicator organism concept is not supported among dominant
rotifers in a sample because dominant species apparently are deter-
mined by edaphic factcrs within a watershed (Williams, 1966).

Zooplankton populations during this study were generally gquite
low. Zooplankton was also sparse in the Missouri River Environ-
mental Inventory collections (University of Missouri~Rolla, 1972).
Figure 2.3.3-1 shows that rotifers comprised high percentages

of total zooplankters in September, but their numbers were still
low compared to other aguatic ecosystems. Most plankton commun-
ities average 40 to 500 rotifers per liter (Pennak, 1953). The
highest rotifer density recorded at any station was 54.6 per
liter. Rotifer populations during July were similar to those
Williams (1966) reported from samples collected near St. Joseph,
Kansas City, and St. Louis. He concluded that the Missouri Basin
is generally rotifer poor. As with phytoplankion, excessive
turbidity appears to be the limiting factor.

2.3.3.2 Logan Creek

Zooplankton collections in Logan Creek contained 26 taxa, ncluding
18 rotifers (Table 2.3.3-1). With the exception of Lepadella,

all rotifer genera collected in Logan Creek also occurred 1n
Missouri River samples. Maximum densities, averaging 1,100 per
liter, occurred in July and included 13 taxa. Seventeen taxa

were included in the September samples, but the average density

was much lower: 124 per liter. The December and February samples
were extremely low, both averaging less than two organisms per
liter. These samples included four and six zcooplankton taxa,
respectively.

Figure 2.3.3-2 illustrates the average densities and Table 2.3.3-3
includes the component breakdown of zooplankton numbers for each
station and sampling period. The abundance of rotifers during
summer is in sharp contrast to their winter occurrence. Accord-
ing to Williams (1966), must rotifers are associated with warm
water of high clarity, while in winter they almost disappear.

In contrast to the situation at the Missouri River stations near

the site, rotifers were more prevalent in July than in September
in spite of the higher turbidity levels occurring in July. The

-l -
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July sample from Statlﬁn D had an extremely high

population,
2,133 zooplankters per liter, and contained more than 90 percent
rotifers. According to Pa2nnak (1953), most plankton pogulations
average 40 to 500 rotifers per liter. Brachionus calyciflorus
and Keratella cochlearis comprised 50 and 34 percent of this
sample, respectively. These were also the most abundant rotifers
at Missouri River stations. A possible explanation for this
extremely high number of rotifers is that logs and debris deposit
by spring floouds had formed pools in the vicinity of Station D,
perhaps :avoring the proliferation of rotifers. These pools no
longer existed in September, when zooplankton numbers were much
lower and similar to those for Station E upstream. Also, rotifer
proliferation may have been in response to the Phacus bloom
occurring at that time.
In additicn to Brachionus and Keratella, principal zooplankton
taxa in summer collections included the rotifers Trichotria,
Lepadella, Lecane, and copepod nauplii. Because zooplankters
were SO sparse 1n winter collections, identification of principal

species was not considered meaningful.
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Rotatoria

Ascomorpha
Asplanchna

TABLE 2.3.3-1

ZOOPLANKTON COLLECTED FROM THE MISSOURI RIVER AND LOGAN CREEK IN
JULY (J), SEPTEMBER(S), AND DECEMBER (D), 1973, AND FEBRUARY (F), 1974

sp'
priodonta

Asplanchne
Brachionut

8p.
anquzaris

Brachionur

Brachionus
Bra<h10nus
Brar hionus

Brachionus
Brachionus

Brachionus

Brachionus

bicentata
calyciflorus
caudatus
havanaensis
nll ntilis

Varlablllq

‘;p

Chromogaster sp.

Collotheca

Sp

Colurella sp.

Filinia lonllsota
Filinia 0;0110n 18
Kellicottia bostoniensis

Kellicottia 1nqllqpxna
Kellicottia sp.
Keratella COLhIUdT]S
Keratella earlinae

Keratella (phvlrata

Ktlifvlla

I(( ane sp.

sp.

¥

X X X X

Occurrence in

Missouri FPiver

S D
X
X X
X X
X
X X
X
X
X
X
X
X
X
X X
X
X
X
X X
X
X X
X
X

Occurrence in
Logan Creek

== IIR':’II - S - - . a. ‘::> - O . S - . .. (1,. =
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TABLE 2.3, 3-1(Continued)

Occurrence in Occurrence in
Missouri River Logan Creek
J S D F J 5 D F

Lepadella ovalis X
Mcnostyla sp. x X X

Notholca sp. ¥ X
Platyias patulus X

Platyias quadricornis X

Platzlaq Sp. X

Ploesoma sp. X

PO1Yy axthra Sp. X X X X X

Svn«havta sSp. X X X
'T“%flhilnelléi sp. X

Trichotria tetrades p's X
Trichotria sp. X
V H\‘Wif‘]_}‘d sSp. X
Cladocera

Bosmina coregoni X X

fosmina sp. X X X
(or;ndaphn1a reticulata X X X X
Chydorus thanr'CEE X X X X
Daphnia Alf)ﬂng*rfir_nﬁl's_ X X
r)aL hnia pulex X

Daphnia sp. X

hliphjnosumd brachyurum * X

Holopedium gibberum X

..nr’nnpsn; sp. X X

Immature cladoceran X

Sheet 2



TABLE 2.3,.3-1 (Continued)

Occurrence in Occurrence in
__Missouri River Logan Creek
J 5 3] F J s D F
Copepoda
Cyclope bicuspidatus X X %
Cyclops vernalis X x
Diaptomus forbesi x
Diaptomus siciloides x x
Calanoid copepodite X X X
Cyclopoid copepodite X X X X X X
Harpacticoid copepod X
Nauplii X X X X X X X X
Nematoda
Unidentified sp. X
Tardigrada
Unidentified sp. X

Sheet 3
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TABLE 2.3.3-2

WILCOXAN'S TEST VALUES FOR DIFFERENCES BETWEEN SAMPLING DATES
IN OCCURENCE OF ROTIFERS, COPEPODS AND TOTAL
ZOOPLANKTON PER LITER

rotifers/liter copepods/liter ___zooplankton/liter
Smallest A Smallest Smallest
Months Compared Rank  Significance Rank Significance _Rank Significance

/73 & 9/73 21 i 36.5 ns 21 *w
7/73 & 12/73 30.5 ns x ¥ 9% ns 35 ns
7/73 & 2/74 21 bkl ig.5 ns 27 ns
8/73 & 12/73 21 *e a7 ns 21 .
9/73 & 2/74 21 i 32 ns 21 R
12/73 & 2/74 21 e 23 e 21 ol
ans = nonsignificant, p > 0.025

-
»
i

p - 0.005



TABLE 2.3.3-3

AVERAGE DENSITIFS (ORGANISMS PER LITER) OF ZOOPLANKTON COLLECTED IN LOGAN CREEK
IN JULY, SEPTEMBER, AND DECEMBER 1973, AND FEBRUARY 1974

Station D Station E
Sampling
Periods Rotifers Cladocerans Copepods Total Rotifers Cladocerans Cupepods Total
July 1973 1,992.1 44.6 95.9 2,132.6 62.5 0 5.0 67.5
September 1973 79 11 13 103 60.6 1 B2.6 144.2
December 1973 0 0.35 1.35 1.7 0 0.35 1:.35 17

February 1974 0.8 0.4 0.6 1.8 0.4 0 0.8 2+
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2.3.4 VASCULAR HYDROPHYTES

2.3.4.1 Missouri River

Puring the present study, no vascular hydrophytes were cobserved

in the Missouri River near the site. Berner (1947) also reported

a complete absence of rooted aguatic plants in the channels,
chutes, and backwaters of the Missourl River. He attributed their
absence to turbidity, water level fluctuations, and the instability
of the fine river substrates. Excessive turbidities creatc shading
effects, decreasing light penetration essential for phytosynthesis
in submergent species characterized by completely immersed foilage.
The distribution of these plants alsc may be inversely related to
stream flow (Dames & Moore, 1974). Hynes (1%72) notes that very

turbid tropical rivers, such as the Amazon and rivers in Africa,
are also devoid of higher plants.

2.3.4.2 Logan Creek

In contrast to the Missouri River near the site, vascular hydro-
phytes were cbserved in Logan Creek during July and :eptember of
the present study, although they were sparse. None were observed
during the December and February sampling period.

During July, small populations of water primrose (Jussiaea),
water willow (Dianthera), and duckweed (Lemna) were observed
upstre.— at :tation E. Water primrcse and sedges (Carex) occurre
there in September. No vascular hydrophytes were observed down-
stream at Stacion D in July or September. This absence is probab
related to the soft silty substrates at D. Station E is characte
ized by coarser sand and rocky subst<ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>