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CAT. IV CR0

TRAINING PROGRAti

UNIT #1/2

PURPOSE:

. Provide guidelines for individual study, and to

reali::e the total training concept. Assignment
.

sheets have start and stop dates to indicate the

speed of progression required to complete the train-r

ing program in nine (9) calendar months.
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TRAIfilflG DEPART"Eili ADMI!ISTRATIVE MEMORAUDUM #5 - CHANGE 8'd

METROPO!.liAN EDISON CO M P A N Y so.... ., c .,.i %,e uu o., emo,u,.e

_

Subject CATEGORY IV CR0 TRAIftI!!G OC.0 GRAM Location TMI fluclear Station
Middletown, Pa.

Date October 3,1976,

To J.G. HERBEIll
J.J. COLITZ
G.P. f1 ILLER
DEPT. HEADS

|

Enclosures: (1) Category IV CR0 Study Assignment Sheet
(2) Practical Evolutions Sheet |(3) 90 Day CR0 Probationary Period i

1

1. When ar. Auxiliary Operator is advanced to Category IV CRO,he will immediately
be placed into a Control Room Operator training program. This training
progran will consist of: (1) specific study assignments, (2) oral checkouts
in which the individual actually performs or simulates perfoming certain
evolutions, (3) written tests, (4) oral examinations and (5) classroom sessions,
as set forth in the following:

2. Upon being advanced to Category IV CRO, the individual will fall immediately
into the Shif t organi::ation as it exists at the time. Two (2) hours, as a
minimun, of each day on shift will be specifically devoted to training. The
individual will be provided with a desk or other suitable place to study in
the Control Room area. The two (2) hour period will occur at a definite time
of each day on shift insofar as practical.

3.
At the beginning of each shift cycle, 5 or (6 shift), hich will detail studythe individual will be
provided with an assignment sheet (see Enclosure 1) w
assignments for the two (2) hour periods for the first 11 (14 working
days of his shift cycle. On the 12th (15th) working day, the individual will
take a written test covering these assignments. On the 13th (16th) working
day, the individual will receive assignments as above to cover the 13th (16th)
through 23rd (28th) working days of a shift cycle. On the 24th (29th) working
day, the individual will again take a written test. On the 25th (30th) working
day of a shift cycle,f study during the shift cycle specifically and comprehensivethe individual will take an oral examination covering
the assigned areas o
of the material covered to that date. j 1

4 The written tests will be corrected and returned. Errors and weak areas will be !
covered with the individual, and reassigned.

j Weak areas on written and oral examinations will be covered with
the individual and his bargaining unit representative, if reauested.
Complete failure of a written exam or oral exam will be discussed with the
individual and a bargaining unit representative prior to a retest on the material.,

l Failure of the retest will require a subsequent discussion with the individual
and a bargaining unit representative.

5. Additionally the Category IV CR0 will be required to comolete a Practical
Evolutions Sheet (see Erciosure 2). This sheet will be completed either during
the individuals' daily training period cr during other times while on shift as

3
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situations dictate. Most of the items on Enclosure 2 involve perfoming
-

evolutions, simulating performing evolutions,and understanding and being
able to explain while simulating or performing'. The individuals' Shift Supervisor,
Shift Foreman, an SR0 Licensed individual,or (in specifically designated cases)
the licensed Training Coordinator may sign the practical evolution sheet.

'

6. Assignments detailed in paragraph 3 above, on which vritten and oral tests will
be given will come largely from items in Enclosure 2 ith some assignments
specific, ally intsnded to obtain signatures on Enclosu m 2,

7. Checkouts for items on Enclosure 2 which must be simulated will be conducted
in front of tne Control Room Consoles and Panels with the individual being

3required to point to specific items and controls. The checkout must be
satisfactory prior to a signature for the evolution. The evolutions are assigned
a point value to track the progress of an individual through the nine (9)~

month program. The required rate of progress is approximately 6 points every
4 working days.

8. To aid the individual ^1n the training assignment completion
3the Category IV CR0 may come off shift to attend lectures on specific

topics, listed below, as determined by the Supervisor of the Training Department
and the Supervisor of Operations.

a. Reactor Theory 1 day - 1 weck-

b. ICS Review 1 day - 1 week-

c. Simulator l week - 2 weeks-

d. Health Physics Review 1 day - I week-

e. Refueling Review 1 day - 1 week-

These off shift lectures should aid the individual in obtaining signatures
on Enclosure 2.

9. The first 90 days of the Category IV CR0 Training Program is designated as a
Probationary Period. The individual will be evaluated using Enclosure 3. At
the end of th'. 90 day period, the Shift Supervisor, Supervisor of Operations
and the Supervisor of Training will recommend whether or not the individual should
continue in the program.

10. Prior to the completion of the 9 months time period for the program,the Category
IV CR0 will be given a comprehensive written examination aporoved by the
Supervisor of Operations and the Supervisor of Training.

The results will be available for review by the Category IV CR0 |
*.,

and a Union designated R.0, Licensed individual. Additionally within the
Training Program time perbd the Category IV CR0 will be given a comprehensive
oral examination by an SR0 licensed individual designated by the Supervisor ofOperations. The Category IV CR0 will have the ootion of having a Union
designated, R.0. Licensed individual present during the oral examination. Any
exanination failed, written or oral, will be reviewed with the Category IV CR0
and a bargaining unit representative. If the Category IV CR0 has successfully
completed the above outlined training program, within 9 months, including the

I' comprehensive written and oral examination,the individual may be advanced to
Category II CRO. If the Category IV CR0 has not successfully completed the
training program, within 9 months, and successfully passes the written and oral [
examinations, the individual may or may not be advanced to Category II CRO. If
the Category IV CR0 has not successfully completed the program, within 9 months, |and fails either the written and/or the oral examination, the individual will be

U. _ _ _
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'returned to the position held prior to being advanced to Category IV CRO. If
the individual successfully comoletes the training program, within 9 months, |and fails either the written or oral examination, a re-exam will be considered
based upon an evaluation by the Supervisor Of Operations and the Supervisor of
Training.
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ENCLOSURE 1
i

. CATEGORY IV CR0 STUDY ASSIG|iME?iT SHEET |
|

MAME: START DATE:
_

ICOMPLETION DATE.'

i

ASSIG;!PSITS CYCLE HALF

:

|

|
|
|

|

!
,

1

l

|
,

.

!

. |

|

|

;

TOTAL POIflTS TO DATE FROM ENCLOSURE 2 1

;...

WRITTE?l TEST DATE RESULTS !

ORAL TEST DATE RESULTS '

!

l
ANSWERS filSSED, HANDED IN CORRECTED

DATE:
SIGilATURE OF LICENSED TRAINIflG COORD.

.
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ENCLOSURE I

I CATEGORY IV ASSIGNMENT SHEET

.

1. The enclosed study assignment sheats indicate those items which are to be

completed during each two week period (b cycle).

2. On the reverse side of each assignment sheet,there is a list of reference

. material which may be needed to complete some of these assignments.

3. For information on specific equipment (pvaps, valves, motors, etc.) the

technical manual (vendor manual) will be needed. The technical manuals

are kept in the THI Technical Library. Contact the TMI Office Supervisor

for information on the use of the library.
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ENCLOSURE 2 '

PRACTICAL EVOLUTION SHEET

.

The evolution sheet is an outline of specific items which are recuired to beccme
a proficient Control Room Operator. The evolutions as to actions required for
satisfactory completion are coded P, S, D or (X).

.

P - Perform: The evolution has to be carried out by the individual to the
satisfaction of the Shift Supervisor, Shift Foreman or the Licensed Training
Coordinator as denoted by an asterick.

. S - Simulate: The evolution has to be demonstrated, without actually performing
it, by the individual to the satisfaction of the Shift Supervisor, Shift Foreman,
or Licensed Training Coordinator as denoted by an asterick.

D - Discuss: The individual must show orally that the evolution is understood
to the satisfaction of the Shift Supervisor, Shift Foreman, or the Licensed
Training Coordinator as denoted by an asterick.

(X) - Performed or Simulates:at Simulator
The evolutions are additionally assigned a point value. The Category IV CR0 must
receive approximately 6 points every a working days to satisfactorily ccmplete the
program in the nine month period.

The evolutions are preceded by capital letters A,3,C,D,E,F or G to indicate which .
category of an NRC exam they fall. Additionally, the capital letter N is ysed to
denote which procedures are sent to the NRC.

Two Plant Startups, to the point of adding heat are required prior to application
for a license, as well as two shutdowns.,.(to Hot shutdown).

_

,

.

e

_ - c - -



* *
s s s * s s

t t t t t t t t t t t t t t
p p n p p p p p p p p p p pS

T 1 2 2 2 1 1 1 1 1 1 1 2 1 2N
I

O
P

1

,

E
R
J
I

T
A
N
G
I

S~

.

_

E
D D D D
O
C A D & A

D S A D D D D D D D D S D Sl
t

0
I r S r r
T o o o
C
A P P P

_

)
) 3 )

2 0 1 0
1 0 3 .

E ) 0 1 0 -
R 9 1 ( 1 m
l 0 ( l ( Ii
S 0 o
O 1 m r s r
L ) ( a t g e
C s r n n w
l e d g o ) i ol

E ' m n o C 4 n ) Pu a r 1 e 5
l n P r 0 p - eo n e 1 O 3 r )v o e p ( 0 o AC c ) m m 2 C 0) 2 n . u t e 1 53 ( f a i J n t S ) ( & -0 o l 0 a s E 1 40 ) l 1 d l ) y

l

. e t 0R
1 4 n i ( n P S i 2 t l

1
1 1( 0 i e a 2 D - a i 10 a v s o 0 y E 3 s T) (

l 1 l r e s t 1 r C 0 ni

1

S a ( C u r n ( a O 2 e r1 tS u S i o l m R 2 d e nN E n n d t i e s i P ( n w1 eO R ) a a n n n t n l r ) o o - mI lU 1 l a o E c n o P L 1 C P3 tT l

D 0 P n o r A - 0 ail
i E 0 n n t g u s t o 3 n . 1 e

t

L C 1 o y o a o f r n t iR 0 i d 2 r0 O ( i c i c L e o
l

2 a( T0V R t n t i y P C s 1 . uE P l c e a f d t s B ( d Q) e
i

o e g z i n e y e e A n 7 tE r ) t r i c a f b h c n o r- sV t 2 o e n e a d t c D o C o3 aI n 0 r u a p f S n A l
i f0 ll

T o 0 P E g S e a t A t n 2 l

A C 1 r i d t a f c o 1 lR ( n n O l l n S o Y e i c( aT t o o a e a r C
S n g i i n c R f o l

l

j t l i

l e a ae rI e n t t o i s o t o E R C C c tl m
I u g i i t i

t s a r G
: da u

i a a i n n sl

!
l f a l r t R d

19 nl dc g d d a c i p l e n E a!

D o a a a t e i y a p o o 1 aa n
l

A D T R R S T Sl H C O C E L | l h
l

| l

I

_

%

_ l l
.f f

F | / F F F F F F F / F Fl

. f |

F F_



*
.

EllCLOSilRE 2
.

EVOLUTIONS ACT10tl CODE' SIGNATilRE P0lllTS

l'g._ D 1 ptponse to Penetration of Protected Area

F/fl .llnanticipated Criticality (1203-10) (2202-1.2) S&D 2 pts

F/N Loss of Reactor Coolant fiakeup (1203-15) (2203-1.5.) S&D 2 pts

F/fl R.C. Punp and Motor Emergencies (1203-16) (2203-1.4) S&D 2 pts

F/il River llater Failure (1203-19)(1202-38) (2203-1.7) S&D 2 pts *
_

F/fl 1150C System Failure (1203-20 (2203-1.6) S&D 2 ptsV

F/N SSCC Systeci Failure (1203-21) (2203-2.4) S&D 2 pts *

F/fl Steaci Supply System Rupture (1203-24) (2203-2.3) S&D 2 pts #

F/fl Post Accident 112 (Purge 1203-20)(Control 2203-2.6) D 1 pt

Class 1E Electrical (2107-1.2)
,

F Control Room llVAC (1203-34) (2203-2.5) D 1 pt.

F Viliration and Loose parts (1203-40)(2203-1.8) D 1 pt

Sulistation (500 kv) (2107-1,3)

F/fl Blackout (1202-2/2A) (2202-2.1/2.5) S&D 3 pts

F/fl Turliine Irip (1202-3) (2203-2.2) P or S & D 2 pts

F/fl Reactor 1 rip (1202-4) (2202-1.1) P or S & D 2 pts-

F/fl GTSG Tulie Rupture (1202-5)(2202-2.6) D 1 pt,

F/N Loss of RC/RC Press. (1202-6) (2202-1.3) P or S & D 2 pts
i

F/fl loss of RC Flow /RCP Trip (1202-14) (2202-1.4) P or S & D 2 pts j

l
___
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EllCLOStlRE 2

EVOLUTIONS ' ACTION' CODE' SIGNATilRE P0lHIS
I

F/fl CR0 Equipment failures (1202-8) (2203-1,2) P or S & D 3 pts
"

F/N CRD llalfunction Action (2203-1.3) P or S & D 2 pts

F/N Loss of Boron (2203-1,1) P or S & D 2 pts
,

t

F/ft lli Activity in Reactor Coolant (1202-11)(2202-1,6) S&D 2 pts *

F/fl Excessive Radiation Levels (1202-12) (2202-1.7) S&D 2 pts"

F/fl loss of Intermediate Cooling (1202-17) (2202-1.9) S&D 2 pts"

F/il Loss of feed to OTSG (1202-26A/B) (2202-2.2) S&D 3 pts

F/N Pressurizer Failure (1202-29) (2202-1.5) S&D 2 pts

F/fl loss of Decay lleat Redioval (1202-35) (2202-1.8) S&D 2 pts #

F/N l.oss of Instrument Air (1202-36) (2202-2.3) S&D 2 pts

F/N Cooldown Outside Control Room (1202-37) (2202-1.10) S&D l' 3 pts *

F/fl Fire (1202-31) (2202-3.1) S&D 3 pts *
#'

F/N Flood (1202-32) (2202-3.2) D 1 pt

F/fl Eartliquake (1202-30) (2202-3.3) D 1 pt"

F Alam Responses S&D 5 pts

OPERATitlG PROCEDijRES

H Plant Limits and Precautions (1101-1)(2101-1.1) D 2 pts

il Plant Setpoints (1101-2) (2101-2.1) D 2 pts

..

- _ _ _ - _ _
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EllCLOSilRE 2

ENOLUTIONS 'ACTIO!! CODE' SIGNATURE P0litTS
~

l

C/F/N Plant.lleatup to 525 F (1102-1) (2102-1.1) P,S (X) 2 pts

C/F/il Plant Startup (1st) (1102-2) (2102-1.3)* P. (X) 2 pts

C/F/N Plant Startup (2nd) (1102-2) (2102-1.3) P, (X) 2 pts

C/F/fl Power Operation (1102-4) (2102-2.1) P 2 pts

C/F/fl Plant Shutdown (1st) (1102-10) (2102-3.1) .P. (X) 2 pts
,

C/F/fl Plant St.atdown (2nd) (1102-10) (2102-3.1) P, {X) 2 pts

C/F/fl Plant Cooldown (1102-11) (2102-3.2) P,S 2 pts
,

C/F/fl Pressurizer Operation (1103-5) (2103-1.3) P 1 pt

C/F/fl Reactor Coolant Pump Operation (1103-6)(2103-1.4) P,S & D 1 pt

C/F/fl Approach To Criticality (1103-8) (2102-1.2) P (X) 2 pts

C/il lleat Balance Calculation (Computer)(1103-16)(2103-1.1 1)' P
_

2 pts *

C/il lleat Balance Calculation (lland) (1103-16)(2103-1.10) P 2 pts *

C/il Reactivity Dalance (ECP) (1103-15) (2103-1.9) P 1 pt *
_

C/il Reactivity Dalance (Pwr Change)(1103-15)(2103-1.9) P 1 pt *.

C/fl ReactivityBalance(BoronChange)(1103-15)(2103-1.9) P 1 pt *

C/fl Reactivity Dalance (SIM1) (1103-15) (2103-1.9) P 1 pt *

E/il Core Flood System (1104-1) (2104-1.1) P or S or D 1 pt *

E/fl llakeup and Purification (1104-2) (2104-1.2) P&D 2 pts

. . _

i

,
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EllCLOSURE 2

EVOLUTIONS ACTIO!! CODE' SIGNATilRE POINIS

E/fl Decay lleat Removal (1104-4) (2104-1.3) P&D 2 pts
,

B/F/N Decay Heat Closed (1104-13) (2104-3.3) P&D 2 pts"
,

4B/F/fl Decay Heat River (1104-32) p&D 2 pts

E/fl Reactor Building Spray (1104-5) (2104-1.4) P&D 2 pts

,! B/F/N Spent fuel Cooling (1104-6) (2104-1.5) P&D 2 pts *
.

B/F/fl Intennediate Cooling (1104-8) (2104-1.6) P&D 2 pts *
*

B/F/N Circulating Water (1104-9) (2104 -3.6) P&D 2 pts

B/F/il fluclear Services Closed (1104-11) (2101-3.2) S&D 2 pts *'

B/F/il fluclear Services River (1104-30) (2104-3.1) P&D 2 pts *

D/F/fl Secondary Services Closed (1104-12) (2104-3.5) P&D 2 pts *

B/F/il Secondary Services River (1104-31) (2104-3.4) P&D 2 pts *

B/f/N Instrument Air (1104-25) (2104-2.3) P&D 2 pts

B/F/fl Station Service Air (1104-42) (2104-2.10) P&D 2 pts

B/F/ll Reactor Bldg. Emerg. Cooling River Water (1104-311) P&D 2 ptsa

B Reactor Bldg Ventilation (1104-14A-F) (2104-5.1) S&D 2 pts *

D/F/N fluclear Plant Sampling (1104-43) (2104-1.11) D 1 pt

11/F/fl Secondary Plant Sampling (1104-44) (2104-2.8) D 1 pt

C/fl Bleed and Feed Process (1104-29E) P or S & D 2 pts

,

+.
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EllCLOStlRE 2
,

i

EVOLilTIONS 'ACTI0ti CODE' SIGNATURE PolHTS

E/N Fire Prott.ction (1104-45) (2104-6.1) S&D 3 pts

B/F/G/N Radwaste(1104-27,28,29A/B/C/0/E/I/P/S) (linit I) D 6 pts *
*

B/F/G/N Radwaste (2104-4.1/2/3/4/5/6) (UnitII) D 6 pts

D/N Nuclear Instrumentation (1105-1) (2105-1.1) S&D
_

2 pts"

D/fl flon-fluclear Instrumentation (1105-6 (2105-1.6) S&D 2 pts"

D/fl RPS (1105-2) (2105-1.2) S&D 2 pts

E/N Safeguards Actuation (1105-3) (2105-1.3) S&D 2 pts
,

D/fl Incore lionitoring (1105-5) (2105-1.5) S&D 2 pts

G/fl Radiation Monitoring (1105-8) (2105-1.8) S&D 2 pts"

D/fl ICS (1105-4) (2105-1.4) P&D 3 pts

D/fl Control Rod Drive (1105-9) (2105-1.9) P 1. D 3 pts
'

D/fl C$nputer (1105-10) (2105-1.10) D 1 pt

H/F/fl Turtaine Generator (1106-1) (2106-3.1) P&D 3 pts
_

B/F llydrogen Seal Oil (1106-8) (2106-3.3) D 1 pt"
B/F Turbine Lulie Oil (1106-9) (2106-3.2) D 1 ptV

| 8/F Stator Cooling (1106-7) D 1 pt*
B/F EllC (1106-17) (2106-3.4) D 1 pt

i

Il0P Electrical (2107-1.1) n 1 pt
_

!

- _ _ _ _ - _ - _ _ _ - _ _ _ _ _ _ - _ _ _ _ _ _ _ _ - _ _ _ _ _ _ _ _ _ - _ _ _ - _ _ - _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ - _ _ _ _ _ _ - - _ _ _ _ _ _ - _ _ _ _ _ _ - _ _ _ _ _ - - - _ _ _ - - . . - - - - _ - - _ _ _ _ _ _ ___-- - _ _ _ _ - - - _ _ _ _
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EllCLOStutE 2 ,

EVOLUT10tlS ACTION CODE ~ SIGilATilRE > P01flTS

I

B/F Isolated Phase Bus Duct Cooling (1106-11)(2106-3.6) D 1 pt

B/F Condensate (1106-2) (2106-2.1) P&D 3 pts
,

B/F Cond. Polishing (Powdex) (1106-13) (2106-2.2) D~ 1 pt
_

B/F Condenser Air Removal (1106-15)(2106-2.3) D 1 pt* '

B/F- Feeduater (1106-3) (2106-2.4) P&D 3 pts

B/F OTSG Fill, Drain, Layup (1106-16)(2106-2.5) D 1 pt

B/F Auxiliary Steam (1106-4) (2106-1.3) D 1 pt%

B/F Gland Steam (1106-10) (2106-1.4) D 1 pt
,

B/F Extraction Steam,lleater Vents & Drains (1106-12) 0 1 pt

(2106-1.2)

D/F Hain Steam (Reheat) (1106-14) (2106-1.1) D 1 pt

8/F Turbine Bypass (1106-5) (2106-1.5) S&D 2 pts

E Emergency feed (1106-6) (2104-6.3) S&D 2 pts

B flormal Electrical System (1107-1) D 1 pt/

11 Component Electrical (Panel) (1107-4/5) D 1 pt

B Emergency Electrical (1107-2) D 1 pt

B/E Diesel Generator (1107-3) (2104-6.2) P or S & D 3 pts
|

B Vibration Loose Parts (1105-14) (2105-1.13) D
_

1 pt

Soluable Poison Control (1103-4) (2103-1.2) P&D 3 pts

*

..
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EllCLOSLIRE 2

EV0LilTIONS ACTI0fl CODE ~ SIGNATURE P0lflTS

Unit Ventilation (Misc. Procedures) . D
_

1 pt

Chlorination (Chem Treatment)

River Water (1104-36) (2104-3.9) 0 1 pt

Circulating Llater (1104-35) (2104-3.10) D 1 pt

llater Chemistry Control (2103-1.7) D 1 pt

Environunental Barrier System (2104-1.11) D 1 pt

002 Fire System (1104-56) D 1 pt

R.B. Atmosphere Cleanup (1104-55) D 1 pt

I ptControl Tower Vent (1104-19) (2104-5.4) D .. ,

Fluid Block (1104-20) D 1 pt

Penett ation Pressurization (1104-21) D I pt
,

; Reactor Building Purge (1102-14) (2102-4.1) P or S & D 2 pts

112 Addition and Degas (1102-12) (2103-1.5) P or S & D 2 pts

Decay lleat Removal by OTSG (1102-13) (2102-3.3) S,0 2 pts

llEALTil PilVSICS .

G/fl Radiation Dose Survey (1602) D
_

1 pt
i

'

G/N HeutronSurvey(1603) D 1 pt'

G/tt Alpha Survey (1604) D 1 pt

.

_ - . _ -_. _ _ _ _ _ _ _ _ _ - _ _ _ _ _ _ _ _ _ _ _ _ - - _ _ _ - _ _ _ _ -_ __m___-__ __ __
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EllCLOSllRE 2

EV0LtlTIONS ACTI0fl CODE' _SIGNATllRE P0ltl1S

G/N Surface Contamination (1609) D
_.

I pt
,

G/fl Est. and Posting Areas (1610) D 1 pt

G/fl Radiation llork Permit (1613) P&D 2 pts

G/il tise of itespiratory Protection Devices (1616) D 1 pt

G/ft Radiation Emergency Procedure (Emergency Plan) D 1 pt
(1670.1)(1670.2)(1670.3Control of Contaminated) Spills (1681) D 1 ptG/fl

G/N tlse of Protective Clothing (1686) D 1 pt

Industrial Waste Treatment (1104-50A)

itelease of Radioactive Liquid (1621)(1621.1)

Itelease of Radioactive Gas (1622)(1622.2)

'

OTilElt

B/F Technical Specification Test P 19 pts *
_

___

A Reactor Theory Test P 10 pts *
_ __

G Radiation Control Test P 10 pt.s*

F Refueling Test P 10 pts *

Startup Certification P(X) 10 pts *

=

.

8 No



__ _ __. . _ _ - . -

90 Day

CR0 Probationary Period
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Use of 9O Day Probationary Rating Sheet

To be used as a guide for the Cat. IV CRO's, Shift Supervisor and Supervisor
of Ocerations to detennine:

1.) Progress of the Individual (Cat. IV CRO) that is documented, and
2.) Identify the weak areas of the individual (Cat. IV CRO), and
3.) Assess the compatibility of the individual (Cat. IV CRO) with the

job,and
4.) Supply more soecific information to the Supervisor ccmpleting

the 30, 60, and 90 day evaluations.

All of the areas of evaluation are job related and performance related for
a Cat. IV CRO. The month blocks (first, second, third) for the areas of evaluation
are completed with an evaluation mark and the initials of the shift supervisor,
shiftforeman or training co-ordinator (denoted by*). The marks for evaluation
are:

1.) N/A - does not apply
2.) SAT - Satisfactory - this denotes that the Cat. IV CR0 is progressing

normally, understands the area of evaluation, can discuss the area of
evaluation, and can physically perform evaluations under supervision.

3.) UNSAT- Unsatisfactory - this denotes that the Cat. IV CR0 is not
progressing, does not understand area of evaluation, cannot discuss
area of evaluation and has difficulty with physically performir.g
evolutions under supervision.

i
4.) MARG - flarginal - this denotes that the Cat. IV CR0 is progressing but '

slowly, is weak in understanding of area of evaluation, has some
i

difficulty in discussing area of evaluation and has some difficulty '

with physically performing evolutions under supervision. !

NOTE: All marks of UNSAT. and MARG. will require remarks on additional pacer
and attached to probationary rating sheet. This is to specifically
identify the problems in the area of evaluation.

The block labeled "overall" is to be used by the Supervis of Operations,
Shift Supervisor and the Training Dept. Head of components on areas of evaluation

|

|

|

e

E

.
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Cat. IV 90 Day Probat iary Rating Sheet I

llame:,

Area of Evaluation First ilonth Second Month Third Month DVERALL
1. Console Operatica

=

C0f V1ENTS:a. Manual Dexterity

b. Control Location

c. Instrument Interpretation

d. Alarm Response
_.

e. Ilasic Operation ICS

f. Basic Operation Diamond

9. Basic Operation PI Panel
II. Leadership

C0tVIENTS:

a. Directing Aux. Operators '

h. Planning Work

c. Interface with SF & SS

d.' Decision Making

III. Ilealth Physics
C0tV4EllTS:

a. Basic IIP Concepts

b. Basic llP Inst. Concepts

c. Basic RMS Knowledge

i

I

~ I

_ _ _ _ _ _ _ _ _ .___________________ _ __ _ - _ _ _ _ _ _
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Cat. IV CR0 90 Day Probationary Rating Sheet,

.

Area of Evaluation First Month Second Month Third flonth OVERALL

IV. Operating Awareness
C0llHEllTS:

3. Standing Orders

b. Operations Memos

c. Revision P.eview Book

d. Evolutions Book (0JT)

e. Tech Specs. Sect. III

f. Tech Specs. Sect. IV

g. Tech Specs. " Appendix B"
V. Cat. IV CR0 Training C0lviENTS:*a.1st cycle 1st half

*b.1st cycle 2nd !=If

*c. 2nd cycle 1st half

* ti . 2nd cycle 2nd half

e. Cat. IV CR0 Program Encl. 2
VI. Surveillance

COMMENTS:

a. Tech Spec.

h. Other

.L

m

__ _ __ - _ _ _ _ _ _
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Cat. IV CR0 90 Day Prot 'onary Rating Sheet

.

Area of Evaluation First N ith Second ilonth Third 11onth OVERALL

VII. Computer Operation
C01t1Ef115:

a. Displays ,
._

h. Functions

c. Groups

d. Calculations Performed
_

VIII. Integrated Plant Operation
C0f tf1EllTS:a. Effects on Plant

(Primary - Secondary)

h. Location of Equipment

IX. Other:
COMi1EllTS:

a. Flow Prints
b. Elementary Electrical

.

- _ _ _ -
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90 Day Probation Reconenemiation Sheet

'
i

I do do not reconmend individual to continue with Cat IV CR0l_ _

Traini 3
Shift Supervisor

Consnents :
,

,

_

f do do not approve reconnendation of Shif t Supervisor.w u.

Supervisor of Operations
:

Consnents:
.

%

J

,

T

i

.
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Cat. IV 90 Day Probationary Rating Sheet " Area of Evaluation" Requirement
Guidelines.

I. Console Ooerations
a) |ianual Dexterity

-Capable of Oceration of various system controls:
(1. Pistol grip control for pump breakers, feeder breakers, etc. ,
2. Push button controls for valves and tests,
3. Dial controls for voltage ar.d setpoint adjustment,
4 Toggle switch for ICS control)

-Capable of changing pacer on recorders.

b) Control Location

-Knows location of valve pump controls in control room (responsible for
controls for systems on which he is checked out)

-Has knowledge of controls in the plant (especially those with redundant
controls in control room)

c) Instrument Interpretation

-Capable of reading instruments accurately
Capable of judging trends as normal or abnomal

*(special attention should be paid to CRO's ability to intercret source,
intemediate, power range, and RitS Indications),

d) Alarm Response

-For comon alarms knows the required actions
(e.g. Neutrali::ing tank pH Hi/Lo is a common alam)

-Also knows required actions for such things as turb, trip, RX trip
|-For uncommon alarms knows where to find required actions

(e.g. Generator ground is not a comon alam) |
(i.e. How to use ala m responses) )'

e) Basic Operation of ICS
-Knows whether or not plant will incraase or decrease output with-
manual adjustment of soecific Baily Controls.

-Know what tracking is and what it does,

f) Basic Operation of Diamond Panel
-Understands panel operation such that CR0 is cacable of,
-Imbalance correction, single red or group movement
-Can perfom startup under supervision
-Can talk through lights on diamond panel

g) Basic Operation of PI Panel
-Knows difference between the two indications available

,

-Knows hcw to reset RPI
-Knows what red, white, green and amber lights-imoly

|

-,

i
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1
1

II. Leadership
_

a) Directing Aux. Operators:
-Can command needed respect from A0's

? -Can get AO's to accomolish necessary jobs
-Uses tact in dealing with A0's

1b) Planning work:
Is capable of scheduling work to accomplish it in the alotted time

|

c) Interface with SF & SS:
-Comcatibility with supervisors
-Able to receive and transmit supervisors orders

d) Decision Making:
-Makes decisions that are fair and displays confidence in sticking to the )
decisions ;

!

-Is able to react to adverse conditions with; rationality |

III. Health Physics 1

a) Basic HP Concepts:
-Knowledge of radiation 1

'

-Radiation areas
-Requirement for RWP's

-Use of protective clothing,) effects of radiation (particulate & gas)Beta, Gama , Alpha, lieutron
I

b) Basic HP Instrument Concepts:
-Knows how the different portable detection instruments function and when
to use them

-Knows function of TLD, Film Badge, Dosimeter and how they work

c) Basic RMS Knowledge:
-Kr.ows locations of Radiation Monitors and tyoes (liquid, area, gama)
-Knows how RMS detectors and what respective trends indicate
-Has basic idea of trips that can be received from the RMS and how to
bypass the trips.

IV. Operating Awareners
a) Standing Orders:

-Is signed off and up to date
-Understands the standing' orders

b) Operations memos:
-Is signed off and up to date
-Understands the meaning of applicable operating memos

c) Revision Review Book:
-Is signed off arid up to date
-Is aware of the changes and their effect on the CR0 operating the plant

,

d) Evolution Book (0JT) '

-Has evolutions such as reactively manipulations, turbine startuo, etc. '

recorded and signed off

\ .

,
,

_ _ __ -- .
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e. e) Tech Specs Sect. III

-Knews what areas these Tech Specs cover and effects on Plant Operation

f) Tech Specs Sect. IV,

Knows the areas covered in this section

'

. lote : The same depth of Tech. Spec. knowledge is not required at the end of
3 months as would be required at the end of the training program.

V. Cat IV CR0 Trainino
a) Ist Cycle 1st Half

-Ccmpletes required assigned material and ecmpletes test

b) Ist Cycle 2nd Half
-Completes required assigned materia l and test

c) 2nd Cycle 1st Half
-Completes required assigned material and test

d) 2nd Cycle 2nd Half
Completes aquired assigned material and tests

e) Cat IV CR0 Program Enclosure 2
-Cbtains signatures for procedures / systems on which the SF/SS/ training
co-ordinator feel his knowlege is acceptable.
(The signature is obtained after oral examination on procedure / system with
SF/SS/TC. Rate of progress on practical evolutions shnuld approximate

that specified on the Cat. IV CR0 Training Program).
,

VI. Surveillance
a) Tech Spec '

-Awareness of the surveillance requirements and their effects on the plant
-Participates in surveillance as applicable

VII. Computer Operation
a) Displays

-Can display points and groups

b) Functions
-Knows what the various functions will give him (eg single point log, add |point to group, etc.)

|

-Knows how to add and delete points to scan
]

c) Groups:
,

-Knows how to use groups and what they tell CR0 j
i

d) Calucations Performed '

-Capable of using comouter for calculations of leak rate, heat balance,
Reactivity Balance, etc.

,

,}'

|

$

!
,
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ENCLOSURE 1

UNIT II CATEGORY IV STUDY ASSIGNMENT SHEET

CYCLE 1-1

NAME START DATE

COMPLETION DATE

1. Read the followinn Administrative Procedures:
.a. 1001 Document Control
b. 1002 Tagging
c. 1009 Staticn Organization
d. 1010 Tecn. Spec. Surveillance
e. 1012 Shift Relief and Log Entries
f. 1013 Bypass ard Jumper Control
g. 1028 Operatcr at the Controls

2. Read System Description #15- Circulating Water

3. Read System Desc-iption #14- CW and RW Chemical Treatment

4 Trace the CW System

5. Read OP 2104-3.6 - Circulating Water

6. Conplete the Circulating Water Questionnaire

7. Read System Description #16- Secondary River Water

8. Trace the SR System

9. Read the following procedures:
a. OP 2104-3.7 Screen House Equipment
b. OE 2104-3.4 Secondary River Water
c. OP 2104-3.8 MDCT Operation

;10. Read Systen Description #27- Nuclear Services River Water

11. Trace the NR System

12. Re*d the following procedures:
a. OP 2104-1.7 NR System
b. EP 2203-1.7 NR Water Failure

|

|13. Complete the River Water Systems Questionnaire

14 Read System Descriptions #58 and #59- Class IE and BOP Electrical
|

15. Review Bf.R Dwg. 3001-3017 - Distribution
|16. Locate Unit II Busses, Unit Substations, and Motor. Control Centers

*

~
1

i

.



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

- CYCLE 1-1 STUDY ASSIGNMEfiT SHEET (continued)

17. Read the following procedures:
a. OP 2107-1.1 80P Electrical
b. OP 2107-1.2 Class IE Electrical
c. EP 2202-2.1 Blackout
d. EP 2202-2.S Blackout with a Loss of Both Diesels

18. Complete the Electrical Systems Questionnaire

19. Read Section I Tech Spec. Definitions

20. Read 2104-6.2 and Emergency Diesel Generator Handout
.

TOTAL POIffTS TO DATE FORM ENCLOSURE 2
.

WRITTEN TEST DATE RESULTS

ORAL TEST DATE RESULTS

AflSWERS MISSED, HANDED IN CORRECTED

DATE
SIGNATURE OF. LICENSED TRNG. COORD.

.

a



CYCLE 1-1 , ,
~

REFERENCE MATERIAL FOR OUESTIONNAIRES

REF.# TITLE

1 CW System Description #15*
2 CW & RW Chem. Treatment System Description #14
3 FSAR Section 10.4.5 - Cire. Water
4 8 & R Dwg #2023
5 Amertap Handout - Enclosed
6 CW Pump Tech Manual
7 CW Procedure - OP 2104-3.6

i
'

'

8 CW Chem Treatment Procedure - OP 210a-3.10
9 Secondary River Water System Description #16
10 SR Procedure - OP 21 04-3.4
11 Screen House Equipment Procedure - OP 2104-3.7
12 Nuclear River Water System Description #27
13 NR Procedure - OP 2104-3.1
14 NR System Failure - EP 2203-1.7
15 B & R Dwg. #2033
16 MDCT Procedure - OP 2104-3.8
17 B & R Dwg. #3001-43017 (Distribution)
18 System Description #58 - BOP Electrical
19 BOP Procedure - OP 2107-1.1
20 System Description #59 - Class 1E Electrical
21 Class IE Electrical Procedure - OP 2107-1.2
22 Blackout - EP 2202-2.1
23 Blackout with Loss Of Beth Diesels - EP 2202-2.5
24 Electrical Handout - Enclosed

* NOTE: System Descriptions are introductory in nature
and DO NOT always reflect recent changes to systems.
Therefore, unless the question specifically refers
you to a System Description, do not use it as a
reference source

.
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THREE MILE ISLAtiD NUCLEAR STATI0tl
,

hf UflIT #2
'

<
I

~

ACMI?!!STRATIVE PROCECURES
1001 Documen: Control . ..

1003 . Radiation Protection Manual
1004 Volume I, Three Mile Island hergency Plans and Procedures
1004 Volume II,.Three Mile Island Emergency Plans and Precedures.

1009 : Station Organtiation' and Chain of Cce: mand
1010 '. Shift Relief and Log Entries

i 1013 . Bypass of Safety Functions and Ju=per Control
'

1014 u Reca11Tof Standby Personnel to Plant
*

,

HEALTH PHYSICS PROCEDURES
1609 Surface Contamination Surveys
1610 M; Establishing and Posting Areas
1613 ' Radiation Work Per:rits.

' Personnel Dosimetry, Issuance, Administration and Record Keeping1640 -

1641 "Self-Reading Dosimeter Usage and Record Keeping
"

1681.2 ? control of contaminated Spills
.

OFERATI0 tis" PROCEDURES .

2101-1.1 tiuclear Plant Limits and Precautions
y- 2101-2.1' 'Huclear Plant Setpoints'
; 2102-1.1 . Unit Heatup '

oV 2102-1.2 ' Approach to Criticality *

2102-1.3 . Unit Startup
2102-2.1 IPower Operations 1
2102-3.1 Unit Shutdown ~ ,

2102-3.2.?Utif t Cooldown
~

2102-3.3 '.Deciy Heat Removal Via OTSG.
'

2102-4.1 Aeactor Building Purge and Purification
2103-1.1 ' Filling and Venting the Reactor Coolant System
2103-1.2 Soluble Poison' Concentration
2103-1.3 Pressurizer Operation
2103-1.4 Reactor Coolant. Pump

. 2103-1.5 Hydrogen Addition and Degassification
2103-1.6 Draining and flitrogen Blanketing of the Reactor Coolant System'

2103-1.9 Reactivity Balance
2103-1.10 Heat Balance Calculations
2103-1.11 Hand Calculation of Quadrant Pcwer Tilt and Axial Power Imbalance
2104-1.1 Core Flooding System
2104-1.2 Makeup and Purification System
2104-1.3 Decay Heat Reihoval
2104-1.4 Reactor Building Spray
2104-1.5 Spent Fuel Cooling System
2104-1.6 Intermediate Closed Cooling Water System
2104-1.7 Penetration Cooling
2104-1.12 Nuclear Plant Chemical Addition

i

2104-2.2 Demineralt:ed Service Water -

t 2104-2.3 Instrument Air System
~

.,d 2104-2.6 Main Generator Hydrogen Gas System l

.
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_0PERATIONS PROCECURES (cent'd)
2104-2.10 Ser'nce Air
2104.3.1 Nuclear Services River Water
2104-3.2 Nuclear Service Closed Cooling Water System
2104-3.3 Decay Heat Closed Cooling Water System
2104-3.4 Secondary Services River Water
2104-3.6 Circulating Water System
2104-4.1 Miscellaneous Liquid Radwaste Disposal System -

2104-4.2 RC Liquid Waste Disposal System
2104-4.3 Waste Gas Disposal System
2104-4.4 Solid Waste Disposal System
2104-4.6 Reactor Coolant Leab ge Recovery System -

2104-5.1 RX Building Normal and Emergency Ventilation and Cooling
2104-6.1 Fire Protection System i

l

2104-6.2 Emergency Diesels and Auxiliaries
2104-6.3 Emergency Feedwater
2104-6.4 Hydrogen Recombiner Operation
2104-6.5 Hydrogen Control System
2105-1.1 Nuclear Instrumentation
2105-1.2 Reactor Protection System
2105-1.3 Safety. Features Actuation System

.

2105-1.4 Integrated Control System
2105-1.5 Incore Monitoring System

'

'

2105-1.8 Radiation Monitoring System
2105-1.9 Control Rod Drives
2105-1.12 Radiation Monitoring System Setpoints
2106-1.1 Main and Reheat Stsam
2106-1.2 Extraction Steam and Feedwater Heater Vents and Drains

.

2106-1.4 Gla,id Steam
2106-1.5 Turbine Bypass
2106-2.1 Condensate System
2106-2.3 Condenser Air Removal System
2106-2.4 Feedwater
2106-2.5 OTSG Secondary Fill, Drain, and Layup
2106-3.1 Turbine Generator
2106-3.2 Turbine Lube Oil System
2106-3.3 Main Generator Hydrogen Seal Oil System
2106-3.4 Electro Hydraulic Control
2106-3.6 Isolated Phase Bus Duct Cooling System
2107-1.1 BOP Auxiliary Electrical
2107-1.2 Class 1E Electrical System

o EMERGENCY PROCEDUR'ES
,-2202-1.1 /.x Trip -

'

2202-1.2 Unanticipated Criticality
2202-1.3 Loss of RC/RCS Pressure
2202-1.4 Loss of RC Flow /RCP Trip

!2202-1.5 Pressuri::er System Failure
2202-1.6 High Activity in Reactor Coolant -

/ 2202-1.7 Excess Radiation Levels '

}
'

.
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EMERGENCY PROCEDURES (cont'd)
2202-1.8 Loss of Decay neat Removal
2202-1.9 Loss of Inter =ediate Closed Cooling Water
2202-1.10 Shutdcwn from Outside the Control Rocm
2202-2.1 Station Blackout
2202-2.2 Loss of S. G. Feed
2202-2.3 Loss of Instrument Air
2202-2.5 Station Blackout with Loss of Both Diesels
2202-2.6 OTSG Tube Rupture
2202-3.1 Fire
2202-3.2 Flood '

2202-3.3 Earthquake

ADNORMAL PROCEDURES
'

2203-1.1 Loss of Soron (Moderator Dilution)
2203-1.2 CRD Equipment Failure
2203-1.3 CRD Malfunction Actions
2203-1.4 RCP and Motor Emergencies
2203-1.5 Loss of RC Makeup
2203-1.5 fluclear Service Closed Cooling Water Failure .

2203-1.7 Nuclear Service River Water Failure
2203-1.8 Vibration and Loose Parts Monit: ring System

y. 2203-2.1 Load Rejection
2203-2.2 Turbine Trip
2202-2.3 Steam Supply System Rupture
2202-2.'4 Secondary Services Closed Cooling Water Failure
2203-2.5 Control Room HVAC Failure
2203-2.5 Post Accident Hydrogen Control

FUEL HANDLING PROCEDURES
2501-1.1 Fueling Control DocuSent
2501-3.5 Head Service !.ine Disconnecting
2501-3.8 Closure Head Stud Detensioning
2501-3.11 C13sure Head Removal
2501-3.12 Reactor Internals Removal and Installation
2501-4.01 Core Assembly
2501-4.02 Defueling
2501-5.1 Reactor Upper Plenum Installation
2501-5.2 Closure Head Installation

'2501-5.3 Guide Stud Removal and Closure Head Stud Installation '

2501-5.4 Closure Head Stud Tensioning
2501-5.7 Head Service Line Connecting
2501-6.1 Receipt, Inspection, Fit-up and Storage of flew Fuel & Control Cceponents
2502 '.3 Main Fuel Handling Bridge
2502-1.4- Aux Fuel Handling Bridge
2502-1.5 Spent Fuel Handling Sridge
2502-1.6 New Fuel Elevator
2502-1.7 Fuel Transfer System ~

.
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UNIT II CIRCULATING WATER OUESTIONNAIRE

CATEGORY IV

1-1

1. List the power supply to each CW Pump. Where can the CW pumps be
controlled from? (Ref. #1)

2. Briefly explain 63v the CW Pump bearings are lubricated. (Ref.#1)
'

3. In reference to the main condenser, what is meant by the " hot shell"
and " cold Shell"? What effect, if any, does this arrangement have on
condenser operation? (Ref. #1)

4 Briefly explain how the Natural Draft Cooling Towers (NDCT) cool
CU during normal operation. Why are two (2) distribution basins
utilized? (Ref. #1)

5. Explain the operation of the interlock between the CW pump and its
discharge valve. (Ref. # 1)

-

6. Assuming six (6) CW Pumps are operating, how will a loss of Bus 2-5
affect the CW System? Explain. (Ref. # 1)

7. After securing one of six operating CW Pumps, the discharge valve fails
to close. What should be done? Why? (Ref. # 7)

.

8. You are about to commence a start-up of the CW system. Outline the
instructions you should give to the Aux. Operator you send to the
CW Pump House. (Ref. #7)

9. During a CW start-up, explain how and when we direct flow from the NDCT
bypass lines to the NDCT fill. What precautions must be observed when
performing this evolution? Why? (Ref. #7)

10.. Explain how and why NDCT flow is adjusted during sustained cold weather
periods. (Ref.777

11. As an operator, what parameters should you use to determine when NDCT
ice formation is sufficient to warrant removal? How can we remove
ice from the NDCT? (Ref. #7)

12. Explain the flow path of the Amertap system during normal operation. (Ref. 45)

13. Describe the Amertap System " normal backwash" and " emergency backwash".
Indicate the setpoint that will initiate each cycle. (Ref. #5)<

.
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15. What function does Domestic Water perfom in the Chlorinator Unit?
What must be done if Domestic Water is lost to the Chlorinator? Why?
(Ref. #8)

.
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UNIT II RIVER tlATER SYSTEMS OUES I0ftflAIRE
_

CATEGORY IV CR0

1-1

1. List all the uses of SR Water. (Ref. #9)

2. Describe all the methods of removing debris from the river water
before it enters the SR supply header. (Ref.#9)

3. Since SR ans NR join in a common header to the MDCT, how can we
prevent NR from feeding a break in the SR discharge line? (Ref. #9)

4 List the power supplies and control locations for the SR Pumps. (Ref. # 9)
o5. Describe the function and operation of the interlock between a SR Pump

and its discharge valve. (Ref. #9)

6. Describ's the normal flow path through the MDCT. (Ref. #s)
7 Explain how make-up water form the SR to CW system is controlled. (Ref. #9)
8. Outline the temperature and rate of temperature change limits we must

observe relative to MDCT outlet and river water inlet temperatures.
(Ref. #16)

9. Give a basic description.of how we de-ice the MDCT, Include any applicable
precautions to observe.. (Ref.#16)

10.. List the power supply to all NS River Pumps. Where are the operating
controls located? dRef. #12)

11. How many NSRW Pumps are necessary for normal and decay heat removal..
operation by; (a) design; (b) Tech. Specs.? (Ref. #12)

12. Outline what automatic actions occur when starting a NSRW Punip frem the
Control Room. (Ref. #13)

13. Outline the immediate manual actions required for a total loss of NSRW.
(Ref. #14)

.
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_ UNIT II ELECTRICAL SYSTEMS OUESTIONNAIRE

CATEGORY IV CR0

1-1

t

1. Draw a simplified diagram of the BOP Electrical Distribution System.
Include the following: (Ref. #17)

a. Auxiliary Transformers
b. 6900v busses and breakers
c. 4160v busses and br2aiers
d. indicate breaker designations and normal posi.tions

2. Describe how the BOP Electrical system will automatically respond to
a fault in the "2A Aux. Transformer". (Ref. #19)

3. Explain the operation of the key interlock between the 480v USS main
breaker and its disconnect switch. (Ref. !18)

4 Explain the three (3) operating positions of a 4160v breaker may beplaced in. (Rsf.#18)

5. Draw a simplified diagram of the Class 1E Electrical System. Include: (Ref.#17)a. All sources of power to the system
b. Normal breaker positions '

c. All 4160v busses.
d. All 480v USS's
e. DC Busses
f. Vital Power Distribution

100 NOT INCLUDE:
a. MCC's
b. DC Power Panels
c. Individual Loads

6. Are we permitted to cross-connect Bus 2-1E and Bus 2-2E? Explain. (Ref. #21)
7. Explain the function and operations of the Vital Bus Static Transfer

Switch. (Ref #24)

8. Explain the function and operation of the " Inverter Manual Bypass Switch".
(Ref. # 21)

9. Describe how the Class 1E system will respond to an undervoltage condition
on Bus 2-1E. Assume worst case. (Ref. #21) l

.
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A!!ERTAP SYSTEM
i

4

I. OBJECTIVES
..

/ 1. To know the purpose of the Amertr Condenser Cleaning System, understand
-r
;

the operation of the system and its importance and effects on normal plant
operation.

II. PURPOSE OF THE SYSTEM
.

1. To provide continuous cleaning of the condenser tube ID's during normal

operation of the plant.

III. GE!!ERAL SYSTEM DESCRIPTICfl E...''..,E .': .

. , J'.
.

, .,. -
. .

_
. -; .i. g . : . ; . _-

-..s,. :. , w ... __ _ .

'The 'A!'.ERTAP | Condenser Tube cleaning System operatcc on a closed
cycip and ic basically arranged as chc".In in Fig. 1.
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E!ar. tic sponge rubber balls or abrasive balls with oversize in ,

evn:parison to the inner tube diameter are injected' into tho
wooli.ig water flow and are forced through the conde:.scr tubes ~

'oy the tatural differential pressure betwoon inlet and dischargo
of the condenser. A special screening device, the " Strainer
S ection " installed in the discharge line routes the balls
tegethee wi th a small quantity of cooling water through the
recirculc'.ing unit to the condenser inlet pipe thus completing
the cycic. ' - '

-
' .

The recircui.ating unit consists of a non-clogging centrifugal
pump, required to evercome the pressure loss acrocs the-~ con-
denser and the interconnecting ball transport piping, and the
collector, a device for trapping the balls for purposen of
cheching the nuraber and oversize of the balls, backuashing the

' screens or removing the unit from operation.
'

.
. .

To* achieve good distribution of the balls over the condenser
,

tube shoct, the balls are injected into the cooling water
inlet pipe counter flow to the main cooling water fica. Withlarger diameter inlet pipes, several injection noz=les are i

required. By means of distributors the balls are directed
to the individual inj ection no==les.

The sponge rubber balls, having specific gravity nearly
equal to that of the cooling water for homogeneous distribution
throughout the water, are. supplied in soft, medium or hard
quality. Quality and oversize are chosen according to the
available differential pressure so that longest ball life and
optimum cleaning of the tubes are achieved. The ball charge
is chosen in a way that each tube receives a ball on an average
cf every 5 minutes.

For cleaning heavily fouled, ' scaled or pitted condenser tubes,
abrasive balls .are used which are'' sponge rubber balls with an
adherent surface coating of abrasive material.

**

Worn balls with no oversize are singled out by means of a ball .

sizing gage and are discarded weekly.,
,

.

The p'ressure drop'across the strainer section does not' exceed -

'

6" WC at. normal flow velocities with clean screens. On increased
differential across the screens due to debris build-up, bach -
washing is possible by' turning the screens against the co$ ling '

water flow. .For purpose of backwash control, differential pressure
mano=eters are provided.. -

.
,

!"

The correct operation po"sition of the screens is indicated by *

means of position indicators which actuate limit switches. '

.-.-.y ... . ,_ , - .. ' , \,.
..
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STRA:rI'R SECTION

The strainer section, as shown in Fig. 2, is divided into quad-
rants, with two upper channels and two lower ones. The upstrea=
cortion consists of eight upper screens. These upper screens.

direct the balls into the lower or downstream portion of the
strainer .cipe. The downstream portion of the P-io.s contains
eight rectangular screens which funnel the balls to the ball
c:: traction tubes. Balls which are extracted from the lower
sector pass through the collectors and are then injected into '
the inlet pipe.

An airfoil section is installed above and a throttle flap
below the lower channC. of each sector to i= prove and control -

the flow conditions within the strainer section. To obtain
opti=u= ball circulation addust= ants to the throttle flaps;

must be made when the systen is first placed in operation.
Once established, the crocer cosition for the throttle flaps
:.s rc.xed by means or. tn.-e lock..ng nancies.. ..

- -
. ,

At the inlet of the 1cuer channels, shut-off flaps are instz.lled.
'

operation of these flaps allows the return of balls trapped en
the lower screens by debris and re= oval of debris without back-
washing the screens. Fouling of the screens due to debris build-
up can be cleared by closing the flaps. This prevents water frca
entering-the. lower channels. As the main cooling water pumpo
maintain suction, the flow of water through the lower screen is
reversed, releasing the debris which is then removed through the
ball extraction tubes.

-
.

'

The correct operating position of the screens is indicated by
means of position indicators. The position indicators may be
used for actuating limit switches for visible indication or
autc=atic control purposes.

. . . . . , . , , . . ,
- ---~ --n..

.

c.. :
.

.:. . :.., : .. v'. : a:.~ . .:s.-
:....a. w . ..:. -

:

.

c

? '

I

| e

[ %

.

I

- -



-

" ..; _

'-
-

.i
. t -

::.. | '. J -Q -| |-
,

- -

.... .:
-*

.- -

,= /n% . i i i - 4 . ' ':. . '
. .

. ..- '

|F. . .
' "'* -- - - ..=

i ., .:.;.; s. -W. I
-

mI .

g.- ;;i-i .

- - - p ... lhe %is-%-!
*.

.- -- - .
-

,,

..I w 'T., m.. |g %
e.

ii <;3 m :: -- - -

; /,~%,,
i ., ,a-

l.
i'jl ;,u. N - .s

'
i-

-

lair
.

.

r .th, "
:='d!.!.1ah I:.I r W - ;|% -- g .

"

.. o- '

8
I SIS /9 %.

i '- i

!!
c

/ _c ->
I!:|

a 9 v> o o>
.

\ -t wi ic
/ ''

, .
'

T. 4 :ti -- 4 c ,-

_..d;-|!l.|j |!!| J'ljf!j.. - o C(' i .
t. . -1 e s4- f.' _

., ,

.: -]|,3 [ 7.!!,:.;. =L. i .h, ';I

. .C' ca--I; ;, . , .s .
*

.8

.,

. .4 /
,

j.| '. c-'3,
.{\4 'M . : b , r-4 OOC. '-;- ij l. ,

| . J'C, ,'., 3 d~m( its n s I p
-;

Ooa;,. I:I ;k c ~ ..

(- * ' '' 't
| :: i g g) J

t 4 .= -4 ..r. I |.

. 'i 4 *. :|
8

p !!; |i :: :- - u = tra [

.> 9
.

* MI=.|=|,;'] .

| :i, I.

{'.: p'' 1'
*jd

n. [f s-
.

,, ==. .- e a ..., '
! 4ZAW$.|;*. [I.a, I -

..
Pl.-k- /t [ "t - *5

il..| - r

-
,

.e . . -- .,

.
. ...

H0 H] p' p j[..l
chx:=p'/ i.s.-]

' ' * *
e-

b l I

. ,

. 4\.' rdh
" ~

-
-

Is.. 'g.mijibl' .Il .b. Vd|| 5 g .t
i .

E
'

*
.

N. n crt--- -

L . e| <* , o ;, v.

\ ----.l. ===::: - - i ', em
]'I h7| 8' { f ' I i |*---.-[t. 3.' i. 1 oo...| $ h.goC

.

. .-,- g .
' 8 l
m ,- I!i

.

uaEE
d.| P 'ir r . -

== -

F '

c==1#r c OoO C-

.M M O Oe
,w

a 1
8 5.s u a :

| - ooao.

> :. g :.

=k -Q' 3 g.
'

-

.
.

||| - c - -: .ii vv m e---p,.:_ - ,

, ,,_,.,,_

hh )- |i
~

l |I -(- $-$m=..,
''

.
,

'
.

|'l. . - .

[ .I l' : < - s
| !

.

o
.n ~ e~ i,I t i.[- u a

. == o
'l li ,1 ||| = c.

Te -a :
,r , ; .S 8 ie % Ie |?1

, -|- ~L._e._ , . .gA e _s. 9 m o , |
r-

-
. .h.: !)

_-

. N, \ ''
L // x \gh_, -|J- .

'' oe=c '

\| ss. e .-. .a ooa c-

__ . ..
n, /t -. <- .

- ta o o c
. =p, V. x x, l

< ) l r 4 %, ,g \.i:n, f : , b 0 o .= |
.

s uu c!,

,

in ,/
(1

m*u
\ | , -i c<,<'i.

\' \ '.i f )
s ,/ \ \IEi 0RER

/
. ,

uus%~ ,/ / - \,
f

.-

i

&_b/ g|g \ N -e'
g ~es ys= \ N.i/ E2

\ rj/ pi(.; g!c
5-! 1

~ ~-

y '- w.

i
s== 4

, = =.. . ,

i.] , - - , 1*- -=

h. _' A
. it 1.. . .

c:s . .i_
- ' a -mn< |

[
i.

"=t'N
.b.

"-Q_:.> ' :: I

db f- A |
'

. . ||- c
m ir -

,
s |



___ -

|

|
** ~~~~~ **

- - . - . - - . _ . . . . . . , , ,
'

.m,,

,

1
,

.
..

*
. ,

... *a.

.

-, . .-
_.s s. . . .w . g . .. g. s , . . g y - .,.m .- y 3- 3. .: . a.y., .s_..o- - v .. .s..

.

. 154 4;: ' ,S.:t.: IC S'.01 IG3 241. 455 507 S':2.1 572 360.2 I
l

i -

e., g. . . a q.*, :-

< i

,, , |., ,. , , - .;,,o .. . . . v .:0 g, d,,w- 4.I
.

g3 .. 3 d .3. 3,
, . . .L .. .. . .,yo .. , ,

k- k .

*

; ;
i k:.:#..N t

_

;
&. .-. * ,:

. - ..q- . . ..az,. .
.

k D
,*

t .

.6
' N
. .

N
\ : .s....

.

~~-
g. '' \ .. :| M.,-; s

r.T,% , ,3-[--.e-= * *

,,o
],- - .

$a'
g ,.

:m. m
g t.?g ~~~'~g..__- 1. ..x M p " .* % J, -6s p, ;-] / ,,/ .5 ~ ~4 ,

, pp,gjj !_.,. .

t ,,

. .wns, .?_QU Qi.-,t. q.
. e-.a e .e ' V. ..

V CuJ '
.-

i\,
* e,_! W ces; : e-. i. - e, I I _n..

.

- * * * , .

| p&" ';Yh -
e .-M . :'' i - i 7ti * i ; i g':; - 3,

-

'*. : .--- n.= . .x.,.,.'ii| | % M2'Y %%9 W [.ki:.' D.||f ;\
.-

. . -~' --
_

- .- ''
'

-

i . m.. . - t,
.

f . /. '*--". .

I.

s

{ f1/--f,-Q QQ
|; | I.

! 722 4Ca3 S031 524 S02 2 4 21.1 4001 SO24 S 0 3,11 32L2 18 3 4-It.2 i! 4 11.6 S2d2 a i S2C4642 SC/l | |1 901.1 250 4004 451 454 25"J 222 41:8 S32.2 4"./22 S /4 210
.

,

7ne recirculating pump as shown on Fig. 3 is used for trans-porting the balls from the ball extraccion tube of the strainer
section to the condenser inlet line. .

.

7ne pump is a non-clogging type centrifugal pump with wide
clearance between impeller and hcusing to prevent damage tc
the halls. 7ne head of the pump is high enough to overcome the
pressure loss across t'.e condenser and the interecnnecting
piping.

7.e same type of pu=p is used for 0.xtracting the balls from the
top portion of the horizontc1 s :ciner section for reinjeerion
into the hot c portion ahead of the upper screc..,s. 7ne head of
the reinjcetion pump is icwcr. than the head of the recirceir ting
pump as this pump has only to overec=c the ,stoccure ic ; acrecs
the in:crconnecting piping.
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1. Casing 5. '.T.nlet valve
'

2. Cover with Sightglass 6. Discharge Valve3. Sasket --

'7. Vent' valve -

'

4. Ball Cat"ching'Elap S- Drain Valve
'
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perforated basket t/ nile the water ficws through the perforanions
and the side part of the catchin, flap back into the condenser
inlet. Th hall valves at tha inlet and discharge of the
ce'cie= tor are t. rovided for interru.ttien of the water ficw throuc.,h
the colicetor for checking and racharging the balls.
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The distributor as shown in Fig. G is used to combine the ball
extraction lines from the strainer sc: tion into a single line which
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1. Sightglass-
.,, ,

2.. Adjustable Vane
3. Illumination-

f eeds the recirculating pump. The distributor is also used to
divide the ball inj ection line to obtain better ball distributio..
at the condenser inlet.

*

An adjustable vane is provided to equaline the ball flow through
the individual lines. The ball flow may be observed through the .

distributor sightglass which is i).luminated by a lamp.
-

r.AmL GAGI

The ball gage, shown in Fig. 7; is used for checking the balls.
Balls which are worn dcwn to the diameter of the condenser tubes

-
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arc ineffective and must be removed from circulation. The ball
gage has holcs ' equal in diameter to the inside diameter of the ,

condenser tubos. >
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IV. OPERATIO:iA!. DESCRIPTIO!!
, . . i. ..

,

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

_ GENCEAL DESCRIPTION OF AUTOMATIC COMTROL SYSTF3 s

Tne MIERTAP Electric Contvol System consists of a combined .

AMERTAP Control and Mimic Panel with push button stations -

for auto =ctic operation of the AMERTAP Condenser Tube Clean-
ing System. Integrated automatic control of all electrical,

system ccmponents is provided for by the celector switch
located on the mimic panel. Manual control of each component
is possible from the AMERTAP Mimic panel by means of push but-
tons. The AMERTAP Control and Mimic Panel contains motor start- 1

ers, fuses, relays, timers, push buttons and indicating lamps.
.

, ), . , _. . . . . , .
, _ -

I

AUTOMATIC OPERATION OF THE M:ERTAP SYSTEM i
I

. |
*

Refer to Appendix "A" for Grachical Secuences of Operationand Appendix "3" for Suggested Timer Settings.
,

3.1 System Start-up with Selector Switch -

Prior to startini.the, equipment, ascertain that the cro'per
ball charge, approxv 2500,. has been placed in each collector and' that tna
interconnecting piping and collectors are ful.1 of water with drain and
vent valves clos'ed'.' Tn'e " green "Out of Service" lamps on
the AMERTAP Control Panel should be illuminated as well
as the green " Pump, " red " Upper Screens", red " Lower - -

Screens",. red, "Enut - off Flaps, " green " Collector
Inlet Valve," and green " Ball. Collecting Flap" lamps located
at'the AMERTAP Mimic Panel. Place the Selector Switch inthe " Auto" Position. The green "Out of Service" lamps will
be extinguished, the red "In Service" lamps will blink on

I

.and off, and the pumps will start with green " Pump" lamps
being e::tinguished and red "Pu=p" lamps being illuminated.
The collector inlet valves will open with green lamps being
' extinguished and red lamps being illuminated, followed
immediately by sequential opening of the ball collecting flansj with green lamps being extinguiched a.nd red lamps being il- ~

l
i luminated. At this point. the system is in service. The! red "In Service" lamps on AMERTAP Control Panel will cease

blinking and remain on.

Should the. system fail to procacd through the pr scribed
sequence within a pre-determined period of time (Timer
No. 5) due to malfunction, the " Failure" lamps on the
AMERTAP Mimic Pancl will be illuminated and the alarm horn
will sound. The horn may be silenced "by depressihg the

! " Failure Roset" button located on the AMERTAP Mimic Panel.
j

#

! ' Placing the Selector Switch in the " Manual" position cicars -

the "Failurc" indication and allows the malfunction to be|

! traced and corrected with the system under manual control.

l as outlined in 4, below.
t

. _ _ . - - - _ _ _ _ - - .. ,- . - , -_ , , , _
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! WOTE: TIMER No. 5 MUST EE ADJUSTED TO PROVDE A TIME
DELAY LONGER IN DURATION GAN THE TLIE REQUIRD ',

-

FOR ANY CNE MOTOR OPERATC CO2~OONENT TO COMPLET2
ITS CYCLE.

, Ynen the fault has been corrected, the system may be re-'

turncd to automatic control by means of the Selector Switch.
. _ _ _ _ . .

'

Shdt-Down System with Sclector Switch
!

Shut-down of the system can be accomplished by placing the
Selector Switch in the "off" position. The red "In 3erv' ice"
lamp will be extinguished and the green "Out of Service" ,.;lamp will blink on and off. Tne ball collecting' flacs will l.

.

. . ._m, -.._. .. _.. .. .- .... . . - _.... .- ._,,,f--. -

. ~ . -,tclose with indication changing from red to g.reen. Follow-
-

ing a timed interval (Timer No. 1) of 3 to 120 minutes, ' h.. ;d-

the . shut .off flaps close with indication changing
from red to green for a timed interval (Timer No. 2), of
1/2 to 3 minutes. Following timeout of Timer No. 2, shut-
off' : flaps open with the indication changing from green
to red. Timer No. 3 prevides 1/2 to 3 minute interval
after which the collector inlet valves close with corres-
ponding indication changing from red to green. This is,

followed immediately by stopping of recirculators and
indication change for recirculators from red to green.
The system is now out of service with green "Out o' Ser .
vice" lamps on AMERTAP Mimic Panei remaining on.

Failure of the system to proceed through the prescribed
sequence within a pre-determined period of time will cause '"

the "Failuie" lamp to be illuminated and the horn to alarm.
Norma 1 Backwash ~ ~ "- ,

....'U*
* - - 4 '..y-ww

.

~

l--.

;. .,

Provisions' are made for automatic bachtashing of the strainer
. .

.

section screens, should a debris build-up on the ' creenss
result in a pressure differential across the scr eens of 10"
water column. At 10" water column differential across the-

strainer section with the system in service, the red
" Normal Bachtash" lam.os on the AMERTAP Mimic Panel will.

start to blink on and off and the red "In Service" lamps
will be extinguished. The system completes tha shut-dcwn
sequence of 3.2 above, through.ti=e-out of Timer No. 3.
The upper and lower screens located in the strainer section
now open with red lamps being extinguished and green lampc
being illuminated. Tne red "Nor=al Backwash" lamps on the
AMERTAP Mimic Control Panel remain on continuously from

. , , ',. ,. . .. ..

a

r

y

_ , . _ . - _ _ _ _ ,
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'

- . _ . . . ; . . . -.s

opening of the screens and throughout the timed backwash
~

,

interval of 3 to 10 minutes (Timer No. 4). Following time- |

out of Timer No. 4, upper and lower screens close with-

corresponding lamps being entinguished. The system now
restarts with sequential opening of the ball collecting flaps
per 3. labove. During actual backwashing of screens, the
pumps remain on and the collector inlet valves remain open.

. .
.

. :. s .-- . .n.,, . ..

Normal backwash protection is also provided when the
system is out of service. In this case, a 10" water
column diff erential will cause Timers 1 - 3 to cycle
with subsequent opening and closing of upper and leser
screens controlled by Timer No. 4.

.
- -- '

--- y m' g .

. Q; -
y .-.,.' ,. y. , , ,.. ~ .
..,.- ..

..

Emergency Backwash .

Should a heavy influx of debris cause a rapid rise in pre,-
sure differential across the strainer section screens of
20" water column or more, the emergency backwash sequer.ce
is iniciated with sounding of the alarm horn located at
the AMIRTAP Mimic Panel and illumination of the red "Ener-Thegency Backwash" lamp on the AMERTAP Mimic Panel. '
alarm horn may be silenced by means of the " Horn Reset"
button on the AMERTAP Control Panel. The upper and lower

strainer section scrcens open i= mediately with correspond-
ing screen. position lamp change from red to green on the
AMERTAP Mimic Panel. Simultaneously', and if the system
is in service, the shut-off flaps open; if closed, the
ball collecting flaps and collector inlet valves close
followed immediately by shut-down of the pumps and the

The screens remain open for a period of three tosystem. ,

ten minutes as determined by Timer No. 4. Folicwing time-

out of Timer No. 4, the screens close, the screen position
indication changes from green to red, and the " Emergency
Backwash" la=ps are extinguished. The system remains out

of service with the red " Blocked" lamp illumi.}ated on the_

AMIRTAP Mimic Panel. To restart the system, it is ::.rst

necessarv to check the supply of balls in the collector ,
and ascertain that the system is ready for start-up per.~

The " Blocked Reset" button is then depressed
3.1 abov e.
allowing the system to start. Emergency backwash pro-
taction is also afforded when the system ic out or service

_

or under manual control. In both cases, the upper and

1cwer screens open immediately with closing c ' the screens
effected by Timer No. 4. Restart of the syste follows

lthe scquence outlined above. !. . ~ ~ ~ ~ . ,. . . _ _ . - - . . _ .

v .
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S'*STDI IS OI? OR i.7XDEn M'.: !.*.AL CONTROL, CARE
F'*JST BE D*ERC SE3 3Y :*AI'*TE:rANCE PERSO3n:r;

WIIEN ITC7G XG C5 GR NEAR I*CTOR OPERAT.C COM?Oh!ESTO.
.. - a ..-.--~..,.

?

. .

:. . , y .. . .. . i.
.

MANUAL dO:' TROL

Fo.: purposes of maintenance or testing, manual control of each
system cc=conent is cossible from the A?IERTAP Mimic Padel.~

Mimic Pane'l Control 'is selected and the Selector Switch is
.

'

placed in " Manual" position. Control of the recirculators,
upper screens, lower screens, shut-off flaps, collector
inlet valves and ball collecting flaps is now acccmplished by
means of the individual push buttons on the AMERTAP Mi::iic Panel.
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APPENDIX A
,

SYSTEM FACT SHEET

1. 2500 Amertap Ball (Non-Abrasive) per loop.

2. Local Controls.

3. Can be shut down for maintenance without affecting plant operation.

4 Recirculation pump puts balls to condenser inlet, Re-injection pump puts balls

to the Lower Screen Section for collection to recire. pp.

5. Reinjection pump head less than that of recirculation pump.
,
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APPEilDIX 3

IffTERLOCYS

1. Timer settings applicable.

2. 10" H2O setpoint for tiomal Backwash.

3. 20" H2O setpoint for Emergency Backwash.
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APPENDIX C4

'
IMPORTANT PA RMETERS

i .

L

i
t

1. 10" H2O DP initiates Nomal Backwash.,

!

! 2. 20" H2O DP initiates Emergency Backwash.
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1.y Discusticn:
- -

y As a result of test conducted a- * e-site by GPU.
~

./ Start-Up personnel on the vital supply equip =ent, three
1:c=s of concern were identified, two ot which were then
judged to be reportable incidenus. These items became - -

the subject of field questionnaires 1337 and 1647. *

The subject of this meeting was to discuss these items
with SCI, the equip =ent =anufacturer, and establish the
required line of action to take towards the resolution
of these three problems: . _ . .

. -
. .- ,

Problem 1
.

- During tests conducted at the site, the static switch did
not transfer back to the interter from the alternate
supply when the inver.er output voltage was. restored,
after a simulated low voltage condition at the output
of the inverter.

.
.

At the test' conducted at the site, the output voltage
of the inverter was purposely reduced so that a tran'sfe's
frem the inverter to the al:ernate supply would take place.-

EsR Scec. 2555-35, cae.e TS-2, reqH es that:. . .

, ...A 15 kva sincie cole static switch shall be" - -
.

v furnished with each inverter to am omatically -

transfer the vital power bus to a regulated
voltage bus in the even: of inve m : failure or

,

any other malfuncuion which causes its output
voltac.e to drop below or its outc. ut frecuencv.

..
- to droo. below or e:tceed the pre-se values ..

within the li=its specified in 3.3..."
.

paragraph 3.3 states:

"The inverter steady s:ste output voltage shall
be held within a ba .d ci plus or minus 31 of the set
value. Transient resp:nse for a step change
in load of 100% shall net exceed -241 + lot
for 8 millisaconds.

The inverter cutput frequency shall be held within
a band of plus or minus it of 60 H:..."

,
.

-
.

e
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? ' The test conducted at the #'a '-dicates that the cut-put voltage of the inverter has to be decreased well
boycad the 31 limit (dewn to 38 volts) before a trans-
fer from the inverter to the alternate secree can takeplace.

Mr. Eratton stated that the equipment, as presently designed,
cannot be set to transfer just below the 31 limit because
unnecessary transfer to alternate supply will take place
every time a relatively larga load is connected on the
inverter. He explained that the high transient generated,,

at the time, will cause the output voltage to te=porarily
fall below the 31 limit, at which ti=e , the static switch
will transfer the load to the alternate supply. Sincethis is undesirable, the transfer voltage setting was set
quite low. He also explained that during the normal
operation of the syste= and due to inverter design, it
is virtually impossible for the output voltage to de- .

crease down .to any value other than tero for an internal
=alfunction, since the internal resonan: circuit can only
be either in resonance (full output) or cut of resonance

|(no output) . It was a7:eed, however, that a sensing board
-

'

would be added to the systa= to detect the fact that the
output voltage had fallen just be'.cw the 3% limit and -

cause a transfar to the alta_nate si:pply. The static ''

; ; switch vocid re=ain on the alternate supply unless the
1inverter output is restored back to nor~rl, at-which tr.=e,

.

i the transfer back to the inverter would take place. A |-

time delay feature will be incorporated in this new'.

i
board to override transients that might ta==orarilv drooj the voltage output below the 3t value.

'

~ * ~ ~

-

: l

In order to avoid the possibility of a transder to the
alternate supply due to ver high transients, the settine
of the existing V107A board will re=ain low (50% of the ~

j normal voltage) .
.

; This modification will bring the equipment in line with
i the exact requirements of the specifications. Mr. Bratton'

also indicated that, in his opinion, the equipment as
presently designed does meet the requirements of the
specifications since it is possible, without any new
nodifications, to increase the transfer voltage setting |

,

to +31 and cause a transfer as required by the specifi- |
*

cations. However, a transfer would also take place during '

tc=porary dips in voltage dua to transients. -

t

e
e
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At the test ccnducted at the site, a transfer from the
inverter to the alternate supply was observed only af ter .
the inverter output voltage was decreased (with a variac).

to 38 volts. After awhile, the voltage was then res:cred
to its normal level, but a transfer back frc= the alter-
na:e supply to the inverter did not take place. l

1

B&R specifications state that: !
,

_.

" ...Upon restoraticn of the inverter output
voltage and frequen=y to its preset values for

'
an adjustable period of time, the static switch
shall automati= ally retransfer the vital power
bps to the inverter."

It furthar states that:
.

L
.

.

"The length of time during which the inverter
{cutput voltage and frequency must remain steady -

'

at preset values after recovering f c= a power
cutage or an abnormal ccndition before trans- -

,

ferring back to the inverter shall be adjustable
over a time period ci 2 to 10 sectnds."

~

.
,

.
. .

.

! g) Mr. Bratton explained that the' retransfer frc= the alter-
nate supply back to the inverter did not take place
because the built-in ti=er had long since timed out.

*

As presently designed, whenever a trans fer frc= the -

inverter to the alternate supply takes place, the ti=er .

will aut==atically start running. One attempt will be -

made by the static switch to go back = che' inverter
'

:
within the ti=e setting cf the timer. If due to per-
sistent' abnormal conditions at the inverter output the
retransfer to the inverter does not take place within
the se time, the static switch will stay on the al:er-

': nate supply until it is ==-~=''y reset.
'

.
-

Mr. Bratton further exclained that for reasons explained1 -

: above in Problem 1, i.e.; the resonant circuit will either
'

be in resonance or out of resonance, and for other
design conditions, it is not only unlikely that such

*

-

abnormal conditions would occur at the ou:put of the
inverter but that in case a malfunction did occur, this.
malfunction would be of such a nature (i.e.; blown fuse,

'

burnt ec=ponents, etc. ) that it would'not fix itse.lf
within the few seconds that the timer is allowed to run.

{ . . .
. _

,

% *

#\%

o

'

.

.
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It wculd be thus preferable to make only one attempt
-

to retransfer to the inverter and than if the retrans-
-

fer did not take pl. ace within the set
tir.e , then the

static swtich would remain par anen ly on the alter- -

nace supply. Since this is an acceptable =cde of
operaticn, and since it would be ex.remely difficult..
mcdifications to r.ake the equipmentand very disruptive at this time to make the necessary

to strictly con-

it was decided that such paragraphs will be revisedform with the specification paragraphs quoted above,
to more closely describe the existing code of operation

,

Problem 3 (r. Q. 1337) -

..

The vital power supplies have a circuit which causes
.

the inverter and output
al. ternate power source. to stay "in syne" with theThe inverter will stay
"in sync" even when the frequency dr=ps on the alter-*

The inverter will stay in sync with the alternatenate source, such as during diesel generator loading.
. source until the frequency dips below 59.3 H:.
59.3 Hr, the inverter oscillator is allowed to free

.

Below '

run at 60 E:.

e)-
= [*3 *

. h.

The power supplies also have a circuit which causes theload to be transferred to the alternate source if in-'

*

() ,

-
-

'verter frequency drops to 59.4E:. The load will auto-matically transfer back to the inverter af ter a time -

delay, if inverter output is normal. *

The feeder breakers for the alternate source have a
.

.

shunt trip actuated by an SFAS signal. -

The above arrangements could cause she vital power to
.

be interrupted during the following sequence of events:
During a loss of offsite power without an SFAS

.

signal, the diesel would go on the E.S. bus and,start taking loads in se.cence.
dip of the diesel generator power during loading,Due to frequenc.v*

the vital power could transfer to the al:ernatesource. The vital power loads would stay on the
alternate source until after the time delay for

-

retransfer. If an'SFAS signal occurred during the
time the vital loads were en the alternate source,
the vital power would be interrupted until the

.

auto-retransfer time delay was cc=pleted. '

,

*

.a.n,/ '
I

. .
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.
-

|
r
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i)f In order 'co avoid such a pcssibility, it was agreed
that the frequency transfer function will be deleted

(=Tj but it will be used to provide an "out of synchronism"
alar =. This alarm will be wired to other existing
alarms.to avoid the running of new cables. In the

~

event cf a frecuencv decay at the alternate su.co. lv,- .

the inverter output would auncmatically disassociate.
,

itself frcm the alterna-= e 7,-' v and the vital su=. .ol_v-

cutput frequency and voltage would be solely determined
by the internal c,ircuit of the inverter.i

At an alternate supply' frequency of 59.4 H: ". alarma
will sound and at 59.3 H:, the inverter will revert toits original free-running frequency (60H:) and continue. -

to operate there until the reference source (alternate
supply) returns to it normal value, at which time.

synch cti:ation will again take place.

The solutions arrived at, for problems 1 and 3 will '

require both hardware and drawing changes. The solution
-

,

for .=rchlen 2 rec.uires s ecifiestion changes..
.

Mr. Bratten indicated that since this equipment is
'

.

already out of warranty, affitional charges would be .

necessary to i=plemen: the required modifications.
,

.
.

I
-
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* -
(from 2A, 23 or Unit #1),

(8) 3 feeder breakers open (2A, 2E or Unic !1).

b. Manual

(1) flust be racked in

(2) tio 85 lock out ,on generator breaker

(3) Energize sync selector

(4) Sync check satisfied

(5) flo 86 over current lock out on three feeders
(6) 69 switch in normal

;

.

(7) Close breaker

2. Tripping Sequence

a. Auto

(1) One of three 86 lock outs for generator breaker

(a) Neutral over current or loss of excitation
'

(b) Phase Differential Current

(c) Reverse Power' and over current

(2) Exciter Shutdown

(3)
. 86 over current lock out for normal feeder breaker. (Used

. when diesel is in parallel with bus.) -

b. lianual

(1) Open breaker

(2) 69 switch to trip
B. Diesel Generator Trips

1. Over Speed

2. Two of three low lube oil pressures.

3. Two of three crank case high pressure.

4. Start failure (cranking time of seven seconds and not at a 250 RPt1 or 6

PSIG oil pressure.)
,

5. 85 lock out on bus
'

tiOTE: All these trips are in effect even during E.S. Actuation. These trips
3.0.
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.,

.

action is required to shut off pump.

4 There are two fuel oil drain tanks.

Dirty fuel oil tank - Located on opposite governor side of engine,a.

collects drops of contaminated fuel from pump and sno::le leaks.

b. Clean fuel oil tank - A clean fuel oil holding tank, with pump and

level switch, collects clean fuel from injector drain headers. The

clean oil is pumped back to the day tank.

. C. Air Start System

1. The engine starting mechanism includes:

a. air start control valve
b. air start distributor
c. air header

d. air start check valves

2. The air start control valve is located on governor end on opposite side

from controls. When the control shaft lever is coved to the start

position a linkage opens the air start control valve. The compressed
'

air then goes into the header which leads to each cylind,er air start

check valve. Air also passes into the pilot air supply pipe connected

to air start distributor. The valves are arranged radiilly ,and in
!

cylinder firing order around the air start distributor camshaft. The air

entering the distributor forces each valve plunger down and contacts

camshaft. So, the pilot valves open in order and admit air to open

air start check valves. This, in turn, allows starting air to rush into

the cylinders and forces pistons apart and causes crank shaft.rctation.
! D. Lube Oil System
!

|
~

1. Lube oil system consists of an engine driven oil pump, a full flow oil
!

-

filter, a cooler, a 3-way terperature control valve, and a full flew straine ,
Also included is a prelube pump.

2. Lube Oil Filter - A pressure gauge with a 3-way gauge coch'is provided on th

-- - _
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APPEllDIX A
-

SYdTEf1 FACT SHEET
v.

1. The diesel generators are equipped with the following auto start features,

a. Undervoltage on IE and 2E 4KV bus.

1. Diesel will start and load within 10 seconds,
,

b. E.S. signal

1. Diesel will start but not load.
.

.

E.S. signal with IE or 2E bus undervoltage.c.

1. Diesel starts and loads within 10 seconds

2. Will continue loading by component timers listed on pages 4 and 5

2. The diesel generators will trip on the following signals
e

a. Low lube oil pressure

b. Overspeed
-

c. Hi crankcase pressure

d. , If oil pressure is less than 6 psig or RPM less than 250 in 7 seconds

after start,

e. 85 lock out on bus. *

.

1
1

*

l
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ENCLOSURE 1

UNIT II CATEGORY IV CR0 ASSIGNMENT SHEET

CYCLE l-2
.

.

NAftE START DATE

COMPLETION DATE

1.
.

Read System Description #4A - Condensate and Feedwater System.

2. . Read System Description #4B - Condensate Polishing. 1

3. Read System Description (14 - Condenser Air Removal.

4 Trace the Condensate System.

5. Read the following procedures:

a. OP 2106-2.1 - Condensate
'~

b. OP 2106-2.2 - Condensate Polishing j-

c. OP 2106-2.3 - Condenser Air Removal
!d. 2204-17 - Applicable Alarm Responses i

)

6. Complete the Condensate Questionnaire.

7. Read the Feedwater Handout.

8. Trace the Rl and EFW Systems.

9. Read the following procedures:

a. OP 2106-2.4 - Feedwater
l

i b. OP 2104-6.3 - Emergency Feedwater
s.

c. EP 2202-2.2 - Loss of S.G. Feed,

i
i

d. EP 2202-2.3 - Steam Supply System Rupture

e. 2207-14 - Applicable Alarm Responses

10. Complete the Feedwater Questionnaire. -

11. Road System Description di - Main and Reheat Steam.
|12. Trace the liain and Reheat Stean System. |

_ _ _



13. Read the following procedures:
'

Main and Reheat Steam - OP 2106-1.1a.

b. Turbine 3ypass - 0F 2106-1.5

c. 2207-14 - Applicable Alarm Responses

14. Complete the Main and Reheat Steam Questionnaire.

15. Read the following System Descriptions:

a. #2 Bleed Steam

b. #7 Heater Drains
.

16. Trace the Bleed Steam and Heater Drain Systems.

17. Read OP 2106-1.2 - Extraction Steam and Heater Drains.

18. Complete the Extraction Steam and HD Questionnaries.

19. Review Main Turbine Tech Manual - Vol. I&II.

20. Read the following procedures:

a. OP 2106-3.1 - Turbine Generator
.

b. OP 2106-3.2 - Turbine Lube Oil

c. OP 2106-3.3 - H2 Seal Oil
,

d. 2106-1.4 - Gland Steam

e. EP 2203-2.2 - Turbine Trip

21. Trace the following systems:

a. Main turbine

b. Turbine lube oil

c. H2 Seal Oil

d. Gland Steam

22. Complete the Turbine Generator and Auxiliaries Questionnaire.

TOTAL POINTS TO DATE FROM ENCLOSURE 2

WRITTEti TEST DATE RESULTS -

ORAL TEST DATE RESULTS

AtlSWERS 11ISSED, HAtlDED IN CORRECTED
.

DATE:
SIG?tATURE OF LICEtlSED TRAltilliG C00RDItfATOR
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CYCLE l-?
,

'

RE[[RENCE MATERIAL FOR 00ESTIONNAIRES

REF. d TITLE -

1 Condensate and Feedwater System Description #4A

2 Condensate Polishing System Description #4B

3 Condenser Air Removal Procedure OP 2105-2.3

4 B&R Drawing #2005
.

5. B&R Drawing #2006

6 B&R Drawing #2010

7 Condensate Handout - Provided

8 Feedwater Handout - Provided

9 Feedwater Procedure - 0F 2106-2.4

10. Steam Rupture Procedure - EP 2203-2.3

11 OTSG Handout - Provided ~

12 Main and Reheat Steam System Description #1

13 Turbine Bypass Procedure OP 2106-1.5

14 Bleed Steam System Description #2

15 Extraction Steam and Heater Drain Procedure OP 2106-1.2

16 Heater Drains System Description #7 |

|
17 B&R Drawing #2003 '

18 B&R Drawing #2009

20 Westinghouse Turbine Tech fianual Vol I&II

21 Turbine and Auxiliaries Handout - Provided

22 Turbine Trip Procedure EP 2203-2.2

|
.

|

*|
|

|
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UNIT II FEEDWATER OUEITICNNAIRE

1-2

1. What sources of steam are available to drive the main feed pumps? When is each
used? (Ref #1) i

2. List the automatic . trips and setpoints for the feed pumps. (Ref #9)

3. Outline how feedwater flow is controlled from initial startup through 100% power.
(Ref #8)

4. Describe how and why a Main Steam Rupture from the A OTSG (upstream of !!S-V4 and 7A)
. will affect the Feed system.

5. What cause the Emergency Feed pump to automatically start? What sources of water
are available for Emergency feed in order of preference? Explain the function
and location of the energency feed connection.to the OTSG. (Ref #1, #11)

.
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UNIT II CONDENSATE SYSTEM OUESTIONNAIRE

1-2

1. Tech Spec 3.7.1.3 requires a minimum of 220,000 gallons of water in the Cand.
Storage Tanks. Explain the basic flow path we use to fill the tank. Why is this
path used? (Ref #1)

2. Describe the hotwell level control scheme. What complications can result from
an excessively high or low level? (Ref #1)

3. What are the power supplies to the condensate and condensate booster pumps? Describe
the interlock between CO-PlA and CO-P2A. (Ref #1)

_ 4. Can we operate at 100% load with c~ondensate pump "A" and condensate booster pump "3"
out of service? Explain. (Ref #1)

5. Outline the basic steps required to completely regenerate a condensate polishing '

vessel. (Ref !2)

6. What precautions must be observed when breaking main condenser vacuum? Why is it
desirable to break vacuum as rapidly as possible? (Pef #3)

.
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UtiIT II MAIf1 At:0 REHEAT STEAM OUESTI0titlAIRE

l-2
4

1. When reduce power frem 100% to 15%, explain what variations, if any, can be
expected in the following parameters: (justify your answers)(Ref#11)

a. OTSG operating level
b. OTSG pressure
c. Tave RCS
d. Amount of superheat added to steam

2. Why must begin to reduce Tave when using less than 15% steam flow? (Ref #11)

3. Indicate the steam flow capabilities of the collowing flow paths in units of %
reactor power: (Ref #12)

a. combined OTSG Safety valves'
b. Combine turbine bypass valves
c. Combine atmospheric dump valves

4. Which valves in the Main Steam System are DC motor operated? Why? (Ref #12)

5. What four (4) functions do the turbine bypass valves perform? (Ref #13)

6. What two conditioni will cause the atmospheric dump ' valves to operate instead
of the turbine bypass valves? (Ref #13)

-
.

O
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UilIT II EXTRACTION STEAM AflD HEATER DRAIris OUESTIOffilAIRE

T-2

1. List all the stages from which steam is extracted frcm the main turbine. Indicate
all the possible uses for each stage of extraction. (Ref #14)

2. How does the 3rd stage extraction steam isolation valve arrangement differ from the
lith stage? Why? (Ref #14)

3. What can cause an individual extraction steam valve to shut? Explain the reason
for each trip. How is the valve re-opened in each case? (Ref #14, #15)

4 OP 2106-1.2 provides for pumping the heater drain tank to the feed pump suction
- when we reach .25% power. How is HD-T level maintained 425% power? Why do we

wait until 25% before directing HD-T contents to the feed pump suction? (Neglect
chemistry precautions) (Ref #16)

5. What is meant by " Cascading Heater Drains"? What is the advantage of this design?
(Ref #16)

6. How many HD pumps are normally operating at 100% power? Can we maintain this
power with fewer HD pumps? Explain. (Ref #16)

7. What is the maximum power we can maintain with no HD pump operating? What
additional changes must be made to the plant to' accomodate this power? (Ref #16)

.
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UNIT II MAIfl TURBIffE GEttERATOR At;D AUXILITRIES CUESTI0ti:1 AIRE

l-2

1. Sketch an overhead view of the Main Turbine Generator Unit. Include: (Ref #21)
a. Generator
b. Exciter *

c. fiain journal bearing
d. thrust bearing
e. HP and LP turbines
f. Governor and throttle valve location (indicate opening sequence)

'
2. Describe the flow path of st.am as it enters the unit until it exhausts to the

condenser (Ref #21)

3. List the valves that shou'J automatically close or open following a Turbine Trip
Signal. Indicate why eac: valve cycles. (Ref #22)

4 List the automatic turf ine trip devices located in the " trip block". Iredicate
the setpoints and rea'an for each trip in terms of what we are being protected
against. (Ref #21)

.

6. What are the sources of "airside" seal oil in order of praference? (Ref #21)
6. Explain how the H2 Seal Oil System will operated withouc "H2 Side"

seal oil available. Are there any problems with operating in this manner? (Ref #21)
7 What are the sources of steam available to seal the:

'

- a. HP turbine '
b. LP turbine

Indicate when each is used or available and how the proper pressure is maintained.
(Ref #21)

.
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HYOROTEST CAP G LIFTif;G LUG ('.'.K-87-E8)N.
.

'
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-
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GI'iERAL DIS:~' ' TION.

-

'' 1.1 General Date

Dimensions ,

.

Heicht:

Bottom of Support Skirt to Top of Inlet No::le 73 ft, 2t in.

Weights: ~~~

. Shipping 570 tons
Flooded 740 tons.

Operating (15% load) 621 tons
Operating (100% load) 637 tons
Primary Manvay Covers (2) 1174 lb each
Secondary Mamay Covers (2) 419 lb each

Pressress (esis) Desirn Full Load Oeere. tine Hvd otest !

Pr4-= 7 2500 2200 - 3125
Steam Outlet 1050 910 1315 |

.
.. -

Feedwater 1100 -- -
'

J Pri=a.7 Drop 32
,

Te=cerstres (CT) Max. Full Load One atine Hyd.otemt (mini i
IShell Te:p.) )

, Primary 650 602.8 I=let
secondary 600 *570

'

110
Feedwater 455 455.

. .
,

Overstin.~ Li=its end Precant' ions |.

'

Min. Pressuri=ation Te=cerature 100 ?
. Max. Heatup/Cooldcun Rate 100 F/hr

IU.n. Anm:1us Water Te=p. 10 F below saturation
-- Proscure (=ax.) hydrotest pressures,

i

| |
| Note: Prior to operati=g this unit, consult Babcock and Wilcox Draft |

l Procedures prepared by Field Service and Tra4-dag Section, i
Lynchburg,. Virgd da, for specific limitctions accounting fer |

linterfaces with other ce=ponents and syste=s.

| Oceratine Conditions (Full Load)
|

Heat Transfer ' 4.211 x 109 STU/hrp Prd-= y Fluid Flav 65.66 x 100 lb/hr, 602.8 ?
Steam Flow 5.298 x 106 lb/hr

.

1-1
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Heat T r sfe - Tubes
% .

V Nu=ber 15,531
~

Mater *=' Inconel *
Size 0.625 0.D., 0.034 vall, 56 ft,.

3- in. long, with 52 ft. heating
'

length

2Total Heating Area 132,407 ft

Ocenines, Noe:Ies and Penet stions (See Fig. 8 - 1)

Pri=ary I=let Noz:le (1)
.

Pri a y Outlet Nozzles (2)
.

'Stea= Outlet Eczzles (2)
Feedvater Inlet No :les (32)

. 1 * 7*a y Feedvater Nozzles (7)
Shell Drains

4 at lover tubesheet liin.
2 at hw N ies above feedvatar
header, 90 apart itin.

High Level Sensing Connections, 1 in. I.D. .

Upper: between W-Z Axes, 44 ft 7 in. above botto of support skirt flan
Lover: directly belov , 34 ft 10 in above bottom of support skirt flang

Low Level Sensing Connections, 1 in..I.D..
Upper: in line with high level sensors, 20 ft, 3 in above bottos of

support skirt f'ange.,

Iover: in line with all other sensors,12 ft, 3 in, above bot'em of-
support skirt flange.

Te=perature Sensi=g Connection, 1t in. I.D., 28 toward I axis from W
aris,12 ft. 9 dm. above bottom of skirt flange.

,

VentandLevelSensing,liin.I.D.inuppertubesheettransitionbevel, '

oetween I and I axes.

Prinary Ma:=iays (2) 16 in. I.D.,,in top and bottom heads on I axis

Secondary Ma= ways (2) 16 in. I.D'. on I axis near the tubesheets
.

Prdm 7 Inspection Openings (2) 5 in. I.D. Z axis of top head; I axis
botton he4d near center. . .

Secondary handholes (15) 5 in. I.D. upper 8, 44 ft.10 in. above skirt
|

flange, lower 7,13 ft.11 in. above skirt flange

Pr.d=ary Drain (1) 1 in. I.D., dead center lover head.
-

.

.

| J *Inconel is. the trade ntas of a Ni-Cr-Fe alley nanufactured b-/ the Internationc1
| Nickel Co. and u:ed es a generic ter= through:ut the industry to denote siniln alli

'

! instead of a specific =anufacturar.
i

.

1-2

_ - - ._.



_ _

%

1.2 Tr.t et:ction

The stea= generator transfers heat frc= the pr - 7 coo 7 = t (frc= thed

3 reactor) to the secondary fluid. This heat :.ansfer converts feedvati
ents:d=g at 455 ? to dry s qsrheated steam to drive the generating
tu.-bines.

Prd-e7 vater ente'rs through the inlet no::lc in the top head, f1cus
deunvard transferring heat -o the feedvater, collects in the botto
head, and out through two outlet no:rles to return to the reactor.

Feedvate: . enters through the header and 32 no::les, news deum.ard
in the anz.':1us between the baffle and shell, enters the tube bundle
at the icvur tubesheet and upward through the bundle. In its upward
flow it is converted into dry superheated steam, exiting through the

.
out.let no::les to the turbines.

.

1.3 Dese-intien (See Fig.1-1) -
'

The ence-through steam gene ator (OTSG) is a vertical shen-and-tube
heat exchssger. The i==cr surfaces of the heads and tubes, and outer

,

I
surfaces of the tubesheets, co= prise the prd-* 7 cide. |

The secondary side consists of the 4*er surfaces of the tubesheets
and shen and outer surfaces of the tubes.

'

Tubes are stahd14 ad in st; port plates with tri-lobed holes which
allow upward now.

[ V~ ~ TUBE SUPPORT PL!
~

.

- x >
BECACE CPE:mK

-

,h X

#

2 two-section cylindrical hafne, upper and lover, su. rounds the
tube bundle. It directs now of feedvater do :vard and acts as a
cons 4 mant to enclose the tube bundle and feedvater during the
heating and conversion process.

.

e.

6

A -
-

i

e

O
e
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1.4 Desirn S-eeifiestions !

1. The A=erican Society of Mechanical Ingineers, Boiler and. Pressure-4

Vessel Code, Section II, " Materials Specificatiens",1965.
|

2. The A=erican Society of Mechanical Engineers, 3 oiler and Fressure
Vessel Code, Section III, " Pules fsr Construction of Nuclear
Vessels", inel"d* g liienda through Su==ar 1967, and applicable
Code Cases as of Ju=e 30, 1967, for Class i Vessels. l

1
i

~
3. The A=erican Society of Mechanical Icgineers, 3eiler and Pressure

Vessel Code, Sectics II, "We'd4 g Q"a''"icatiens", 1965.

The Babcock & Wilcox Cc=pany,) Functional Specification for
4.

Steam Generators Number CS (F -3-.33.
.

5. The Babcock & Wilces Co=pany, General Functional Sp;cification
for Reactor Coolant 5 sta= Cc=ponents Number CS (F)-3-927

6. The Babcock & Wilcox Cc=pany, Favar Generation Division, Standard
Equip =ent Specification for Once-Through Steam Generator Hu=her
CS-3-33. .

. .

j 7. The Babecek & Wilec:( Co=pany, General Specification for Clen,'ines-
of Nuclear Reactor Systens and Co=ponents Nunber CS-5-95.

1
i

- 8. . The Babcock & Wilcox Co=pa=y, Power Generation Division, Standard
Equip =ent Specification for Feedvater Header Nu=ber CS-3-150.

9. The Babcock & Wilco: Co=pany Quality Control Depart =ent Specification
covering Welding, Non-Destructive Testinii, Her t T. eat =ent, Fabricatio

*

i Asse=bly and Testing.

10. The Babcock & Wilcox Co=pa=y Water Che=istry Ma=ual, No. BiW-1332.
.

*
O

04

i -

.
u|

-

~

-

l
*

l
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1.5 Ci m ine (Prior to em -a.tten er d r inseactioni
.

Safe operatics a:d =aiste::::e of the steam generator is directlyg related to p=per cleasing of its surfaces. I=p=per =echanical
or che=ical cleas:.ng of surfaces =ay result la exceseive local
corm sion. The rr sultant correcies products taken into solutie: is

;
'

the pr'-a y ecolant could be::=e highly radios::ive, tLis ce=pli: sting
the =sintenance of a=7 ce=ponent due to the ha:ards of high levels'

of radioactivity. In addition, extre=e es:a s' ='l be observed to
prevent dirt, foreign particles, etc., frca lodging between seal
surfaces of the generator er enteri=g the pri=sry coolant systes
and causi=g excessive voar or sei:ure of valves.

N0*:2 - - - -

Tha fonoving are pertinent e= tracts fres MU Specifications for
Cleanliness. Consult MW Spselfication CS-5-95 for detailed clesn-.

j, ing procedures'and require =ests.
'

1. Ccmponentn shall be cleased to the ex est that no contami=atic:;
is visibla to a person uth mor=al visual acuity, natural or
corrected, under a lighti:g level of at least 50 foot-candler.

3

Areas which cannot be visuany i=specte.d due to inaccessibility
or geometry shan be evaluated by viping the surface with a vet,

'

or dry, lint free cloth u:til all traces of foreign =aterials'

are removed and the cloth re=ains clean after use. ,
.

..
I .

2.9 Iridescent ta=per f" s resulti=g from heat treat =ent and
.# tightly adherent black oxide f" s that occur on the back

side of velds need not be'' rec:oved.,

3.
,

Rust of any type or amount shall not be anoved. If rusting does.

{
occur, the surface shall be cleaned to re=ove -he rust or rust-
producing condition and any visible surface contanisation. i

\
'

-
*

4. Cleanliness sha'.1 be maintained by packaging components or sub-
.

assenhlies in polyethylene bags if they are to be stored.
J

5. In svent cleaning the prd-= 7 side of tubes is required, consult
.

Babcock and Wilcox yield Service Dept., Lynchburg, Va.

To establish or restore proper cleanliness:

1. Clean all metal surfaces necessary by svabbing with clea=,
lint free cloths, saturated with acetone, followed by
svabbing with clean, lint free .:loths saturated with distined'

water. Dry with clean, list free cloths. The cicaning zust |

;

| 1 eave no foreign matter after cleani=g, particularly in the !root areas of threads.
I

i 2. Pressure sensitive tape may be used occasionally on comp:nents.' .

k:7 time the pres =ure sensitiye tape is re=oved frc: a c:=poner.:
use acetone to rc=ove any residue. Then clean the area asi

\ j described in Step 1.
.

i

P
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| 3. No sandblasting of internal surfaces is pe:_itted. (|,,
.

Degressing solrents centaining chlorinated compounds shall4.
; not be usel. - .

!
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SEC'"ICN 2.

- ''>V
IRI::CI?I.ES OF OPER.CICN

.

'

2.1 Nor-"7 Operatien .1tes y State

NC~E

Nuclear stea: systems are supplied with two id:ntical stea=
generators. Tney are designated Units No.1 or 2, as shown en 'he
na=splates. Tnis t.nual refers to a single unit for si=plicitf
and applies to both vessels.

.

*-
.-

Pressurized vater frc= the reactor (prd = y water or reactor
coolant) enters the steam generator through the inlet nen:le
in the upper head at 602.8 F,100% lead, novs through the
tubes into the lower head and out through tvo outlet no::les
to the rasetor.

Secendary feedvater enters through the feedvater header, the
32 spray no::les, down the annulus bstveen the circular ' Ifle.

..

(surrounding the tube bundle) and the shell.
'

Asdeedvater ls sprayed into the lover annulus, i is heated to
saturation temperature by -d *"g with and cendensing stea=,from
the bleed port between the upper and lover baffles. This preven s
a ther=al shock in the vessel shell,and excessive tube-to-shell
temperatcre differentials.

. ,

,

Water at saturatian ta=perature' flows through the adjustable orifice
plate, through port; at the lever end of the vertical baffle and
into the tube bundle at the lower tubesheet. Sci 14 g begins
i==ediately up:n contact with the hot (555 F) generating tubes.

and increases in quality * as it nous upward through *.hree distinct
heating :ones shown in Fig. 2-1.

Nucloate Soiline is the conversien frc= liquid to vapor state, in
a zone where the tubes are vetted by secondary water, ch.uacterized
by very high heat transfer rates. .

.

* Quality: Percent of water by weight converted to stea=.
.

J
,

O
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Decartu-e #-en Nucleate cfline is that point at which the
tubes are no longer ve::ed b- the secondary vatrr./ e

] Filn Foil 52 is the conversion of water to stes= in that ene
where the tube is dry but not all of the water has evaporated. C~ ,
It is characterised by greatly ~ educed rates of 1 eat transfer.

Surerhesttr3, is eleva" ion of stean te=perature by continuous
.

addition of heat. The end output to the turbines is superheated
steam. See Figure 2-2 for flui;i te=perat=e ecrves.

2.2 No:- al 0--ratien - Trancients
;

; The boiler length required to reach 100% quality is approximately
a direct 14 ear functicu of Icad (stcas generation rate). Thisi

'

is a natural consequence of constant average prd=ar/ temperature
and essentially constant press =e operation. Since boiling length
. varies with load, secondary side water i=ventory is also approvd-taly
a direct linear function of load. Therefore, d r ing a transient,
steam generator water invento:/ =ust change and feedvater flov should
lead steam now by appror*-=tely 30 seconds. That is, en a lead
increase, overfeeding is required, and on a load decrease, underfec ^ ;
is necessary. The anount of overfeeding and underfeeding is a direct
function of the speed of the transient. For instance, a 10%/nin.
rs=p requires overfeeding of about 5% of full lead feedvater flow.

The Integrated Control Systes automatically provides the required
overfeeding and underfceding. However', if feedvater is on =:rual

J control, steam flow can be enpected to lag feedvater flev bf about
30 seconds.

.

2.3 Automatic Contal Pri'ichles -

Turhg normal operation above 15% load, the I'nteg ated Centrol System
(ICS) provides constcnt average pri=ary te=peratu e. The ICS does this-

by calculating the average of reactor outlet and ateam generator outlet
temperature, and using the error between the calculated average and
the desired avercge ter.peratures as a control signal to nake minor

, adjust =ents of centrol rod position until the desired average temper-
'

ature is obtahed.

During normal operation above 15% load (except during transients), the
ICS alto provides constant turbine throttle pressure (900 psia). It
does this by measuring turbine throttle steam pressure and using the
error between the measured pressure and 900 psia as a signal to adjust
feedvater now and steam flow until the desired pressure is obtained.
Since constant press =e ic =aintained at the turbine throttle valve,

*

as load is changed, there vill be small variations (25 psi) in steam
generster pres ==e due to varying pressure drop in the steam piping.

During nor-4 operation, pressure (in addition to feedvator demand
and measured feedvater flou) is the me.st critic:1 centrol signal
relating to the steam generator. However, dring several "abnor=al",.

conditions, other variables which are continuously =enitored bacone (
active in the control system. These are discussed in the follovi.g V
cections. '

-
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2. /. lov M=d ome tien (belov 15% of full load steas flow) ,

iTnsn pres ==c and average pr'-* y terperat=c are constant,
.g seconde.ry side veter invent:ry is approvd ately a diract

linear functics of stess flow. Therefore, at zero stess
now the vater inventory ::uld tend to be zero. Since it

is essentici to have a rese 7e of vetor available for
energencies such as te=porary less of feedvater punps, the
ICS prevents the vate'r invent: y frc= dropping belev the
inventory corresponding to 15% lead. The 103 ace:nplishes
this by neas=ing the pro sre drop across the " boiler section"
of the staan generctor (upper and lever low level connections).
When this pressure drep or " vater level" decreases to about
25 in. E 0, control of feedvater new aut==atica''y switches to2.

the lov vater level control, and controls feedvater flow to
=aintain the press =e drop (" vater level") at not less than'

,
J5 inches.

Stean now fro = the steam generator can now be reduced only by
reduction of reactor power and average pr'~= y tenperatre. If
reactor power is ~='ntained, and stes= flov to the turbine must
be, reduced, excess steas nov is bypassed directly to the condenser.

2.5 ?culinz j

CAUTION: ITsen stea '" at lond, it is essential that the water
level in the feedvater hecting ek=~ber remain below the elevation
of the feedvater no::les. If the feedvater no::les become nooded,

.O)
feedvater henting vill be i=: aired and the result could be excessive
tuba-to-chell te=perature differenti:ls, and excessive tubesheet
tenperature diffarentials. L:ad =ust be reduced 4-~ediately.

The boiler section presrae drop, plus the adjustable orifice pres-
sure drep, vill be balanced by the sc=entus recovered from the
feedvater spray plus the vate- level in th< feedveter heatine cha=ber.-

'Therefore, any condition of operation which increases the boiler 1

section pressure drop or adjustable orifice pressure drop v'11 result '

in an increase in water lovel.
.

During nor-a' operation there is sufficient =argin to assure that the
feedvater no:.las are not n eeded. However, two conditions v''7
increase boiler section pre:s=e drop and, conseonently, water level

,

in the feedvater heating c'r -Ser and could, in the. extreme case,
cause needing of feeducter no::les. .

1. A deviation from nor=al operating conditions (such as
reduction of resctor c:clant flow or temperature), ;

2. Fouling of the outer sefaces of the boiler section tubes'

and tube support plates. l

|.

The 103 prevents the water level frc= beconing high enough to need j
*

the feedvater no: les. It does this by mess =ing the water icvel !,

(pressure drop) in the feedvater heating cha=ber using pressure tcps )

J 'in the fecduc.ter heating cW-ber just above the adjustable orifice
,

(upper lov level sensing connection) and in the tube bundio just*

+ 1

above the bloed steam elevati:n (up .;r high lovel sensing connection).

2-5
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Enen and if the vater level reaches an elevation about 3 feet
belev the feedvater no::les, control cf feedvater flew aute=atice.ll7
switches to the high level centrol circuit. This circuit 'd 'ts

9 stea= generator lead and prevents water level from increasing high (enough to ficod the nos:les.,

An increase in feedvater heating c' e'er vate.- level due to fev'dng
vill bo gradual, and vill probably not be noticeable frc= daily
changes. A record should be kept of water level as a function of
time. A careful reco=1 of rate of increase cf water level vill
per._it prediction of the ti=e when lead ud" be 11=ited due to
excessive pressure drop and vill pe=it sched"'dng of che:ical
cle=-4 g. Since the water level is also a function of lead,

! ce=parisens of water levels (or pressure d cps) - et be =ade at the sa
load.

'

- L.y adjust =ent in the position of the adjustable orifice vill change
the curve of water level as a function of lead. This vd7' not changs
the rate of increase of pressure drop vith td.=s, but :=y affect the
the ti=e between che=ical cleanings.

The ICS has other control iceps for proteetion of the reactor, stes=
generator and turbine. However, if operating conditions deviato frc:
nor-al, the high water level centrol nay take centrol of the feedvater
and reducs load even though the stes= generator is not excessively
fouled.

.
,

.

An ala=, independent of the ICS, varns when te=peratre in the feed-
water heating cha-'er 1 10 ? below saturatien tenterature. Thiss

d reduction in te=perature indicates that the feedvater no::les are
flooded. Lead on the stes: renerator mtst be reduced ir=.cdiatelv
vhen this alar = is activated.

.

2.6 BTU Availability Cont ol [
The stead generator v " produce steam with af, least 35 F superheatd

when all conditions are nor -1:

6Pri=ary 31ov = 65.66 x 101b/hr (~d d--)
578.9 7 (-4 4 --),

Average Pri=ary Te=perature =

Stea= Pressure = 925 psia (-wd- =)

Feedvater Temperature = 455 F at full lead (:-d"d-*-

However, if these conditions deviate fro: no=al. stea= te=ps=ture
=ay decrease and, if the deviation is great enough, vet stes= vill*

be produced. (An excessive a=ount of moisture in the steam could
damage the turbine). Therefere, it is essential that load be '' dted
as a function of a= cunt of deviation of cperating conditiens frc= nor:

) To assure that. vet stec= vill not bb produced, a "STU Availability" g
control loco is incorporated in the ICS. This circuit continuous 1-n
i:onitors prb= 7 flev (reactor coolant flov), pri=ary inlet (react'or*
outlet) te=peraturs', feodu.tcr te=perature and stea= pressure at the

,

sten = generator.
,

! o_A
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These sig .als are used to calculate tha =27.4_=:= icad that can
be safely caried under the existing ec=hinatic of conditions. . ;

If the feedva er flev de- :ied frc= the steam generator exceeds 1

the calculated per=iscible load, control of fev.dvater nov |
aut==atica" y switches to the. "STU Availability" circuit and )
lhits the lead to assure that vet steam vd" not be carie:i
to the turbine. ,

l'

An alars, independent of the ICS, varns when stes= discharge
te=peraturo approaches saturation te=perature, Edicating th:t
carryever of vet steam is likely. Iced ' ust be educed d-~"atel r ]
vhan tha ='.- is acti sted. ,

|

-~

2.7 ste.bility - Adiustable 0-ifies

~ Under certain ce=binations of conditions, any staan generator can
be unstable. Instabd'dty as used in this discussics is defined as
periodic variatiens or oscillations in any of the variables in the
nuclear stea= system. These esc 4'1ations are usually =est evident ;

in steam pressure, stes= flew, boiler section pressure d=p or
prd-a y outlet te=perature. Prd-* 7 cutist ta=perature is the
most reliable irdication of instability. Osc4" =tions,1f present,
can be expected to have a per.dod of 4 to 6 secon:is.

This stes= generator has installed an orifice near the botto= cf
the feedvater heating cha=ber which has been adjusted for stable,

. osed" =tien-free cperation. Ecuever, should ocrd" ations develop,
) it may be necessary to increase the pres:ure drop across this orifice.

Tha systa= sust be shnt dev= to ake adjust =ents. The Babcock &
Wilcox Co=pany Field Service Depart =ent .:st be consulted when
conditions indicate an adjus' ent v'" be required to correct a
malfunction.

Operating experience =ay shcu that the pre'ssure drop as insta7'ed is.

higher than required, in which case the Babcoc' & Wilcox Cc=ps:rf =ust
again be consulted.

.

In general, the orifice adjust =ent provides the d d um pressure drop
required for stable operation.. This is because increased pressure
drop increases the water level in the feedvater heating cha=ber and,
therefore, increases the possib4'4ty of feedvater nozzle needing and
reduces the ti=a between che=i~ cal cleanings of the steam generator.

.

2.8 Auxilic:-r Feedvater Oeeration

The anvd14n'y feedvater asse=bly consists of a ring header and 7 no:n:
vhich penetrate the shell and upper vertical cylirdrical baffle near*

upper end of the baffle. The a"-d14 / feedvater systc= includes a p-
a storage tenk, plus associated valves and piping. Its function is t-
proe.cte natural circulation of prd-*'y fluid through the reactor ari
stea= generator en loss of reactor coolant pu=ps. It does this br
ad=itting vater to the upper section of the steam Eener: tor thereby3

@ . cooling the tubes and pri=ary water near the top of the steam generat,
This pro =ctes natural circulation by provi: ling a longer " col:1 leg" th:
in possiblo when water is infected through the no = 1 feedvater hende-

.

2-7
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The an:dliary feed * ater cystem is not intender to cool all the tubes (."
The outer few rows, about 10 revs cut of app.m zi=stely 70 vill be
cooled. 1"acrefore, there may be se=a secenday circulatien through
the center tubes of the tube bundle, but the net effect vd'1 be to
induce circulatien thr= ugh the entire'p:"-ary =7sta=.

This systes also serves as an enargency fill system in the highly-
unlikely event the stes: generator loses no.~a1 feedvater and
bec =es het and dry.

.
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EECTIO!! 3

E!STOtI"?!.TTC?* , D?J.2: ?J!D VE'!? CO:0TICT!O?!S (See Fig. 8-1)

)
3.1 Inst "nentation Cennection-

Anong the various Jater level and te=perature sensing connections
'are: -

Upper high level sensing Prevent feedvater noc:lc' Upper icv icvel sensing flooding and 7*-4t load ^2
avoid car:fover of vet stean

(Sect. 2.4)

Upper high level sensi=g Maintain a -* d-I- water level
.

Lover low level sensing for low-load operation

Upper vent and ieval sensing Senses full icvel for hydrotest
or che=ical cleaadng and vents
air when fd"d g

Temperature sensing (4) Measures dounce=er water ta=peratu
Ther=ovell connection Measures saturation temperatre at

seconda:/ side of lover tubssheet
.

Note: Additional instr ==entation . connections are incorporated in-
.

Unit #2 for certain test equip =ent. Refer to Figure 8-2 for,,

3) identifications and locations.,

Ther=occuple pads at various locations on the shall pe=it.=eascing
shell te=peratures.-

,

-

.

- .
_

The ther=ovell connection, measuring saturation ta=perature, clso var n
(by alam) of feedwater noscle flooding when ta=perature falls 10 degreri

below saturation.-

Sensings are converted to sig:als in the Integrated Control Systa:
and co=parec vith known values (or desired settings) to effect an

'

auto =atic adjustment.

| Each pressure or te=perature sensing connection attaches to several
different circuits, so arranEed that if one circuit beco=es inoperativo,
another one vill automatic =''y perfom its function. Detailed
descriptions and functions are given in other publicationa by the ~,

!

manufacturer of the Integrated Control Syste=.

3.2 Feedveter_Sa-eline Connections
.

Although feedvater se=pling eennections are not an integral part of thed stes= generator, they are included here due te the critical i=pertance
of feedvater che istrf =aintenance.

.

0
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f

Cleanliness and purity of feedvater cannot be overenphasi:ed.
] Wi!.hin one year of no=al full-load operation, the total anount

of solids in feedvater containing inpurtles of only 50 parts per (billien vill ancunt to a full ton.

Although it is expected that a significant portf.on of solids vill
carry through the stea= generater either in sol.ution in the stes:
or as a fine dust, se=e inpurties (especially corrosion products)
vill renain in the unit.

Excessive deposits vill eventually result in reduced lead
capacity.

3.3 Drsin Connections (See Figures 8-1 or 8-2)

Six li inch drain connections pe=it draining the secondary side.

Four are 900 apart at the lower tubesheet.

Two are 1800 apart, 1.4 ft. 7 in. above the skirt flange to drain
the atrap" area between the upper and lower baffle sections.

O
| Two one inch drains, CO apart,15 ft.10 in, above the skirt flange

drain the orifice section in the feedvater heating annulus area.'

.

Drains are located to drain all water for dry layup, or all
.) chenical cleaning solutions. .

.

3.4 Yent
.

l . One upper level sensing and vent co=ection attaches to a Gi.u.ed
paesage in the upper tubesheet to dete= ire couplete filling for
hydrecen or chenical cleaning, and a vent when J tm,g,

.

.
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_ FEEDUATER SYSTEM

LECTURE OUTLINE

I. OBJECTIVES '

A. To know the purpose of the system.

B. To be able draw a one line diagram of the feedwater system showing all

major valves, components, instruments and connecting lines. __ _ .

C. To know the value of the major operating parameters.

D. To be able to trace the system out in the plant.

II. SYSTEli FUNCTIONS

A. Provide feedwater to the Once Through Steam Generators.

B. Heat the feedwater to increase the plant efficiency.

.

III. GENERAL SYSTEli DESCRIPTION

The feedwater system, in conjunction with the condensate system is designed to'
,

transfer condensate from the condenser hotwell to the steam generators at 110%

0rated flow and to increase condensate temperatuer to greater than 460 F under full

power conditions.

Each main feedwater pump is designed for approximately 60% rated flow. The pumps i

have a capacity above rated flow to insure an adequate regulating margin to cover !

any variations in feedwater flow; i.e. to meet steam flow and to restore the water
.

level in the steam generators after a transient. The main feedwater pumps are

designed for a rated capacity of 15,E00 gpm each.

The emergency feeowater system is designed to provide a limited amount of feedwater

to .the steam generators in the event of a loss of power or a feedwater pump trip.
'

A turbine dr'ren emergency feedwater pump is designed to provide up to 5%

rated flow at operating pressure and will start if both main feedwater pumps trip '

or if all reactor coolant pumps are de-energized. Two motor driven emergency feed-
'

1
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water pu=ps are each designed to provide 2V rated flow at operating pressure and

will automatically start also.

The main and emergency feedwater pumps each have.a recirculation line on their dis-

charge piping which are designed to prevent damage to the pumps from overheating by

providing minimum ficw through the pumps.

.

IV. OPERATIC"AL DESCRIPTION

Startuo

When starting up the Condensate and Feedwater System, the system valves are first

positioned to pemit condensate and feedwater to flow through the system frcm the

condenserhotwell to the outlet of the 3rd stage feedwater heaters RJ-J-6A and 6B
~

and recirculate back to the condenser. To assure that manual y coerated block'

valves have not been inadvertently c.losed, these valves incoperate a locked open
s

device. Initially, flow is bypassed around the con'densate polishing plant by

operating the bypass valve, CD-V12, and closing the condensate polisher inlet and

outlet valves. The remaining startup valve line up is summarized below. Low

pressure feedwater heater A and 8 train inlet isolation valves, CO-V388 and 38A

and outlet isolation valves, C0-V50B and SOA,are open. Low pressure feedwater

heater train bypass valve CO-V55 is shut. Steam generator feedpump discharge valves,

R1-V8A and 88, are opec, 3rd stage feedwater heater Ri-J-6A, 6B inlet isolation

valves, RI-V98 and 9A are open and outlet isolation valves, al-V138 and 13A are shut.

The startup recirculation valves, RJ-V128 and 12A, are open.

The main feed pump lube oil systems are started and the turbines are placed on the

turning gear. A condensate / condensate booster pump set is started and the condensate

and feedwater is pumped through the idle main feedpumps and recirculated back

to the condenser via the recirculation valves, Rf-E128 and 12A, and the flow
'

control orifices in the recirculation lines. The Circulating Water System is;

put into operation to establish flow t'. rough the condenser and auxiliar.) steam

1 2
>
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*
.

is then supplied to the Gland Steam System. The condenser vacuum pumps are started
.

and the air utraction system is put into operation. The air extraction system will

function so as'io produce a 20" Hg vacuum in the condenser. The condensate polishing'

plant is now put into operation, ' refer to the Condensate polishing System Description

Index flo. 48. The conductivity of the influent and effluent of the condensate'

.

polishing plant are monitored and samples may be taken.

When the condensate chemistry is within specifications and the water level in..the

. steam generators is dqual to the startup level (refer to section 3.4.5 if startup
,

level is not established) feeding the steam generators is commenced. The startup
.1

feedwater control valve inlet and outlet block valves,Rl-V26A and 268, and FW-V-19A<

and 198, are opened. The main feedwater control valve inlet and outlet isolation

valves, RI-V14A and 148, and Rl-V-17A and 17B, are opened. The 3rd stage ft:edwater

heater outlet valves FW-V13A and 13B are also opened. The feedwater latching system

is bypassed, the recirculation valves, FW-V12A and 123, are shut and, the startup

level in the steam generator is maintained by feeding through the startup control

valves, RI-V25A and 258. The feedwater line and the steam generator icwer downcomer,

differential temperature must remain below 442 F during the heatup.

The operating set of condensate /cendensate booster pumps supply feedwater to the

eteam generator until steam pressure approaches the discharge pressure of the pumps.

A main feedwater pump is started on auxiliary steam to ensure the steam generators

can be fed continuously throughout the startup. After the fourth reactor coolant

pump is started the main feedwater pump is shifted from auxiliary to main steam

and the auxiliary steam supply line is secured. When reheat steam becomes available

the main feedwater pumps will automatically shift from main to reheat steam.

During.heatup prio" to startup of a main feedpump the turbine driven emergency
'

feedpump remains tripped and the motor driven emergency feedpumps control switches

are placed in " PULL-TO-LOCK". After the main feed' pump is started the turbine

driven emergency feedpump turbine is reset and the pump placed in " STANDBY" and the
I

motor driven emergency feedpump control switches are placed in " NORMAL-AFTER-ST0p".
i

+ 3
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Refer to applicable operating procedures for staam generator feedwater temperature
.

requirements and method of plant load increase during startup.

flormal Oceratien

During normal operation, two sets' of condensate / condensate booster pumps are in
!

cperation and t'ie third set is in standby. The two condensate pumps take suction

j from the condeaser hotwell and discharge the condensate through the Condensate

Polishing System. Hydra:ine and ammonium hydroxide are automatically added to the

,
condensate at the outlet of the condensate polishing system to maintain a low

. feedwater dissolved oxygen level and a pH at 9.4 to 9.5 respectively. A portion

of the condensate pump discharge goes directly to the turbine exhaust hood

sprays, as required, to control the exhaust hood temperature. From the condensate

polishing system, the condensate flows to the suction of the condensate booster

; pumps with a portion of the condensata passing through the gland steam condenser,

GS-C-1. The discharge from the condensate booster pumps passes through two low

- pressu e, parallel flow, feedwater heater trains consisting of the 14th stage

e'.ternal. heater drain coolers, FW-C-1A and 18; 14 th stage feedwater heaters,

FU-J-1A and 1B; 13th stage feedwater heaters, FU-J-2A and 28; lith stage feedwater
>G

heaters, FW-J-3A and 3B; 10th stage feedwater heaters, FW-J-4A and 4B; Bth stage

feedwater heaters, FW-J-5A and 58, then recombines and goes to the suction of two SG
,

feed pumps, FH-P-1A and 18, which are both in operation. The discharge of the SG,

feed pumps passes through the 3rd stage feedwater heaters, FW-J-6A and 6B, which

are high pressure heaters arranged for parallel flow. The feedwater passes

through the main feedwater control valves, FW-V30A and 308 and startup control

| valves Fil-V25A and 258, which are fully open at 15% plant load and above, and then to-

steam generators, RC-H-1A and 18, feedwater headers. Above 15% plant load, the

feedwater flow rate is controlled by the ICS controlling the main feed water

control valves which changes the pressure drop across the valves. The ICS then,

\ -

increases or decreases the SG feed pump speed between 3700 and 5300 RPM to '

maintain a constant pressure drop of 35 psi across the main feedwater control
.

4
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.
control valve.

Io
.

lower the SG feed pump speed below 3700 rpm, manual speed raise-lower switches

for each pump on Turbine Control Panel 5 are utili::ed. However, the SG feed pump

speed must be paintained above or below the critical speed of the turbine which

is 3480 rpm. --~

- Shutdown

~ As the plant load is being reduced from 100% to 15% the feedwater flow rate to

the steam generators is controlled by automatic speed reduction of the two steam'

generator feedpumps and partial closing of the main feedwater control valves by

the ICS.

-
. .

. At 40% maximum

guaranteed plant load or less, one steam generator feed pump and one condensate /

condensate booster pump pair can be shut down because one feed pump can supply the

required feedwater flow. Shutdown of one SG feed pump is done by first

transferring its load to the other SG feed pump before tripping.
. . . . . . . ~ . . . - - -: -. , . . . ,.

.

-

., a
-

' y* :. . . 5*.'.
The feedwater flow rate is automatically controlled by the

.

main feedwater control, valves from 50% to 15% plant load.
~

' At 15% plant load, feedwater flow control is automatica11y'

changed by the ICS from the main feedwater control valves
*' t.o :.he startup feedwatar control valvc=,'n7-v25.3 and n7-V253,1

and control is maintained by the ICS from 15% to "u% planc "

load. '- -

.

. - ~w

|
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- dhen the reacter has been shutdown, ccoldown of the reactor

| plant begins. Cne set of condensate / condensate booster3

pumps and one steam generater feed pump centinue to operate.

The feedwater latching system is bypassed in order to prevent
'

the feedwater control valves frem closing as the main steam

pressure decreases. Steam is still being produced in the steam

generators and condensed in the condenser. When>. steam pressure
.

~

is no longer capable of running a main feedpump the pump is

shutdcwn and the steam gr.nerators ar'e fed by the operating
,

condensate / condensate b.soster pump pair and cooldown is
_. . _ .. _ -... . - . - . .

continued through the turbine bypass valve. Before shutting down the second main
'

feedpump the turbine driven emergency feedpanp auto start must be defeated. When

the reactor coolant temperature has been reduced to 250 F, the Decay Heat Removal
.

System is put in operation to further reduce the reactor coolant temperature,

(refer to the Decay Heat Removal Systen Description, Index No. 20). After the

Decay Heat Removal System is in operation the condensate / condensate booster pump
+::: - ; .pair is stopped. _ _..i,.

-

. . . .
*

-- _ .~- - - --
_.

.

-.

Soecial or Infrecuient Oce' ration '

.

Loss of Feeduater Heater
,

-. .

The Feedwater and Condensate Syste= may be operated with a low.

pressure heater train removed from service. During this mcde

of operation, the plant load must be reduced to 6C% of the
maximum guaranteed turbine rating.

.

.

The feedwater and condensate system may also be operated with a
high pressure 3rd stage feedwater heater FW-J-f.A or 63 : emoved
from service by opening bypass valve FW-vl5 and isolating the

. . . . . . - --
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inoperative heater (s).
- . , . - . . . . . - - - -

Condensate / Condensate Becster Pumo Set T.~ic with Standbv Set
Available

i

. . .

If two condensate / condensate becster pump sets are operating
in cenjunction with the two main feedwater pumps and a
condensate / condensate bocster pump set trips, the trip signal

' initiate: the starting cf the standby condensate /cendensate
booster pump set. Time delay relays prevent SG feed pumps

..
-

__ _
.. .

rd-P-1A, 13 frem tripping i= mediately en'lew snction pressure
Iand allcws time for the spare condensate /cendensate becs.ter .

|
pe=p to develop sufficient SG feed pump suction pressure. If ;

1

. sufficient SG feed pump suction pressure is not developed *

in time, one feed pump will trip.
-y - _ _ . __, ..
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; APPENDIX A

SYSTD1 FACT SHEET !
:
)
i i
i

! -

|. MAIfl FEED PU!!PS:
1

! Speed 5400.RPfi
(

Capacity 15,500 gpm
?

i Total Dynamic Head 2240 feet
!

,
Min. Flow Requirements 1000 gpn

!
!
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APPEftDIX B
_

IriTERLOCr3

1. A loss of both SG feed pumps trips the main turbine and starts the turbine

driven emergency feed pump, the ICS controls S.G. level at 30" low level

limit to act as a heat sink.

2. A loss of all 4 RCP's starts the turbine driven emergency felid pdmp and controls

. S/G 1evel at 50% level to promote natural circulation in the primary system.

3. Feedwater flow lagging feedwater demand results in a reduction of flow

demand by the ICS reducing power demand. (cross limits).

4. Low feedwater temperature results in a reduction of flow demand. (RI Temp to

demand calculator).

5. High level in S/G establishes a high limit in feedwater flow.

6. Low level in S/G establishes a. low limit in feedwater flow.

7. RJ takes Tave Control if in automatic and Diamond or Rx Demand stations are in

manuai.

8. Both FW Demand H/A Stations in manual reverts ICS to tracking mode.
<

.

9. FH Latching System Interlock.

10. ICS o TC Cotnrol while in Auto.

11. Loss of both SG feed pumps or all 4 RCp's will also cause an auto start
|

of both motor driven EFP's.
i
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'APPENbIXC
~

DIPORTANT PARAMETEP.S

Plant power is limited to 80% with one HP heater out of service and 70% with

both HP heaters out of service. However, if all condensate / condensate booster

pumps are used 90% power is possible with both HP heaters 00S.

Feedpump capacity = 60% plant load.,
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CONDENSATE SYSTEM

Syscem Function
,

Primary function of condensate system is to supply water to the feedwater system,
in addition, tne system deaerates, purifies, and raises the temperature of the

Ceaeration and curification is imoortant in order to prevent corrosionwater.

and scale formation within feedwater heaters and on S/G tubes. Also heating the
feedwater within the system has the overall effect of increasing plant effigiency.
Summarv Descriotion

Two of three operating motor driven condensate oumos take suction from the
*

condenser hotwells via two lines to a common suction header. The pumos discharge
to a common header and the condensate flows through a 100% condensate polishing
unit and gland steam condenser to the suction header of the condensate booster
pumps. Since full condensate ficw is not required for the gland steam condenser

!(5200 gpm), a control valve is used to regulate the required flow through this ;
condenser by maintaining a constant differential pressure across the gland steam '

condenser. A byoass is orovided around the polishing unit. The motor driven :

condensate booster pumos (3) discharge to a common header which splits into two '

parallel trains of closed low pressure feedwater heaters. Each low pressure
heater train (A and B) consists of a 14th stage external heater drain cooler
FW-C-1 A and 18, a 14th stage heater FW-J-1A and 18, a 13th stage heater FW-J-2A
and 23, and lith stage heater FV-J-3A and 38, a 10th stacs heater FW-J-4A and 48, '

3

and an 8th stage heater R1-J-5A and 58. Each heater train can be isolated frca
service by closing a motor operated valve located upstream of the external 14th
stage heater drain cooler and downstream of the 8th stage heater. A common
bypass to the S/G feed pump suction header is provided in case one heater train
is out-of-service. Discharge from each of the low pressure feedwater heater
trains combined into a common line which feeds the S/G feed pump suction header.

A line from the discharge of the condensate pumos supplies condensate to the
turbine exhaust hood sprays for cooling purposes. Sample points are located at
various points in the condensate system to allow analysis of the fluid. Continuous
samples can be taken at the following points: condensate pump discharge, conder. sate
pump discharge, condensate polisher effluent, hot and cold condenser hotwells,
and condensate booster pump discharge header.

Ammonium hydroxide and hydrazine are added to the condensate system in the effluent
of the Cond. Polishing System. Hydrazine is used as an agent to remove the
dissolved oxygen and is maintained at a small marginal excess which is detectable
by analysis. The ammonium hydroxide maintains the pH of the condensate at
9.4 to 9.5, thus reducing the possibility of corrosion.

Two condensate storage tanks are incorooratad into the system to supply makeuo
water to the condenser, to provide condensate storage caoacity during system surges
and supply feedwater to the emergency S/G feed pumos. The Demineralized Service
Water System and the 1,000,000 gallon, TMI Unit I, tank are the sucoly sources
for the condenstte storage tanks. Demineralized water used to sucaly the condensate!

storage tanks is dumped into the condenser hotwell then transferred to the tank
by the condensate pumps via the Condensate Polishing System. '

t
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System Desien Recuirements

The FW and C0 Systems are designed to transfer condensate from the condenser
hotwells to the steam generator at 110% rated flow. Each co9densate/cond. booster
pump pair is designed for approximately 55% of the rated cond. flow, and esch
main feedwater pump is designed for approximately 60% rated flow. The r,emt:s
have a capacity above rated flow to ensure an adequate regulating margin to
cover any variations in feedwater flow, i.e., to meet steam flow and to restore
the water content of the steam generator after a temporary disturbance.

The Feedwater and Condensate System is designed to coerate without either or
' both feedwater heater trains. If maintenance is required either or both heater
I trains may be bypassed and isolated. The 3rd stage heaters downstream of the
; feedwater pumos may also be isolated and bypassed. 705 system flow is available~

with the heater drains out-of-service. However, if all condensate / condensate
booster pumps are used, 90% system flow is possible with all heater drains out-of-
service.

Candenser Makeuo and Level Control

The Feedwater & Condensate Systen, as stated previously, is a closed sygtem
with the condenser hotwell, condensate storage tanks, and S/G's actino as Water
storage arcas. Water surges will occur between these three areas whh changes
in load. The difference in water inventory between high and low load in the
S/G can affect the condenser hotwell level by five inches.

The high leveT mark within the condenser should not exceed 30" as measured
; from the bottom of the hotwell. The level may rise to 33" 5efore adversely

affecting the deaeration capability of the condenser. Refer to Figure 1 for
the condenser makeup and level control scheme.

Condenser level designations were chosen such that high level (HL) alarm and
low level (LL) alarm would not be affected by an instantaneous chanpe in S/G
loading.

Condensate / Condensate Booster Pumo Control

Electrically, the condensate and condensate booster pumps are wired in pairs or
sets for nonnal operation. Condensate puma CO-P-1A and condensate booster pumo
CO-P-2A are the 1 A-2A set, pumps 18, 2B are the 1B-2B set, and pumps 1C, 2C
are the Lc-2C sets. The six pumos can also be controlled individually by placing
a single auto / manual selector switch in the manual position. For normal oaired

,

coeration, the selector switch is placed in the auto cosition.

In normal operation, a pair of puros is started by olacing the condensate pump
control switch in the start position. This starts the condensate pump. The
condensate booster pump auxiliary motor driven oil pump operates continuously
until the shaft driven oil pump is supplying sufficient bearing oil pressure. When
condensate booster pump suction pressure and oil pressure are sufficient (> 20f
and > 8# respectively), the condensate booster pumo will automatically start.

,
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Two pairs of condensate / condensate booster cumps are normally in coeration and
one pair is in the standby mode. Tne standby mode is accomplished by turning
the condensate pump control switch to the "0FF" position and allcwing it to
return by internal spring action to the "NOPf4AL-AFTER-STOP" position.

Since 1C-2C pump set can receive power from Bus 2-3 or Bus 2-4, it has two
control switches which have to be placed in the standby mode if the set is
selected to be the standby set. An interlock prevents 1C-2C set from being
powered by Bus 2-3 and Bus 2-4 at the same time.

To prevent any idle pump set from starting automatically, place the condensate
pump control switch in the " PULL-TO-LOCK" position. '

The control switches for the condensate booster cumps are only used when the
'

auto / manual selector switch is in the " MANUAL" position. When a condensate
booster pump is started individually, its control switch is placed in the
"0 PEN" position. When proper oil pressure (sS!) and suction pressure (%20!)
conditions are satisfied, the booster pump will star;.

Interlocks associated with the starting and stopping circuits are as follows:

A. Booster pump trip on low discharge pressure (<350!)

B. Booster pump trip on low suction pressure (<20!)

C. Booster pump trip on low bearing of'1 pressure (<5!)

D. Minimum recirculating valves open on booster pump start and close at > 4000 gpm
_

flow througn pump. They reopen at < 2100 gpm.
_

1. When a booster pump is not running, its associated recirculating valve
can be- tested to open or close by using control switch on Panel 5. When
pump is running, the control switch has no function, other than valve
position indication.

E. Auto starts only work between condensate and condensate booster pumps when
they are operated in the auto mode.

1. A trip of one pump in the set will trip the remaining pump.

2. The trip of one set will start the standby set.
'

3. If the C pump set is selected as standby pump, it will start on the
same bus as the one that tripped, unless the pump tripped on a bus

! under voltage. In that case, the C pump will start on the bus of the
| remaining operating pump.

4. If the C pumo set is running and it trips on low bus undervoltage,
it must be manually started on its alternate power supply.

System Alarms -

See Table 1.

Tech Soecs

Refer to Section 3.7.1.3



.

.

'

,

TABLE 1
-

'

Panel 17 Ar.nunciators Identi fica tion Source Setpoint

A-8 Ilotwell Level 111 C0-LAll-092 CO-LS-092-1 33" t

A-9 Condensate Pump Suction CO-DPAll-1172 CO-DPS-1172-1,2,3 2" 11 0 t
Strainer Di f f. Press.111 2

,

A-10 Condensate Booster Pump CO-PAL-4651 CO-PS-4428,4431 & 7f 4
Bearing 011 Press. Lo 4434 .

A-11 Condensate Booster Pump CO-EA-4657 N/A N/AShift Driven Oil Pumps
Failure

B-8 llotwell Level to CO-LAL-092 CO-LS-092-2 20.5" 4

0-9 2A Condensate Pump CO-PAL-066 CO-PS-066 100f , 4Discharge Press. Lo
.

at E-30 Gland Steam Condenser CO-LAll-1138 CO-LS-1138 8" below tLevel lli center line
C-30 Exhaust flood Water 00-Pall-3944 CO-PS-3944 30f f -

Sprays On CO-PS-3946
* E-8 Condensate Pump Trip C0-EA-4649 30TA & 30TB N/A

r-9 Condensate Booster CO-EA-4652 30T N/APump Trip

E-10 2B Cond. Booster Pump C0-DPAll-4432 C0-DPS-4432 20f f
Oil Filter Diff. Press, lli

E-11 Gland Steam Condensate C0-LAll-7094 00-L511-7094 35" t
Drain Tank Level 111

F-8 Condensate Pump Overload CO-EA-4650 74 N/A

.
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TABLE 1 (cont'd)
. -

Panel 17 A_nnuncia tors identi fica tion Source Setpoint -

FL 9 Condensate Booster Pump C0-EA-465'4 74 N/A
Overload

F-10 2C Cond. Booster Pump C0-DPAll-4435 C0-DPS-4435 20f f.

011 Filter Diff. Press. ill

F-11 Gland Steam Condensate Drain CO-LAL-7095 C0-LSL-7095 16" i

idnk level to

C-8 2A Condensate Storage CO-LA-105 00-LS-106 & 31'-9" t
Tank Level lil/Lo CO-LS-105 21'-0" 4

C-9 28 Condensate Pump Disch. CO-PAL-065 CO-PS-065 100f 6

Press. Lo
.

. C-11 Condensate Booster Pump & C0-EA-4664 N/A N/A
Aux. Oil Pump Not Runningui

i

D-8 2B Condensate Storage CO-LA-107 CO-LS-107 & 31'-9" t
Tank Level lil/Lo 00-LS-108 20'-0" &

.

D-9 2C Condensate Pump CO-PAL-064' C0-PS-064 100f 4

Disch. Press. Lo,

0-10 2A Cond. Booster Pump C0-DPAll-4429 C0-DPS-4429 20f f

011 Filter Diff. Press. lli
.

D-11 Condensate Booster Pump Aux. CO-EA-4656 OLX A, 3 C N/A
Dil Pump Overload Trip

1

.

.

b
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MAlti TURBIllE LUBE OIL, AU 0 STOP, AliD
.

PROTECTIVE TRIP DEVICES LECTURE CUTLIllE
-

I. OBJECTIVES -

A. To know the purposes of the Main Turbine Lube Oil and Auto Stop Systems,

and the protective trip devices.

B. To be able to draw a sketch of the Lube Oil System.
. _ . _ _

C. To know the value of' major operating parameters.

D. To be able to trace the system out in the plant.

E. To be able to discuss operation, control, trips, interlocks, and Tech.

Specs.

II. PURPOSES OF THE SYSTEMS

A. To supply cool lubricating oil to the main turbine bearings.

8. To supply Auto Stop Oil which interfaces between the Lube Oil System

protective trip devices, and the EHC high pressure fluid systems. -

C. To supply a redundant source of oil to the H2 Seal Oil System.

D. To trip the turbine if a potentially har=ful condition exists.

XXI. G_ENERAL SYSTEM DESCRIPTION

A. flain Shaft Driven Oil Pump.

The main oil pump impeller is mounted on the governor end of the HP

turbine rotor. The oil discharged by the main pump during normal operation

is used for the following purposes:

1. To provide an oil supply to the " AUTO-STOP" oil system.

24 To provide an oil supply for thrust bearing trip devices.

3. To provide a seal back-up system to the H2 Seal Oil System.

.
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4. To operate the oil ejector which supplies oil for: !

a. Bearing lubrication

b. Main oil pump suction
,

c. L.P. Seal oil backup

B. Lubrication

1. Startup and shutdown periods:

. AC turning gear oil pump TGP and seal oil back-up pump SOP sup91y all

oil requirements. Both pumps are automatically controlled and start

when bearing oil pressure drops to 13 psig. DC Motor driven oil pump

E0P serves as energency backup to AC turning gear oil pump and starts

when bearing oil pressure drops to 10-11 psig or generator brks open and

an overload condition exists on TGP.

Switches controlling these pucps are located on turbine control

panel (pnl. 5) in control room. As turbine reaches normal speed the main

oil pump discharge pressure takes over and the AC turning gear oil

pump hnd seal oil backup pump can be turned off and then sp' ring returned.

to Auto under control of bearing oil pressure switch.

23 Normal Operation

The shaft driven oil pump normally supplies oil at 320-380 psig to the
which

oil ejector increases oil flow with a corresponding decrease of pressure.4

The majority of oil flows through the lube oil coolers to the bearings,

while the rest supplies the oil pump suction and the items listed under

"A" above.

C. Reservoir and Exhauster

The 10,000 gal. Main Turbine Lube Oil Reservoir is located on the 305

.
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.

elevation of the Turbine Building. It is supplied with a vapor

exhauster (LO-E-1) to eliminate oil fumes in the L.O. reservoir. The

discharge of the exhauster is piped through a mist eliminator to separate

the oil mist from the discharge air.

D. Oil Coolers

Two oil coolers are provided, connected by a tandem operated threy-way
'

valve to switch from one cooler to the other, as desired. This valve

controls both the oil inlet and outlet to the coolers. To switch coolers,

the valve handwheel r:ust be backed-off, and the lever thrown to point'

at the inocerative cooler.
_

Each cooler also has a normally open interchange valve to insure the

inoperative cooler is filled with oil. The coolers are provided with a

sight flow in the vent line back to the reservoir to indicate when the

coolers are full.

The amount of water circulating through the oil coolers should be regulated

to mainta'in the temperature of the oil leaving the hottest bearing below
0160 F. In general an oil return temperature of 1400 to 1600F is considered

good practice. Temperature indication and control station for the cooling

water regulating valve are provided on Panel 5.

E. Rotor Zero Speed Indicato.-
'

.

The rotor zero speed indicator's function is to indicate that the rotor

has ceased to rotate and that the turning gear can be safely engaged.
,

A rotating disc is mounted on the turbine rotor silaft in such a position

as to allow the equally spaced holes drilled near its periphery to pass

bscween sending nozzles and ret.diers. Two pressure switches are connected;

|
|

'
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to the receivers. When the rotor and disc reach zero speed, one

sending no::le lines up through the hole, to build a receiver pressure

up to the value necessary to operate the pressure switch. Oil for this
function is provided off the Turning Gear Oil pump (TGP).

F. The Auto-Stop oil serves as an interface between the Lube Oil System and

the HP EHC control system. The Auto-Stop oil, supplied by the TGP-SOP
'

.

during shutdown and the Main Oil pump normally, acts on the hydraulic

diaphram operated interface emergency trip valve to latch the EHC system,

and perait the turbine steam valves to open. When the Auto-Stop oil is

drained by operation of one of the protective trip devices, the interface

emergency trip valve will open, releasing EHC HP oil to drain, and closing

the turbine steam valves.

G. Overspeed Trip Mechanism

The overspeed trip mechanism consists of an eccentric weight mounted in

a transverse hole in the turbine rotor extension shaft. The weight is offset

from the center so that centrifugal force tends to move it outward. Normally

the weight'is held in position by the compression of a spring. ' When the

turbine overspeeds to a point at which the mechanism is set to operate (1998 RPM), |

the spring compression is overcome by the centrifugal force of the rotor

speed, and the weight moves out to strike a trigger which trips the overspeed
Itrip valve and release 3 the auto-stop oil and operating fluid to drain. After

the mechanism has tripped, it must be reset manually by moving the manual
i

trip and reset lever to the reset position. This can be accomplished from

the front standard, or with the " LATCH" pushbutton on the Westinghoure Control

Panel.
.

e
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However, it is impossible to reset the trip until the rotor speed
.

decreases to the speed where the weight returns to its normal position

( 2% above normal speed). '

The overspeed device can be tripped manually by moving the manual trip

and reset lever located on the front of the pedestal, from the normal to

the tripped position.- .- . - -

Testing: The overspeed trip mechanism may be tested without actually

overspeeding the turbine. The test may be performed by admitting oil

under the eccentric weight and measuring the pressure at which the weight

moves outward and strikes the trip trigger.

H. Low Bearing Oil Pressure Trip

Bearing oil is supplied to a spring-loaded diagragm located in the protective
_

trip block. Should the bearing oil pressure decrease to a value of less

than 5-7 psig, the bearing oil diapnragm will be forced down which raises

the protective trip dump relay releasing the auto-stop oil and high pressure
operating fluid to drain.

Testing: This trip may be tested by slowly bleeding off Lube Oil pressure

under the diaphragm and noting at what pressure the dump relay actuates.

I. Low Vacuum Trip

This device also utilizes a spring-loaded diaphragm located in the protective

trip block which is exposed to condenser vacuum. When the exhaust pressure

rises to 8-12 in HG abs. the diaphragm will move raising the protective

trip dump relay releasing the auto-stop oil and high pressure operating

fluid to drain. A latch is provided to permit starting the unit when the
>

, .
.
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vacuum is low. The latch autcmatically falls out of engagement when the

vacuum reaches a value of 20-24 inches of mercury, and will trip thereafter

at a normal value of 18-22 inches of mercury, unless relatched. However, it

will function even though the latch is engaged, should a positive exhaust

pressure of 1.0 to 2.0 psig develop during the starting cycle.
s

Testing: This trip msy be tested by bleeding air under the diaphram, and
'

noting at what pressure the dump relay actuates.

J. Thrust Bearing Trip rr

This device warns the operator of excessive rotor movement in the axial

direction, and shuts down the unit if the axial movement increases to the

point where serious damage to the tu'rbine may occur. This device consists

of two small nozzles, which have discharge openings close to the thrust collar

faces. Oil is supplied to each nozzle through orifices and the pressure in

the line through ball check valves

is piped to a spring loaded diaphragm in the l

lprotective block relay. Should excessive thrust bearing wear occur, the
|

thrust bearing collar will move toward one of the nozzles and the pressure
1

in the line will increase. When this pressure rises to 35 psig, a pressure

switch will close and sound an alarm. Shoul.f wear in the same direction

continue, the pressure will continue to increase and when it reaches 75-80

psig the diaphragm will move, raising the protective trip dump relay,

releasing auto-stop oil and high pressure operating fluid to drain, shutting

down the turbine.

Testing: This trip may be tested by admitting high pressure oil under

the diaphram and noting at what pressu n the dump ' relay actuates.

-7-

_ _ - .



.

~

K. Testing the Protective Trip Devices

A lever is provided on the left side of the front standard for testing the

trip devices during normal operation. This lever prevents the auto-stop oil

frem draining and releasing the EHC fluid to drain. This lever must be he~

continuously throughout the test until the trip devices returns to its normal

non-trip position.
._.- -

L. Solenoid Trip
.

A solenoid trip is provided, which when energized, raises the protective

trip dump relay releasing the auto-stop oil and high pressure operating fluid

to drain. This feature pemits tripping the unit from some remote point,

(control rocm) or by means of protective relays in the generater circuit.

A solenoid trip switch is used to indicate to the operator that the solenoid

is energized. For redundancy, two solenoids are used and are energized under
,

any of the following conditions: (see 3079 sh. 2).
1. Generator and main transformer overall differential (3071 Sheet 3 and 12)

860

2. Generator Differential OC and neutral ground.(3071 Sheet 4) 86G

3. Generator fleutral Grd. Overvoltage (Low Freq.) (3071 Sheet 4) 86I

4. Generator Neutron Grd. Overcurrent (3071 Sheet 4) 51tl

S. Generator Negative Phase Sequence (3071 Sheet 4) 46NS

6. Main Transformer 2A or 2B OC Differential (3071 Sheet 5 and 58) 86/2A

and 86/2B

7. Main Transformer 2A or 2B tieutral Overcurrent (3071 Sheet 5 and 53)

86/2A-2 and 86/23-2

8. Main Transformer 2A and 28 Sudden Pressure (3071 Sheet 5 and 5B) 86/2A-1.e
and 86/28-1 -

-8-
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9. 500 KV line fault (GAI dwg. C-229-068 and C-229-103) 85TT13

and 86CT13.

10. Loss of DC power supply output on EHC control

11. Reactor trip

12. 94 relay actuation from fault between generator and breaker

13. Trdp of both main feed pumps
'

14. IEOPS overspeed

15. Turbine overspeed @ 1998 rpm

16. Manual pushbutton actuation on control panel

ZV. ASSOCIATED SYSTEMS

1. Secondary Services closed Coolina Water cools the lube oil coolers,

2. Lube Oil Purification and Transfer System fills the Main Turbine LO reservoir

from Unit 1 and constantly withdraws and purifies oil from the reservoir.
3. Hydrocen Seal Oil is backed up by the main oil pump and the AC Seal Oil

Back-Up' Pump (SOP).

4. Main Turbine EHC System is latched by the Auto-Stop Oil i.llowing. the turbine

steam valves to open.
.

'

5. Condenser Vacuum pressure provides the input to the low vacuum protective

trip device.

.
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APPENDIX A

FACT SHEET

_

1. 100% shaft mounted main lube oil pum'p

2. Two AC pumps start on low L0 pressure or from single control switch on Panel 5

3. A DC pump starts on low-low L0 pressure or frem control switch on Panel 5

4. Two 100% capacity oil coolers cooled by SC Cooling water control station is on

Panel 5

5. Tandem oil cooler inlet / outlet valve lever points to inoperativ_e cooler

6. Oil reservoir supplied with vapor exhauster to eliminate oil fumes ir, Turbine

Building

7. Oil gravity flows from the bearing pedestals through a fine mesh screen into the

reservoir.

C. Auto-Stop oil latches the HP EHC fluid, allowing the turbine steam valve to

open

9. The " LATCH".pushbutton on Panel 5 latches the Auto-Stop oil and the vacuum trip

10. While testing the protective trip devices, the test lever must be held continuously

or a turbine trip will result

11. The following indication is provided at the front standard:

a. Main pump suction pressure

b. Main pump discharge pressure

c. Bearing header pressure

d. Test gages measuring the pressures at the following:

1. Vacuum Trip Pressure

2. Thrust Bearing Trip Pressure

3. Bearing Oil Trip Pressure
.

4. Overspeed Oil Test Pressure -

.
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APPEllDIX 8

IllTERLOCKS i

,

There are no interlocks associated with this system
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APPENDIX C,

D1PORTANT PARAMETERS

1. Normal main oil pump discharge press'ure is 320-380 psig

2. Normal main oil pump suction pressure is 10-45 psig

3. Normal AC Turning Gear Oil P' ump discharge pressure is 25 psig

4. Do not operate the lube oil pudps if the oil temperature is below 500F.

5.
.

Do not put the unit on turning gear if the LO temperature is less than 700F

6. Bearing metal temperatures should not exceed 2250F. This corresponds roughly

to a 140-1600F bearing oil outlet temperature

7. The normal oil temperature out of the coolers is 110-1200F

8. The TGP and SOP should start when the LO header pressure decreases to 13 psig

9. The DC E0P should start when the LO header pressure decreases to 10 psig

10. The unit should trip when the LO header pressure decreases to 5-7 psig
,

't. The unit should trip when condenser vacuum decreases to 8-12" Hg absolute

12. The unit should trip when the thrust bearing oil pressure increases to 75-80

psig.

13. Theunitshouldtripat1998 rpm

14. The main turbine LO reservoir volume is 10,000 gals.
.

.
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APPEllDIX D

TECHflICAL SPECIFICATI0tl5

,

fio Tech. Specs. are associated with this system.

.
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APPEtiDIX E

REFEREllCES

,

4

1. Westinghouse Instruction Manual, Vol.1, Spec.1.00

2. Westinghouse Dwg. 721-J-843. B&R File 1-00-0210<

3. B&R Elementary Dwg. 2079 Sheet 2.
- - ~

4. GPU Start-Up Lecture Outline
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Generator Hydrogen Seal ~'011 System

Lecture Cutline

I. OBJECTIVES

A. To know the purposes of the Generator Hydrogen Seal Oil System

3. To be able to draw a sketch of the Seal Oil System

C. To know the value of the major operating parameters

D. To be able to trace the system out in the plant

E. To be able to discuss operation, control, trips, interlocks and

applicable Technical Specifications
.

II. PURPOSE OF THE SYSTEM

A. To provide a sealing system to conoain hydrogen within1the confines

of the main generator for all modes of operation from turning gear

to full power
,

3. Lubricate the seals

I I. GENERAL SYSTEM DESCRIPTION ;

A. Generator Gland Seals ;

Seals are provided at each end of the generator shaft to maintain
Ia gas tight enclosure. There is a double seal arrangement at each 1
1

end of the generator fed with seal oil from two essentially independent

oil systems (hydrogen side and air side). See Appendix F.

Oil is supplied to two annular grooves in the gland seal ring. Oil

flows from these grooves along.the shaft in the clearancy between thei

shaft and the inner diameter of the seal rings. Seal oil pressure is !

, |
*

|
t !

-2-.

.



.

.

1. Provide a means of draining excess oil or adding oil to

the hydrogen side seal oil system by means of a pair of

level operated valves.

2. Provide a suction source for the hydrogen side seal oil pump

E. Seal Oil Pumps

The air side seal oil pump (50-P3) receives its oil supply iEom Ehe

bearing and air side seal oil drain. It pumps part of this through

a seal oil cooler to the air side gland seal ring. The remaining

part is pumped back through a regulator to the suction side of the
'

pump thus maintaining a seal oil pressure 12 psi above machine gas
.

pressure.

The hydrogen side seal oil pump (50-P1) receives its oil supply from

the hydrogerr stdr drain regulator and receiver- tank. It pumps part

of this oil through a seal oil cooler and a regulating valve (at each

seal) to the hydrogen side gland seal ring. The regulating valve main-

tains hydrogen side seal oil pressure equal to air side seal oil pressure |

(within 12 inches H 0). A manually throttled bypass line return excess {
.

2
|pump discharge oil to the suction side of the pump.
!
|

F. Seal Oil Backup Pumps

1. Air Site Seal Oil pump has four sources of backup, three of which

will maintain 75 psig generator gas pressure. In order of operation

they are as follows:

a. Main Oil Pump en turbine shaft

b. Seal Oil Backup Pump (508) mounted on main oil reservoir ;

.

! 4_ .

.
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out of service. When cperating in this mode, hydronen purity

in the generator should be reduced to reduce hydrogen consumption

as hydrogen out leakage and air in leakage will be greater.

G. Generator Searing Drain Loop Seal

A loop seal is provided in the combined generator bearing oil drain

line before it enters the turbine bearing oil drain system. The purpose

of this loop seal is to prevent the hydrogen in the generator from escaping

into the main oil reservoir in the event of failure of the generator

hydrogen shaft seals, which might result in a sudden surge of hydrogen
,

thru the drain line. The loop seal thus provides protection against the

remote possibility of shaft seal failure from any cause whatsoever,

and as such represents an additional safety feature. A vent to the

atrosphere is provided on the upstream or ini,at. side of this loop so,

that any hydrogen flowing thru the bearing drain line will be carried

out of the system before sufficient pressure can be built up to blow

the oil out of the loop seal and allow the hydrogen to reach the main

oil reservoir.

Since this 1000 seal presents an obstruction to the uninterrupted flow

in the bearing drain system, the vaoor extractor on the main oil

reservoir is not able to ventilate that part of the generator bearing

oil drain system on the upstream side of the loop seal. Therefore ,

an additional vapor extractor assembly censi: ting of extractor, control,

bypass, and check valve is provided as a part of the loo p seal assembly

to provide the negative pressure in the generator drain system on the

; upstream side of the loop seal required for' normal operation.

| -6-
, .
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APPENDIX A

FACT SHEET

1. Double seal arrangement at each end of the generator shaft supplied
|

by two independent oil sealing systems.

2. Three backup systems exist for air side seal oil system each of wh.i_ch will
_

maintain nominal generator gas pressure and allow continuation of 100% power

operations. These backup systems are:
;

a. Shaft mounted Main LO Pump !
1

b. Seal Oil Backup Pump mounted on main oil reservoir .

c. Air Side Seal Oil Backup Pump at seal oil unit*

3. Last backup system for air side seal oil is the turning gear oil pump. This

will maintain a minimal (2 psig) machine gas pressure requiring shutdown.
.

4. There is no backup for the hydrogen side seal oil system. Operation at full

power may continue without the hydrogen side seal oil systam provided

machine gas purity is reduced to conserve hydrogen.

(

i

e

G

8
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APPEliDIX C

IMPORTAtG SYSTEM PARAMETERS

1. Machine gas pressure (hydrogen) is 75 psig

2. Air side seal oil pressure is 87 psig (12 psig above machine gas pressure)

3. Hydrogen side seal oil pressure is 87 psig (maintained at + 2 inches H O from
2

air side seal oil pressure

4. Seal oil temperature at oil discharge of coolers should be maintained at 100 F.0
,

Allowable range is 80 to 1200F.
.

5. The vain turbine shaft mounted oil pump is the primary source of air

side seal oil backup whenever the main ' turbine' is greater than 2/3 full

speed..

6. When air side seal oil pressure decreases to 8 psig greater than machine

gas pressure, the main turbine shaft mounted oil pump or the reservoir mounted

seal oil backup pump will provide seal oil.

7. When air side seal oil pressure decreases to 5 psig greater than machine gas

pressurs, the air side seal oil pump, (50-P2) mounted or the seal oil Unit

will provide seal oil .

-10- -
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APPENDIX E
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*

REFERENCES

|

j 1. Westinghouse Instruction Manual 20792- Seal Oil System
.

2. Vestingnouse Drawing 614F177-5 (B&R File No. 10-00-0504)
~ ~ ~ ~ ~

{ 3. Operating Procedure 2106-3.3 -

4. Westinghouse Drawing 721J843 (B&R File No. 1-00-0210)
.
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i

GLAND STEAM SEAL SYSTEM
LECTURE OUTLINE

.

I. Objectives :

A. To know the purpose of the Gland Steam Seal System.

B. To be able to draw a sketch of the Gland Steam Seal System.

C. To know the values of major operating parameters:

D. To be able to trace the system out in the plant.

E. To be able to discuss operation and control of the Gland Steam System.

II. Purcose of the System:
.

A. Prevents air leakage into or steam from the main and feed pump t1rbine
cylinders along the rotor.

TII. General System Cescriotion:
.

' ' '

A. Two Succlies

1. Gland Steam can be supplied by the Auxilary Steam System during
startup or by Main Steam after approxitetely 40% power.

B. Inlet Reculating Valve

The inlet regulating valve (air operated MS-V257), takes steam from ahead
of the MSIV's or the Aux. Steam header and maintains a constant 125 psig
in the gland steam header. . It is provided with motor operated isolation
valve and bypass valve in the event of a malfunction.

C. Gland Pressure Reculating Staticns

There is one regulating station for the HP Turbine seals, four stations
for the LP turbines - one e.each journal bearing, and one at each feed
pump turbine. These pressure regulating stations decrease Gland Steam
header pressure down to 1.5 psig for the main turbine seals, and to 3-5
psig for the feed pump seals. The air operated regulating valves are
provided with manual isolation and bypass valve in the event of a malfunction.

D. Valve Leak-Offs

1. Main Turbine .

a. The throttle valve high pressure stem leak-offs are connected

i

! Page 1 of 9
|
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.

IV. Other Systems Associated with the Gland Steam Svstem.

1. Cendensate System which desuperheats the steam and removes heat from
tne Gianc Steam condenser. -

2. AuxiTiary Steam System supplies steam during startup.

3. Main Steam System is the normal steam supply.
f

. - - - . .

.

.
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Appendix 3

INTERLOCKS

There are no interlocks associated with the system.

1

.

.

.

.
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Appendix E

''

REFERENCES

1. Westinghouse Instruction Book, Volume 1 and 2, Burns and Roe Spec.1.00.

2. DeLaval Instruction Book, Burns and Roe Spec.10.00

3. Burns and Roe Flow Diagram 2002, Main and Reheat Steam.,

4 Burns and Roe Flow Diagram 2005, Feedwater and Condensate.
'

5. Burns and Roe Flow Diagram 2010, Condenser Air Extraction.

'6. Burns and Roe F1mv Diagram 2634, Gland Steam Seal System.
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MAI!! TURBINE LECTURE CUTLI'IE

I. OBJECTIVES

A. To know the ficw path of the steam, the basic parts of the turbine,

the function of the Supervisory Instruments, and the basic operstional

partmeters.

B. To be able to draw a sketch of the steam flow path.

C. To be able to trace and identify supporting systems and canponents out

in the plant.

D. To be able to discuss operation, control, trips, and inte.-locks
,

associated with the main turbine.

II. PURPOSES OF THE SYSTEtts

A. The turbine changes the high temperature and pressure steam energy from

the 11555 system, into rotational energy which the generator then converts

into electrical energy.

B. The floisture Separator Reheaters (MSR's) remove the moisture in the
.

HP turbine exhaust steam and superheat it to approximately 5050F before

the steam enters the LP turbines.

C. The Turning Gear rotates the turbine rotor during shutdown periods to

minimize rotor bow.

D. The Exhaust Hood Sprays limit the turbine exhaust hood temperature below

. 1600F.

E. The Turbine Supervisory Instruments monitor turbine rotor and casing

parameters, and indicate and aiann on panel 16.

III. GEi!ERAL DESCRIPTI0tl
.

A. Basic Information

The turbine is a 926 lM, three casing, tandem compound, four flow, conder. sir

-2-.
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Westinghouse flSSS turbine. It operates at 1300 rpm with inlet

conditions of 325 psig and 5700F, and exhausts to 2.5" Hg Abs.;

'

B. Steam Chest

The only way the turbine can supply more or less energy is to increase

or decrease the steam ficw to the turbine. This steam regulation is

the function of the two steam chests (See Fig. #1), one located on each

side of the HP turbine.

Each steam chest is made up of two throttle valves, two control valves,

and crossties to the other steam chest. During startup, the control valves,

are fully open, and steam flow is controlled by the throttle valves.

At approximately 1700 rpm, the steam control function is transferred

to the control valves, and the governor valves fully open. Figure 2

shows the 11, numbering of the valves, and the opening sequence of the

governor valves. Figure 3 shows a :ut away of the throttle valves, and

Figure 4 shows a cut away of the control valves.
.

C. High Pressure Turbine

The steam chest outlets are connected to the high pressure casing through

four inlet pipes, each of which connects to a nozzle chamber enclosed

within the high pressure casing. Two of these inlet connections are in

the base and two are in the cover.- The steam flows axially in both

directions. from the nozzle chambers, through the blading to the four

exhaust openings (two at each end) in the casing base, See Figure 5,

6, 7, & 8.

|

The first row of HP blading is made of"Rateau blades," (impulse).

The energy imparted to these blades comes from the momentum of the

-3- '
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steam. All the other blades are " Reaction Blades", and get their

energy from the expansion and turning of the steam.

There are 8 stages in the HP turbine. Extraction steam for Fh'

heating is taken off at the 3rd stage, and from the HP turbine exhaust,

which is 8th stage.

D. Moisture Senarator Reheaters (MSR)

The high pressure turbine exhausts through four " Cross-Under" pipes

to four Moisture Separator Reheaters (MSR), See Figure 9, where it

flows through chevren type moisture separators, two stages of reheat .

and then through Reheat Stop Valves, Interceptor Valves, and into

the LP turbines. Reheat steam to the feedpump turbines also comes off

two of the MSR's before the Rehat Step Valves.

Figure 10 shows the major flow paths associated with the MSR's.

Third Stage extraction steam supplies the first stage reheater, and

main steam suoplies the second stage reheater. The !!SR drains to the

heater drain tank, with a high level dump to the condenser. Both of

the tube bundles drain to a drain pot, and then cascade to the 3rd

stage reheater, with a high level dump to the condenser.

Moisture Seoarator Reheater Temnerature-Control

The first stage reheat valves (supply, vent, and drain) are opened

before steam is adnitted to the turbine generator and remain open

as long as the turbine is in operation. ?!o other control is exercised

over the first stage reheater.

.
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The reheater control system for the second-stage reheater system

meets the following requirements:

1. Due to thermal stresses and possible distortion of the LP turbine

stationary parts, maximum instantanecus tenperature change

of steam to the LP turbine inlet (reheater outlet temperature)

should be limited to 1000F. Except for such an instantaneous

change, the rate of change of this temperature should not exceed

2500F per hour.

2. The possibility of overheating the last two rows of blades of -

the LP turbine (s) requires that crossover tenperature be

6limited to a maximum of 400 F for continuous operation below

10% load.

- Modes of Oceration on MSR Temo. Control

The 2nd stage reheater controller is located on panel 16, See Fig.11.

Prior to starting the turbine the controller " Power On" button is

pushed. This resets the unit.

Roll and load the turbine per startup and loading curve.

At 10% load open purge valves and purge noncondensables from

reheater tube bundle

At 35" load open main steam shutoff valve and push " Ramp" button.

This will activate the circuit that controls the opening of the

reheater control valve over a period of one hour to provide a

uniform rate of increase in the steam temperature to the LP turbines.

For continued operation at or belcw 10 load, the reheat control

valves must be adjusted to obtain an LP maximum inlet temperature

%~
-5-.
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of 4000F within approximately 15 3 nutes after reaching 10" load.i

If this mode of operation,is desired, push the "4000F" button. If

load is increased from continuous load at 10" or below, push the

" Ramp" button at 35" load.

Hot Start-When the LP turbine inlet metal temperature is 300 F and0

above, push the " Hot Start" button. When the unit load output reaches
-

35%, push the " Ramp" button which will ramp the reheat control valves

to full open from the 4000F position.

Reset Button-If the startup following a shutdown requires starting

in the cold start mode, push the " Reset" button to close the reheater

control valves.

" Manual Button" - The manual mode is to be used in the case of a

failure in the electronic system. In this case the operator would

push the "ftanual" button and then position the valves with the

" Valve Positioner" knob.

E. Low Pressure Turbines

The reheated steam from the MSR's flows through Reheat Stop Valves,

and Interceptor Valves in " Cross Over" pipes and into the two LP

turbines.

The purpose of the Reheat Stop Valves, and Interceptor Valves is to

limit the flow of steam frem the MSR's to the low pressure turbines

after a load rejection.

The steam enters the LP turbine from the tcp and flows into 2 semi-circular

blocks. From there, it expands in both directions through 8 rows
.

o
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of Reaction Blading and exists downward to the condenser, See Fig.12.

Extraction steam is taken out at the 10th, lith,13th, and 14th stage.
.

The LP turbine exhaust hoods are protected frem overpressuri:ation

by a low vacuum turbine trip, and by ruoture diaphrams which will rupture

at 5 psig.

F. Bearincs
_ .

The 9 turbine-generator journal bearings are numbered from the governor

to the generator end. Lubricating oil is introduced to the be rings

at 2 o' clock and is carried around by the wiping action of the shaft.
,

See Fig.13 and 14

Two bearings, #3 and #4, are supplied with bearing lift oil. This high

pressure oil is supplied at the bottom of the bearings, and lifts

the shaft making it easier to rotate on turning gear. See Fig.15.

The thrust bearing, located between journal bearings 4 and 5, serves

to anchor the axial position of the rotor. From this point, the shaft

is free to expand in either direction. The thrust bearing also

absorbs any axial thrust due to unbalanced loading of the turbine.

The thrust bearing, See Fig.16, consists of self leveling shoes

located on either side of a collar machined on the shaft.
G. Turnino Gear

The turning gear minimizes rotor bow after shutdown or before startup,

by rotating the shaft at about 2.5 rpm. It should be used after shutdown

at least until the rotor temperature decreases to between 300 and 400 F.0

.

With the control switch for turning gear in Auto,as the rotor speed
'

.
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decreases to 600 rpm, the oil solenoid valve, 20/TGO, will open to

supply lubrication to the gears. At zero speed, the engage air

solenoids will energize, stroking the air cylinder to engage the gears.

If sufficient bearing lift oil (850 psi) and lube oil (6 psi) pressure
exists, the motor will then start. If the gear teeth were not fully

engaged, they will slip and then engage.

During startue, as the rotor speed, increases above turning gear

the gears will move apart, and the disengaged air solenoid will energize

to back off the gears. The motor must manually be turned off. .

|

The motor is also supplied with a square drive on the top of the shaft '

for manual operation if power is lost. See Figures 17 and 18.
1

H. Exhaust Hood Sorays l

The exhaust hood sprays are designed to cool the L? turbine exhaust

hoods at low flow or low vacuum conditions. -

I
.

.

They are control. led by a local pushbutton, or automatically )
by an exhaust hood temperature controller set at 160 F. |0

!

Condensate is supplied from the condensate pump discharge header,

and flows through a ring of spray r.ozzles around each LP turbine exhaust. I

% '

I. Turbine Suoervisorv Instruments I

1. Startup Temperature Recorder, Panel 16
|

This records turbire metal and steam temperature. From this recorder j

comes the first stage metal temperature which is the limiting condition

for startup times.,. .

-8-
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2. Turbo-Graf Casing Expansion & Rotor Positio.. Recorder

As a unit is taken from its cold condition to its hot and

loaded state, the therhal changes in the casings will cause

it to expand. Because one end of the unit (near the center-

line of the low pressure turbine (s))is secured to the foundation,

the casings will expand axially away from this anchored point.

The opposite end of the unit (the governor pedestal) is designed

to move freely along lubricated longitudinal keys. If the free
.

end of the unit is hampered from sliding smoothly along the guide

keys as the casings expand, serious damager to the unit may result. -

The casing expansion meter measures the movement of the governor

pedestal relative to a fixed point (the foundation). It indicates

expansion and contraction of the casings during starting and

stopping periods, and for changes in load, steam temperatures, etc.

Should it fail to so indicate during these transient conditiens, the

situation should be investigated. The relative position of the

governor pedestal, as indicated by this instrument, should be

essentially the same for similar conditions of load, steam conditions,

vacuum,etc.

The rotor position instrument measures the relative axial position

of the turbine rotor thrust collar with respect to the thrust bearing

support. The thrust collar exerts a pressura against the thrust

thoes, which are located on both sides of the thrust collar. A small

axial displacement of the rotor occurs as the eiectrical load on the
;

.
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unit changes. Wear on the thrust shoes results in an axial

movement of the rotor, which is indicated on this instrument.

The instrument is equipped with an alarm which will sound if

the rotor moves beyond a predetermined distance.

3. Turbo-Graf Differential Expansion Recorder

When steam is admitted to a turbine, both the rotating parts

and the casings will expand. Because of its smaller mass, the

rotor will heat faster and therefore expand faster than the casings.

Axial clearances between the rotating and the stationary parts are
.

provided to allow for differential expansion in the turbine, but

contact between the rotating and stationary parts may occur if the

allowable differential expansion limits are exceeded.

The purpose of the differential expansion meter is to chart the
~

relative motion of the rotating and stationary parts. It gives

a continuous indication of the axial clearance while the turbine

is in operation. The instrument is equipped with an alarm which

will sound if the limits of axial clearances are approached.

As the rotating and stationary parts become equally heated after

a transient condition, the differential expansion will decrease,

resulting in larger axial clearances. The steam flow and the

temperature to the turbine can then again be changed.
.

This instrument measures d.:rteential expansion at two points:

one at the governor pedestal, and one by the turning gear

generator end). It has alarms for rotor long and rotor short

measured at either location.
.

-10-
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4. Turbo-Graf Rotor Eccentricity Recorder with Phase Angle
Indication

Rotor eccentricity is monitored continuously frc= turning

gear speed to approximately 600 rpm. When the unit attains a

speed of approximately 600 rpm the recorder is automatically

switched frem eccentricity to vibration. Bowing of_the rotor

will appear as vibration above tha; speed. The recorder is
.

equipped with an alarm which will sound when the eccentricity

limit is reached.

.

An eccentricity phase angle indicator is provided which

displays the angular relationship between the eccentricity

"High Spot" and a reference point namely the No. 1 balance-hole.

The eccentricity pickup is located in the governor pedestal.

5. Turbo Graf Vibration Recorder with Phase Angle Indication

The vibration instru=ent is used to measure and record

, vibration of a turbine rotor at speeds above 600 rpm: below

this speed rotor runouts are recorded as eccentricity (see

paragraph 4 above). The vibrations are measured on the rotor

near the main bearings. Excessive vibrations serve as a warning

of abnormal and possible hazardous conditions in the turbine.

The vibration recorder is equipped with an alarm, which will
|
|

sound when excessive vibrations are measured at any one of '

the bearings.

A phase angle indicator is provided which displays the angular

relationsnip between the "High Spot"-on a particular bearing

-11- .
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and the turbine rotor reference, namely the f;o. I balance-hole.

A 9-position selector switch located on the franc face of

the vibration power' drawer controls the selection of the phase

angle of a particular bearing.

6. Turbo-Graf Speed and Valve Position P.ecorder

During a startup or following an instantaneous loss of load,

it is desirable to have a record of rotor speed. However,

when the generator is on the line, the speed is constant and need

not be recorded. At synchronous speed a record of governor valve

position is useful, since the valve opening varies with the load -

on the unit.
.

The selection of either valve position or speed input to the

recorder is controlled by the position of the main generator breaker.

A speed record is maintained with the breaker open, and a valve

position record with the breaker closed.'

J. Load Chances

A change in blade-path staam temperature will produce thermal stresses

in~ the rotor which persist as long as there is a difference between
^

the surface and interior temperatures of the rotor body. Sucn a

difference exists during and immediately following a rapid change in

the surface temperature because of the time required for heat to

flow from the surface into the interior. The stress is proportional

to the temperature difference and is greatest at the rotor surface.

It is called a transient stress because it ceases to exist when the

surface and interior temperatures have equali:ed.

.

-12- '
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Charts have been drawn up which provide guidelines to minimize

rotor stress due to load changes. See Fig. 21 and 22. From

Fig. 21, we can estimat'e the first stage temperture change between

two power levels. Then we can use thatcT, and the 10,000 cycle

fatigue capacity line, to get a time period. This time period

we can then use to set our load rate of change ("/ min).' "

An internal tenperature change of 80 F or less caa be made
,

i

instantaneously without exceeding the stress corresponding to

the selected 10,000 cycles of fatigue capacity. |

The following tabulation lists load changes which can be made

instantaneously without exceeding the selected 10,000 cycles cf
,

'fatigue capacity:

0-10 percent

10-30

20-53
.

30-78

40-85.
.

50-100

Figure 23 is used to determine startup times corresponding to different

first stage metal temperature.

IV. OTHER SYSTF14S ASSOCIATED WITH f. tait! TURBI!!E

1. Main Staam

Supplies steam to the steam chests, and to the second stage reheaters.

2. Turbine Lube Oil
.

Lubricate the bearings.
,

1
1

'
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3. Turbine Electro Hydraulic Control (EHC) System

Controls the turbine steam valves.

4. Gland Steam

Seals the turbine shaft from steam leakage out; or air leakage in.

~

5. Condenser Air Extraction

Increases turbine efficiency.

'

j .

.x

4

b

.

.

b

.

e

$
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APPEfiDIX A SYSTE!! FACT SHEET

.

1. Two steam chests on either side of the HP turbine, each with two

Throttle Valves (TV) (Stop Valves), and two Governor Valves (GV)

(Control Valves).
. .

2.
.

Transfer from Throttle Valve Control to Governor Valve Control at 1700 rpm
.

-

3. Steam flows from the center of the HP turbine, in both directions, and

out 2 outlet pipes at each end.
,

,

4. Four Moisture Separator Reheaters (MSR's) separate moisture from HP

turbine exhaust, and have two stages of reheat, 3rd stage extr etien,

and main steam.

5. Each of the four steam lines from the MSR's has a Reheat Stop Valve, and

Intercept valve to isolate the LP turbines if the turbine trip. They

have no control function.

6. The HP turbine has 8 stages. Extraction steam is taken out after the

3rd stage, and from the HP turbine exhaust which is the 8th stage.

7. The LP turbines have stages numbered 9 through 14. Extraction

steam is taken out after the 10th, lith,13th and 14th (exhaust)

stages.

8. The nine turbine generator journal bearings are numbered from the
,

governor end to the generator end. There are two for the HP turbine rotor,

l
*

i
i
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2 for each of the LP turbine rotors, 2 for the generator rotor,

and one for the exciter.
,

9. Bearing lift oil is supplied to bearings 3 and 4.

10. The thrust bearing anchors the axial position of the rotor. It is

located between bearings 4 and 5.

11. The turning gear rotates the rotor at 2.5 rpm to minimize rotor

bow during shutdown.
'

.

12. The exhaust hood sprays are located at each end of the LP turbines.

They are on between 600 rpm and 10" power, or if the exhaust temperature

is 71600F.

J3. Panel 16 start up Temperature Recorder monitors turbine metal and

steam temperatures.

14. Casing expansion is measured at the front standard.

15. The rotor position instrument indicates wear or sever loading of the
thrust bearing. The pickup is located at the thrust bearing.

16. The Differential Expansion Recorder measures the position of the rotor

relative to the casing. It indicates if the heat up or cooldown

rate is too rapid.

17. Eccentricity is measured at the front standard and recorded up to 600 rpm.

18. Above 600 rpm, the recorder shifts to vibration. Vibration is measured
at each of the 9 bearings.

2 of 3

_



-- - - - - . . . . - . - . . . - - - . -- .-. _ . . - _ . . . . _ - . - - - . _. - . . - .

i

'

.

.

!

|

2

i 19. Both vibration and eccentricity read out a phase angle.
1

1

.

Speed and valve position recorder measures the turbine speed until |
20

| the generator breakers close, and then switches to control valve position. i

|
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APFINDIX B It!TERLOCKS

For turning gear operation, one'zero speed pressure switch must actuate,

you must have > 180 psig bearing lift, oil pressure, > 5 psig bearing lube

oil pressure, and the gear teeth must be engaged.

(SeeListofTurbine' Trips).
.
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APPEtiDIX C IMPORTAtiT SYSTEM PA?JstETERS

1. Any of the following ' conditions should automatically trip the

turbine:

1.1 Generator main transformer overall differential protection relay
,

1.2 Generator differential L neutral overvoltage --

,
1.3 Generator neutral ground overvoltage (low frequency)

1.4 Generator neutral ground overcurrent
.

1.5 Generator negative phase sequence

1.6 liain trans. 2A overcurrent differential
'

1.7 Main trans. 2B overcurrent differential

1.8 Main trans. 2A neutral overcurrent

1.9 Main trans. 2B neutral overcurrent

1.10 Main trans. 2A sudden pressure rise

1.11 Main trans. 2B sudden pressure rise

1.12 Phase comparison (Transmission line fault)

1.13 Inoperable generator breaker

1.14 EHC DC Bus trip

1.15 Reactor trip

1.16 Both feed pumps tripped

1.17 Overspetd 1EOPS (1998 rpm)

1.18 Overspeed EHC (1998 rpm)

1.19 Auto stop solenoid limit switch tripped

1.20 Manual push button
,

1.21 Vacuum low (8-12" Hg abs)
*

.
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1.22 Thrust bearing gross wear or failure

1.23 Low bearing oil pressure (5-7 psig)

1.24 Loss of 2 of the 3 sp'eed imput signals to the lE0pS.

2. If any of the following conditions exist the turbine should

manually be tripped:

2.1 Exhaust hood temperature above 230F as recorded on Controlled

Start Temperature Recorder, pts. 13, 15-17.

2.2 Differential of 50F between exhaust hoods as recorded on

Controlled Start Temperature Recorder, pts. 13, 15-17.
.

2.3 Differential of 2.5" Hg between condensers as recorded on MS-UR-19

2.4 Journal or thrust bearing metal temperature of 225F as recorded

on YM-TR-1925 pts 1-11.

2.5 Vibration of 14.0 mils as recordad on Rotor Eccentricity &

Vibration Recorder, pts.1-9. MorE.al 4 mils
.

2.6 A reading of 275 or 1435 mils for pt. 20 (Generator End)

Differential Expansion Recorder. Normal is 1,000.

2.7 A reading of 193 or 645 mils for pt.19 (Governor end) Differential
Expansion Recorder. Normal is 500.

2.8 A reading of 20 or 100 mils on Turbine Rotor Position Recorder;

normal is 60 mils.

3. Vacuum should be maintained on turbine trip or normal shutdown,

unless trip was because of: loss of lube oil, thrust bearing trip,
water in turbine, or loss of cooling water to LO coolers.

.
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>; 4. A minimum of 700F oil discharge temp. frem the bearings j

| Is necessary before turning gear operation. |
! <

f

5. Critical Speeds:
,

I

High Pressure Rotor 1955 rpm '

Low Pressure Rotors 1552 rpm - -

!

!

, Generator Rotor 970 rpm ;

1

-

1
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APPEllDIX D REFEP.EfCES

,

1. Westinghouse Instruction flanual, Vol. I and 2 Spec.1.00

.

.

|

|
<

|

1
!

|
1

|

|
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APPENDIX E FIGURES

v

Figure 1 Steam Chest '

Figure 2 Steam Chest - Moz:le/ Block Valve Arrangement

Figure 3 Throttle Valve

Figure 4 Control Valve -

Figure 5 HP Turbine

Figure 6 Steam Inlet to HP Turbine

Figure 7 HP Turbine'No::le Black.,

Figure 8 HP Turbine Noz:le Block

Figure 9 Moisture Separator Reheater

Figure 10 ftSR System
^

Figure 11 MSR Controller

Figure 12 LP Turbine

Figure.13 Journal Bearing

Figure 14 Journal Bearing Cross Section

Figure 15 Bearing Lift Bearing

Figure 16 Thrust Bearing

Figure 17 Turning Gear

Figure 18 Turning Gear

Figure 19 Control Panel

Figure 23 Control Panel -
,

Figure 21 Load Changing Diagrams

Figure 22 Load s.'ianging Diagrams

.
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ENCLOSilRE I

, UNIT II CATEGORY IV CR0 STUDY ASSIGilMENT SHEET

C,YCLE 2-1

NAME START DATE

COMPLETI0fl DATE
.

1.
.

Read System Description #17 - Makeup and Purification.

2. Trace the Makeup and Purification System.
! 3. Read OP' 2104-1.2 - Makeup System.

4. Complete the Makeup and Purification Questionnaire.

5. Read System Description #20 - Decay Heat Removal.

6. Trace the Decay Heat System.

; 7. Read the following procedures: '

|. .

a. OP 2104-1.3 Decay Heat Removal.
b. EP 2202-1.8 Loss of Decay Heat Removal.

8. Complete'the Decay Heat Removal Ouestionnaire.

9. Road System, Description #18 - Chemical Addition.
.

10. Read the following procedures:

a. OP 2104-1.12 - Nuclear Plant Chemical Addition,
b. OP 2103-1.2 - Soluable Poison Concentration Control.

11. Conplete the Chemistry nuestionnaire.

12. Read the following:
|

a. OP 2103-1.7 - Water Chemistry
! b. EP 2202-1.1 - Reactor Trip

-

c. EP 2202-3.1 - Fire
d. OP 2104-6.1 - Fire Protection System

i e. EP 2203-1.5 - Loss of Makeup
f. EP 2203-1.1 - Loss of Doron
g. Tech Specs - Section 2

TOTAL POIllTS TO DATE FROM ENCLOSURE 2 -

ddITTEN TEST DATE RES!!LTS

ORAL TEST DATE REST!LTS '

ANSUERS filSSED, HAtIDED Ifl CORRECTED

SIGilSTl!RE OF LICENSED TRAIllING COORD. DATE

_ __. _. _ _-. .
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CYCLE 2-1

REFERENCE MATERIAL FOR QUESTIONNAIRES

.

REFEREMCE d TITLE

1 Makeup and Purification System Description #17.

2 Makeup OP 2104-1.2.

3 B&R Drawing #2024.

- 4 Decay Heat Removal System Description #20. '

'S Decay Heat Removal OP 2104-1.3.

6 B&R Drawing #2026.

7 Unit 11 Standard Tech Specs.
*

8 Chemical Addition System Description #18.

9 OP 2104-1.12 - Nuclear Plant Chemical Addition.

10 OP 2103-1.2 - Soluble Poison Concentration Control.,

.
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DECAY HEAT REMOVAL QUESTIONNAIRE

|2-1

.

I

I1. During a cooldown, at what oressure and temoerature is the DH System placed in
operation? Explain. (Ref #4)

2. How many DHR circuits are necessary to remove design decay heat? Describe the
flow path used for DH remeval. (Ref !4)

3. What factors determine the amount of decay heat to be removed following a
Reactor S/D? (Ref #4)

,
-

j

4. Concerning the BWST during Mode 1:

a. What is the minimum allowable volume of water? (Ref #7) ib. What is the minimum allowable Boron concentration? (Ref #7)c. How often must we verify (a) & (b)? (Ref #7)
d. How can we assume a sample of the BWST is representative of the entire tank? ;

(Ref #4)
i

5. Explain the function and operation of the interlocks' associated with the following
values: - '.

a. DH-V1
b. DH-V171
c. DH-V2
d. DH-V100 A,B
e. DH-V3
f. DH-V102'A,8

6. During LP injection, describe what automatic and manual actions should occur
when the BWST LO-LO Level alarm annunciates? Why must the above actions happen?
(Ref #5)

7. Assuming the RCS is drained for head remaval/refuelina, what variable can we
control to avoid a vortex and subseouent loss of DHR suction? How do we controlthese variables?

8. What must be donw to the MU and CF systems prior to placing the DH System in -

operation? Why? (Ref #5)

9. When purifying the RCS with the DH System, what precaution should be observed? Why?

.

m

,

b

.
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MAKEUP AND PURIFICATION SYSTEM OUESTIONNAIRE

2-1

.

1. What gases are used to pressurize the Makeup Tank? When is each used? What function
doeseachperform?(Ref#1)

2. Concerning RCS Letdown, how do we control: (Ref f1),

a. Flow Rate
b. Temperature
c. Pressure

.

3. Describe the functions and ooeration of the interlock associated with MU-V376. (Ref #2,
4 When is RCP seal injection required? (Ref !2)

5. Nhat is the minimum RCS makeup ficw rate when RCS > 2500 F7 Why? (Ref #2)0

6. How many MU-P's must be operable for Mode #1 operation? What power sources are
available for each MU-P? (Ref #2)

7. Where may letdown flow be directed other than the MU-T? When must flow be directed
to the MU-T? Why? (Ref #2) ~ ~

'

8. . Explain the operation of the MU-P lubrication system during a pump startup. (Ref 82)
9. Which MU-P is normally running? Which MU-P is the normal sta.1dby pump? Ilow is this

pump placed in Standby? Which normal operating pump trips will start the standbypump? (Ref#2)

10. Assuming nor' mal operating line-up, explain the consequences of moving the Backup
pump selector switch to the "B-C" position. (Ref #2)

'

11. Describe how the MU System will respond to an SFAS actuation. What additional actions
will occur when RB pressure reaches 4 psig? (Ref #2)

12. What precautions must be observed when placing a new MU resin bed in service? Why?
(Ref #2)

13. What conditions will cause a " Feed and Bleed Enabled Borate-Deborate Alarm"? When isa Feed and Bleed operation terminated? (Ref #2)
.

14 Draw a simplified diagram of the MU System. Include all major valves, equipment
and system interconnections. (Ref #3)

.
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UNIT II CHEMISTRY QUESTIONNAIRE

2-1

.

1. Indicate the various end-point uses of the following chemicals: (Ref #8)

a. Boric Acid
b. Sulfuric Acid
c. Sodium Hydroxide
d. Lithium Hydroxide
e. Hydrazine

. 2. Indicate the Steady State and Transient Limits for the following RCS chemistry:
(Ref #9)

a. Dissolved 02
b. Chlorides
c. Flouride

3. What overall plant conditions must be met in order to reduce RCS boron
concentration? (Ref #10)

4. Wnat is the minimum S/D margin we are allowed when doing a cold fill of the RCS
with demin water? How can we determine we will meet the limit without adding
more boron? (Ref#10) .

t
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THI - 2 MU-P-1A/lC STARTING SEOUENCE

a

*NON ES .! OTHER PUMP ON BUS NOT RUNNING
1

*CR FROM MU-;'-16 '

MU-P-1A/lc TD0 5 SEC.
MU-P-1B It!STAflTPIE005_ - PUMP NOT IN TRIPED STATE

~ (ANY AUTO TRIP)

.

_-- LOCAL CONTROL STATION IN REMOTE POSITION
STANDBY START
IF SELECTED .

\--RXLNP

T T ST BY _- CONTROL ROOM SWITCH IN START
LOSS OF
NORMAL POWER

' ES .. _

NUCLEAR SERVICES CLOSED COOLING FLOW
--

(STARTS MAIN OIL PUMP)
,

- LUBE OIL PRESSURE 7 4 PSIG

'

Z 2.5 SEC. TIMER (STARTS ON MAIN OIL PUMP START)

.

Kd-P-1B START SE00ENCE

SAME AS 1A/lC EXCEPT TIMER SETTING IS 3.0 SECONDS
-

NOTE: LUBE OIL PUMP (AUX) RUNS 2 MINUTES AFTER SHUTDOWN
.

l

.

|

!

|



TMI - 2 MU-P-1A/1C BACKUP START

-

_ CONTROL POWER VOLTAGE AVAILABLE
.

*fl0N ES _7 OTHER PUMP FROM BUS NOT RUflNING
--

CR
|

PUMP NOT IN TRIPPED STATE-

t
*CR FROM MU-V-16

MU-P-1A/1C TD0 5 SEC.
MU-P-1B IllSTANTANEOUS

Z LOCAL CONTROL STATION IN REMOTE POSITION

CONTROL ROOM SWITCH IN NORM-AFT-START OR
NORM-AFT-STOP

.

2 TRI'P CONTACT OFF TRIPPED PUMP (AUTO START)

_~ : NUCLEAR SERVICES CLOSED COOLING FLOW
(STARTS MAIN OIL PUMP)

.

'~

-- LUBE OIL PRESSURE 7 4 PSIG

,

! 2.5 SEC. TIMER (STARTS ON MAIN OIL PUMP START)

.

MU-P-1B BACXUP START

CHANGE 2.5 SEC. TITTER TO 3.0 SECONDS

.
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ENCLOSURE 1

UtlIT II CATEGORY IV ASSIGflMENT SHEET
,

CYCLE 2-2
.

NAME START DATE

COMPLETION DATE

. 1. Read the following System Descriptions:

-A. !SO - SFAS
B. #200 - Core Flood System
C. #28A - R.B. Spray System
D. #45B - P.B. Emergency Cooling

2. Read the following Procadures:

A. OP 2105-1.3 - SFAS
B. OP 2104-1.4 - RB Spray System
C. OP 2104-1.1 - Core Flood
D. OP 2104-5.1 - RB Normal and Emergency Cooling
E. EP 2202-1.3 - Loss of RC/RC Pressure

3. Review the SFAS Hand Out

4. Complete the SFAS, Core Flood, Building Spray Questionnaire

5. Read the following Procedures:

A. Plant Heatup - OP 2102-1.1
B. Plant Startup - OP 2102-1.3
C. Power ops - OP 2102-2.1
D. Plant Shutdown - OP 2102-3.1
E. Plant Con 1down - OP 2102-3.2
F. Appraoch to Criticality - OP 2102-1.2
G. Hydrogen Purge - EP 2203-2.6 ~
H. Unanticipated Criticality - EP 2202-1.2
I. Load Rejection - 2203-2.1

.

6. Read Section 3 of Standard Tech Specs

TOTAL POIllTS TO DATE FROM ENCLOSURE 2
'

WRITTEll TEST DATE RESULTS

ORAL TEST DATE RESULTS

AflSWERS f1ISSED, HANDED IN CORRECTED

DATE:
SIGilATURE OF LICENSED TRAIllING COORD.

.- .- _ . - - - . - -
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REFERErlCE MATERIAL FOR OUESTION?tAIRES ,

2-2

.

REFERErlCE 8 TITI.E

1 System Description 8288 - Core Flood

2. Standard Tech Specs

3 OP 2104-1.1 - Core Flood System

4 SFAS Handout - provided-

. ,
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SFAS, CORE FLOOD Atl0 BUILDIt!G SPRAY OUESTI0fitlAIRE

2-2

1. Under nomal ooeratinc conditions; what provides isolation between the CFT and the
RCS? Is tnis same method suitable when the RCS is open for refueling? Explain.
(Ref#1;'

2. When operating at power, what indications do we have of leakage through CF-V4A, SA?
(Ref #1)

3. During Mode 1 operation, what are the core flood system limiting conditions?
How often must each of these conditions be verified? (Ref #2)

4 At what point during a Startup and Shutdown do we cycle the CF-T isolation
valves? (Ref#3)

5. How many SFAS actuation sections do we have? Why? What three (3) major subsections
are included in each actuation? (Ref #4)

6.*. What parameters are monitored and used to actuate each of the following actuations.
Include how many instruments are available, actuation setpoints, and the number
of instruments that are required to cause the actuation. (Ref #4)

a. Safety Injection
b. RB Isolation and Cooling -

c. RB Spray

7. How many groups of components comprise each actuation section? Why are the components
separated into groups? (Ref #4)

8. List the sources of water available to each of the indicated pumps during SFAS.
Include order of preference and how each source is selected (auto or manual): (Ref 84)

.

a. Make Up Pumps
b. DH Pumps
c. BS ? umps

9. What will cause the emergency diesel generators to start? Outline the starting
logic assuming a station blackout has occurred. (Ref #4)

10. Following the conditions in question #9, will all previously running loads imediately
restart? Explain

.

11. Describe the conditions which must be met in order to have the following indications:
(Ref #4)

a. " Protective Function Fully Enables"
b.. " Channel Tripped"
c. " Bypass Reset Pennit"
d. " Bypass"
e. " Defeat Permit"

,

|

|

|



12. When perfcrming a test of Safety Injection manual actuation "Ad. why must the
"llolding coil" Push, Button be depressed? (Ref #4)

13. What is. the purpose of the channnel select switch in the auto actuation testing
scheme? (Ref #4)

14 What are " critical service" valves and how are they treated differently during SFAS
testing?(Ref#4)

15. How can the operation regain control of components actuated during a: (Ref#4)
a. Manual SFAS actuation
b. Auto SFAS actuation

16. Draw and label a simplified diagram of the ECCS. Include all major tanks, pumps,
valves, etc.-

|
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SAFETY FEATURES ACTUATION SYSTEM

, (SFAS) l

THREE MILE ISLAND UNIT 2 !
"

. ..

. -
,. ,

.

__ _

I. OBJECTIVES - *

_

'

'A. To know the functions of the SFAS.
{

-.

:, -.- - ..

. B. To know what signals will aci:uate the SFAS (including setpoints)..

- - .' .
.. ,

C. ..To be abic to discuss nomal and emergency operation of the SFAS
*

and its associated systems.

Tobeab5etodiscusstheinterlocksandTechnicalSpecificationsD.
-

' '

'".' associated with the SFAS.-

.
_

.II . FUNCTIONS
'

.

~

-

A.5kodetectaLossofCoolantAccident(LOCA).
B. To initiate the required Engineered Safety Features (ESF)

necessary to mitigate the consequences of a LOCA, such as:
* 1. Emergency Core Cooling (Safety Injection).

Reactor fuilding Isolation and Cooling.2.

3. Removal of fission products from the R. B. Atmosphere. '

4. Availability of emergency on site eleci.ric power supplies.
.

. . . ,
5. Control Room Emergency Ventilation -

.

C. The Engineered Safety Features (ESF) will:
.

1. Prevent core melt down.
.

i. Maintain the integrity of containment.

3. Ensure that the exposure of the public to, radiation will be

below the limits of 10 CFR 100.,

4-,

. ..

.n.. - . - -.-. - . - -

_ -
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III. GENERAL DESCRIPTION, j

A. The SFAS consists of 3 sections:

1. Reactor Building Spray Actuation
'

2. Reactor Coolant Safety Injection Actuation

(EmergencyCoreCooling)

3. Reactor Building Cooling and Isolation Actuation

B. Each section consists of two redundant independent actuations.
.

1. Actuation A--color coded Red

2. Actuation B--color coded Green

C. Each section is actuated by a 2 out of 3 logic matrix ^

consisting of:

1. For R. B. Spray Actuation, 6 R. B. Pressure sensing channels

(3 for Actuation A and 3 for Actuation B).
'

2. For Safety Injection Actuation, 3 RCS pressure sensing
,

'
channels.

_

3. For R. B. Cooling and Isolation Actuation, 6 R. B. Pressure

sensing channels (3 for Actuation A and 3 for Actuation B).

D. The 2 out of 3 logic on each sys' tem actuates

1. Safety Injection using the M U system for high pressure
.

-

injection (HPI) and the D H system for low pressure

injection (LPI).
1

2. R. B. Isolation--Containment Isolation Valves and the
'

Environmental Barrier System. '

.

3. R. B. Coo *ing using the B S System and R R System,

4. Removal of fission products in Reactor Building atmosphere
'

by B. S. System.
.

5. Auto start of diesel generator to ensure availability

of electrical power supplies.

-2-

-_ . _ . _ . . . . _
_

_ _y ___ " -' "
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'IV. DETAILED SYSTEM DESCRIPTION

1.- A. Signal Development-

1. Reactor Coolant Pressure Sensing -

a. RC-3A-PT3, RC-38-PT3 and RC-3A-PT4

b. Bistable Cabinets #124, !125, #126

1. Each Bistable Cabinet contains a trip and a
,

.

bypass bis 'ble.

2. Cab'inets lit and 126 contain-a 320 psig bistable

for DH-V1,171 and 2 interlock. -

1%
y

2. Containment Pressure--High High (Building Spray)
]

'

''

a. RS-PS-3253, 4, 5, 6, 7 and 8.
:

B. Wired direct to Relay Cabinets (no bistables).-

,

Contai:nenk; Pressure--High (Reactor Building Isolation and3.
,

.
.

Cooling). .
"r, .

'S-PS-3259, 3260, 3261, 3987, 3988 and 3989Ba. -

- b. Wired direct to Relay Cabinets (no bistables).
, ,

_
B. Actuatior Logic

1. 'Four cabinets for each actuation logic

d. Three'cabincts receive output from Bistable Cabinets

for Safety Injectton and from Containment Pressure-High
'

. ..p| pressure switches for Reactor Building Cooling and Isolation.
b. 4th Cabinet contains manual actuation relays .

2. Each of the 3 auto actuation cabinets contains identical relays -

for component actuation.
.

''

Identical relays in 2 of the 3 cabinets must be tripped toa.

satisfy contact matrices and actuate a particular component.

B. All relays are deenergia to actuate.

1-3- |
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' , ' C. Automatic Initiation
.

1. Signal sequence for a major LOCA.

a. 1600 psig RCS press'ure
.

,

b. 4 psig RB pressure

c. 30 psig RB pressure

2. 1600 psig RCS pressure ~

:a. Signal. development

. 1. RC-3A-PT 3/4 and RC-38-PT3
.

.: . .;t
*

.

2. Bistable Cabinets

3. Actuation cabinets - - -

4. ESF corponents for HPI and LPI and associated
-

support systems such as NR, NS, DC AND DG's

b. H P Injection -
,

.

1. Flow Path
.

.,
.

d. BWST
,

. . .

B.
s . H..-V5.'.s '..
D

'

.

. c. DH-V147'_s [[)

d. MU-P's

a. MU-V16's

f. RCS cold legs

g. Reactor Vessel

2. FlowRate(MU-P's)
. . _ . _ . . . . .,

,

a. 500gpmeachatl1080psigdischargehead /.
, ,

c. L P Injection

1. Flow Path

a .' BWST -

.

-4-
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b. DH-V5's

c. DH-P's

d. DH-V4's ,

*

e. Core Flood Nozzles

f. Reactor Vessel

2. Alternate Flow Paths
'

Piggy Back operation--DH-P discharge may be serit to.a.
-

MU-P suction via DH-V7's. .
,

b. DH-P suction automatically shifted to Reactor Building

sump when BWST at lo-lo level (6 ft.).

3. Flow Rate (DH-P's)

a. 3000 gpm each at 150 psig discharge head.

d. Decay Heat Closed Cooling Water (DC)

, 1. Cools DH-P's motor'and pump
.. .

,
.

- 2. ,DH Removal Coolers

Nuclear Services River Water System (NR)e.
..

.l. Flow Path

a. River Water Pumps House Intake

b. Following components through parallel paths

. 1. RWPH HVAC
,

, ,,

'
2. DC Closed Coolers

.... .. .;
3. Suction Reactor Building Emergency Cooler Booster

u *

P;, umps.:
2.:

4. Control Building Booster Pu.nps

5. NS Closed Coolers ;

t

. 6. Diesel Generator Coolers , _.

j 7. Return to river through MDC7 and Rad. Monitor Pit.
|

-
~ .

. 5
.
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f. Nuclear Services Closed Cooling Water System (NS),,

'

1. Provides Cooling Water To -.

a. MU Pumps
.

b. RR Pumps '

c. BS Pumps

.

d. Spent Fuel Coolers

e. IA Compressors

.

4 psig Reactor Building Pressure3.

(Containment Pressure--High)
~

._

a. Signal Development
-

1. BS-PS-3259, 3260, 3261 (3987, 3988, 3989)
---

2. Actuation Cabinets '

3. ESF Components for Reactor Building Isolation and Cooling,

HPI and LPI
- --

.
,

a. HPI--sane as above ~
'

--
-

b. LPI--same as above .I ~
'

b. Environmental Barrier System

' 1. Pressurizes CIV bodies to prevent out leakage from Reactor

Building (provides third barrier to environmental leakage

of containment atmosphere).

2. System utilizes 4 methods
.

CIV provided with metal diaphram or bellowsa.

1. Functions to completely isolate valve's stem -

when valve is closed. r

2. Used for the following CIV's

CA-V8, CF-V144, CA-V9, WDL-Vil25, CF-V145, CA-V10,,

MU-V376,MU-V377,WDG-Vl99,WDL-ill26
.

-6-
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b. Injecting water into bonnets of CIV's
)

'

i 1. Creates water seal between valve stem and bonnet
5 2. Must be manually actuated after the following

'

conditions are satisfied:

a. R.B. isolation signal has been received
"

b. Indication that all valves served by a given

local seal water tank are closed
. _ _ !

-

\.

. y 3. Used for the fallowing CIV's:

NS-V72, NS-V81, IC-VS, IC-V4. IC-V3

c. Additional check valve in the process line

. 1. Check valve has all joints seal welded -

Reduces direct environmental leakage to zeroa.

u 2. Used in the following process lines:
"

? ~

.N2 and fill to core ficoding tanks
.

,
,,

,

'' d . Additional globe valve in the process line *

1. Valve arrangement reduces direct environmental .,

.

leakage to near zero

' 2. Used in.the N2 and fill lines to Core Flooding Tanks
c. Penetration Pressurization (PP)

1. , Maintains all electrical and mechanical penetration sleeve
,

. cavities at a pressure between 10.0-53.0 psig
. .. s.

.

2. - System is completely passive

3. MS and FW are not pressured .

4. Personnel access air locks, equipment access door, the
,

flanges of the 2 fuel transfer tubes and the incere
,- ,

instrument replacement cable penetrations are not pressurized
.

.

-7-.
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d. R.B. Emergency Cooling (RR)

1. 2 RR-P's start

2. RB-V25's close, al1 RR-V5's and 6's open
,

3. RB-P's trip and RB-V2's close

4. Flow path

a. RR-P's take suction from NSRW

b. RR-V5's and RR-V6's
. c. Cooling coils ~

d. RR-Vil's

e. MDCT
- -

'

5. RR-V11's maintain back pressure to prevent out leakage from

R.P.
.

6. aH-4-ll's start in fast
,

e. R.B. Spray - *

.

1. BS-V1's ' open to establish flow path
~

NOTE: BS-V3's are locked open.
. . _

f. Control Room Emergency Ventilation..

1. System switches to recire mode of operation
'

AH-E-4A/B start:and air passes through filters.a.

b. Dampers D 4092A,B,D, and ED4098 are positioned for

recirculatioh

Starts C.B. RW Booster Pump, cht? led water pump andc.

liquid chiller unit.
.

<

4
.

30 psig R.B. Pressure (Containment Pressure High-High)

Actuation logic (2/3) established in BS-P start circuita.

1. BS-P-l A' fran BS-PS-3253,4,5
.

2. BS-P-1B from SS-PS-3256,7,8

-8- '
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*"
b. BS-P's start,,

, c. Flowrate: 1500 gpm each loop 0150 psig.
-

D. ESF Electrical
.

1. Diesel Generators.,

ES (1600 psig or 4 psig) - Diesel Generator will start but not loada.

..~. b. ES with UV - DG will. start and sequence load per attached table -

E. Manual Initiation .

'

-1.
,

,-, All manual initiation relays are energized to actuate

~.i[ 2. Controls located on Panel 3

a. 2 pushbuttons for each ESF actuation,

$6 1. PB1/RCA and PB1/RCB initiates safety injection

. 2. PB1/RBA and PBl/RBB initiates RB Isolation and Cooling and

Safety Injection.

''

b. Only PB1/RBA and PB1/RBB need to be depressed for complete ESF
-

.': . actuation.-

,

, ,
F. SFAS Te' sting

1. Manual. Actuation System

- a. C~ntrols to allow testing are located on Panel 3

1. PB 8

a. Must be kept depressed during testing

b. Energizes holding coils for manual reset pushbuttons

PB-2,3, and 4

2. PB-2, 3, and 4/RC (Manual actuation reset pushbuttons)
.

.

Allow separation of comoonents required for safetya.

injection

b. Each component group may be tested, individually, thereby

ensuring operability of all components without actually
.

-9-
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** initiating core injection,

c.. When PBl/RC (Safety Injection manual actuation pushbutton)

is depressed, only the groups of componenf.s associated

with the manual actuation reset pushbutton not depressed

and held in by the holding coil of PB 8 will actuate

3. PB-2,3, and 4/RB (Manual reset pushbuttons)
'

a. Allow. separation of components required.for RB Isolation
- and Cooling

b. Each component group may be tested individually, thereby

ensuring operability of all components without actually

initiating RB isolation and cooli'ng

When PB1 IRB (RB isolation and cooling manual actuationc.

pushbutton) is depressed, only. the. groups of components
.

"

associated with the' manual actuation reset PB's not

; .: depressed and held in by the holding coils of PP 8 will

actuate
,

, d. PB1/RB will initiate safety injection unless PB-2, 3

and 4/RC are depressed also.

2. Automatic Actuation System.

,

Controls to allow testing located on ESF Status Panel (Panel 13)a.

b. Safety Injection Testing
.

1. 4 position test switch (TS4/RCA(B))
-

.

a. ' Establishes the 2 channels which will be tested of the 3

channels existing for that actuation system

1. Position 10FF

2. Position 2 Channels 1 and 2

3. Position 3 Channels 2 and 3 *
.

4. Position 4 Channels 1 and 3
. i

?' .

-10-!
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2. Group Test Pushbuttons (TS1, TS2 and TS3).

Separates componetns into groups such that safetya.

injection will out occur during testing.
.,

R.B. Isolation and Coolingc.

1. 4 position test switch (TS4/RBA(B))

Establishes test channel logic as in 2.b.1.a abovea.

2. Group Test Pushbuttons (TS1, TS2 and TS3)
_

Separates. components into groups such that R.B.. a.

Isolation and Cooling will not occur during testing
G. ' Safety Injection Bypass

1. When RCS pressure is reduced to 1820 psig for each safety injection

channel will trip and illuminate the white BYPASS P'ERMIT LIGHT on
i

panel 3
i

'

2. Be.twaen 1820 and 1600 psis the Bypass (PB1/RC) pushbutton (Amber

Light) for each channel must be depressed to prevent actuation.
3. Safety injectio' n channels automatically reset at 1820 psig increasing

RCS, pressure

V. SYSTEM FACT SHEET '

~

A. Electrical lower: Supplies - -r/ l
1

11. 120 VAC Vital Power Supply 2-1V

Bistable Cabinet Channel 1 (Cabinet 124)a.

b. Actuation 1 Relay Cabinets
.

1. Actuation B Cabinet 201 '

2. Actuation A Cabinet 133
,

Actuation A Indicating Lights Power Supply Panel 13c.

.

-11-
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EDG START LOGIC
.

1. ES Actuation - EDG receives start signal immediately
2. UV on 2-1E/2-2E -

a. Load shedding and UV alarm immediately.
b. 3 seconds after UV, normal feeder trips and alternate feeder shuts,
c. EDG receives start signal if bus voltage not restored 2 seconds after

alternate feeder shuts,

d. If the alternate feeder bkr. fails to restore bus voltage within 3
seconds from the time it received a signal to close, it will trip.

e. EDG will then reenergize the bus when up to rated voltage and frequency
if other conditions also satisfied for EDG Skr. auto-closure.

.

'

- EDG SEQUENCE LOAD TEST
-

.

1. Accomplished in conjunction with manual actuation PB's.
2. For test monitoring, use 3 lights over SEQUENCE LOAD TEST PB on Pnl. 13.

a. RIGHT LIGHT - lights when EDG SEQUEllCE LOAD (START) TEST PB is depressed,
b. CErlTER LIGHT - lights when SI or RB manual actuation TEST PB is .

depressed if:
1.) tio auto ES actuation signal ( less than 2 channels tripped )
2.) Normal feeds to 2-1E/2-2E closed
3.) EDG SEQ. LOAD (START) TEST PB depressed

c. LEFT LIGHT - lights 120 seconds into test. Tells operator test will
auto-terminate in 120 seconds.

3. Test will stop: -

a. Automatically 4 minutes after depressing PB1/RC- or PB1/RB- ( manual jactuationPB's') .

b. When EDG SEQ. LOAD (STOP) TEST PB is depressed ;

c. 2'out of 3 channels tripped on auto actuation system (ES actuation) !

.

.

O

d

4

l
,

h |
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G. LOADING SEQUENCE

1. Blackout with ES (UV and ES)
.

a. No time delay'

.

'

1. D.G. Room, H&Y -

2. R.B. cooling valves, R.B. Isol . valves, MU & DH valves, .
NS-P1 A/S & valves, MU-P lube oil pumps, DH-P1 A/B,

' Rectifiers (Battery chargers)
,

.

3. DG auxiliaries *

4. : Control Building lighting
_

.

5. . Radiation Monitoring ,
. N.[ . . ,

**

/ b. Following T.D.? f
'

*T',.,,, ,.

'"
' :s..

-' 1. 2.5 sec. - MU-P1 A/C
2. 3 sec. - MU-P1 B if its selected STBY pump has not'

yet started.
3. 5 sec. - NS-P1 e if A/B not started -

4. 6 sec. - EF-P2A/B *.

DC-P1A/B , Control Room4
.

AH-E4A/B/
AH-C16A/B'

5. 10sec. - NR-P1A/B/C/D (One per loop).
.

6. 14 sec. - BS-P1 A/B - .

'A.
AH-C17A/B (Cable Room) * ..

.

AH-C19A/B (Mech. Equip. Room).
' .-

'

,

AH-C20A/B (Screen House)
'. 7. 16 sec. -AH-EllA/B/C/D/E (R.B. Vent)

~ 8. 89 sec. - RR-PlA/B/C/D (One per loop)
; NR-P2A/B (C.B. Booster Pumps),

,

'

. , I' 2. Blackout without ES (UV ONLY)

a. No time delay
,

- 1. H&V - EDG B1dg.
2. EDG auxiliaries
3. ~ Battery Rectifiers
4. Rad. . Monitoring

'

.

5. _ Control Bldg. lightingi

6. . MU-P oil pumps
,

.

b. After time delay ~
"

.

1. 2.5 sec. MU-P (soon to be eliminated as per R.W. Bensel)
2. 6 sec. - NS-P1 A/B * * ~

3. 11 sec. - NS-PIC (if A/B not started)
4. 12 sec. - H&V Control Rcom (AH-C16A/B) |

EF-P2A/B :.

5. 16 sec. - NR-PIA /B/C/D (one per locp) |
6. 20 sec. - H&V Cable Room

H&V Mech. Equip. Room
H&V Screen House

; ;-

.

'

11.b; .
,
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2. 120 VAC Vital Power Supply 2-2V,

' '
Bistable Cabinet Channel 2 (Cabinet 125)a.

b. Actuation / Relay Cabinets
'

1. Actuation A Cabinet 198.

2. Actuation B Cabinet 202
.

Actuation B Indicating Lights Power Supply Panel 13c.
,

3. 120 VAC Vital. Power Supply 2-3V

Bistable Cabinet Channel 3 (Cabinet 126)a.
.

b. Actuation / Relay Cabinets

1. Actuation A Cabinet 199
1

2. Actuation B Cabinet 203

4. 125 VDC Panel DCC-1A
.

a. Actuation A Cabinet 200
.

5. 125 VDC Panel DCC-2A
.

'

a. Actuation B Cabinet 204

B. All.ESF bistables are automatic reset
C. Bistables for interlocking operation of DH-V1,171 and 2 are auto reset
D. Bypass bistables are automatic reset

E. Tripping of a bypass histable will not automaticaIly bypass an ESF

channel. Operator action is required.

F. The status of all ESF componetns is indicated on Panel 13 in the Control
Room

1. ' Red or Green light - normal condition or position ~

2' White light - ESF position or condition ~.

3. Amber light - Normal condition

4. Blue light - ESF condition
.

-12-
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H. NaOH is added to the BS and DH systems to raise the pH of borated
,

water added during safety injection and containment atmosphere
,

:spraying
-- --

,
.

_ r
!

. .-. - I

VI. INTERLOCKS
_

-

A. ~ 320 psig bistable, cabinet 124 interlocks DH-V1 and 171 to close-

; when RCS pressure is > 320 psig-

B. 320 psig bistable, cabinet 126 interlocks DH-V2 to close when RCS

pressure is >320 psig

C. Electrical interlocks prevent cortponents with dual power supplies

from starting on both actuations
.

'

D. ES signals prevent ties between safety features buses from being-

closed during ESF conditions.

E. Lo-Lo level 'in the BWST is interlocked to automatically switch
.P s
'- . suction from the BWST to the RB sump

VII. MAJOR PARAMETERS

A. Safety Injection Bistables (BT-1,2,&3) will trip at 1600 psig RCS

pressure (decreasing), reset at 1600 psig (incret. sing)

B. Safety Injection Bypass Bistables (BT-4,5&6) will trip at 1820 psig
:-

RCS pressure (decreasing) reset at 1820 psig (increasing)
'

C. RB Isolation and Cooling Pressure. switches trip at 4 psig (increasing)
.

D. HPI flow rate = 500 gpm each pump at 600 psig discharge pressure

E. LPI flow rate = 3000 gpm each pump at 100 psig discharge pressure
'

F. RB spray flow = 1500 gpm each 1 cop at 55 psig RB pressure

VIII. TECHNICAL SPECIFICATIONS,

!

. -

13--
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TABLE 1
SAFETY FEATURES ACTl!ATTON SYSTEM INSTRUMENTATION

HINIMUM
TOTAL NO. CilANNELS CilANNELS APPLICABLE

FUNCTIONAL IN!!T OF CilANNELS TO TRIP 0PERABLE HDDES

.

1. Safety Injection
(llPI&LPI)

,

a. Hanual Actuation 2II) 2 2 1,2,3,4
b. RCS Pressure-Low 3 2 2 1,2,3
c. Actuation Logic 2 ) 2 2 1,2,3
d. Containment Isolation 3 J 2 2 1,2,3

and Cooling Actuation -

Relay <

~
.

2. Containment Spray
a. flandal Initiation 2(2) 2 2 1,2,3,4
b. Containment Isolation ,

and Cooling Manual
Initia tion 2(3) 2 2 1,2,3,4

'

c. Containment Pressure - 3 per 2 per 2 per 1,2,3
I!igh-liigh Ap ation Actuation Actuation

d. Actuation Logic 3p 2 2 1,2,3
e. Containment'Is61ation*and 2' 2 2 1,2,3

Cooling Actuation Logic

3. Contaltwnent Isoaltion
and cooling
a. flanual Initiation 2 2 2 1,2,3,4
b. Containment Pressure-High 3 per Actuation -| 2 per Actuation - 2 per Actuation 1,2,3
c. Actuation Logic 2 2 2 1,2,3

~

4. Main Steam Isolation ~

a. Manual Initiation 2 2 2 1,2,3
,

5. Containment Dnergency Sump Suction Later
'

6. Feedwater Isolation
a. Steam Generator Pressure- 2 per OTSG 1 per OTSG 2 per OTSG 1,2,3

~

Low
'

.

-
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l.

1

*

TABLE I NOTATION

_

l. Each channel actuates one HPI and.one LPI system.

2. Each channel actuates one Spray Pump.

3. Each channel actuates flow path values for one spray pump.

,
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e *
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*
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e
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e
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TABLE 2 ' '
.,,

M ENGINEERED SAFETY FEATURE ACTUATION SYSTEMS INSTRUMENTATION TRIP SETPOINTS ' '
.i - -

.
. ..ns -

- ., .

'"

FUNCTIO 1AL UNIT' TRIP SETPOINT ALLOWABLE VALUES
. *

,

1. SAFETY.INJECTIbN
~

.

(Iligh Pressure and Low '

PressureInjection)
-

.

.

.. . *
.

. -

a. Manual Initiatfori Not Appitcable - Not Applicable-

. . .
' . .

b. RCS Pressure-Low 3,'(1600)psig >( )psig
.

'

c. Actuation Logic Not Applicable Not Applicable. I

-
. :

d. Containment Isolation *'
'

and Cooling Actuation
. . *u Relay Not Applicable Not Applicable *2 .

.

u 2.- CONTAINHENT' SPRAY
. -

- *- - *.
-
" . - ..

.

a. Manua) Initiation 'Not Applicable . -
~

~
' -..

Not Applicable
|

,
.

'
* -

b. Co'ntainment Isolation . .|
.

and Cooling Manual -

.
-

* , -Initiation Not Applicable Not Applicable '

-
.

vi c. Containment Pressure-- '5 '

|!! liigh-liigh- 1 3,0 psig 1( )psig.
*,

g .
.,

,U- .
d. Actuation Logic , Not Applicable Not Applicable

-

. . .

.

.e. Containment Isolation .--,
** -

and Cooling Actuation. *

Logic Not Applicable Not Applicable
'

?,. -
.,* '

- - ... -

|
. -

. .
.

_.
. . , , , . 2. -

, .
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TABLE 6.2-23
.i

,

.

CONTAINNEarr PIPING PDIETRATIOIS INCORPORATING ENVIIt0NMENTAL EUdlIERS

Isolation Diviros.,

FSAR Line Va. Arrg't. Ihvirqa. Barrier *Penetration Fig. Size Isolation (See Fig. Isolation Barrier Initiation
Number * Proceso Brette Nienber (inches) Valve Na. 6.7-31) 'Va. Tree Fin, 11a . Method

'

R-526 - Steam Generator Sample Line 9.3-5 1/2 ea 3 probe 6.2-39A Auto
*

R'52T Core Floodsas Tank steed and Sample 6.2-27 1 *e %- Globe 6.2-394 AUfo

5-528 steam Generator Sample Line 9.3-5 1/2 ** 3 01obe 6.2-30A AUTO

R-529 neactor Coolant Drala Pump Dimebarge 11.2-1 % ea 3 Globe 6.2-39A AIFf0

R-53T N and Fill Ao Core Flooding Tank 6.2-27 1 CF-Y11%s&CF-v137s T 01obe 6.2-39C&D Aut0 &2
*

N.C. Manuale

R-538 Pressuriser Steen and Water Space
Sample Line 9.3-2 1/2 ee 8 Globe 6.2-39A atrio

R-541 Leteown Lloe to Purificattoa Domin. 9.3-6 2-1/2 ea 9 01obe 6.2-394 AU10,

R-5%4 N2 and Fill to Core Flooding Tank 6.2 27 1 CF-Y11%ASCF-Y137A T 01obe 6.2-39C&D AUTO &
M.C. Manuale

B-5%5D R.C. Pump Seal Water Return 9.3-6 2 ** 12 Globe 6.2-39A atrio,

%
*

'

R-546 Presourtser, Steen Generator and
.Core Flooding Tank Vente 11.3-1 % ee 3 Globe 6.2-39A AtFIO

R-5%T Reactor aldg. Sump Ppop Discharge 11.g.3 b ee 3 Clobe 6.2-39A AUTO

e R-557 N.S. Closed Cooling Water to R.C.
Piamp 011 & Motor Coolere 9.2-5 8 & 1/2 38-VT2&NS-V210 18 Cate & 01obe 6.2-39s&D . Manual &

N.C. Manuals
| + R-558 .

R.C. Pump 011 & Motor Coolers 9 2-5 8 us-V81 3 Cate 6.2-39a Manual

N.S. Closed Cooling Water From

| e R-559 I.C. Cooling Water to Roller Nut
Drive Cooling Co!!o 9.2-7 3 1C-V5 18 cate 6.2-398 Manual

i

9 .
4

'

+ R-563 I.C. Closed Cooling System 9.2-7 6 & 1/2 1C-C4&IC-V207 18 Cate & 01obe 6.2-398&D Manual &
N.C. Manuale *

+ R-567 3.C. Closed Cooling System 9.2-7 6
.

IC
_

-V3 3 Cate 6.2-398 Manual
.

R-573 thru R.C. Pump Seal Water Supply 9,3-6 2.%.1%3/4 seU U-Y330 & 21 Globe 6.'2-39A&D AlHO &
3-516 ,

i Mu-V36% N.C. Manuale
.

.g * the N.C. Manual Barriere are employed on Isolation Valve Test Connectione ape Brain Linee .

*

The Isolation Valves for these penetrations s!11 be served by a common, local seal water storage tank.e_

y 88
2he Isolation Yalve Teg. No. will be supplied after the valves, which contata the environ: ental barrier, are purchased,sa

9
'

.
_

in .

. ,

,_

____ __ _ _ _ _ _ _ __ __ _ ___ _ .
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CCMPCNfNT COLCA KW ,NCRMAL- LCCA uc. gE;a SUFF'Y A W~ Ei.EM
,

REA. SW WNTI; PURGE
AH E l!C R/G Z7 52.90 ' RUN(3 RUNh/ 7"4f2 l (. 2f'irJ22:2 3 074 - 46 0~
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.AM E tie 'G 2.7 - 8Z.30 RUN(3/5) RUN(45)2TdM I fe 2* 23E 3074- 4 8
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.HR-vM4B G 0.0) CPEN. 2 22E .5074 -53- -

j . AH-C 88 G 102- 110.4d ' MANIJAL ,RUNQt2)2TK:5 89 ' 2-22E, 30TT- 4
*
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NUC F.t:0 R:VER WTR .
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. :)sorEM sueCOMPCNENT5 USTED UNCER WIN SWTEM COMPCNENT5 ARE NTERt.CCKED
- -

TD CPERATE WITH THE uAN SYSTEM COMPCNINT e.g NR-P-48 STARTS WHEN *
-

-

EITHER NR.P.1A CR 18 RECEIVES A START SIGNAL,

2)ES ACTUAVON: L HIGH PRESSURE M.|ECTICN ., ,,gcopsi REAC Coct, FRgg3U2E
. 2 REAC SLDG ISOLATION ?. MOUNG _ _40 REAC BLD3 PRESSURE * *

,

- -
. S.REAC SLO 3 SPRAY __ ._ 30 REAC SLOG PRESSURE -, NUMBERS UNDER ONE OR MORE Off WESS CO.uMNS LNCLCATT E IN SECCHOS AFTsR

A 1.OCA AT WHICH THE MSCCIATED COMPQNENT RECEIVES AN ES ACTUATION SIGNAL.
3)~THE FRACi10N FOU.CWING THE CPERATING STATUS fNDICATES HOW MANY COMPCNaT5
N THE SYSTEM ARE REQUIRED TO OPERATE q NR-P-1A-RUN 1/4 MEANG CNLY CNE| PUMP 15 RECUIRED FOR NORMAL OPERATICN.

..

4) '1NE NUMBER PRECIDLNG THE OPERATING STATUS is WE 71NE IN SECONCS AfrTSR A*

LOP AT WHICH WE ASSCCIATED CCMPONEN!5 RECE1VES AN ACTUATION FROM THE; LCD LOADING SEQUENCE.
. ,

*
.

5) LOADING Of' *lHESE COMPONENTS DURtus t.OCA IS NOT CRITICAL AND '7 HEY WAY
SF ACTUATED LATER IN THE LCADtNG SEQUENCE CR MANUALLY ACTUATED AS MAY BE'

DETERMINED BY FURTNER STUDY.;
.

! . ENGINEERED SAFETY FEATURES fFA-
'

', NUCLEAR SAFETY RELATED W'; -

.
-

- -

. . .

.

! BURNS AND ROE. INC.
~

j
OSADTLL N J. MEterSTT AO. M. T. LOS ANGELES. CAblF.

AP9mov89 OfCUENT 4.1G KV SWGR ESF BUS 2-2E
EMERG PCWER t. CAD SEQUENCE

*
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SAFETY INJECTION "A"

.

GP3 4P2 gp]

DH-P-1A Main Bearing Lube Oil N3-P-1A
T31E-41E-2 NR-V9A MU-P-1A (Main Brg 011 PU)
NR-P-1B T12E-22E-2 TIE-2E-2
MU-V36 NR-V40A Annun. C33 P8
NS-V84B NS-P-1C Auto Leading
MU-V16A P8, Annun. C33 DC-V96A

~

MU-V16B ' DH-V102A T3E-4E2
NR-V42A DH-V4A DC-P-1A.

- NS-V215 DH-VSA NR-P-1A
NS-83A 6323B/RCA DH-V8A Auto Loading
NS-V83B T11E-21E-2
NS-V21 DF-X-1A

DF-X-1A
G2-12
DF-X-1A
DF-X-1A
DF-X-1A

.

6
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e es-
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R.B. 150 & CLG "A"

GP1 gpg p

FB-FYV-3740-1 BS-VIA AH-C-8A
FB-FYV-3741-1 MU-V2A
NR-V51A CA-V4A AH-E-11C
DH-V3 RR-P-1B IC-P-1A
NM-V52 CA-V9 MU-V377
CF-V144 CA-V10 IC-V2
RR-V2B WDG-V1126 AH-E-11B.

RR-V2A WDL-V22 IC-V5(AC)SV-V55 AH-E-11A' IC-VS(DC)
.

- RP TsA EDG-V199 NS-V81(DC)RR-V5B AH-V125A NS-VS1(AC)RR-V5C AH-E-4A NR-P-2AAH-V101.2,5,7 AH-E-4A NS-V72(DC)AH-V81 WDL-P-2A NS-V72(AC)WDL-V1095 WDL-P-28 RR-V25A
DC-V114 AH-D-4073,AH-EP-52468 RR-V25BAH-V60,62,5,22.1A,1B,4A, 2-1V Shunt Trip RR-P-1A

4B.AH-E-12A&B,19A&B 2-3V Shunt Trip
AH-P-1A RR-V25C-51
MU-V2B

.

b *

*
.

G

S

e

9 e
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SAFETY INJECTI0tl "B"

GP3 GP2 GPl
,

'

DH-P-1B MU-P-lc NS-P-1B
T41E-31E-2 T22E-12E-2 DC-V96B
NR-P-1D NR-V98 MU-P-1B (Mn Brg Oil PU)
MU-V37 NR-V408 PS Annun D33
MU-V16C NS-P-lC Auto Loading
MU-V160 P8 Annun C33 T21E-llE-2
NS-V32(DC) DH-V102B T4E-3E-2-

NS-V32(AC) DH-V4B DC-P-1B
-

NS-V67(AC) DH-V8B NR-P-1C~

NS-V67(DC) Auto Loading
~

NS-V215 T2E-1E-2
NS-V83A 6323C/RCB DF-X-1B
NS-V83B DF-X-1B
NS-V216 G22-12
NR-V42 DF-X-1B

CF-X-1B
DF-X-18

.
.

9 6

O

e

e

e

e

t
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R.B. ISO 1 GLC "B"

8

GP1 GP2 GP3
'

FB-FYY-3742-1 BS-V1B MU-V25
NR-V51B

. NR-P-2B
CF-V115 CA-V4B IC-P-18
DH-V2 RR-P-1D MU-V376
NM-V104 CA-V8 AH-P-1B.

RR-V2C CA-V1 NS-V100-

RR-V2D CA-V3 RR-P-1C
AH-V80 CA-V6 IC-V3 AC)

-

-

SV-V54 WDL-V271 IC-V3 DC)
'

RR-V6C AH-E-11C IC-V4 AC)
RR-V60 WDL-V1125 IC-V4(DC)RR-V6E WDG-V2 RR-V25DAH-V103,4,6,8 WDL-P-2A RR-V25E
WDL-V1092 WDL-P-2B AH-C-8B
DC-V103 AH-D-4073,AH-EP-5246B
AH-E-11D 2-2V Shut Trip
DC-V115 2-4V Shut Trip

- AH-V6,71,71,73,3A,38,2A,28 AH-E-4B
AH-E-12A,128,19A,19B RR-V2SC-52

AH-E-11E AH-V125B
_. MU-V18

.

.
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ENCLOSURE 1

UNIT II CATEGORY IV STilDY ASSIGilMENT SHEET

CYCLE 3-1

flat 1E START DATE

COMPLETION DATE
.

.

1. Read the Unit II Turbine Generator Controls Handout.

2. Read the following sections of the Turbine Tech. Manual:
a. Vol. I Tab #5, #8a, #8p, #8r, #10, #11, #12, #19,

#23, #29, #37, #40, #41, #42.
b. Vol. II Tab #8 under " Heat Transfer Apparatus"
c. Vol. III, Book 1, Sections 2 & 3

.

3. Read the following procedures: .

a. 2106-3.1 Turbine Generator
b. ~106-3.2 Turbine Lube Oil System
c. 2106-3.4 EHC
d. 2106-1.2 Extraction Steam
e. 2203-2.1 Load Rejection
f. 2203-2.2 Turbine Trip

4. Conplete the Turbine Generator Controls Questionnaire.

S. Read Section 4 Tech Specs (Surveillance)

TOTAL POIllTS TO DATE FROM ENCLOSURE 2

WRITTEi! TEST DATE RESULTS

0RAL TEST DATE RESULTS

ANSWERS 11ISSED, HANDED IN CORRECTED

DATE:
SIGilAillRE OF LICEl45ED TRAltlIflG COORD.

-

.

\ Y
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CYCLE 3-1

REFERENCE MATERIAL FOR GUESTIONNAIRE

,

REF.# TITLE

1 Handout (provided)
-

2 Westinghouse Turbine Tech Manual (Spec #1)
'

3 OP 2106-3.1 Turbine Generator

4 OP 2106-3.2 Turbine Lube Oil

5 OP 2106-3.4 EHC

6 OP 2106-1.2 Extraction Steam

7 EP 2203-2.1 Load Rejection

8 EP 2203-2.2 Turbine Trip

9 System Description #2 - BLEED STEAM

10' System Description #7 - HEATER ORAINS

.

1

|

|
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. TURBIflE GENERATOR C0tiTROL OVESTIONtlAIRE !

3-1

|*

1. Ilow is EllC fluid temperature controlled? What are the (a) minimum,
(b) normal, (c) maximum fluid temperatures? (Ref. #1)

2. How nany EHC Pumps are available? Required? What is the source of |power for each? (Ref. #1)
|
!

3.
-

Describe how EHC H.P. Supply. header pressure is maintained. Include |setpoints, alarms, and automatic interlocks. (Ref.f1)
1

4. Describe the function and operation of the LVDT's associated with the |
TV and GV actuators. (Ref. #1) ;

,

5. Which valves will trip closed following actuation of the OPC Soleniods? !Physically, what prevents all valves from closing? (Ref. #1)

6. Concerning the AEH Controller, what is meant by " Speed Control" and
" Load Control"? What determines which mode the controller is functioning
in? (Ref.#1) .

7. The AEH Controller is in "0PER AUT0", " SPEED CONTROL", and.'"TV C0flTROL":
a. Ilhat signal control.c the GV's? Why?
L. Describe two (2) met.'tods of changing GV positian in this condition. (Ref.#1)

8. How', by design, does the AEli Controller prevent valve movement when
changing from "0PER AUT0" to " TURBINE MANUAL" control? (Ref.!1)

9. lihat effect, if any, does the speed error signal have on the AEH Controller
when operating in " LOAD CONTROL"? (Ref.#1)

10. Explain how the AEH Controller (a) operation and (b) indications change
when selected to " IMP IN" versus " IMP OUT" during a loading transient.
(Ref. #1)

11. Explain the function and operation of the Throttle Prescure Controller.
(Ref. #1)

,

i

12. At what speed do we nonnally transfer control to the GV's? Describe '

how the system perfroms this manipulation. (Ref.#1,3) ;

!13. Briefly describe the function and operation of the IOPS. Include i
setpoints and a discussion of the various soleniod valves actuated '

by the system. (Ref. #1)
:

14. Describe the various flowpaths to, within, and from the itSR's. Include:
a. sources of steam
b. drain paths )

-

(Ref. #1)

_ _ _ _
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15. Concerning the MSR Controller, explain the difference between the
"4000F." and " HOT START" modes. When is each used? (Ref. #1,2,3)

16. Describe the function and op'eration of the extrection steam stop-check
valves in the following situati 7s: (Ref. #1)
a. turbine reset for operation
b. turbine trip
c. Rl Heater high-high level

17. Following a prolonged shut-down, how and why (by design) do we insure
the turbine casings are free of water? (Ref. #3)

, 18. Draw a block diagram of the generator excitation system. (Ref.#1)
19. Briefly explain how the output of the Trinistat Power Amplifier is

varied. (Ref#1)

20. Ilhat is the major difference between operating with the " Base Adjust"
versus the " Volts Adjust" controls? What precautions must be observed
when using the " Base Adjust" while the generator is on the line? (Ref. !1)

21. Outline the response of the WTA Regulator to a decreasing terminal
vol tage. (Ref.#1)

22. Briefly explain how the generator is syncfronized in the " manual" and
" auto" modes. (Ref. #1)

.

f
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UNIT II TURBINE GENERATOR CONTROLS
^

Tt!RBIflE C0tITROL

I. General

A. Turbine control is achieved by varying the turbine valves' openings.

Hydraulic cylinder move the valves to the reauired openino, with elect-

rically-operated servo valves controlling the cylinder's position. Electrical

positioning signals originate in the controller. The operator may also

position the valves through manual valve controllers.
- II. E-H High Pressure Fluid System (fig 1.) *

A. Function

1. The E-H fluid system provides motive force to position turbine

steam valves in response to electrical commands from the electronic

controller, acting through the servo-actuators.

B. System Fluid
'

1. Because of the unusual demands for reliability, a synthetic fluid is

used. (tri-aryl phosphate ester)

2. The fluid should be at least 700 F before pumping. Normal operating
0

temperature is 110 -1300 F as maintained of SC-V-161. Maximum temp-

erature should not exceed 1400 F.

C. Reservoir

1. A 200 nallon stainless steel tank provided with a drain valve

and filling assembly.

2. Normal operating level is 9/16-3/4 as indicated locally.
D. Pumps

1. We have two of identical capacity. Each is capable of full system

load.
,

2. Each pump is a high pressure, positive-disp,lacement vane pump.

1

*|
I

1

|
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Paga 2
.

3. Power supplies are:

Pump 2A - MCC2-41A

2B - MCC2-31A
'

4. Controls for the pumps are located on Panel #5. Each pump has a 3-position

switch " Pull-to-Lock", " Auto", and "Run".

5. The pump selected to * Auto" will start when EH pressure drops to 1350 osig

6. Both pump share a comen suction strainer within the reservoir.
E. Discharge Filters *

.

.

1. Two replaceable cartr'dges for each pump.

2. A DP switch is installed across each assembly to alert the operator when DP

reaches 100 psid

F. Unloading Valves

1. One valve installed in the discharge of each pump to provide pressure

control at 1800-2100 osio. With a pump operating, excess fluid is directed

to the reservoir to maintain pressure. A ball cr.cck valve in line with

the unloader prevents a loss of pressure from both pumps in the event of a

single unloader failure.

2.
A relief valve down stream of both unloaders acts as a backun in the event
of an unloader failure in the high oressure condition.

G. Level Switches

1. 2 level probes provide the following:
.

a. Hi level alarm at 22"

b. Low level alarm at 17 5/8" i
i

c. Lo - Lo level alarm at 11 5/8" ;

d. Low level trip at 7 5/8"
-

j
H. Coolers

1. Two parallel coolers are provided on the fluid ' return line to the res-

ervoir. A three-way valve selects the cooler to be used...

2. Secondary closed cooling water provides the cooling by varying SC flow

through the coolers (SC-V161).



Paga 3 (H. Continued)
'

3. A relief valve is provided upstream of the return coolers and filters

to allow direct return to the reservoir in the event of a flow restriction.
I. Polishing Filters

1. This assembly consists of a single Fullers Earth filter in tandem with
a replaceable cotton-cellulose filter.

2. Flow to the filters comes from the H.P. supply line via a 1 com orifice.
The polished ail is returned to the reservoir.

J. Accumulators

, 1. High Pressure Side
'

We have four (4) H.P. accumulators to increase our ready reserve ofa.

H.P. fluid. The accumulators are cylinders containing 1250 osic N2

above a free floating piston. The arrangement is such that any accum-

lator may be removed from service without affecting the remainder.
2.

Low Pressure (Pressurized Return Header)
b.

Two L.P. accumuistors are installed on the L.P. return line to the

reservoir. Each consists of a steel cylinder and separating bladder.
-

The 30 osin N2 charge above the bladder acts as a shock absorber

(surge chamber) during fluid dump conditions. :

|
K. . Normal Operation (Refer to figure 1)

1.
Under normal operating conditions, 1 EHC oumo is running continuously,

j
Fluid is pumped from the reservoir via the suction strainer into the H.P.

header via the pump discharge filter. As header pressure increases to

2100 osio, the H.P. accumulators will store sufficient fluid to handle
.

demands. At 2100 psig, the pump's individual unloader will opensystem

to direct fluid to the reservoir until oumo discharge pressure drops to

1900 osio where it is maintained. When accumlators discharge to less

than 1900 osio, the unloader will direct pump fluid to the header to re-
charge them to 2100 osia. ~

2. The EHC system provides static holding pressure for the Reheat step,
interceptor, thottle, anti governor valves. ' Additionally, the fluid pro-

|
_

1
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.

vides position control via servo valves for the TV's & GV's. Because

of the servo valves, there will be some flow through the return li.1e
(pressurized) at all times.

L. Throttle valve actuator (Refar to fig. 2)

1. This actuator provides position control as well as emergency tripping

for the valve.

2. When the turbine is reset, the emergency trip fluid line is blocked
innd

pressurized via an orificed line from the H.P. fluid supply. This
'. static pressure holds the dump valve in the shut position.

3. When emergency trip fluid is vented back to the reservoir, spring tension

and fluid pressure under the dump valve seat will open the dump valve.

When the dump valve opens, fluid under the TV operating piston will flow

to the EHC reservoir and spring tension will shut the TV.

4. Servo Valve (fig. 3) -

The servo valve provides'for position control of the TV by convertinga.

an electrical signal (from the controller) to a hydraulic signal.
b. A signal to the servo motor will cause rotation of the amature and

attached flapper. The movement of the flapper will vary the flow

through the nozzles causing a differential pressure between the two

supply ports. This DP acts on the spool to cause movement to the left

or righ t. The movement of the spool will either supply more fluid (left)

or vent fluid (right) from the TV operating cyclinder. Assuming the

desired result is to open the TV farther, the spools will move to the

left to open the piston supply port (fig. 3A). H.P. fluid will then

move the operating piston up, opening the TV. As the valve opens,

the linear variable differential transfomer (LVDT) will send an

electrical signal opposing the controll,er signal. When the valve has

opened enough to cause the LVDT output to equal the controller
M

output. The servo motor loses its signal and the feed back spring

-

-.
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'

(fig 3A) wi.11 center th? spool. With the spool centered, a hydraulic

lock will hold the TV in place. For TV movement in the shut direction,

a reduced controller signal is generated. This results in an excessive

-' LVDT output being sent to the servo motor causing rotation in the

opposite direction. As the spool moves to the right, fluid will be

drained ftom the TV operating cylinder allowing spring tension to

close the TV. While the TV is closing, the LVDT output is dropping

to a point where it equals the controller output. At this time, the
- servo will again lose its signal and the spool will center. A hy-

draulic lock now holds the TV in the new position.

5. TV Emergency Trip Fluid

a. As stated previously, this fluid is available anytime EHC fluid is.

It's function is to hold the actuator pump valve closed so that HP

fluid from the servo valve can control the TV. To keep the dump valve

closed, we must keep the Emergency trip fluid blocked by two valves

(fig. 4), the interface valve and emergency trip stop valve. If either

of'these valves open, the fluid holding the actuator dump valve will
-

drain to the reservoir causing the TV to trip shut. Additionally the,

GV's, Interceptors, and reheat stc;;s valves will trip. A discussion

of these valves be included in subsequent sections.

M. Governor valve Actuator

1. The governor valves operate identi-cally to the throttle valves with one

excention: They have an additional trio function actuated by the oversoeed

protection controller. This trip is accomplished by additional emergency

trip fluid stop valves. These stop valves (fig. 4) dump fluid from only

the covernor valves and interceotor valves. They are opened by two signals:
'

a. 103% overspeed sensed by the aux speed pickup.

b. Full load drop ~

0. Reheat Stop and Interceptor Valvi Actuator (fig. 5)

1. These valves are either open or closed - we have no provisions or need for

any other position.

- -- -.
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'

2. The actuator is similar to TV's & GV's except no servo valve is used. As

a result, so long as the actuator is reset (emergency trip fluid blocked).

The valves will be fully open. Three methods of closing the valves are

available:

a. Dumping fluid via the interface and/or emeraency triosolenoid valve

(closes all valves).

b. Dumping fluid via the OPCsolenoid Trio valves (class only inter-

ceptor & governor valves as previously mentioned).

. c. Dumping fluid via the' testsoler.oid . This method allows individual

valve cycling for testing.

P. Summary

1. The EHC fluid systems provides a reliable source of of hydraulic fluid

for positioning and controlling the main turbine TV's, GV's, Inter-

ceptors, and Reheat stop valves. Throttle and governor valves are posit-

ioned by servo control valves. Reheat Stop & Interceptor valves are

fully open or fully closed. Trip valves are as follows:

a. Interface valve - opens when auto-stop oil pressure from the turbine

. L.O. system drops to 50 psig due to actuationof a turbine protect-

ive device. This will cause a trip of all TV's, GV's, Interceptor , and

reheat valves.

- b. Emergency Trip solenoid - opens when a pressure switch monitoring

auto-stop oil pressure closes at 45 psig decreasing. This valve is in,

t

parallel with the interface valve and simply acts as a redundant

method of dumping all emergency trip fluid.

Overspeed protection controll trip valves (OPC) - These valves receivec.

'

a signal from the aux. speed channel to open at 103% overspeed or of full

load drop. They dump emergency trip fluid from the governor and inter-
.

ceptor valves only. When the overspeed ~ condition clears, the OPC solenoid

valves shut and reset the tripped valves.
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J

2. All valves may be operated individually for testing purposes from

the AEHcontrol panel.

III. A-H Controller

A. Function
.

1. The E-H controller provides turbine control during all phases of oper-
'ation including:

a. speed control from turning gear to rated speed

b. load control when generator breakers are closed

-

automatic synchronizingc..

.

2. The E-H controller also provides for manual operation as a backup, pro-

tactive interlocks, and bumpless transfer from mode to mode.

B. For the purposes of discussion, we will build the controller a step at a time.

Each addition will be accompanied by an explanation of its use. Refer to

figures 6A-6D for this section.
. <

C. Figure 6A - This diagram depicts the basis for our controll scheme. By com-
'

paring our "desiroa speed or load" with the " actual speed or load", we can

generate a signal proportional to the error or mis-match. This error signal

is then used to control the TV or GV in such a way that the error is
,

eliminated.

D. Figure 6 B - We have now added some necessary additions to our basic

system. The LVDT signal to the TV and GV is used as a " feed back" to the

servo actuator. This " feed back" cancels TV or GV matron when the desired

position is reached. You will notice T'V & GV manual controls have been added.
|

These controls operate independent of the auto signal. When operating in this

mode, the operator has total control of the TV's & GV's. Our last addition

is.the TV-GV Transfer controller. This device is used to select GV's

as our controlling valves after the turbine has been rolled to 1700 RPM.
.

p

j
_ , _ _ _ _ . _ _.- _ . - -
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Pags 8 (Continued)

E. Fioure 6 C - You will notice a " Latching Bias' circuit has been added to the

"TV-GV Transfer" controls. This bias signal is used to maintair GV's

at 100". open when controlling speed with the TV's. It will also hold the TV's

wide open after we have transferred to GV control in preparation of turbine

loading. Once in GV control, the TV's will not move unless testing, manual

operation or a turbine trip occurs.

We now have push buttons for controlling valve position in the manual mode.

These buttons are lighted when in " manual" and dark when in any auto mode.
'

To minimized valve movement when changing from auto to manual (or vice versa), a

" tracking circuit" has been installed. This device will maintain the auto

and manual control outputs equal at all times. To verify the tracking circuit __

is functioning a meter has been installed that indicates (+) or (-)

tracking error.

Lastly, a "GV position limiting" circuit has been added. With this device,

the operator can set the maximuni (as indicated) allowable opening for the

GV's. If the auto are manual control signal causes the GV's to open until

the GV limiter stops travel, a " valve pos. limit" light will come on. This

device is used to limit GV opening when placing the generator on the line.

F. Fioure 6 0 - We have now added the remaining sections of major equipment to

our controller. A discussion of each section follows:

1. Digital Reference - This device is used to communicate our desires to

the auto control system. The reference can receive comands from the !

operator, ICS, auto sync controller, throttle pressure limiter (TPC),
land runback circuits. To understand how the circuit operator, we will i

!outline a nonnal start up to full load. Once at full load, we will dis- )
!

cuss the various protective and supervisory features. Refer to figures !

6D and 7A & 78:
.

J

_ . _ ____ -. . - .



Page 9. (F Continued),

Initial Conditions: Unit is tripped

1st State temp. = 100 F

LP Turbine inlet temp < 3000 F.

Initial Indications: ,The following lights are lit (fig. 7A)

" Turbine Manual"

" Unit Trip"

"Throt Valve Control"

" Throttle & Covernor Valve position" indicator
-

, (T1-T4 and G l fA read 0%

" Throttle, Governor, Reheat Stop & Interceptor"

valve position lights indicate closed.
.

,

STEP #1 - Select "Oper Auto". This button will light and Turbine !,

i

Manual" and associated valve positioning buttons will go
. dark. In addition the " Hold, d ,7 , G0" buttons will light

indicating the'y are in the circuit.

As can be seen from "ig. 6D, these buttons are used to se-
'

'

lect a desired value in the setter before relaying the com-
. mand to the reference by depressing "G0". The " HOLD" button

interrupts the comand until "Go" is depressed again.

STEP # 2 - Lower governor " valve position limit" until it indicates

0%. Notice or figure 6D that this control will override any

auto or manual signal sent to the GV's. We do this to pre-

vent the GV's from opening imediately after latching the

unit due to the bias applied to the GV's when in "TV control".

STEP # 3 - Depress " Latch" until the button lights up and " Unit Trip"

darkens. What we have done is to reset the auto stop oil

system, causing the interface valve to close. When the
~

interface valve is shut, the dump valves for all turbine

valve actuators will shut, allowing EHC fluid to position
'

1g
the valves. We should now see all interceptor and reheat |



Paga 10. (Step d3 Continued)
.

valve lights indicate open. The reference and setter"
'

displays will indicate "0000" and the " speed control"

lamp will energize. The " speed control" indicator means,

that all commands relative to turbine control will be based
.

on turbine speed. This will continue until the generator

breakers are closed. When the generator is on the line, speed

will be a function of line frequency and we will then refer
.

to load (MW) in all commands (" load control").
. STEP #4 - To insure fieedom of movement for the GV's Reheat Stop

& Interceptor valves, we will trip the unit and observe valve

movement. Before this is done, we must raise the GV " valve

position limit" to 100%. This should allow the bias signal

to fully open the GV's. Now trip the turbine and observe

GV's, Reheats, Interceptors go shut.

STEP #5 - Before relatching the unit, lower the " valve position limit"

to 0%. Latch the unit, ob:arva the Reheat & Interceptor

valvec open etc. Raise the " valve position limit" to 100%.

.
Select "operatcr auto", we are now ready to roll with

. - steam.

STEP #6 - To roll the turbine with steam, we must (1) select the

speed we want and (2) select the accelerationrate. This

is done by raising the setter to 670 RPM, adjusting the

acceleration rate to 200 RPM / min. By depressing the "G0"

button, this comand is relayed to the reference. The

reference will now generate a signal proportional to our

comand and send it to the TV auto controller. The TV auto

controller will position the TV servo actuator to allow the

TV to begin opening. As the N opens, turbine speed in-

creases. The main speed pickup will now begin to generate

a signal to be compared with the reference output. When the
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two are equal, the TV auto controller will maintain a con-
-

stant output to the TV servo. As the LVDT output equals the

TV auto controller output, the TV'sstop opening. We have

now accelerated to 670 RPM at 200 RPM / min.

STEP #7 - We can now accelerate to 1700 RPM in a similar manner.

At 1700 RPM, we can transfer to governor valve control in

preparation for loading. This transition is performed by

depressing the "TV-GV TRANS" button. When this is done, the
.

"THROT VALVE CONTROL" light will go out and the "TV-GV

TRANS" button will blink indicating a transfer in progress.

During the transfer, we should notice the GV's closing and

TV's opening. Once the transfer is complete, the " GOV VALVE

CONTROL" light will be on. All subsequent ccmands will be

directed to the "GV Auto Control" unless a trip occurs.

STEP #8 - Assuming all supervisory instruments are satisfactory, we

can raise the turbine to synchronou speed (1800 RPM). Once

at 1800 RPM, we lower the " VALVE POSITION LIMIT" to just
1

above present GV valve position. This tactic minimizes-

load upon closing the generator breakers.

STEP #9 - We'll skip the generator loading sequence for now, and

assume the breskers have just closed. The reference will

automatically be pulesed to assume about 5% load and will

indicate a number representing the GV signal. Mega watts j

will be indicated on the MW meter. The system is now in the

" LOAD CONTROL" mode and will respond to ccmands for load

changes only; unless speed becomes excessive.
|

| Before we can assume more load, we must remove the GV

" VALVE POSITION LIMIT" we inserted in STEP #8. After in-

suring that the reference is at the limiter set point, we

can raise the limiter to 100% without assuming more load.
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STEP #10 - Before we go on, we should discuss some relationships.

-
Westinghouse has proven the Impulse Pressura (1st stage

turbine shell) is proportional to MW and steam flow. With

this in mind, they felt that this parameter would be ideal
.

for controlling the turbine. In other words, if we make a de-

mand to change MW (load), we can simply change impulse

pressure in a linear fashion - resulting in a linear and

proportional change in MW load. If we did not use this para-

meter to control load, we would have to rely on valve move-

ment alone. Characteristically, this method would yield a
e

non-linear escalation to full load as the various G V's

opened in sequence. This phenomena is depcited in figure 8.

Therefore, as long as the impulse pressure transducer is

operable, we should select " IMP IN" before loading the

turbine above . initial load. When selected to " IMP IN", the

reference and setter displays will indicate a val at is

approximately equal to MW and is always directly proport-

.

fonal to MW. In other words, if we lose some vacuum on a

hot day, our impulse pressure (and therefore our reference !

and setter display ) may indicate a slightly higher valve

than actual MW. But, a given change in demand (let's say 10)

will result in a change of 10 MW electrical.

Now to raise load, we simply select the desired end-point

in the setter, close a load rate, and push "G0"

.

W

|
'

_ _ _ _ _ - _ _ _ - - --
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2. Throttle Pressure Controller (TPC)

This device has been installed to prevent water indu[ tion into thea.

turbine. The controller senses steam pressure at the throttles. If the

pressure drops to 90% of design, the controller will run the turbine

back at 200%/ min until:

1.) pressure recovers

2.) 20% load

3.) "TPC Out" is depressed
.. ..

.

3. Operator Auto Sync -

a. This mode is used to automatically synchronize the generater with

the line. Once the breakers close, the controller wi11' revert to

Operator Auto.

4. Operator ICS

a. This mode allows reference signals to be controlled by the ICS
'

IV. Independent Overspeed Protection System (IOPS)

A. General - In addition to all the turbine protective devices we have seen

thus far, we have installed an IOPS. This system is totally independent
4

of the rest of system. Its function is to sense an overspeed condition and

trip turbine by conventional means.

B. Components. (fig. 9)

1. Three (3) speed sensors are installed on the turbine shaft near the

turning gear. These sensors actuate at 1998 RPM (same as other OS trips)

2. Actuation Channels A & B receive the output of the speed sensors.

They are designed to cause an actuaticn when 2 out of 3 sensors indicate

1998 RPM. Each channel is capable of a full trip..

,

E3.
,

'

.
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b. Turbine Trip block solenoid (20-1) - this is a conventional device that

will trip the turbine via the auto-stop oil system. It is energized by:
i

(1) IOPS (1998) (Channel A)

(2) Eli controller (1998)

(3) Manual Button

. (4) Various supervisory trips

c. Auto-Stop 011 Solenoid Oump Valve (20-2) - this is an addition to the

conventional turbine trip circuit. It does the same thing that (b) did in

the auto-stop oil system. It is energized by:

(1) IOPS (1998) (Channel B)

(2) EH controller (1998)

(3) Manual Button .

(4) Various supervisory trips

.
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.

, GENERATOR EXCITATION AND CONTROL

! I. Introduction

The Westinghouse "Brushless Excitation" system begins with a Permanent Magnet

Generator (PMG) mounted on the end of the main generator shaft. The PNG output is

sent to the voltage regulator. The regulator allows manual (Base Adjust) or automatic

(Voltage Adjust) control. It includes the Trinistat Power Amplifier and it's associ-

ated protective, logic and firing circuits. The Trinistat Power Amplifier rectifies
. and regulates the output of the PMG. Th'e amplifier's output is in turn sent to the

'

field of the Exciter Generator, which is also mounted on the main shaft. Exciter gen-

erator output is supplied to the Main Generator field through a rotating rectifier
without leaving the main shaft.

II. Detailed Description

A. The PMG consists of a permanent magnet field which rotates within the station-

ary armature. The armature is wound for high frequency output. The PMG is rated at

36 KW at 1800 RDM,120V, 38 , 420 HZ AC. PMG output is fed ; ''a Trinistat Power Amp-
.

lifier and Trinistat Firing Circuits through breaker 41 (refer figure 1).
B. The Trinistat Power Amplifier is a 30 full wave bridge rectifier utilizing

,

SCR's instead of conventional diodes. The SCR's will pass current only after they have

received a gate or firing pulse. Thus, the amplifier output is regulated by varying

the point during the AC sine wave at which the firing pulse is applied. If the pulse

is applied earl} in the input sine wave, almost the entire wave will be passed

through. If the delay angle is increased so the pulse is applied later, only a

small portion of the wave will be passed and the amplifier output will be decreased.

The point at which the firing pulse is applied is determined in the Trinistat4

Firing Circu.its by signals from either the Base Adjust (manual) control or the Voltage;

Adjust (autonatic) control. ~

.

+
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The Base Adjust control allows the operator to set the delay angle of theC.

firing pulses manually. However, this system receives no feedback or comparison signal

from actual fiain Generator voltage output, and should therefore not be used when the
.

unit is operating under load.

D. The automatic voltage regulator (Volts Adjust Control) also allows the

operator to set in a desired delay angle. However, this signal is modified automatically

according to itain Generator cutput voltage to maintain a stable output and minimize

voltage transients. Generator output voltage and current are continuously monitored and,

'

fed back into the automatic regulation logic circuits. These signals are compared to

desired values and an error signal is developed. This error signal then modifies the

firing pulse delay angle to keep the liain Generator output conditions at desired values.

E. To avoid transients, care must also be taken to match automatic regulator

output to manual (Base Adjust) output when shifting from auto to manual control or

viceversa.Toaccomplishthis,eithertheVoltsAdjustorBaseAdjustcontrolonthe

console (whichever is not in service) should be used to zero the Ret. 3r Balance

Meter (Reg. Output Meter on figure 1). This will assure that both the automatic and

manual control systems are operating with the same pulse delay angle.
'

F. Because ..ie multi-phase, high frequency input to the Trinistat Power

Amplifier (PitG output =30,420HZ), tiie regulated, rectified output of the amplifier is

relatively smooth and does not require additional filtering. Instead, the Amplifier

output is sent directly to the Exciter Generator field.

The Exciter Generator is a stationary field-rotating armature AC generator
!

mounted on the main shaft. It is rated at 1800 RPit, 4000 KW, 535 Volts, 7477 Amps,

36, 420 HZ. Its actual output will be determined by the strength of the applied field,

which is determined in the Trinistat Power Amplifier by the delay angle of the SCR
.

firing pulses. The Exciter Generator output is sent to the Rotating Diode ilheel.
.

.
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G. The Rotating Diode Wheel is also mounted on the main shaft. It is a full

wave rectifier consisting of 2 sections [one (+), one (-)]with a total of 96 diodes

(16 diodes per phase per polarity). This wheel supplies the de field current to the
,

Main Generator through bus bars embedded in the shaft. The wheel's dc output is
~

smooth enough to eliminate tne need for additional filtering because of the high
frequency input.

- III. Operation During Transients

A. The UTA Regulator is capable of automatically compensating for transients in

~ teminal voltage and returning generator output to normal.

1. If generator terminal voltage should increase, this condition will be

sensed and forwarded to the regulator logic circuits. This causes an error

signal which tends to buck (oppose) the normal logic circuit output to the

Trinistat Firing Circuits (refer figure 2, pt. A').

The decreased input to the firing circuit (B') will cause an :ase

in the output (firing) pulse delay angle. With the delay angle increased

the SCR's will fire later, allowing a smaller portion of the PMG ac output

to pass and resulting in a decreased output from the Trinistat Power Ampli-

fier.

Since the amplifier output is used to supply the Exciter Generator field,

as amplifier output drops exciter output also decreases.

Exciter Generator output is rectified and supplied to the Main Generator

field. As the Main Generator field weakens, terminal voltage will also de-

crease until it reaches the desired value.
2., The regulator's response to an initial decrease in generator voltage

may be analyzed similarly. This time, however, the error would boost (increase)
~

the regulator's output to the firing circuits, resulting in a smaller delay

angle for the SCR firing pulses.

.
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IV. Protec.tive Circuits

A. A number of protective features have been designed into the WTA regulator

logic circuits. These include (refer fig. 3):

1. Excitation System Damping - to stabilize the excitation control system.

2. Reactive Current Compensator - A reactive droop system which will reduce

excitation when reactive load increases.

3. Volts / Hertz Limiter - to regulate the ratio of generator volts to fre-
- quency, preventing overheating in the generator & main transformer.

4. flinimum Excitation Limiter - to prevent under excitation by maintaining

the generator above minimum KVA characteristics.

A Signal Mixer receives inputs from the Minimum Excitation Limiter and the

Error Voltage Detector set by the Voltage Adjuster). The most positive of these

two signals will then be used to control the SCR firing pulses. A negative signal

from the Volts /HZ Limiter will override this, however and cause a decrease in
.

excitation.
.

|

B. Over-excitation is also guarded against by regulator protective circuits.
;

If a preset excitation limit is exceedad, the WTA voltage regulator will auto- |
l

matica11y be tripped (open "90" contacts - figure 1) and voltage control will )
revert to manual (Base Adjust). Again, there should be no further large trans-

ient due to the Base Adjuster control being prepositioned to the desired sett-

ing (zero Reg. Balance tieter).

If, however, the over excitation condition continues after the regulator

has switched to manual the entire excitation system (by breaker 41 - figure 1) ),

1and generator will trip.

.

>
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V. Generator Operation
d

A. Startup

1. Before rolling the turbine with steam:

a. Check generator field for ground by placing ground detection switch

in TEST.
l

b. Check Base Adjuster at NO-LOAD preposition (amber light above switch).

c. Close generator breaker no-load disconnects

- (1.) Depress CLOSE S' ELECT (red PB) for appropriate set of disconnects.

(2.) Verify CLOSE SELECT & POINT SELECT lights are lit for that set

of disconnects.

(3.) Place appropriate disconnect control switch to CLOSE and

release.

d. Repeat c. for the other set of disconnects.

2. When the turbine is at or near synchronous speed:

a. Close the field breaker (brkr 41)
'

'

(1.) The generator is now under manual (Base Adjust) control.

b. , Verify the absence of alarms and the operation of the Trinistat

Firing Modules and Power Amplifier,
sc. Slowly raise the Base Adjust control until the generator terminal

voltage is 22KY.

d. Place the automatic regulator in service

(1.) Place the Voltage Regulator /Cutcff Switch in TEST.

(2.) Zero the Exciter Balance Meter using the Voltage Adjuster

control switch.

(a.) This minimizes any transient when shifting from manual

to auto mode or vise versa.

(3.) Place the Regulator / Cutoff Switc'h to ON

| (a.) The regulator is now under automatic (Voltage Adjuster)

control.
|

i
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B. Synchronizing
,

1. Paralleling the main generator with the 500 KV distribution system may

be done either manually or automatically. While both methods are outlined

t ra, the manual procedure ' ill most often be used.w

2. tenual

a. Place the appropriate SYtlCH. Switen in MANUAL.

b. Depress the CLOSE SELECT push button for that generator breaker.

c. Verify the red CLOSE-SELECT and yellow POINT SELECT indicators are lit.

(1.) The select / check back relaying scheme for manual paralleling

consists of 4 sets of push button / indicators on Panel 6 - one

set for each generator breaker and one set for each pair of

generator breaker disconnects. There are 4 PB's in each set -

CLOSE SELECT, OPEN SELECT, POINT SELECT and CANCEL. The nper-

ator first depresses the PB corresponding to the desired oper-

ation (OPEN or CLOSE SELEC- . a particular components set of
- PB's).

.

When that PB's backlight is energized, it indicates the proper

relay scheme has been established to allow that operation. The

.

POINT SELECT PS should also light, indicating that the operator

does in fact have control of that component. A 10 second timer'

will cancel the whole operation if the breaker is not closed in

the tica. span. To allow the operator to trim the generator with

the bus, the CAtlCEL pushbutton is now depressed. This will cancel

the relaying scheme, but leave the SYtlC SCOPE and VOLTMETERS

energized.

!

| - .

t
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d. Verify the VALID DATA light is energized I

(1.) This indicates the synchroscope, synch lights and " Running"

and " Incoming", bus volt meters are displaying valid infonnation

for the selected operation,

e. Trim unit speed so the synchroscope in rotating slowly in the FAST

direction.

f. Match " Running" and " Incoming" bus voltages using the Voltage Adjust-
- er control.
,

g. When the SYNC SCOPE is 3-5. min..before noon, press CLOSE SELECT and

within 10 secs., close the breaker.
.

(1.) The breaker control switch must be placed in the CLOSE position

and released before the close command will be transmitted,

h. Place the SYNCH switch for the second generator breaker in MANUAL.

i. Depress & release CLOSE-SELECT PB for this breaker.

J. Verify synchronization.

~k. Close the second generator breaker.

3. Automatic

Select OP AUTO SYNCH mode on the turbine control panel.a.

b. Place the SYNCH switch for the first breaker in AUTO.

c. Place that breaker's control switch to CLOSE and release.
>

(1. ) The generator will be ' synchronized automatically and the se-

lected breaker will close.

(2.) Upon closure of the first breaker, turbine control reverts to

OPERATOR AUTO.

d. Close the second breaker using the procedure described under Manual
.?

(2.h - 2.k.).
.

k
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C. flormal Operation

Milloadwillbedekerminedbyvaryingturbinespeed.1.

2. MVAR loading will be contr'olled by varying the Voltage Adjuster control

setting.

3. The Regulator Balance fieter should be periodically zerced using the Base

Adjuster control.

4. The diode fuses on the exciter " rotating diode wheel" should be checked
.

daily.

a. A blown fuse will be marked by a leaf type indicator pivoting outward

from the wheel. The associated phase can be determined from the fuse

fastening bolts, which are color coded (A-red B-white, C-blue). The '

opposite polarity sections of the diode wheel are located at opposite

ends of the wheel,

b. If 2 fuses per phase of one section (polarity) are blown. plans

should be made to take, the generation off-line & replace che affected

diodes.

c. * If 3 fuses per phase of one polarity are blown, the generator must be

taken off-line and the diodes replaced.

5. If it becomes necassary to vary the Voltage Adjuster setting, do so in

small increments. " Bump" the control switch and allow MW and MVAR's to

stabilize before bumping again.

6. If over excitation should occur, the Base Adjuster will automatically

be set to the full load preposition and the automatic regulator tripptd.

The generator and exciter will trip if over excitation continues.
.

It MUST be remembered that the Base Adjuster WILL NOT automaticallya.

compensate for fluctuations in load or_ system voltage. Tha generator

must be continuously monitored to maintain the proper output voltage and
.

the proper fM/ftVAR relationship for a 0.9 power factor (MVM == 0.5x!N)
i ~

, ,

| when operating in this mode.
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D. Shutdown

1. Ilhen unit load is 5% trip the generator breakers.

a. Depress OPE?! SELECT PB for the first breaker.

b. Verify OPEN SELECT & POINT SELECT lights.,

c. Place the breaker control switch to TRIP & release.

; d. Repeat a-c for the second breaker.
,

2. Trip the generator field breaker (bkr. 41).

a. The unit automatically reverts to Base Adjust (manual) control
,

when restarted.
.

VI Sumary

The Westinghouse brushless excitation system uses a shaft-mounted PMG to supply

the exciter generator field. The PMG output is sent through a power amplifier
,

where it is rectified and controlled by regulating the firing of SCR's. By

controlling the field applied, the exciter generator's output is also controlle

This output is sent directly through a shaft mounted rectifier to the main

generator field. Varying this field strength varies the generation terminal

voltage.
,

The regulator may be operated in either the manual or the automatic mode. However, I

the manual mode provides no automatic compensation for changes in load or system

voltage. To prevent improper excitation, the manual mode is not recomended when

the uiit is operating under load.

! Improper excitation is prevented in the automatic mode by a number of protective
i

1

circuits. Under excitation is guarded against by imposing a minimum excitation

limit..Over excitation, should it occur, will return the regulator to manual. If

the over excited condition continues with the regulator in manual, the generator

and excitation system will trip. ~

i

-
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The control settings of the manual and automatic regulators should be matched

periodically to avoid transients when shifting from one mode to the other.

Paralleling of the main generator with the 500 KV distribution system may also

be done either manually or automatically.

.
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AUXILIARY EOUIPMENT CONTROL

I. Moisture Separator Reheaters (MSR's)

A. Function - MSR's are provided to dry and reheat H.P. Turbine exhaust steam

on its way to the L.P. Turbines. The advantages of this process include:

1. Reduced moisture content. Droplets of. water in steam increase energy

losses, chemical carry over, and blade erosion.

2. Reduced turbine size - by reheating (superheating) L.P. turbine supply
.

steam, we can reduce turbine size and still develop the MW we want.

(eg. 2 L.P.'s instead of 3).

B. Operation (figure 1)

1. H.P. Turbine Exhaust steam enters the lower portion of the MSR. It is

then distributed evenly through the chevron separtdrs, over the 1st and

2nd stage heating bundles, and out the top,

2. Moisture separated from the' steam collect in a well at the bottom of ' %

unit. From here, it gravity drains via a level control valve to the tienter .

Drain Tank (HD-T-1). In the event of a malfunction in the normal drain

path, the resultant high water level will actuate an alternate drair; path

to the main condenser. This alternate path is very fast due to the 11gh

DP between MSR and condenser.

3. MSRlststagereheatingsteamissuppliedfrom$heH.P. Turbine 3rd

stage extraction steam line. As a result, the amount, pressure, and

temperature of this steam is a function of turbine load. As the st am

enters the tube bundle, it immediately loses heat to the H.P. turt:ne

exhaust. At some point in the U-tube, kne 1st stage reheating stea 1 will

condense and collect in a drain tank beneath the MSR. Since this con-
..

densate is considerably hotter than the MSR drains, it is directed to the

3rd stage F.W. heater for additional cooling before entering the heater
.

drain tank. A high level dump to the condenser is provided.

.
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Page 2 (B Continued)

4. MSR 2nd stage reheating steam is supplied from the main steam system.

A flow control valve is adjusted manually or autmatically to yield the

desired amount of reheating. The flow path for this steam is similar to

the 1st stage reheating. -

C. Control

1. As stated previously, all drainage from the unit is controlled by

level central valves and condenser dump valves.

2. 1st stage reheating is purely a function of turbine load. (3rd stage

extractionsteam). -

3. 2nd stage reheating is controlled by the MSR controller. (fig.1)
D. MSR Control System

1. The MSR control system has the following control / indications in the

control room. (Refer to fig. 2).
- " Power ON/ Comp" - energizes controller'and resets reheater steam valves

(MSV31A,B, MSV-37A,B) to closed.

" Ramp" - signals reheater steam valves to fully open over one hour.

"4000 F" - signals reheater steam valves to raise or lower L.P. inlet
0steam temp to 400 F in 10 minutes time.

" HOT START" - same as 400 F except it will do it in 30 secs.

" Manual Valve Position" - gives control of all four valves to operator

via manual valve position knob.

" RESET" - clears all auto signals to valves and closes them until a new

mode is selected.
-

"#1 TEMP. #2 TEMP - steam inlet temperature for the L.P. Turbine.

" TEMP LIMIT" - red light that indicates we've reached the maximum

allowable reheat temperature (525 -575 0 F)

.

4
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II. Extraction Steam Valves
.

A. Steam is extracted from the turbine after the 3rd, 8th,10th, lith,13th,

and 14th stages. The steam is used primarily for feed water heating. The

amount of steam extracted is strictly a function of turbine load (ie, avail-

ability).

B. Valves

1. All extraction lines are fitted with stop check valves (except 3rd stage

which was separate stop and check valves due to high pressures). These

. valves provide steam isalation for FW heaters as well as preventing water

from backing up to the turbine from the heaters.

Additionally, interlocked drain valves are provided upstream of each

stop check valve to prevent water build-up in an isalated extraction line.

2. The extraction steam valves open automatically when the turbine is

reset (by one master soleniod) and shut when the turbine trips. (*)

Each upstream drain valve is interlocked with its associated extraction

valve to close when the other is open, etc.

(*) This feature prevents turbine overspeed via the extraction lines in the event

of a load drop.
_

Additionally, each extraction steam stop-check valve will shut when

an excessive water leve's is sensed in its heater. This feature prevents

water induction to the turbine via the extraction lines.
III. Turbine Drains

<

A. Functions - To remove moisture from HP & LP Turbine supply piping during a

start up to 20% power.

- To continuously drain cross-under piping during operation above 205

power.

B. Description 1

1. This system is composed of several low-poirit drain connections on the

various turbine steam supply lines.
-

[ i
'

|
;
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Page 4 (B Continued) '

~'
2. A series of valves provide control of drains to the condenser. These-

valves are shut with one switch at 20% power.

3. Above 20% power, cross un, der piping drains are directed to a tank.

The tank contents are piped to the condenser via a level control

valve. (MS-V233).

.
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ENCLOSURE 1-

, UNIT II CATEGORY IV STUDY ASSIGrif4ENT SHEET

CYCLE 3-2
.

flAttE START DATE

C0ftPLETI0tl DATE

.

.
.

1. Read the RPS/flI Handout

2. Read the */ollowing procedures:

a. 2105-1.1 - fluclear Instrumentation
b. 2105-1.2 - RPS
c. 2105-1.5 - Incore Monitoring

3. Complete the RPS Questionnaire -

4. Complete the flI Questionnaire ~

5. Read OP 2105-1.6 - NNI
- d

G. Review the Unit II PalD's and the NtlI Tech. Manual

7. Complete the UNI Questionnaire
|

8. Read the following procedures:

a. 2202-1.10 - Cooldown Outside the Control Room
b. 2202-2.1/2.5 - Blackout |c. 2203-1.11 - Hand Calculation for Tilt and Imbalance

9. Read section 5 of STS (Design) ;

1

TOTAL POIllTS TO DATE FR0f1 ?!1 CLOSURE 2

URITTEtt TEST DATE RESULTS

ORA TEST DATE RESULTS

AflSUERS MISSED, HANDED It! CORRECTED -

DATE
SIGilATURE OF LICEllSED TRAI!11tlG CCORD.
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RPS OUESTIOMMAIRE

3-2

.

k

1. List all automatic reactor trips and setpoints. What is each trip
providing protection against? (Ref.. !2)

2. What is the prupase of the " Shutdown Bypass" ? What limits apply to
its use? (Ref.#2)

3. Is it possible to initiate." Shutdown Bypass" without tripping the
- reactor? Expl ain. (Ref.t?) ,

4. Define " degree of redundancy". (Ref.1)

5. What is the purpose of the " channel bypass"? How many channels can we
bypass at one time? Explain. (Ref. #1)

6. Lisa the observable parameters the operator uses to monitor DNBR. (Ref.#1)
7. Conpute the variable low pressure trip setpoint for 100% power. (Ref.#1)
8. What is the purpose of the reactor protective subsystem toggle switches

on the reactor trip module? '(Ref. #1)

9. Draw the reactor trip logic down to the trip relay. Show shutdown bypass,
channel bypass, and how a 2 out of 4 signal trips the reactcr. (Ref. #1)

.
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NON-NUCLEAR INSTRUMENTATION

3-2,

,

.

RCS FLOU

1. Describe the type of detector used to measure RCS flow and its theory
of operation. (Ref.f4)

,

'

2. Sketch the signal flow path form the detectors to the console indication
for Loop A, Loop B, and Total flow. (Ref. #3,4)

3. Are the RCS flow indications temperature compensated? Expalin. (Ref. #4)
4 What must be done in order to switch the ICS Reactor Coolant System flow

signal input? (Ref #7)

5. List the RCS flow instrument alarm and control functions. (Ref. #3,4)

6. What RCS Flwo indication goes to the computer?- (Ref #3,4)
.

RCS TEMPERATURE

1. List the power supplies for the NNI System. (Ref.!7)
2. List the uses of wide range Tc. Include applicable setpoints for

interlocks. (ref. #3,4)

3. List the inputs to the Controlling Tave Selector Switch (RC12TAS). Describe
the automatic interlock associated with RC12TAS. Include setpoint. (Ref.#3,4)

4. Sketch the RCS and all associated non-nuclear instrumentati]n. (Ref. !3,4)
5. Sketch the switch / signal development of the following ICS signal inputs.

Also include computer input sources. Indicate normal signal selection
and flowpath. (Ref. #3,4)

a. Th
b. A TcL

c. Yave

RCS PRESSURE

1. Describe the type and ranges of the detectors used to monitor RCS pressure.
(Ref. #3,4)

i

2. Where are the detectors located? (Ref. d3,4) -

|



c

3. Sketch the signal flowpath frcm the detector to the console recorder for
wide range pressure and narrow range pressure. (Ref. #3,4)

'

4. List the required operator action to change ICS reactor coolant system
pressure signals. (Ref#7)

5. List the alarms and control functions associated with the RCS pressure
instrument. (Ref. #3,4)

PRESSURIZER LEVEL

~

1. What type of detectors are used? (Ref. #3,4) -

2. What are the alarms and interlocks associated with pressuizer level? (Ref. 43,4)
3. Can we pull out the pressurizer level recorder while operating at power?Explain. (Ref.#7)

OTSG LEVEL I?!DICATI0ft

1. What is the range of each OTSG Level channel? -(Ref. #3,4)

2. Draw a simple sketch of an OTSG with its level and temperC.ure detectors.
-

Include penetration locations for each sen:cr. (Ref. #3,4)
3. Describe the operation of the OTSG level detectors. (Ref#3,4)
4. Which OTSG level indications are temperature compensated? 'by? What

is the signal source for the temperature? (Ref.#3,4)

5. Which OTSG level indications are used by the ICS? How and why are theyused? (Ref.#3,4)

6. List the alarms associated with OTSG Level. Include setpoints. (Ref.#3,4)

| FEED FLOU

1. Explain the theory of operation of the feed flow detectors. (Ref.!3,4)

| 2. Where are the detectors located? (Ref. #3,4)

3. Explain how and why feed flow is temperature compensated. (Ref.#3,4)
4 Explain the use of feed flow signals within the ICS. (Ref.#3,4)

5. Explain the operation of the P.1 Latching system.

6. Explain the operation the P.4 Rupture detection system. >

.
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NI OUESTIONflAIRE

3-2,

1. Draw a block diagram of the power range channel showing all modules.
List the setpoints where applicable and ranges of indication. (Ref. #1)

2. Draw an UCIC, as used in the power range, and explain ~its theory of
operation. (Ref. #1)

.

~

3. Draw a block diagram of the intermediate reange channel showing all modules.
List setpoints where applicable and ranges of indication. (Ref. #1),

4. tihen is the SUR inhibit bypassed? (Ref.#1)

5. Draw a CIC as used in the intermediate range and explain its theory of
operation. (Ref. #1)

6. Graph an intermediate range response to a reactor trip from 100% power
with correct compensati-] voltage. Superimpose a trace you would
expect to see for a grossly under compensated and grossly over compensated
detector. Breifly explain tiie reasons for the difference. (Ref #1)

How would gross over compensation affect indicat .., s erlapa..

between source and intermediate range channels?

b. How would gross under compensation affect this overlap?

7. How huch overlap are we recuired to have by Tech. Specs.? How much
overlap do we normally have with proper compensation? (Ref. #1,2)

8. Sketch the ranges of source, intermediate, and power ranges showing
overlap and units of measurement. (Ref. #1)

9. Draw a block diagram of the source range channel showing all modules.
List setpoints where applicable and ranges of indication. (Ref'. #1)

10. Draw a proportional counter as used in the source range and explain its
theory of operation. (Ref. #1)

11. At what power level is source range high voltage de-energized? Draw thelogic for this interlock. (Ref. #1)

12. 4 thy is gamma ecmpensation not reguired in the power range detectors? (Ref. #1)

13. Draw a top view of the core showing the out-of-core detector placement.
(Ref. #1) -

,

14 Give the signal sources for the out-of-core detector recorders on the
main console. (Ref. #1)
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REACTOR PROTECTION SYSTIli
~

1. Introduction

The purpose of tite reactor protection system is to protect the re-
. actor core from fuel cladding' damage and to prevent overpressurization

'

of the reactor coolant piping and the reactor building. This protection
is required in order to ensure that the general public is protected
against the potential radiation hazard of a gross fission product re-
lease from a damaged reactor core to the at=osphere.

Functionally, the system consists of four independent channels that,

monitor the reactor's power, flow, temperature and pressure along with
the reactor building pressure. Each of the monitored parameters is

.. utilized in :s derived ratio combination, when two or more of the re-..

~ g-~ actor prerective system channels recognize e, hat a hasardous condition. - .

exists, to trip the reactor.

2. Functional Description

The r'eactor protective system channels are identical to each other

and whenever two of the four channels indicate any of the following
conditions, the rea': tor will be automatically tripped:

1. When the reactor power, as mecsured by the neutron
flux, excueds a preset maximum limit.,

2. When the reactor power, as measured by the neutron
flux, exceeds a " triable =ax1=um limit determined
of a runction of reactor coolant flow measure =ent-

and neucron fli.: imbalance.,

3. When the reactor power, as measured by the neutron
flux, exceeds a variable =aximum limit determined

by the number of reactor coolant pu=ps o;ernting.
4. When the reactor coolant ta=perature exceeds a

preset maxi =um limit.
.

5. %~nen the reactor coolant pressure exceeds a pre-;,
'-

set =aximu= 11=it.

Babccck & WilccxRPS-1
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6. When the reactor coolant pressure falls belev a l
preset =ini=um limit. ~j,

7. When the reactor c,colant pressure falls below a I

variable =ini=us limit, determined by reactor I*

coolant temperature. i
.

8.
'

When the reactor building pressure exceeds a
preset maximum limit.

|

i.

3. System Modules (See Figure RPS-1) '
.

.

The basic reactor protection. system is constructed from functional
.

biccks. These blocks are then connected together to cause the whole
.

chain to behave in the desired canner. Each significant block is ex-
plained below with a corresponding figure.

Sensors are used to obtain the physical measure =ents that are required
by the system. These sensors make the measure =ent and provide an elec-
trical signal proportional to the measured quantity.

Ame11fiers are electrical devices that enlarge electrical signals
and prevent then fras going in the wrong direction. An amplifier that
is used t& prevent a signal from going in the wrong direction or effect-

_.
. . .

ing other circuits, is called a Buffer Amp 115 der. An amplifier that~
is used'to add two or more signals to get the sum signal is called a
sunning amplifier.

Function Generators'are devices that convert the form of an elec-
trical signal. A typical function generator output might be the square
root of the input signal, which would be needed to convert difference
in pressure to a fluid flow signal. Other types of function generators
are also possible.

31 stables are electrical devices that have two stable conditions ~,
similar to the on and off = odes of a light switch. 31 stables are set

to change frem one condition to another when the input increases or
,

decreases about a preset valve. Examples are: (1) the high pressure
1

| bistable trips when pressure exceeds the set point; (2) the low pres-
sure bistable trips only when pressure drops below its set po' int.
31 stables reset automatically when the signal returns to " normal."

4 Svstem Ooeration ~

A sinplified RPS channel is shown in Figure RPS-2. There are four -.

identical channels, and we will c ansider a pars =eter only when it exceeds
a.
u

,

-1 Babcock 3.WilcoxRPS-2
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its trip point. Then it causes a RPS' channel trip condition'that will
cause all control rods to be inserted except for GRS rods.

'

| 4.1. O*veroover Trip

The nuclear instrumentation provides a linear neutron flux
signal, in the power range, as an indication of reactor power. This
signal is sent to a reactor protection system bistable module. When

,

the neutrca flux signal exceeds the trip point of the bistable, the

., . bistable trips and de-energizes the associated reactor protection chan-
nel trip relay. |

*
-

!

4.2. Reactor Outlet Temeerature Trio (See Figure RPS-4)

The reactor outlet temperature is measured by resistance
; temperature detection (RTD) elements. The resultant reactor outlet

temperature signal is monitored by a histable which trips when the
setpoint is exceeded, de-energizing the reactor protection channel

.

trip relay.
.

4.3.1teactor Pressur: Trip (See Figure RPS-4)-"

-

. . .

. The reactor c ,olant pressure signal originating from the pres-
sure transmitter is sent to a buffer module which acts as a signal con-
dicioner.and signal isolation unit. Pressure signals are then sent
to high- and low-pressure bistable modules. When the pressure exceeds
the trip point, of the high-pressure bistable, the bistable trips and
de-energizes the channel trip relay. The low-pressure bistable trips,
when the pressure falls below the trip point, de-energizing the chan-
nel trip relay.

4.4 Reactor 3u11dira Pressure Trio *

The reactor building pressure is also monitored by the reactor
protection systam. Wnen the reactor building pressure excaeds the set
point, the bistable trips and de-energi:es the protection channel's-.

-

trip relay.

4.5. Pressure - Temeerature Trio .

g Figure RPS-3 shows the Nor=al Operating Envelope in relation *

to the allowable =ax1=um pressure line A-3, max 1=um tec:perature line
.

RPS-3 Babcock & Wilcox
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B-C, variable temperature pressure line C-D, and mini =um pressure D-E. . .;

When the reactor te=perature and pressure goes outside of the ABCDE
curve,.the system will trip. The. circuits which do this are shown in

Figure RPS-4.
.

The high pressure trip keeps the system below the maximum
pressure line, A-3, and the low pressure trip prevents the system from

operating below the minimum pressure line, D-E, with the high temperature
trip ensuring that the~tamperature remains less than B-C. To stay to

- the left of line C-D requires a combination of pressure and temperature.
'~

.This is solved by the circuit which ends with the press-temp crip. The

signal converter converts the temperature signal to the form (aT-b),

where a and b are preset constants already set into the equip =ent.
~

The value (aI-b) is then compared to a signal, as a variable set point
! within the histable. When the variable set point value is greater than

the pressure signal, a trip occurs.

| 4.6. Power / Imbalance / Flow-Trio
*

To ensure the safecy of the reactor core,the minimum power -

imbalance between the top and bottom of the cdre is required in order
to operate. Also, it is necessary to restrict the arximum power based
upon the total coolant flow in the loops. Referring to Figure RPS-3,

it is required that operating be in the middle about the C line. The

protection channel (Figure RPS-4) computes the envelope requirement and
causes a trip when the envelope boundaries are violated. The electronic

circuitry measures the flow in each loop and sums them to obtain the

total flow. ,This signal is then modified by the power i= balance-(i.e.,

coves it away from the 0 line) . The resultant =odified signal is

I then cocoared with the power signal in order to determine if a trip
{
j is to occur.
,

i

4.7. Power-P'mes Trio (See Figures RPS-5A and 53)-

| The reactor coolant pump motors are monitored by the pump
l

eenitor logic which counts the number of operating reactor coolant

! pumps and identifies the coolant loop in which the pu=ps are operating.
The pump moniece logic output controls the trip point of a power-pumps! w.

1 e.-

EPS-4;
,
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comparator and initiates a channel trip when the number of operating'

# pumps, in each loop, correct for the appropriate reactor power level. ,

|.

5. Reactor Trio Circuit |-
,

- |

The reactor is tripped by the removal of electrical power to the i,

control rod drives mechanisms. When electrical power is removed from I

'

a control rod drive mechanism, its control rod is released, and it falls
i

to the fully incerted position with the exception of group 8, which

comprises the axial " power shaping group (this group does not trip on
- pewer removal) . The removal of electrical power from the. control rod

drives is accomplished by op'ening the circuit breakers that supply ~

power te La contred rod drive system (CRDS). Each of these breakers
have an undervoltage coil which, when the input voltage is above a
mini =um value, allows the breaker to be closed thereby co=pleting the
circuit. If the voltage is removed fres the undervoltage coil, the .

undervoltage mechanism trips the breaker thereby opening the circuit.
Each of the four reactor protection system channels has an output

relay connected in series with the undervoltage coil of the circuit-

,

breakar aa.shown. in Eigure r 3-6. When a channel trips, the output
'

srelay. opens one of the four circuit breakers and, if one other chan-
nel trips, all power will be removed frem the CRDS.

Each. channel of the protection ' system functions to de-energi=e its
breaker when two out of four channels are tripped. Figure RPS-7 shows
a simplified electrical diagram of the electrical circuit to the under-

*

voltage (UV) coil of a breaker. If either end of the circuit is broken,
the UV coil will be de-energized. The protective system channels are

'

labeled A, 3, C, and D and the contacts KA, K3, KC, and KD are the K
relay contacts, in ea' h channel previously described, and open whenc

the K relay de-energi:es. For exa=ple, when A and B channel trip, the
KA and K3 relays in the upper set open circuit the system. Likewise
when the A and C channels trip,the lower circuit is opened.

6. Reactor Protection Channel

A complete s1=plified channel is shown in Figure RPS-8. Each indi-

vidual channel has a bypass circuit that c$nbeenergized. This bypass
Ngggr circuit would be used if there was a circuit failure in the channel and

RPS-5 Babcock & Wilcox

. . . _-_ _ _ _



|

|
|

.

..

. . . |

-
.

-

it was not working properly or periodic =aintenance was being performed

on it. The bypass switch, when shut, energizes the B/P relay and this j

supplies current to the KA relay through contacts 3/P, enereby allowing
relay "KA" to remain energized independent of its associated series
channel trip contacts. In the B/P relay circuit there are contacts
from the other three reactor protection system channels. These other
B/P relays must be de-energized (the respective channel not in bypass) !

in order to put the des' ired reatter protection system channel into
. bypass. When a reactor protection system cbsnnel is in bypass, it takes |

1

two of the remaining three reactor protection system channels to cause j.

a reactor trip.

The channel trip relay performs its function by supplying power

through contacts in the KA1, KA2, KA3 and KA4 relays which are located
in channel A, B, C, and D respectfully. The de-energizing of relays

KA1, KA2, KA3, and KA4, when combined with another channel trip relay,
function to trip the power supply breakers.

In order to get a trip on channel A, two of the four relays KA1,

K31, KC1 or KD* -rst be de-energized at the same time.
..

7. Reactor Protection System

The entire reactor protection system, in simplified form, is shown

in Figure RPS-9. 'In the preceding sections, each component element of,,
the reactor protection system has been discussed. The last remaining
objective is to acquire an understanding of the Module Interlocks and
Test Trip Relay, identified on the far right channel. Each channel

and each trip module are capable of being individually tested. When

a module is placed into the test mode it causes the Test Trip Relay to

! open the "TT" contact and chereby indicate a reactor protection system
channel trip. Under normal conditions the channel to be tested is'

; placed in bypass prior to testing a module.
1

7.1. System Design Features'

The reactor protaccion system performs the most important of
all protective functions in the plant; that of protecting the nuclear

,

reactor from damnge. Therefore, the design criteria applied are the q,% ,

'"most extensive and restrictive of any that are applied to a plant system

.

RPS-6 Babcock 3.Wilcox
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designed to guarantee reliable operation. The entire system is designed
,

to meet, or exceed, the requirements of the Im Criteria for Nuclear

Pever Plant Protection Systems dated August, 1968, more cos:monly known

as IZZZ 279.
Sinsle Failure - No single failure will preve'nt a protective

,

system from fulfilling its protective functions, when action is required.

In addition, although not required by IZZZ 279, the system must meet the

plant reliability criteria that no single failure will initiate unnec-

essary protective syst'em action.wherever irplementation does not con-
.

'

flict with the single-failure criteria of IEEE 279. -

Redundancy - The reactor protective system functions are im-
pienented with redundant sensors, instrunent strings, logic and action

devices.

,

Indeoendence - Redundant reactor protective system channels

and their associated inputs and outputs are both electrically and physi-
cally independent so that electrical or mechanical faults in one chan-

i
~

nel will.nne affect that redundant chann,als in any way.. . .

Seoaration - Separation of protecfion and control is provided
for by'having only one string of redundant instrumentation connected at
any one time to the control system. Electrical independence is ensured

~

by using ' isolation amplif1Ers

Manual Trip - Manual trip switches, independent of the auto-

matic trip instrumentation, are provided.

Testability - Manual test facilities are built into the re-i

'

actor protective system in order to allow for operational testing nee-

essary to assure that the system will fulfill its protective functions

as designed. Also, it allows on-line testing, for penaf of operability
and reliability, without interfering with normal reactor or plant opera-

tion or trip functions.

Loss of Power - Loss of power to any part of the reactor pro-
taction system will cause the affected reactor protection system chan-
nel to trip. - -

.

a?S-7 Babcock a,Wilcox
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Ecutement Removal - The re= oval of a reactor protection system
=edule fren its system cabinet vill initiate a trip in the affected chan-
nel.

,

Seismic Recuirements -- The reactor protection system is de-
signed to fulfill its required protective functions during and after a
maxi =um hypothetica'. earthquake.

7.2. System vonitoring

The modules, logic and analog equipment, nssociated with a
,

single reactor protection system channel are contained shol y within '

two reactor protection system gabinets. These cabinets contain a meter
l

for every analog signal used by the protection channel and visual indi- ~

:

cation of the state of every logic element. At the top of one cabinet,
easily visible at all ti=es, is a channel status panel. Lamps on this
panel provide a quick visual indication of the trip status of the par-
ticular channel and of the reactor trip module associated with it. In

addition, lamps are provided to indicate the following: (1) channel is ,

in test; (2) fan failure has occurred; (i; c.hannel bypass has been ini- ':'..

tinted; (4) shutdevn bypass has been initiated; (5) CRD breaker has
tripped.

Also, each visual indication, readouts within the individual
channel cabinets, each trip function, power supply,. analog signal, and
interlock is monitored by the plant computer. Trip actions are requence-
nonitored in the plant computer, permitting the operator. to readily

l identify the channel trip actions.

.

1

l
1

e

.

.

@
~
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Figure RPS-2. Reacror Protection Trip
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Figura RPS-8. Reac:or Protection Channel '
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Figure RPS-9. Reactor Protection System
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The subject of this description is the Bailey Meter

Company 880 Nuclear Instrumentation and Protection System.
t

It is a part of the prant Reactor Protective System.

Figure 1 is a basic block diagram of the ReactorThe 880 Nuclear Instrumentation and
Protection System. Protection System monitors selected variable associated

,-

with the nuclear reactor plant and automatically initiates j
;

corrective action should any of the monitored variables!
.

It is used to

approach unsafe pre-established values. provide protection for and to prevent accidents to the
-

reactor core and the reactor coolant systems.-

The protection function performed by the ReactorA redProtection System is a reactor trip function.
withdra* 41 inhibit function is also generated.

The instrumentation used to implement the reactornon nuclear
protective functions is divided into two types:
and nuclear instrumentation.

The nuclear instrumentation is used to monitor the'
-

following reactor parameters: ,

,
.

.

Reactor out of core leakage flux, which is a\U 1,
measure of reactor power. .

-

.

Reactor startup rate, derived from the above2.
measurement.

.

The non nuclear sensors are used to monitor the .

following reactor parameters:
.

,

1. Reactor outlet temperature.

2. Reactor coolant pressure.
e

i

3 Reactor coolant flow.

4. Reactor Building Pressure..

..

The following description of the Bailey 880 System will
begin with an overall look at the system organization, itsFollowed by

major interrelated parts and their functions.this description of the whole system will be a more detailed
.

discussion of each major part.
.

e

!
*

L
L
:

;
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2. SYSTEM ORGANI':ATION AND FU:iOTION'

<

./ (Reference Drawings: D6047801, D8047802 and Figure 2.1)

The Sailey Meter Company 880 system is divided into
four major redundant parts or subassemblies which are shown,
on drawings D8047801 and D8047802. The nuclear and non-
nuclear instrumentation which monitors the reactor flux
is shown on Drawing D8047801.

.

The two functions performed by the 880 system are:
Rod Withdrawal Inhibit functions and Reactor Trip functions.
Drawing D8047801 shows the Rod Withdrawal Inhibit function.
Drawing D8047802 shows the circuitry for the Reactor Trip

.
functions.

.
*

2.1 Nuclear Instrumentation
,

The nuclear instrumentation includes all instruments
associated with the measurement of the reactor's out of
core leakage flux, and the processing and display of
leakage flux measurements as a measure of reactor power.

The neutron flux level of a power reactor must be
monitored at all times and at all power levels. This

,

requirement calls for approximately 12 decades of
instrumentation for comp,.lete monitori 6 of the entire - .-s
operating range from source strength to full power output. ''

v. ,

To cover the above requirement, overall coverage is*

obtained by using multiple detectors with overlapping,

ranges. Figure 2.1 is a diagram showing g iga _1_ measuring |

ranges of the detectors in ter=s of reactor power output. |

There are three types of detectors and three
measuring ranges used:

1. Source Range Instrumentation. -

2. Intermediate Range Instrumentation.

3 Power Range Instrumentation.#

As shown in Drawing DSO47801, there are two (2) Source
Range. Channels, two (2) Intermediate Range Channels,
and four (4) Power Range Channels.

The primary purposes of the Source and Intermediate
Range Channels are to provide neutron flux level
information to the operator and to monitor the relative rate
of change of neutron flux for reactor startup control.

.

%D

.

G

, , . - - - . - . . , --
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, '~ The reactor startup control is generated by the Rod i|
Withdrawal Inhibit logic explained below. |'.

r,

The primary purpose of the Power Range Channels is ||
j'to monitor the flux level while operating in the power
lrange and to generatJe a Reactor Trip if predetermined i

I

||jsafe operating limits are exceeded. See a description
- - - -

of ~the Reactor Trip function telow.
_ _ . . 3,i- - . . .

2.2 Non Nuclear Sensors ,

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

The non-nuclear sensors are required to protect__
,

the plant against various excursions detectable from non |

'. nuclear parameters. The essential parameters monitored are.
\-

!
(1) Reactor Coolant System ?bessure 1

- |

(2) Reactor Coolant System Temperature

(3) Reactor Coolant System Flow'

(4) Reactor Building Pressure
~

(5) Reactor Coolant Pump Power Monitors .
-

-

.
* As shown in drawing D8047801, there are a total of~%

20 non-nuclear instrumentation channels. Rach subassembly

contains 5 non-nuclear incurumentation channels and. are
-

'

in each of the sour subassemblies . See che-redundantReactor Trip function discussion below for a description
of the logic associated with these channels.

.

'

23 Rod Withdrawal Inhibit,_Lo,gic

Dwg. D8047801 shows the relay logic 2 sed in the Red
-

,

Withdrawal Inhibit Function. The two Scurce Range

Channels (NI-l and NI-2) and the two Intermediate Range
Channels (NI-3 and NI-4) monitor the startup rate of the

If anyone of the above four channels exceeds<
reactor.
a predetermined Startup Rate a Rod Withdrawal Inhibit (Rod

ThisHold) Signal is sent to the Control Rod Drive system.
signal preventscthe operator from removing the control
rods any further.

The Startup Rate Rod Withdrawal Inhibit function of
the two Source Range Channels NI-1 and NI-2 is inhibited
by the Source Range High Voltage Cutoff anc Sta'rtup Rate

i Inhibit logic described below. This is accomplished when
| the Source Range Detector Power Supply is cutoff. Shutting
'

off the power supply inhibits the normal operatin6 of the
Source Range Startup Rate bistable and places it in an

~ untripped state regardless of the input condition.



._. , _ . _ .

J

L

, ._ __

-s -,

- The complete Rod Withdrawal Inhibit logic (Rod Hold)
syi is bypass ~ed by the ?cwer Range channels. Once the reactor

power safely reache s the sensitivity level of the Power.

Range channels (NI-5,,NI-6, NI-7 & NI-8), relay logic is
provided to bypass this Rod Inhitit function. From
Dwg. D8047801, the following circuit can be obtained. The
" Red Hold" signai is an open Contact state.

's , (Inhibited by' Source Range High Voltage
Rod Withdrawal - Cutoff & Startup Rate Inn 1 bit Logic)

-Inhibit

-2 NI-6 NI-5.; . e : .. :

. Rod 4 ;- NI-1fNI-2fNI-3
0 NI- .//

Hold.. S' I : :
T - - - . - - . # , .-r ..-am . , 38 N -7- =

Aux. Relay

As long as the startup rate in the source and
- intermediate ranges remains within specified limits , the

four n.o. contacts shown above remain ocen. Once the
power range is active, the n.c. contacts of the four
power range channels will open. Note that it takes at
least two contacts (either NI-5 or NI-6 and NI-7 or NI-8)
to keep the circuit open in order to successfully bypass
the Rod Hold Inhibit Function. This two-out-of-four
logic provides a safety " Actor to insure that the power,

\#
range level has been scr:-ay reached and that the
instrumentation is functioning in that range.

'

.

2.4 hource Range Eigh Voltage Cutoff & Start Uo Rate Inhibit
Loeic

Another feature of the Nuclear Instrumentation, which
Dwg. D8047801 points out is the Source Range High Voltage
Cutoff function. Since the Source Range Channel only
monitors the lower portion of the total flux spectrum,
it sust be protected when the reactor power exceeds the-

Source Range 's monitoring capability . Operation of the
,

|
Proportional Counter Assembly in a high gamma flux shortens ;
the life of the detector and for that reason the high i
voltage must be shutoff. To provide this protection, the '

high voltage from the Detector Power Supply to the preamp
is cut off. The Detector Power Supply also sends an
inhibit signal to the Start Up Rate bistable circuit to
prevent a false contact closure or Rod Hold signal as the
transition is made from the Source Range to the Intermediate
Range monitoring activity.

Since there are twc independent scurce range enanne's,_

each is independently provided with its own hign voltage
cutoff circuit. The relay logic for this function is shcun,-

. _ . . . - . . . - -
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8 on Dwg. D8047801 and is redrawn for clarity below. Theek

circuit is identical for each of the Source Range
channels.

,

MI- NI-5 NI-6'

/o / ss '
,*7~ 217~

~-
,

' I
i.** : "W w +-

NI-8 NI-7Supply -

N

" Note that both Intermediate Range Channels (NI-3
~

-

and NI-4) must be active before the N.C. Contacts canThe power rangeopen to shut off the high voltage.channels (NI-5, NI-6, NI-7 and NI-8) are also included
in the high voltage cutoff function. In the power range,

it takes a specific set of two power range channels to
From the circuit above,provide the cut-off capability.it would require that NI-5 or NI-6 and NI-7 or MI-8 be

'dith theactive in order to shut off the high voltage.
conditions just described, the Source Range Channel is

exceeds the- protected from damage when its inputThus, the criteria of=onitoring range of the channel.
overrange protection or " fold'over" is clearly represented

-

-
'

in terms of .ua source range high voltage cutoff circuits.\;>

2.5 Reactor Trip Function

. Dwg. D8047802 shows the instrumentation required to
control the reactor activity. The power to the control
rod drive systems is controlled by the reactor trip
modules shown on this drawing. The contact logic shown
at the bottom of the drawing is used to control the circuit
breakers in the power circuits of the rod dfive systems.-

Note that the contact arrangement requires that at least .

two of the four independent reactor trip modules be in
their " trip" condition before the circuit breakers for<

the rod control drive are disabled. Thus, a single
channel failure cannot cause an interruption in the potter
circuit of the control red drive system. This single

failure criteria is important in the performance of the
reactor protection system.

From Dug. D8047302 which shows the vital parts of the
reactor trip module, it can be seen that a power failure
in ene of the four trip =odules will drop out the main
trip _ relay. Upon restoration of the power, this trip relay

-
.

g

-=v * m w
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cannot he reenergized unlec: the reset cwitch 13 depressed.,.

7 The relay la in it: " trip" condition until the reset action-

in taken by One operator. Thus, a power failure will
indicato a " trip" condition anc requires operator attention
to respond and re::tgre the syntem to normal operation.
Thin critoria of " trip" indication upon powcr failure,
can be clearly seen on Dwn. DSO47802.

The reacter trip module is designed to respond to
several conditions aside from power failure which warrants
a " tripped'' stato. The. circuitry within the trip module
is trig.m.ered by the folicwing conditions in the
instrumentation:

I

", A) Critical value of a field input.
.

3) Withdrawal of a vital module.
C) Placing a test mcdule into the test mode.

In order to initiate a " trip" due to a critical
value of a field input, the relay contact string of
bistable contacts must be broken by an open contact.
Dwg. D8047801 shows the various parameters which can cause
the bistable trip string' to lose continuity. Any of the
folicwing field conditions can cause a reactor trip:_,

) 1) Flux too high.
2) Building pressure too high.
3) Coolant temperature too high.- *

. 4) Coolant pressure too high.
5) abnor=al power / imbalance /ficw condition.
6) Abnormal pressure / temperature condition.-

7) Abnormal flux /pumpa operating condition. ''

8) Coolant pressure too low.
J

If the reactor is in its shutdown mode, conditions
5 thru 8 above can be bypassed by'a single condition of
coolant pressure dro
within the " bypass" pping below the " bypass" set pointbistable module. This module is shown
in the " bypassed" portion of the trip string. The shut-
down bypass is initiated in a key switch module which
closes its switch contacts to energine an auxiliary relay*

shown just above the key switch module.

Another condition which will result in a reactor
; ' trip is the removal of any critical T.odule in the

instrumentation except for certain test modules wnich
|

do not. play an active role during normal monitoring of i.

field conditions. The medules which are vital to the
operation of the system are coded on the Dug. D8047801 '

s. '

'
.

|.

._. . . - . . . .-
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(Occ the Irmend at the bottom ot* the drawing). If any
'

'__
3 of the c modulec are removed from the system, the continuity1 of the module-int'erlock circuit is oroken. Each modulehas an internal jumper which is in series with the

internal jumper of the next module in the module-interlock
string. When all vital modules are plugged in, the circuit
will be completed from a -15 volt bus to the reactor
trip module. Dwg. D8047802 shows all of the modules '
jumpers which make up the complete interlock string. Thetest / interlock trip relay within each reactor trip module
will only be energized is all vital modules are plugged in.

The text / interlock relay will be d'e-energized if
,, any of the five test' modules are placed into their test
.. mode of operation. These five modules are the power -

. range test, temperature test, flow test, pressure test,
and the high building pressure contact buffer. The test
switch of each of thece test modules is wired in parallel
with the test / interlock trip relay coil. In the test mode,
the cwitch contact in the test module will short-out thetest / interlock trip relay coil and its N.O. contact will
open to de-energize the main trip relay. All of thevoltage will now be across the resistor which is in series
with the test / interlock trip relay coil.

A keyswitch is provided on each reactor trip module,,

' i ~ to manually bypass the trip strings, module interlocks- ,,

1/ and test trip c'rcuitry. An indicator light shownadjacent to the manual bypass relay will be lit once the
1

j

relay is energized.- Note that a manual bypass can only
be initiated in one out of four reactor trip modules.
The keyswitch of each module is wired in series with the
other three modules. Thus the key switch can only be
used to energize its associated bypass relay if all other
three N.C. contacts remain closed. Once the manualbypass relay in energized. two N.G. contacts close tolight an indicator as well as keep the main trip relay
energized. The three remaining N.C. contacts of the
manual bypass relay open to prevent the other three
reactor trip modules from.being placed into the bypassmode. -

*

The main trip relay of each reactor trip'medule has I
four :. 0. contact used to energize One four output relays.
As long as the =ain trip relay remains energized, its
four N.O. contacts remain closed to keep the cutput relays
energized. However, test switches are provided to de-
energi e any or all of the four output relays. By switeningoff certain combina ionc of output relays, the contact
logic of the output. relay may be chocked. This cor.pletes
the discuccion of the cystem organication. The next
section will cover each of the nuclear instrumentations- cnannels indivicually.

1

.

. , ~w ,
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i 3 NUCLEAR INSTRUMENTATION SYSTEM
'

(~ .~
9 3 1. Introduction'

The nuclear instrumentation system monitors the reactor
neutron power from source level to 125% of full power and
supplies signals to t'he operator, the reactor control portion
of the ICS and the protection system. All system neutron

detectors are outside the reactor vessel. The measuring

span from source level to 125% of full power exceeds ten
decades of neutron flux information so that three ranges of
nuclear instrumentation are required:

The Source Ranze provides two independent logarithmic
signals of neutron power over the span from below source
level to six decades above source level, using two proportion-..

- -

al counters. The overlap with the inter'ediate range ism
over two decades. -

The Intermediate Ranze crovide two independent loga-
rithmic s1Tnals of neutron power over the span from seven~

decades below full power to above full power using two
compensated ion chambers. The overlap with the power

range exceeds two decades.
The Power Ranze provides four independent linear signals

of neutron power over the span from 15 to 125% of full power>
.,~ using ,four uncompensated icn chambers.

v
System Design Criteria3 2.

, ,

,

Because of the essential nature of the neutron fluxinfor=ation derived from the nuclear instrumentation, two
major design criteria have been applied to guarantee the
reliability and operability of the system.

All nuclear instrumentation system channels
RedundangL:th a minimum of four identical independentare renuncant wi

channels where inputs to the reactor protection system are :
'

|provided and two identical independent channels where no< |reactor protection system inputs are provided. |

1!ndecendence: Redundant channels shall be both elec- )

trlcalTy~and piyTically independent, so that electrical |-

or mechanical faults in one channel cannot affect the !

redundant channels in any way,
i
I

Three important criteria apply to guarantee that the
safety of the plant is never compromised by absence of
correct neutron flux information:

.

*s

|
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,. Availability: At least one ranr,e of nuclear
.' Q instrum'e'nWa't'i6n Whall be on scale at all times as long as

'

an operating core is loaded in the reactor.

Overlap: An absolute minimum of one decade of over-
lap sEiff Vx'ist between successive ranges of nuclear
instrumentation.

Foldover: Each range of nuclear' instrumentation shall
be desfgded'io withstand overload without foldover.

One additional criteria to guarantee plant availability
~

is:

'. Servic eabil_i,t_r: The nuclear instr.umentation is
. designed so that routine servicing and preventive maint'enance

can be performed without interferring with normal Reactor,

or Plant operation.

33 Functional Descriction

Emphasis in the nuclear instrumentation design is
placed on availability, Accuracy, Stability.and Reliability.
Instruments are redundant in every range and include on-line
calibration capability. -

.& .

;The nuclear instrumentation system includes all instru-,
~

ments associated with the measurement of reactor leakage I

neutron flux with out-of-core neutron detectors, and the
processing and display of leakage flux measurements as
a direct measure of reactor power. Where necessary the
system incorporated provisions.to compensate for the presence
of Gamma Radiation which is not directly related to reactor
power. -

The Reactor Neutron Flux must be measured at all times
and at all power levels. The normal span from Source Level
to Overpower Trip is approximately ten decades so that
the nuclear instrumentation must provide a minimum of 12
decades, and preferably 13 decades, of neutron flux level
information to allow for margins at both ends of the
operating scale and for variations in Source strength.

The nuclear instrumentation has eight channels of
neutron information divided into three ranges of sensitivity:
source, intermediate, and power ranges. The three ranges
combine to give a continuous measurement of reactor power
from below source level to over 125% of full power, a full |
thirteen decades of information. A minimum of 2 decades of |

:

|

.
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ovarianpinr. information 10 provided between succescively'-
7' hir.hcr ranccc of inctrumentation. The relation hip between

instrument ranges is .hhown in Figure 2.1.

The Source Ranr,c instrumentation has two redundant
count rato channels which provide neutron flux information
over a counting rantr,e of seven decades from 0.1 to 10
counts per second. The signals originate in two high-,

sensitivity proportional ecunters on opposite sides of the
Preamplifiers in the Reactor Building are used tocore.

shape and amplify the low level pulses from the detectors,
and to provide impedance matching.

- Linear amplificr: amplify the voltage pulses to a"

uncable level for the Discriminatorc, where background and.

noise pulsen are diccarded. The Log Count Rate Amplifier
converts the neutron pulsos to a signal cuitable for
displaying the Log Count Rate Level to the operator. Rate
computers calculate the rate of change of the LoS CountRate for display to the operator. The channels measure therate from -1 to +10 decados per minute and display the
information to the operator on meters scaled from -0 5 to,

' +5.0 decadoc per minute. No protective functions are
associated with the Sourco range. However, one interlock
is provided; a control rod withdrawal inhibit function.

The Intermediate Range Instiumentation has two loga -s_ l rithmic channels which provide eight decades of flun
information in terms of log ion Chamber Current and
Startup Rate. The signale originate in two identical,
electrically gamma - compensated ion chambers on opposite
sides of the core. The ion chais- from 10-11 to 10-4 amperes . mber signal output range

Logarithmic amplifiers convert'the detector output
| currents to signals suitable for displaying Log N level'

to the operator. Rate Computers calculate the rate of
change of the Log N signal for display to the operators,

! and for use in the Rod Withdrawal Inhibit Interlock. A
high startup rate in either channel will initiate
a Control Rod Withdrawal Inhibit Interlock. The startup
rate range is from -1 to +10 decades per minute but the
Operating Console meters are ccaled from -0.5 to +5 0
decades per minute. Rate interlock action in both the
source range and intermediate range is locked out at approx-
imately 100 full power.

|

|

.

I
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(~c) The Power Range instrumentation has four linear level.

channels originating in four 12-foot-long uncompensated
ion chambers opposite each quadrant of the reactor core.
The channel outputs are directly proportional to reactor
power and cover the range from 0 to 125% of full power.

~

Linear Amplifiers convert the detector output currents to
signals suitable for displaying the reactor power level to
the operator and for use in the reactor control and
protection systems. Each channel includes provisions for
calibrating the signals against the plant heat balance
calculations.

.
.

,

'

3.4. System Descriction - --

Equio=ent Locations3.4.1 .

Neutron Detectors - The Neutron Detectors'for all
channels are outside the Reactor Vessel but inside the
Primary Sheilding. The Power Range Detectors are in four
primary positions, 90 degrees apart around the Reactor
Core and directly opposite the quadrants. Each detector
extends the full height of the core in an unshielded Detector
thimble.

-

The two S'ource Range Detectors , Proportional Counters ,'g /
are placed on opposite sides of the core. Each detector'

- is surrr maded by lead which provides shielding cgainst
.

Fissio' - product Gamma Radiation.

- The two Intermediate Range Detec' ors are also installedt

on opposite sides of the core, but they are rotated 90 degrees
i.

from the source range detectors.

Premgglifiers - The Source Range Preamplifiers are
inside the Reactor Building as close as possible to the
Source Range Detectors, perferably within 50" feet of them.
They are placed outside the Primary Shield area to keep
them out of the high nedtron and gamma flux and to make themi

reasonably accessible for replacement or maintenance.,'

<

System Cabinets - The nuclear instrumentation system
amplifiers, test and calibration equipment are housed in
efght' cabinets defined as Nuclear Instrumentation and .

Reactor Protection System cabinets. These are located in
the centrol room. Each redundant nu'elear instrumentation
channel occupies a different system cabinet or two-cabinet
subassembly to provide maximum electrical and physical
separation, and each subassembly is powered from a different
vital bus.

-

N-
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@ 9 Rey _a._o_r__R,ca,dpy,t_s_ _The reactor power level and rate
meters and recorders, which provide signals to the operator_r

from the nuclear instru=entation channels are mounted on the
console.

,

S
(aloni;y_ stem Cabinets and Modules - The nuclear instrumentationwit'h t'h'e Fe'a~c' tor'~p' rote'ctTon system) is housed in

~ - -

eight standard, free-standing system cabinets made of 1/3
inch-thick steel; the cabinets measure 2x2x7 feet. They.

are bolted together to form assemblies with the required
number of cabinets.

The equipment is mounted in individual mounting boxes
', arranged in a vertical row in the cabinet. Up to ten ofi

these mountin6 boxes or terminal panels, each measuring
| 7 inches high by 17.5 inches wide by 11.5 inches deep, can-

be m'ounted in a single cabinet.

All external wiring to the equipment is terminated at
terminal panels mounted in the bottom or top of the cabinet.
Individual wires are terminated on barrier-strip terminal
blocks. Preformed cables are terminated in Blue Ribbon
connectors with latches. Low-level signals carried into.

~ the cabinet via shielded coaxial or triaxial cables are
connected directly into the equipment modules instead of
into terminal panels.' High-voltage wiring to the detectors

/ is also connected directly to the equipment modules with
triaxial or coaxial cables to =inimise the potential .for

. shock hazard.
.

Forced-air cooling is provided in each cabinet. A
fan mounted on top of the cabinet forces filtered air
horizontally through each of the equipment mounting boxes.
Power-dissipating components in the equipment modules are.

in the direct stream of air flow allowing efficient cooling.,

'

A Fan-Failure Detector provides a means to annunciate the
loss of cooling.

Two system power supply packages are provided ';r each
of the four pairs of system cabinets. These suppl'ies are
operated from an 118 vol AC line and provide regulated DC
outputs of plus and minus 15 volts. Each power supply is
mounted at the mounting box. The power is-distributed
from these supplies to the modules that comprise that

: protection system.

Standard plug-in modules house the remainder of the|

| instrumentation equipment. The nodule mounting bcxes are
I divided into 15-unit widths. Two sizes of modules are
j used in the system: 2 units wide and 3 units wide. The

equipment inside a module is mounted on a nuncer of plug-,

*n cards mounted vertically. All switches, adjustments -

'

I s. .

.
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-. and indicatinc devicea intended for routine maintenancey and calibration are mounted on. or are accessible from thefront panel of the modules. The modules connect to the
-

wiring on the back of the mounting boxes via 32 pin-

connectors. A two unft-unit wide module has space for
two connectors, and r2three-unit wide module has space
for three.

3 4.2 sourc e Rang _C_hann_e_i_s_

The two source range channels (NI-l and NI-2) are
identical. They are shown fdnctionally in Figure 3.2.
Each channel consists of the following components :

'
"

- 1. A proportional Counter Assembly
2. Preamplifier
3 Log Count Rate Amplifier

a. Linear Amplifier
b. Discriminator

4. Rate of Change Amplifier
5. Output Metering

j 6. Rate Interlocks (31 stable)
; 7. Source Range Test Module
i 8. Detector Power Supply
,

- Procortional Counters - The Proportional Counters are
designed'to detect neutrons at thermal energies in the r?"~a''
from 1.7x10-2 to 1.7x103 neutrons /cm ,/ second. These2

detectors are multi-element counter assemblies.
The detectors consist of Proportional Counter Units,

in a hermetically sealed aluminum outer core permitting
; operation in high-humidity environ =ents. The materials

used in those detectors have been selected for low# activation properties. The terminal ngut
-

is approximately 50 counts /neutronj/cm . ron sensitivityEach detector is
mounted in a housing assembly which serves to electrically
insulate the detector case from ground and to provide
convenient and rugged means of handling the detector during
installation and removal from the Detector thimble.

Prearnlifier - The source range preamplifier is the
only HiicTe~aY Tnst'rumentation module mounted outside the
system cabinet. The preamplifier is pcckaged in a double-
box arrangement to minimize difficulties from continued
operations in a high-humidity environment. The inner box
contains the electronics and is insul:ed from :he outer
box. The power supply and signal connt : tors are mounted
on the outer box. Because of the low signal levels triaxial
cable is used for the signal lines.

P
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(-
-.i The preamplifier is of the type known as " charge

Sensitive"; tha: is, its output voltage is proportional
to the a=ount of charge appearing at its input. This
approach provides compatioility with the output of the
proportional counters , which transmit an impulse of charge
for each radiation event. Refer to Product Instruction
Manual E92-311 for the specific operating characteristics
of the preamplifier.

.
_ ,

Detector Power SupppL - The Source 'snge Proportional
Counters operate a: a hign voltage and cc.tsequently recuire
a source of well-regulated high DC voltage. This comes from
the Detector Power Supply Modules provided in each source-

range channel and mounted in the source' range channel
cabinets. Each Detector Power Supply Module is connected to.
its preamplifier by shield cables. The supplies have
stability and regulation within +1% and less than 200
millivolt output ripple.

,

In addition to its basic function, each Detector Power
Supply has local and remote high-voltage turnoff, overvoltage
cutoff, current limiting and outputs for remote indication-

of voltage and annunciation of.. voltage ON-OFF.

The Detector Power Supply is a regulated DC to DC
'

converter operating from the cabinet plus and minus 15 "~'tg 'j .

channel power surply. An oscillator and power amplifie
provide a sinusoidal input to a voltage step-up trans for=er.

,

- The high voltage AC output of the transformer is rectified
and further stepped up in a voltage multiplier. A fraction
af the DC output is compared with a reference Voltage in
a Comparator Amplifier which controls the oscillator output
amplitude to maintain the operating voltage.

The Detector Power Supply is packaged in a 3-uni $ wide
module. The module front plate contains a meter to indicate
the output voltage, a voltage adjustment potentiometer, and
ON-OFF switch, a limit reset switch, and a test Jack for
measuring the output "oltage divided by 1.000. Refer to -,,
Product Instruction Manual E92-332 for the operating
characteristics of the detector power supply.

t

Count Rate Anglifier Module - The count rate amplifier: -

j provides a c ~c cufput fd MiiYfd e of 0 to 10 volts , proportior. |6
al to the logarithm of the input pulse rate in the range

' '

of 0.1 to 10 pulses per second.

The count rate amplifier consists of four basic sections:
a pulse a=plifier, pulse height discriminator, log count rate
circuit, and output isolation buffer amplifiers. The input

| % -

i

| -

|

. - . - -__ - -- |
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1 pulses, with typical amplitudes of a fraction of a volt, are
N* applied to the pulse a=plifier, which has iul input impedance

to match the input triaxial cable. The gain of the pulse
,

amplifier is continuously adjustable from 4 to 10. I

Sufficient resolving time (100 nanoseconds) has been design-
ed into the pulse amplifier circuitry to ensure that no
significant count loss occurs in the amplification stage.
The output of the Pulse Amplifier is applied to the
Discriminator, which is a high-gain amplifier with an adjust-
able threshold. The threshold can be set to rej ect noise
pulses of smaller =agnitude than the signal pulses, thus
discriminating between a signal and noise. Standardized

.

magnitude signal output pulses from the Discriminator-

- drive a Binary Flip-flop. The Flip-flop output provides
complementary inputs to the Log Count Rate circuit via
power amplifiers. The Log Count Rate circuit consists of
five classic diodeYarborough circuit) pump circuits (commonly called a Cooke-

*

whose outputs are summed in an opera-
tional amplifier. This combination produces a DC voltage
output propertional to the logarithm of the average . input
pulse repetition race. Standard Buffer Amplifiers at the
output furnish isolation between the various output signal

,
paths; '

/
The count Rate Amplifier is packaged in a standard

.

3-unit-wide module with plug-in cards for component mounting.
\' A meter calibrated in counts per second is mountc . the-

module front. along with adjustments for pulse amplifier
gain, discriminator threshold level, and output zero and
range. Test jacks are provided for signals used during
on-line testing. Refer to Product Instruction Manual E92-312'

for the operating characteristics of the Count Rate Amplifier
Module. .

R_ ate-Of-Chanz,e,,Am,p1,1fier _. Mod _u,1,e, - During reactor start-
,

up, the rate of increase of Neutron Flux is an important
parameter for operator monitoring. The Rate-of-Change ACPli-
fi~er receives a 0 to +10 volt input from the count rate '

amplifier which is proportional to the logarithm of the
'

Neutron Flux level. Since changes in neutron flux during,.

startup tend to be exponential, the input to the Rate-of-
Chance amnlifier tends to be a linear ramp when neutron flux

'

is changing. The Rate-of-Change amplifier output is O to
+1T volts corresponding to a rate of change of minus 1 to
plus 10 decades per minute. Since purely theoretical
derivative amplifiers tend to be extremely sensitive to
high frecuencies, a low-pass filter is incorpcrated in
the circuitry.

The Rate-of-Chance amplifie.- is packaged in a standard
3-unit-wide module. On the front plate are a meter calibrated,
in decaces per minute, sero and range adjustmen: potenti:-'

meters , and an output test Jack uced for on-line testing

, _ _ - - ,- . _ - - .
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and calibration. Refer to Produci Instruction Manual 392-313
7 ' -- for the i=portant operating characteristics of the rate-of-

_j) change amplifier.

Bistable Module - Bistables are used to convert Analog
input signals to Digital output signals in the form of
relay contacts when a set point value is reached. The
Bistable module compares two Analog inputs in the range
of 0 to +10 volts DC, one from an external signal source
and the other from either an external source or an internal
variable trip point power supply. The Bistable can be
connected to trip on either an increasing or decreasing.

signal. .

. - An adjustable deadband, er hysteresis, is included to
- ensure positive switching action at the trip set point

even witn noise or small variations present in the input*

signal. An " inhibit" input, normally supplied by.a relay
contact, allows the trip action of the module to be
negated. A memory circuit, which must be reset manually,
is included to indicate whether the module has been tripped

;

or not.

The Bistable is packaged in a standard 2-unit-wide
m'odule. On the front plate are lights to indicate the trip
state of the Bistable and the state of the Sistable Memory. .

There are two momentary-toggle switches for resetting the
,

state and also the memory. Tnere are two potentiometers
5'. with turncounting dials which are usec a " adjusting the

set point of the Bistable and the Deadu nd. Test Jacks
are provided for measuring the input, Set Point voltage
and the Deadband voltages. Refer to prcduct Instruction
Manual E92-341 for the operating chcracteristics of the
bistable module.

,

Source Range Test Module - This module generates,

simu15Yec inpuf signa.i.s for on-line testing of- the Count
Rate Amplifier, Rate-of-Change Amplifier, and the Bistables, -

which comprise the source range channel of neutron flux
monitoring equipment. The Source Range test module can
be used for on-line testing during normal reactor power<

operation or during reactor shutdown, but not during reactor
startup when the. channel is active. The test signals applied
successively to the count rate amplifier are variable ampli-

~

tude pulses with repetition rates of 100 K H:, 4 K H , and'

1 Ec. The use of signals at three points of the range also
checks the logarithmic conformity . The next test condition
is the injection of a variable DC voltage near the Count
Rate amplifier output to check the set points and the
correct functioning of the bistabics connected to the Count
Rate amplifier output.

.

#\

~

I

| -
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._ The test signals applied to the Rate-of-Change ampli--

fier are a zero input for checking amplifier zero and a
0.025 Hz sawtooth wave with a slope of 10 decades per
minute for checking amplifier range. .In addition, a
variable DC voltage As fed via the Rate-of-Change Amplifier
to DistablesSet Points an, connected to its outp'ut for checking Bistable*

d functional operation.

The Source Range test mcdule is packaged in a standard
3-unit-wide module. On the front plate are an "on test"
indicator light, a multi-position rotary test switch, acalibration output potentiometers for the variable DC
voltage, a Pulse Amplitude Potentiometer for the pulse
rate signals, a reset * switch for control of the sawtooth--

, generator, and test Jacks for the ramp (sawtooth) output
and its sync pulse and for the plus 10 volt reference and
the pulse amplitude output. Refer to Product InstructionManual E92-321~ for the details of the Source Range Test
module operation.

3.4.3 Intermediate Range Channels

Functionally, the Intermediate Range is more simple
than the Source Range channels because of the analog-rather
than the digital-nature of the intermediate r'uge NeutronDetectors. As shown in.Fi'gure 3 3 the two intermediaterange channels (NI-3 and NI-4) are, identical, and eachg, ; ~~ consists of the Oc11owing components:

1. Compensated Ion Chamber-

2. Logarithmic Amplifier
.3 Rate of Change Amplifier
4. Output Metering-

5. Rate Interlock (Bistable)6. Intermediate Range Test Module
7. Detector & Auxiliary Power Supplies

Comnensated Ion Chambers - The compensated ionization
chamber'~1T desTgnVdT6 'cete~cY thermal neutrons in the range
from approximately 2x10-ll to 2x10-2 neutrons em 2 / secondpin the presence of large gamma fields.

The detector incorporated both guard-ring construction
(to minimize insulator leakage) and continuously variable
electrical compensation. The thechamber is approximately 10-'4ncutron sensitivityGamma sensitivity is less than 2 3x10-(-peutron/cm /o#2a= peres sec.

amperen/R/hr when
. operated uncompensated, but it is reduced to 2 3x10-13 amperes /
R/Hr in compensated operation, thus extending the usual
operating range by two decades. 'The detector is constructed
of high purity materials to reduce the effect of induced

.
radioactivity. .

|
'

1

|
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F.ach comocncated ion chamber in mounted in a housing-

~'

assembly which serves to electrically innulate the detector(,)g caso from ground and to provide a convenient and rugged
means for handling the detectors during installation and
removal from its thimble.

.

Detector Power Sucply, - The compensated ion chambers
in the intermediate range will be operated at a voltage,
which depends upon the exact full power neutrons flux and
the amount of overpower measurement capability desired. As
a result the Compensated Ion Chamber Detector Power Supply
Modules will be functionally identical to those in the
source range channel described in section 3.4.2.

..

Auxiliagy, Power S,uggly - The Auxiliary Power Supply.

'

provides the necessary nega,tive voltage to the compensating
electrode in the compensated ion thamber. A range of
regulated voltage from -5 to -300 volts DC is available. Thenormal compensating voltage required is -20 to -65 volts
DC. Typical voltage and current requirements for compensa-
tion are -50 volts and 10 nanoamperec.

The basic regulator and auxiliary circuits of the
;~ Auxiliary Power Supply Module are identical to those of the.

Detector Power Supply Module described in section 3.4.2.
The Auxiliary Power Supply Module is packaged in a 3-unit-

\ggi,
wide module. The module front plate has a meter to indicate
vc . .ge, a voltage adjustment potentiometer, an ON-OFF

_

switch, a limit reset switch,.and a test jack for measuring I
the output voltage divided by 100. Refer to product
instruction manual E92-333 for the operating characteristics
of the Auxiliary Power Supply Module.

;

Logarithmic Amolifier Module e This module provides
an ouliiiiut 'slinal rai5ie of'O to +TO volts de, proportional.,,
to the logarithm of the input signal current range of 10~"-
to 10-3 amperes DC. The resulting output slope is 1.25
volts per decade of input current. The logarithmic ampli-
fier comprises three sections: a Logarithmic Circuit,
a Temperature Compensation Circuit, and Output Isolation
Buffer Amplifiers. The Logarithmic Circuit uses an Opera-
tional Amplifier with a transistor feedback element. Thefeedback transistor used follows very closely the theoretical
expoential relationship of collector current to base-,

emitter voltage over the reouired eight decade . The
| result of using the transistor as a feedback element in the'

Operational Amplifier is a logarithmic conversion of input
- current to output voltage. A second Operational Amplifier
with transistor feedback and a reference current input
is used for temperature compensation. Standard

.

W

.
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S
sj Buffer Amplifiers on the output fu nish isolation betweenI ,'

the various output signa 4 paths ,
J

The logarithmic 2nplifier is packaged in a standard
3-unit-wide module. The module front plate contains a
meter calibrated in terms of the input current , along
with adjustments for amplifier balance and calibration.
Test jacks are providqd for signals used during on-line
testing. Refer to product instruction =anual E92-314
for the operating characteristics of the Logarithmic
Amplifier Mcdule.

Rate-of-Chnnge Amq11fier Module - This module in.

- each of the intermediate range channels if identical to
!the 3 ate-of-Change Amplifier in each of the source range I

channels described in section 3.4.2. In the intermediate
'

range, however, each Rate-of-Change Amplifier receives a 0 ,
to +10 volt input signal from the Logarithmic Amplifier, '

which is proportional to the logarithm of the neutron.

flux level. The Rate-of-Change Amplifier output is 0 to
+10 volts, corresponding to a rate of change of -1 to |

+10 decades per minute..

Bistable Mcdul_e - The 31sta61e Modules in the intermed-
'

late range channels are identical to those described for the-

source ran6e channels in section 3.4.2. In the intermediate;
range channels, they will function to initiate a rod with-

-

-

drawal inhibit. Also there is a 31 stable at the output of
each Logarithmic Amplifier to initiate Source Range Detector
Power Supply Cutoff automatically to prevent exceeding the
maximum operating flux limits on the proportional counter

:det ectors .
*

Intermediate Rance Test Module - The Intermediate Range
Test R6dEfe generates simulated input signals for on-line .

testin6 of the Logarithmic Amplifier, Rate-of-Change Ampli-
fier, and bistables which make up the intermediate range of
neutron flux monitoring equipment. The intermediate Range'

Test Module can be used for on-line testing during normal
notreactor power operation or during reactor shutdown, but

Aduring reactor startup when the channel is active.
stable voltage source and precision resistors are used to
generate simulated current input signals to the Lc6arithmici

'

Amplifier at 10~J amperes, 10- amperes, and 10-11 amperes.
The use of signals at three points of the range also checks

|
the logarithmic conformity. An amplifier balance test

position is also provided. The module also has facilities
i

[
to inject a variable DC voltage near the Logarithmic
Amplifier output to check the set points and the correct s_

|
functioning of bistables connected ~to the Logarithmic

(. Amplifier output.

.
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The test signals available to the Rate-of-Changet'^ ,, Amplifier are a ZERO rate input for checking amplifier'

4 zero and a 0.025 H sawtooth wave with a slope of 10 decadesNo' per minute to check amplifier range. In addition, a variable
DC voltage can be incerted at the Rate-of-Change Amplifier
output to check bistdble cet points and functional operation.

The Intermediate Range Test circuit is ';ackaged in
a standard 3-unit-wide module. On the front plate ara
an "on-test" indicator light, a multipositicn rotary test
switch, a calibration output potentiometer for the variable
DC voltage, a reset switch for control of the sawtcoth I

generator, and test jacks for the ramp (sawtooth) output
-

and its sync pulse and for +10 volt reference. Refer to
, Product- Instruction Manual E92-322 for d.etails of operation.

3.4.4 Power Rance Channels

The Power Range Channels are functionally less complexthan either of the other instrument ranges. The two
detectors that make up the long Ion Cha=ber in each channel'

shown in Figure 1.4 are su=med by the Summing Amplifier
so that the signal measured is the sum of the. two detector
outputs.

.

.

The bottom and top detector outputs drive Linear
Amplifiers, whose funct' ion is to raise the signal
to a useful level. Basically, each power ranse channel\ , 'g
consists of the following components:
.

~

1. Uncompensated Ion Cha=bers
2. Linear Amplifiers
3 A Summing Amplifier-

4. A Difference Amplifier
5. A Function Generntor
6. Output Metering
7. Power Supply
8. Detector Power Range Test Module
9. Bistables -

Unc,omp,ensated Ion Chambers - The Uncompensated Ionica-
tion Chambers are designed to dep0act thermal neutrons atflux levels from 1x10 to 2~.5x10- neutrons /cm -cecond.d

| Each detector accombly concists of two 70 inch. lor.g neutron-'

sensitive cections. The bottom section will cover the bottc=
section of the core and the top section will cover the

itop half of the core. '

The thermal Neutron Sensitivity of each section of the
detector 1: approximately 1.3 x 10-3 amperes / neutron /cm secane,2

The uncompensated gamma sensitivity, of ea. h section is approxi-
mately lx10-iU ampere /R/HR.

t -
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e

, _ . . _ - ,



i

3-14
.

Detector Power Su
chamb'cW Tn 'the' 'pifwe'r"pp1,y, Module - Th'e uncompensated ion-

. range w'ilDe operated at a voltagej which, depends on the exact full power Neutron Flux. As''

a resul'/ the uncompensated Ion Chamber Dctector Povpr Supply
Modules will be identical to those in the source and
intermediate ranges described in sections 3.4.2 and 3.4.3
One 1.ower range Detector Power Supply *fodule in 'ench system
cabinetisdirectlyconnectedbytriaxialcabletothefigh-voltage connections on the detector.

Linear Amolifier Modules - The Linear Amplifier pro-
vides a 0 to 11.5 volt d-c output signal propertional to
reactor power from 0 to 7. 5% as determined by current signals
from the power range uncompen, sated ion chambers. ,There

' are two Linear Amplifiers on each channel, one for the top-

ion chamber and one for the bottom ion chamber The amolifiers'

accept currents with a full-scale range ' of 10-6 amperes'to
110-3 amperes. The Linear Amplifier consists of ';wo basic

sections: a precision linear current-to-voltage converter
and output isolation buffer amplifier. Prime consideration |

in its design are high accuracy, typically 0.05% and rapid'

response, both required for reactor protection. Standard
buffer amplifiers at the output guarantae 1sq4e. tion between
the various outputs going to protection, control, indication :
and recording devices,

tThe Linear Amplifibr is packaged in a standard 3-unit-.

y;; wide module. On the front- plate are: a meter calibrated ifrom 0-72.5% of full power, an indicator to show the
isetting of the internal link which seta the Cnarse Range
|'

Gain, a 10-position switch for fine gain adjustment, and I

a potentiometer with a 10-turn counting dial for extra fine
gain adjttstment, plus a zero adjustment potentiometer and an
output test Jack. See Product Instruction Manual E92-315
for a detail discussion of the module.

Ss7/ Difference Amplifier - There are two Sum / Difference
Amplii firs 'iii eacti7o~we'F RaMe Channel. One amplifier is
used to take the sum of the two linear amplifier outputs,
which is an indication of the total Reactor Flux. The
second amplifier is used to take the difference between the
two Linear Amplifiers , which is an indication of the differ-
ence between the Reactor Flux in the top of the core versus
the Reactor Flux in the bottom of the reactor core. See
Product Instruction Manual E92-317 for the details of the
amplifier operation. t- -

,

Function Generator - The Function Generator has two, ,

inputiii"srid ' owe'~outitIC One input to the Function Generator
is the output of the Difference Amplifier (40). The
second inpuc is from the flow channel.

N

.
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Refer to figure 4.4 The signal f(A 9) denoted in.

figure 4.4 is a piece-uise linear function of the input_

) (A 9).

The breakpoints denoted as 31, 32, 33 and a4 on the
curve , are adjustabla at the module frontplate. The two
slopes (m1 and m2) are aise adjustable from the frontplate
of the mocule.

The output of the Function Generator is used as the set ";
point si nal for the power imbalance / flow bistable.6 ,

See Product Instruction Manual E92-358 for a detailed
description of the Function Generator Mcdule.

'

- Power Range Test Tiodule - The function of the Power
- Range Test Mocule is to pr6 vide complete testing of the

Power Range Channel by means of internally generated test
signals. When in the Operate mode, the Power Range Test
Module accepts current signals from two sections of the
out-of-core detectors and applies each to the input of a
Linear Amplifier.

Other functions include the following:

1. A test operate switch position to allou on-line
troubleshooting of the channel. -

2. Zero and rance switch positions to allow complete
scy; Linear Amplifier calibration.

3 Manually variable test signals for testing and/or
-

- calibration of the Sum / Difference Amplifiers
Function Generator and 31 stable modules in the
Power Range Channel. l

.

Refer to Product Instruction Manual E92-323 for a
detailed description of the module operation:

Averacine-Auctioneerine Modules

; Refer to fig. 3 5 and functional description 4. 8
1

i

The avera> module is on application of the sum /dif-
)ference ampli: .er module as described in Product Instruc-

tion Manual E92-317 Power channels NI-5 and NI-6 are
averaged independent of channels NI-7 and NI-8 by seperate
average modules. Each average module includes a built-in
analog average meter.

| The function of the auctioneer module is to output a
signal which equals the greater of it; two inputs. The

! output of the auctioneer module 13 an average power signai
to One ICS which equal; the greater.of it: two inputa; eitner, ..e average of power channels NI-5 anc NI-6 or the averageof power channels NI-7 and NI-8.

See Product Instruction Manual E92-359 for a decalled
-escription of tne auctioneer module.

_
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- C ,, 4. REA_C_ TOR P_ROTECTION SYSTE*4
i Y

4.1 Introduction:

i

The Reactor Protection System is a four-channel system
which receives redundant inputs from both Nuclear and Non-
Nuclear instrumentation and initiates a reactor trip when
any two of the four channels agree that a safety limit has
been exceeded. The system is designed to protect the-
Reactor Coolant System against high-pressure damage.

.

4.2 System Design Criteria

The Reactor Protection System performs the most important.

of all protection functions in the plant. - that of protecting
the Nuclear Reacter from damage. The design criteria
applied, therefore, are the most extensive and restrictive
of any applied to a plant system to guarantee reliable
operation. The entire system is designed to meet, and in
many instances to exceed, the requirements of the proposed
IEEE " Criteria for Nuclear Power Plant Protection Systems"
dated August, 1968, more commonly known as IEEE 279

Single Fail'ure - The React:- Protection System must
meet the single-failure criterion of IEEE 279, which states

A. that no .sinqLe failure .shall prevent a protection system
from fulfilling its protective functions when action is
required. In addition, although not required by IEEE 279,
the system must meet the plant reliability criterion that
'no single failure shall initiate unnecessary protection

'

system action where implementation does not conflict with
the single-failure criterion of the IEEE.

Redundanct - IEEE 279 requires that the reactor pro-
tection system channels and their associated i-nputs and
outputs shall be both electrically and physically independent ,'
so that electrical or mechanical faults in one channel c'annot
affect the redundant channels in any way.,,

Seearation - IEEE 279 requires separation of protection
and control. Where inputs to the reactor protection system
also provide inputs to control system functions, only one
string of redundant instrumentation shall be connected
at any one time to the control system, and electrical
ind.ependance shall be ass . red through the use of isolation
amplifiars.

.

e
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e
Mani.a1 Trip - IEEE 279 requires that manual trip

\iL) switches, incependent of the automatic trip instrumentatien,
shall be provided. |

<

Availability - Manual testing facilities shall be built ,

iinto the reactor protection system and its inputs and out-
puts to provide for preoperational testing to give assurance |
chat the system can fulfill its required protective functions t

'

and on-line testing to prove operability and to demonstrate* *

reliability without interferring with normal Reactor or :
'

plant operation or trip functions .
Loss of Power - Loss of power to any part of the-

reactor protection system shall cause the affected channel
to trip.

Eouipment Removal - The removal of a Reactor Protection
System Module from its system cabinet shall initiate a 1

'

trip in the affected channel.
i

4.3 Functional Description -
-

The four Reactor Protection System Channels are identi-
- cal and are required to trip the reactor when any two of - .

the four system channels . indicate any of the following>

p' condition.s :
1. The reactor power, as measured by the neutron

- flux, exceeds a preset maximum' limit.
2. The Reactor Power, as measured by the neutron

flux, exceeds a variable maximum limit set by
a function of the Reactor Coolant Flow Measure-

.

ment and the difference between the flux level
in the top and bottom of the reactor core.

-

3 The reactor power, as measured by the neutron
flux, exceeds a variable maximum limit set by
the number of reactor coolant pumps operating.,

I

4. The Reactor Coolant Temperature exceeds a preset
<

maximum limit.
5 The Reactor Coolant Pressure exceeds a preset

maximum li=it.-

-6 . The Reactor Coolant Pressure falls below a preset
minimum limit.

7 The Reactor Coolant Pressure' falls below avariable minimum limit set by reactor coolant
temperature. -

.

S. The reactor building pressure exceeds a preset
maximum limit. -

.

,

e
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i,_y4.4 System Descriction

4.4.1. System Locic
.

The system, as shown in the analog logic block diagram,
E3040246 comprises four identica- protection channels,
identified as channels A, 3, C, and D, each of which termi-
nates in a channel trip relay within a Reactor Trip Mcdule.
The entire system functions as a "de-energize to trip"
system. All input bistable contacts are connected in series,
so that, in the normal untripped state , each channel j

functions as an AND gate, passing current to the terminating |

- channel trip relay and holding it energized as long as all |

channel inputs are in the normal, energized (untripped) j

state. Should any one or more inputs to a channel become
de-energized (tripped), the terminating channel trip relay i

in that channel de-energizes (trips). Thus, for trip |

signals, each channel becomes an CR gate..

A normally energized, closed interlocking contact in
,

series with the Channel Trip Relay , opens when a module is
removed from the channel or placed in the Test Mode. Each
of the four channels terminates in a channel trip relay .

within a reactor trip module. There are four such modules.,

. Each channel trip ralay has four contacts, each of which'

sk controls a Logic Relay in one reactor trip module. There-
fore, each Reactor Trip Module has four logi- . icys controlled
by the.four protection channels.

The Reactor Trip Modules are given the same designation
as the protection channel whose Trip Relay they contain and
in whose cabinet they are physically located. ' Thus , the
channel A reactor trip module is in protection channel A
cabinet, etc. The coincidence logic in each Reactor Trip
Module controls one or more breakers in the Control Rod
Drive Power System.

'

The coincidence logic in the Reactor Protection Systemc

channel A reactor trip module controls breaker A in the
control rod drive system; channel B reactor trip module~

controls. breaker 3; channel C reactor trip module controls - -

breakers C and E; and channel D reactor trip module controls
breakers D and F.

4.4.2. System Monitorine ,

The modules, Logic, and Analog equipment associated
with a single protection channc1 are contained wholly with-
in two reactor protection system cabinets. Within these
cabincts, there is a meter for every Analog signal employed

.

c- -- ,- g- - , - - w w
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by the protection channel and a visual indica 1cn of the,

(j') state of every logic element. At the top of one cabinet,
and easily visible at all imes, is a channel indicating
panel. La=ps on ts.is panel give a quick visual indication
of the trip status of 'the particular enannel.

In addition to the visual indications and readouts
within the channel cabinets, each trip function, power
supply, analog signal, and interlock is monitored by
external indicatin5 devices.

4.4.3. Reactor Trio Su==ary

The abnormal conditions that initiate a reactor trip
-

'

are summarized in Table 4.1.
'

TABLE h.1 REACTOR TRIP SU?GIARY

Trip Variable No. of Sensors Condition for Trio

Neutron Flux 4 Flux Sensors High flux.

Neutron Flux / 4 Flux Sensors Flux /nu=ber reactor coolant
Reactor Coolant 32 Pump Menitor pu=ps operating comparisen
Pump Comparison contacts (2 ,oer pump)

S<ci Reactor Outlet- 4 Temperature High ' erature' Temperature Sensors

Pressure
'

4 Pressure High. pressure
Sensors Low pressure

Press ure/ Temp . 4 Pressure ( KT-b-P )3> 0
Sensors

4 Temperature
Sensors

Neutron / Flux 4 Flux Sensors The neutron flux exceeds
Reactor Coolant 8 Flow Tubes an envelope function1

Flow Comparison dependent on delta flux
and reactor coolant flow.

Reactor Building 4 Pressure Reactor Building Pressure
Pressure Sensors

4.4.4. Description of Channel Trip

The protecpive functions of the Reactor Protection,

'

System described below apply to each of the four channels.

1. Overpower - The nuclear instrumentation provides
'

a Linear Neutron Flux signal in the pcwer ranC ^

| as an indication of reactor power to a protection
'-

.
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N system B1 stable Module. When the Neutron Flux signal\c) exceeds the trip point of. the bistable, the bistable
trips , de-energising the associated Channel Trip
Relay. -

,,

2. Power / Reactor Coolant Pumos Trio - The reactor coolant
pump power is monitored to determine that the pumps are
running. The detection of a. disabled pump
initiates four independent signals, one to each protecti T .a
channel. This information is received by a pump .

monitor logic which counts the number of reactor
coolant pumps in operation and identifies the coolant

, loop in which the pumps are operating. Th'e pump
monitor logic output controls the tr.ip point of a
power / pump comparator, and initiates a channel trip.

3 Reactor Outlet Temperature Trio - The reactor outlet
temperature is measurec cy resistance elements. The
bridge for each resistance element is considered
a part of, and is within, its associated protection
system channel. The reactor outlet temperature signal
goes directly from the temperature bridge to a
B1 stable .'todule . When the temperature exceeds the trip
of the bistable, the bistable trips, de-energicing
the channel trip relay. -

(, 7 4. Reactor Pressure Trip - The Reactor Coc' . Pressure
signal from Une pressure transmitter 13 . eceive d
by an isolation module in the associated protection
channel. This buffer amplifier acts as a signal
conditioner and isolation unit. Pressure signals go

' to a High-Pressure Bistable Module and a Low-Pressure
B1 stable Module. When the pressure exceeds the Trip
point of the High-Pressure B1 stable, the bistable
trips, de-energising the Channel Trip Relay. The
Low-Pressure Bistable trips when the pressure falls'

below the trip point, trippieg the channel trip relay.
5. Pressure-Temperature Trio - Figure 4.2 shows the

operating reactor pressure-temperature boundaries
formed by the combined reactor high temperature, high
pressure, low pressure, and the pressure-temperature*

comparator trip settings. The Pressure-Temperature
Comparator trips when the relation KT - b P is reachedby a combination of rising temperature or}ralling
pressure. (T is reactor outlet temperature in
degrees F, and P is reactor coolant pressure in psig.)
The comparator forms the sloping boundary line in
Figure 4.2. 1

.

.

6

;
''

.,

*

'
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_ 6. Power Imbalance / Flow Trip - A power imbalance / flow* (9/a V/F) comparator is included in each protection
channel . Each comparator receives 3 and a 0 inputs
from a different power range channel. The comparator,
bistable, trips de-energizing the channel trip relay,-

when 9 ?> f(F) + f(4 3) . f(F) and f(a 9) are illus-c2

trated in figures 4.3 and 4.4. f(F) = KF where K
is the power / flow trip ratio and F is the total
reactor coolant flow in per cent full ficw. The
constant K is an adjustment and has a minimum range
adjustment of 1.00 to 1.20.

7. Reactor Building Pressure - Each protection channel
. continuously monitors one state of an independent,
- normally closed, reactor building pressure switch.

Momentary change of a pressure switch to the open
state initiates a trip of the associated protection
channel. The reactor building high pressure trip locks
in, requiring manual reset. Contacts are provided and
wired out to terminal boards to indicate a reactor
building high pressure trip condition to the plant
computer. The contacts open to' indicate a trip ,

condition.

4.4.5. Conformance With Design Criteria '

Single Failure - In evaluating system performance, it is\/ aroitrarily assumed that " failure" :sn either prevent
a, Channel Trip from occurring or can initiate Channel Trip
action. Each Reactor Protection System input operates in
a true 2-out-of-4 logic mode, so that the failure of
an 1,nput leaves the system in either a 2-out-of-2 or a
1-out-of-2 logic mode, with either state providing
sufficient redundancy for reliable performance.

The system can tolerate several input function failures
without a reduction in performance capability, provided the
failures occur in unlike variables in different channels ,
or are of a different mode in different channels, or all
occur within one channel. When a single protection channel
fails, the system is left in either 2-out-of-3 logic mode,

.' or a 1-out-of-3 logic mode, as explained below.

The Channel Th?ip Relay of each channel is in a
Reactor Trip Module associated with each channel. Within
each Reactor Trip Module is a Logic Relay for each protection
channel. These combine in each module to form the 2-out-of-~4 logic. A failure mode and effects analysis of the Reactor
Trip Module has demonstrated that' single failures within
the mouule or in its intercennections can produce only the
following effects . -

. .
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1. Trip One break'er associated with the module.-

2. Place the syste= in a 2-out-of-3 mode, as if
the associated channel had suffered a "cannot-
trip failure. . .''

3 Place the system in a 1-out-of-3 mode, as if the
associated channel had-tripped.

The combination of Reactor Trip Modules and Control
Rod Drive areakers forms a 1-out-of-2 X 2 logic. At this

of
" level the system will tolerate a "cannot-trip" typs

, failure of one Reactor Trip Module, or of the breakers
associated with one Reactor Trip Module without degrading

Thethe system's ability to trip all Control Rods.
failure analysis demonstrates that no single failure involving
a Reactor Trip Module will prevent its associated breakers
from opening. ,,

-

Redundancy _ ~ Four entirely separate and independent
identical reactor protection system ' channels are provided.
Every input variaole is measured four times. Removing all

the components associated with a single reactor protection
system channel would leave all the remaining components>

and channels operational in a 1-out-of-3 system.gf
.

Electrical Independance and Secaration - All signals
leaving tne reactor protection system are isolated from
the system either by isolation amplifiers (for Analog
signals) or by relay contact (in the case of DigitalThe effect of this isolation is to. prevent faultssignals ) .
occurring to signal lines outside of the Reactor Protection
System cabinets from being reflected into more than one
protection channel. The isolation thus provide ~d alao
assures that two or more protection channels cannot .

interact through the cross-coupling of faulting of relatea
signal lines.<

Faults such as.short, open, or grounded circuits and
cross-coupling of external signals from two or more channels
have no effect on the protection channels or their functions .
The Isolation Amplifier circuits have been tested to assess
their effectiveness to isolate the input signal from output
circuit faults. They are capable of blocking a direct
connection, i.e., a hot short, across their output of
810 V dc (300 V rms) without affecting the input source.
The redundancy and coincidence logic of the system permits
the system to tolerate failures' and this reduces the chance
of an inadvertent reactor trip. Each reactor protection

system channel is powered from a different vital bus , so '

' that power supply faults can effect only one channel at a
time. ,

t

l
I
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Physical Indeoendence and Secaration - The need for;

physical isolation nas oeen met in One pnysical arrangement"

of each channel kithin separate cabinets and wiring within
the cabinets separati;g pouar and signal wiring so as to
reduce the possibility of some physical event impairing
system functions . The system sensors are separated from
each other. Outside the reactor protective system cabinets,
vital signals and wiring are separated and physically

,

protected to preserve channel independence and maintain
'

system redundancy against physical hazards .

Manual Trip - Manual trip can be accomplished from the
control console by a trip switch. This trip is' independent.

of the Automatic Trip System and thus not subject to the
same failures. Power for the Control Rod Drive Power
Breakers ' undervoltage Coils comes from the Reactor Trio
Modules. The Manual Trip Switches are between the Reactor
Trip Module output and the Breaker Undervoltage Coils.
Opening the switches opens the lines to the breakers tripping
them. There is a separate switch in series with the output
of each Reactor Trip Module. All switches are actuated
through a mechanical linkage from a single pushbutton.

Testability - The reactor protection system can be '
tested at all levels both preoperationally and during.

9 normal operavien w thout interferring with normal plant
\0/ operation ar- trip functions , as discussed in section 4.4.5.

The test circuits take advantage of the system redundancy,
independence, and coincidence, which make it possible to
manually initiate test signals in one protection channel
without affecting the other channels.

,

Loss, af Power - The primary source of 120-volt AC power
for the i.eactor Protection System is the four vital busses.
Each channel is powered from a different vital bus . Within
the system cabinets, each protection system channel is power-
ed by a separate plus and minus 15-volt d-c channel power
supply. All bistables operate in a normally energized..-

.

state and go to a de-energized state to initiate trip
i action. Loss of power thus automatically forces the 31 stables

into the Tripped state. Failure of a vital bus or a Channel
Pcwer Supply causes the affected channel to trip.

Equipment Removal - The removal of any nodule from the
vital sections of tne reactor protection system initiates
the trip normally asscciated with that portion of the system.

,

I For exanple, re= oval of a 51 stable Module trips the associated
! Channel Trip Relay, while removal of a Reactor Trip Module

trind ;he associated Control Rod Drive Sreaker. In the
| fir't case, removing a bistable not only breaks the contact "

s
' chain leading to the Channel trip Module, but it also breaks

--
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'' - the contact chainleadibctotheModuleTestInterlock
Relay , both of which result in a trip of the Channel.

Trip Relay. In the second case, removing a Reactor Trip
Module separates the vital bus from the Control Rod Drive
Breaker Trip Coil caus'ing the breaker to Trip. At the came
time , a 1-out-of-3 trip input appears in the other three
reactor trip =odules.

t.5 ' System Testing

The use of 2-out-of 4 logic between channels permits
a channel to be tested on-line without initiating a
reactor trip. Maintenance to the extent of removing and

-

replacing any module within a channel may. also be accomplished
in the on-line state without a Reactor Trip.

To prevent either the on-line testing or maintenance
features from creating a means for unintentionally negating
protective action, a system of interlocks initiates a
Channel Trip when a module is.placed in the Test mode or
is removed from the system.

A test scheme for the Reactor Protection System is
based on the use of ccmparative measurements between like
variables in the four ch,annels, and the substitution of
externally introduced Digital and Analog signals as

\#'|. required, tcgether with measurements of actual protective
function trip points. A Digital voltmeter is provided
for makdng accurate measurements of trip point and Analog
Signal Voltages . The Test circuits allow the operator to
test th2 system channels from the input of any Bistable up
to the final actuating device at any time during reactor
operation. The Bistable Test consists of inserting an
Analog input from one of the channel test modules and vary-
ing the input until the B1 stable Trip Point is reached.
The value of the inserted test signal as monitored by
both the system Analog indicator and the test Digital volt-

!meter represents the 'true value of the Bistable Trip Point. !Thus , the test verifies not only that the Bistable functions
but that the trip point is correctly set.

1

During the test, satisfactory operation of the Bistable I

can be observed by watching the " trip-status" light in the
Reactor Trip Module.

The Reactor Trip Module 2-cut-of-4 logic and the
asscciated control rod drive breaker are tested by pressing _
various combinations of two logic test switches in the
Reacter Trip Module to simulate the six combinaticns of

.

%

.
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trips inherent in a 2-out-of-4 cdincicence logic. During,

the test, satis factory performance o f tne Trip Logic Relays
can be observed by watching the " Trip-logic-relay" lights
and the " breaker-crip ''lignts on the Reactor Trip Module.
This test verifies not onl:/ all the combinations of 2-out-
of-4 logic , but also that the trip logic relays and the
Control Rod Drive Breakers will trip.

On line testing may be performed at different intervals
and levels within the system consistent with satisfactory
system reliability characteristics. The reliability of
the system' for random failures has been assured by

- careful selection of components failure-testing of logic
' elements, environmental testing of the system modules,

and long ter= prototype proof-testing.

The reliability of the system logic, primarily the
relays and coincidence networks in the reactor trip
modules, has been made very high to eliminate the need for
frequent tests of the logic. The logic relays are of two
classes: one class designed for high-speed light electrical
loads and more than 10 0 operations under load; the other
class,for switching electric loads of up to 10 amperes
and more than 103 operations.

The system test scheme includes frequent visual3
(;j checks and comparisons within the system on a regular

schedule in which all channels are checked at one time,
together with less-frequent electrical tests conducted on a
rotational plan in which the tests are conducted on different
channels at different times.

4.6. Bypassing

4.6.1 Shutdown Bypass - A switch is provided in each protective
enannel to oypass the following trips : low pressure,
pressure / temperature, power / imbalance / flow, and flux / pumps.
Operation of the switch above a predetermined low reactor
coolant pressure set point trips the channel. If 3ypass
has been established increasing the pressure above a

,

predetermined high pressure setpoint tr:,ps the channel. |

l
The low and high pressure setpointa are the Reset and

1Trip points of a bistable. Initiation of the bypass requires ,

the following: )
:

1) Prescure must be below set point o f the bistable .

2) 31 stable must be manually reset. |
'

3) Shutdown bypass switch must be placed in bypass
(. positicn. -

.

,

1s .

|

"
|
|

|
i
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4.6.2 Selectable 2/3 Coincidence - A key switch 1: provided in''
eacn pro ection enannel for changing the system locic frc=

'a(7 2/4 to 2/3 coincidenc2. 0 cration of the key switch:?

1) blocks the trip action of the associated
protection thannel.

2) renders the remaining key switches ineffective
in blocking trip action of their respective
;otection channel.'

2hus, one and only one protecticn channel may be
bypassed at a time.

- 4.7. Rod Withdrawal Inhibit Function

The two Source Range Channels (NI-l and NI-2) and
the two Intermediate Range Channels (HI-3 and NI-4) monitor
the startup rate (SUR) of the reactor. These signals are
used to generate a Rod Withdrawal Inhibit signal, is
necessary.

#
When the reactor power level is in the Source and

Intermediate ranges the Rod Withdrawal Inhibit logic is in
effect. Once the level enters the Power Range this function
is bypassed.

.

3 The system will generate a Rod Withdrawal Inhibit
.

\uf signal if either of the Source Range Channels shows a high
startup rate. Also, when the reactor power level is in the
Intermediate Range, a Rod Withdrawal Inhibit signal will
be generatre if either of the Intermediate Range channels
shows a high startup rate.

When the reactor power level enters the Intermediate range
the startup rate Rod Withdrawal Inhibit functions of the
Source Ranges are bypassed when both Intermediate Ranges
reach a predetermined power level. This may also be
bypassed by a modified 2-out-of-4 logic when the power level
enters the Power Range.

Each of the Source Range startup rate Rod Withdrawal
Inhibit functions are 'cypassed by two identical (functionally)
but are independent logic s trings . At the time the function
is bypassed the Source Range Detector Power Supplies are
also de-energized to prohibit damage :o the Proportional
Counter Assemclies.

The entire Rod Withdrawal Inhibit function is bypassed
by a modified 2-out-of h logic determined by the Power
Range Channels. '

t As indicated in :ne section 2-f sketch, the entire
icgic far r d witndrawai ia " inverted" :hrc gn sn au:ci-
liary relay suen that :ne final " red hold" signal is an,

! cpen contac: sta:e. Receval of :his auniliary relay
=cdule would simula:e a roc hcil state.,

t

|
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4.8 Auctioneered Power Function.

\. Refer to figure 3 5 The function of the auctioneered%

power scheme is to provide an average power signal cutput to
the ICS and allow tes-ing of a power range channel without
essentially affecting the output signal to the ICS.

The output of the auctioneer module is an average power
sigasl which equals the greater of its two inputs; either
t i. _ *erage of power channels NI-5 and NI-6 or the average
of power channels NI-7 and NI-8. The digital logic between
the output of the two averager medules and the input to the
auctioneer =cdule allows testing of a power range channel

'

~ and maintaining the integrity of the average power signal
to the ICS. The digital logic contacts are from the power
range test modules. When a power range test module is
placed in,any test mode (not in the " Operate" mcde), the
averager output remains a function'of the test mode power
level; but the actual input to the auctioneer is placed at
ground potential. Consequently the output of the auctioneer
is equal to averager input which does not have any one of its
power range channels in the test = ode.

.
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NUC1 EAR INST?JJMENTATION SYSTIM '.
I

1. Introduction
.

, The nuclear instrumentation system =onitors the reactor neutron power
from source level to 125% full power aruj supplies signals to the operator, -

the reactor control portion of the ICS, and the protective system. All
system neutron detectors are outside the reactor vessel. The measuring
span from source lev,el to 125% full power exceeds 10 decades of neutron
flux infor=ation, so that three ranges of nuclear instrumentation are
required:-

Source range instru=entation provides two logarithmic signals of neu-
tron power, each covering the span from below source level to six decades
above source level and derived from a proport1onal . a:c ter. The overlap,,

.

,

with the intermediate range is over two decades.

Inter =ediate range instrumentation provides two logarithmic signals
of neutron power, each covering the span from seven decades below full
power to above full power and derived from t. 'em:pensated ion chamber.

The overlap with the power range is e . er two decades.

Power range instrumentation provides four linear s'ignals of neutron
power, each covering the span from 0 to 125% full power and derived from

~

a detector assembly consisting of two unecepensated ion chambers. In
addition, four linear signals of reactor i= balance, each covering a span
from -62.5 to +62.5% full power, are provided.

2. Svstem Design Criteria

Because of the essential nature of the neutron flux infor=ation de-
rived from che nuclear instru=entation, two =ajor design criteria have
been applied to guarantee the reliability and opeyability of the system:

Redundancv - All nuclear instru=entation system channels shall be
redundant with a mini =u= of four identical independent channels where

.

NI-l Babcock & Wilcox
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.

inputs to the reactor protective system are provided, and two identical-

independent channels where no reactor protective system inputs are pro-
vided.

Indeoendence - Redundant channels shall be both electrically and
'

physically independent, so that electrical or meenanical faults in one
channel cannot affect the redundant channels in any way.

Three important criteria apply to guarantee that the safety of the
plant is never compromised by the absence of correct neutron flux infor--

, mation:

1. Availability - At least one range of nuckear instrumenta-
tion shall be on scale at all times as long as an operating core is loaded
la the reactor.

Over5ao - An absolute minimum of one decade of overlap shall2.

exist between successive ranges of nuclear instrumentation.

3. Foldover - Each range of nuclear instrumentation shall be
designed to withstand overload without foldover.

One additions 1 criterion applies -to gun _ntee plant availability:

Serviceability - The nuclear instrumentation shall be designed so
that routine servicing and preventive maintenance can be performed with-
out interfering with normal reactor or plant operation.

3. Functional Descriotion

The nuclear instrumentation is shown in Figure NI-1. The design empha-
! sires accuracy, stability, and reliability. Instruments are redundant
i

i in every range.
1

The nuclear instrumentation system includes all instruments associa-
ced with the measurement of .enctor leakage neutron flux with out-of-
core neutron detectors and the processing and display of leakage flux
measurements as a direct measure of reactor power. Where necessary,
the system incorporates provisions to compensate for the presence of
gamma radiation which is not directly related to reactor power.

The reactor neutron flux must be measured at all times and at all
power levels. The normal span. f rom source level to overpower trip is

*

approximately 10 decades, so that the nuclear instrumentation nust

NI-2 Babcock a.Wilcox
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provida a minimum of 12 decades, and preferably 13 decades, of neutron
7 flux level infor=ation to allow for margins at both ends of the operating

scale and for variations in source strength.

The nuclear instrumentation'has eight channels of neutron information
divided into three ranges of sensitivity: source, intermediate, and power
ranges. The three ranges combine to give a continuous measurement of re-

actor power from below source level to over 125||| full power, a full 13
decades of information. A minimum of one decada of overlapping informa-
tion is provided between successively higher ranges of instrumentation.

The relationship between instrument ranges is shown in figure NI-2.
.

The source range instrumentation consists of two redundant counc rate
channels designated NI-l and NI-2, each providing neutron flux infor=a-
tion over a councing range of seven decades fres 0.1 to los counts per

second. The neutron sources in the reactor core are sized to provide a i

!source strength of 10 counts per second with the reactor shut down, so
|

that the seven decades of information extend from two decades below source (
level to five decades abovs. Decay of the sources, however, will change
this as much as a decade or more. 'The signals originate in two high-,

' sensitivitr BR ~ proportional counters on opposite sides of the core.3

Preamp 11fiers in the reactor building are used to shape and amplify the
low-level pulses from the detectors and to provide impedance matching.

Pulse . shaping amplifiers amplify the voltage pulses to a usable level
for the discriminators where background and noise pulses are discarded.
The log count rate amplifier converts the neutron pulses to a signal
suitable for displaying the log count rate level to the operator. Rate-
of-change amplifiers calculate the rate of change of the log count rate.
for display to the operator. The channels measure the rate of change of
the neutron level in ter=s of startup rate from -1 to +10 decades per
minute and display the information to the operator on meters scaled from
-0.5 to +5.0 decades per minute. No protective functions are associated

.

with the source range. However, one interlock is provided; i.e., a con-
trol rod withdraw hold and alarm on high startup rate in either channel.

The internediate range- instrumentation consists of two log-N channela
designated NI-3 and NI-4, each providing eight decades of flux level infor-

.

mation in terms of log ion chamber current. The signals originate in two
identical, electrically gamma-compensated ion chambers on opposite sides

NI-3 Babcock & Wilcox
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''

of the core. . The ion cha=ber output range is from 10-11 to 10-3
.

a= pere.

Logarithmic amplifiers convert the detector output currents to sig-
nals suitable for displaying log-N level to the operator. Differentiator

amplifiers calculate the rate of change of the log-N si' nal for displ.aya

to the operators and for use in the rod withdrawal hold interlocks. A

high startup rata in either channel will initiate a control rod with-

drawal hold intericek,and alars. The startup race range is from -1 to
+10 decades per minute. The operating console meters are scaled from

.

-0.5 to +5.0 decades per minute. Rata interlock action in. both the source .
range and inter =ediate range channels is locked out above 10% full power.

The power range instru=entation has four linear level channels origi-
nating in four detector assemblies, each of which contains two uncompen-
sated ion chambers. The ion chambers are positioned to represent the
top and bottom halves cf the core. The individual currents from the
chambers are fed to individual linear a:plifiers. The sus of the top
and bottom is the total reactor power. The difference between the top
and bottom-neutron signals is the pcwer i= balance of the core. The

.

channel outputs are directly proportional to reactor power and cove. :a
. range of 0 to 125% for the total power and -62.5 to +62.5% for the power

imbalance. The gain of each channel is adjustable, providing a means
for calibrating the output against a reactor heat balance. Auctioneered
NI channel outputs also supply power level infor=ation to the integrated
control system (ICS).

4. System Descriotion

a

4.1. Eouipment Locations

4.1.1. Neutron Detectors

The neutron detectors for all channels are located out-
side the reactor vessel but inside the pri=ary shielding, as shown in ,

Figures NI-2 and NI-3. All detectors are located so that the center of the
sensitive volume is at the core midplane. The power range detectors
are in four primary positions, about 90 deg ees apart around the reaccer
core and directly opposite the quadrancs. Each detector extends the

t

full height of the core in an unshielded detector thimble. .

I
t

!
'

|
'

NI-4 Babcock & \Vilcox
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Figure'NI-3. Nuclear Instru=entation Detector
. Locations Elevation View
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.

- The two source range proportional counters are placed
k on opposite sides of the core. Each detector is surrounded by 2 inches -

of lead, which provides shielding against ga=na radiation. The two in-
termediate range ecmpensated io'n chambers are also installed on opposite
sides of the core, but chey are located about 90 degrees from th'e source
range detectors. . These detectors are surrounded by 4 inches of lead for
shielding for protection against gamma radiation.

4.1.2. prea=elifiers

The source range preamplifiers are installed inside.

the reactor building, as close as possible to the source range detectors, ' ~
preferably within 100 feet. They are placed outside the primary shield
area to keep them out of the high neutron and gs=na flux and to make ~

then reasonably accessible for replacement or repair.

4.1.3. Svstem Cabinets

. The nuclear instrumentation system amplifiers and test
and calibration equipment are housed in the eight cabinets defined as
nuclear instrumentation and reactor protective system cabinets, These -

'

--

are located in the control room. Each redundant nuclear instrumentation
channel occupies a different system cabinet tc provide maximum electrical
and mechanical separation, and each channel is powered from a different
vital bus'.

4.1.4. Ooerator Readout
1

Meters and recorders on the console provide the operator
with nuclear instrumentation signals. The channel indicators, as shown !

| in Figure NI-4, are arranged in ascending order frce lef t to right- Flux
! level recorders are located i= mediately above the indicators. There

lare no other nuclear instrumentation readouts for the plant on the opera-
|

cor's console or panel. All other readouts for system calibration, etc.,
are in the system cabinets.

|
4.2. Source Ranee Channels

;

The two source range channels, :TI-1 and NI-2 are identical;
they are shown functionally in Figure 1. Each channel censists of the

| following components:"

NI-5 Babcock 8.Wilcox
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''

1. 3F3 proportional councer.

2. Prea=plifier. ' '''

3. Log count rate amplifier.

4. Race-of-change amplifier.

5. 31 stables.
6. Calibration test =odule.

-

7. Power supplies. ~

The c=mponents required to i=plement these functions are described fur-
-

ther in section 5 of this chapter.
,

,

4.2.1. Source Range Detectors

The source range detectors conitor the suberitical re-

actor core in its shutdown state. The suberitical neutron leakage is
much smaller than that attained during pcwer operation-typicaI values
are above 10~1 nv. The source range detectors, therefore, mtst be very
sensitive devices capable of detecting a neutron-flux of about 1.25 x
10-2 nv. 3F3 proportional counters are used for this purpose.

*

4.2.2 Source. Range Instruments .a
..

The proportional counter output is a pulse for every
detected event. The pulse amplitude or pulse height is proportional

- to the ensrgy of the detected event. Therefore, the output is a series
of random pulses of varying magnitude representing both neutron and gam-

The amplitude of the pulses =ay be only a few millivolts,ma events.

a level too lov to be directly usable withcut amplification. The charge-
sensitive preamplifier increases these pulses to several hundred milli-
volts to make them suitable as inputs to the pulse shaping amplifier in
the log count rate amplifier. The pulse shaping amplifier a=plifies
all input pulses by a factor of less than 10 to raise the pulse amplitude
to-a maxi =um of 4 volts.

The discrininator in the log count rate a=plifier is
basically a threshold device which can be set to exclude the passage of
pulses of less than some desired =agnitude. The discriminator excludes
noise and gamma pulses that have icwer =agnitudes than the neutren pulses.

The output of the log count rate amplifier is a signal Ls.

which varies directly with the log of the input pulse race. The log
.
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count rate signal is displayed an an analog meter with a logarithmic
scale. The souren range channels have a logarithmic scale for two basic
reasons: (1) a logarithmic scale provides equal readout accuracy over

'

a wide span of input informatien, and (2) the reactor power level nor-
'

mally responds to control rod motions logarithmically (exponentially),
especially during startup, when this range is in use.

""he log count rate signal is next differentiated to
measure the ra:a of change of the flux. The startup rate (SUR) of a ~

reae.cor is defined as d(logto4)/dt and measured in decades per minute
* '

(DPM). The period of a reactor (T) is defined as 1/d(log,$)/dt and '-

measured in seconds. Since the output of the differentiator is directly
proportional to SUR and SUP. information is more useful to the powcr re-
actor operator than period infor=ation, the display meters are calibrated
in DPM.

The operator is given two indications from the source
range channels. One is the log count rate as & measure of the reactor

, power level, and the other is the startup rate in decades per minute as
_

-

a seasure-of the rate-of change of reactor power. A startup rate signal -
~

frem the source range goes to a bistable to' halt rod withdrawal ~when
the startup rate exceeds approximately two decades per minute. This
holding signal serves to restrain the operator, making it more difficult
for him to inadvertently exceed a safe startup rate.

4.3. Internediate Ranste Channels

As shown in Figure NI-1, the two intermediata range channels,
NI-3 and NI-4, are identical, and each consists of the following compo-
nents:

1. Compensated ion chamber.

2. Log-N amplifier.

3. Race-of-change amplifier.,

4 31 stables.
5. Calibration test nodule.
6. Power supplies.

The conponents are described in detail in sectio ^n 5 of this chapter.
,

i

|
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4.3.1. Inter =ediate Range Detectc'

Figure NI-2 shows the relationship between each of the

nuclear instrumentation ranges. Notice that the source range and the
intermediate range overlap by over two decades. The. overlap is deter-

i mined by the maximum dynamic range of the source range and the lowest
usable output of the intermediate range. The intermediate range de-
tectors are capable of measuring a very small neutron flux since their

sensitivity is typically 4 x 10-14 ampere /nV; however, cachnical

. limitations, such as insulation resistance and' the presence of activation
gamma, prevent the practical measurement of much less than 10-11 ampere. *

An ion chamber does not distinguish between ionisation
events; its output is the sum of two currents-one proportional to the
detector neutrons and the other to the strength of the gamma field. An
electrically gamma-compensated ionization chamber, therefore, is required
in the intermediate range. A compensated ion chamber has two sensitive
volumes- one sensitive to neutrons and gammas and the other sensitive to
gammas alone. The polarity of the voltage arplied to the two volumes

- is reversed, resulting in an output signal electrically compensat ',' r
gamma radiation.

Again, there are limitations. Compensation is not
perfect. A conservative approach is to assume that 5||| of the gamma sig-
cal will always appear in the detector output. The limitations of in-
sulation leakage, instrument stab 111t/, and imperfect compensation com-
bine to establish the starting point for the intermediate range of 10-11

1ampere. >

4.3.2. Intermediate Range Instruments

i

The output of the compensated ion chamber is an analog
current from 10-11 to 10-3 ampere. A logarithmic element in the amplifier
converts the detector current to a log signal. The output of the log-N
amplifier is proportional to the log of the ion chamber current.

Again, as in the source range, the log of the detector )
current is proportional to log 4, whose time derivative becomes a mes-

sure of the rata of change of reactor power or str.? tup race (SUR). The

operator is given two signals from these channels: log ion chamber cur- -

rent and startup race. One is a measure of reactor power, and the c #.er I

is the race of change of power.

Babccck s.Wilcoxg_g
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Figuru NI-5. Nuclear Instru=entacion Flux Ranges
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Startup rate infor acion is more stable in the inter-
mediate range because of the statistics associated with an analog de-
tector; i.e., the neutron signal is less subject to sudden statistical
variations associated with a proportional counter. A startup race sig- {
nal from the intermediate range goes to a bistable to halt rod with-
drawal when the startup rate exceeds three decades per minute.

4.4. Power Ranite Channels

Uncompensated ion chambers are used in the power range chan-
nels. Each power range detector consists of two 72-inch sections with ~

a single high-voltage connection and two separata signal connections.
The outputs of the two sections are summed and amplified by the linear
amplifiers in the associated power range channel. A signal proportional
to the difference in :: full power between the top and bottom halves of
the core is derivad from the difference in the currents from the top and
bottom sections of the detector. The difference signal is displayed on
the control board to permit the operator to maintain proper axial power
distribution.-.

The manual test and calit.-:ition facilities provide a "

means for resding the output of the individu'al sections of the detector.
Each detector has a combined sensitive volume extending approximately
from the bottom to the top of the reactor core.

'Each power range channel comprises the following components:

1. Uncompensated ion chamber.

2. Linear amplifiers.

3. I/a amplifiers.
4. Calibration test module.
5. Power supplies.
6. Function generator.
7. Averaging amplifier.
8. Auctioneer.

4.4.1. Power Range Detectors

The selection of unconpensated ion chambers as the
power range detectors is based on the relative range of neutron flux

g compared to the gamma field that will be present. Approxi=ately 1" of
,

) the detector's full power output is due to the gamma field. Since the -
. ,
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major portion of the ga=ma field in the reactor power range is " prompt," _

i.e., directly proportional to reactor power, the gamma response of the

detector does not introduce any,significant error provided it is held
to a small percentage of the total signal.

4.4.2. Power Range Instru=ents

* The dependence of the plant on this equipment from
'

both safety and operational standpoints i= poses very str'ict operational
requirements. The power range channels are calibraced against a plant

'

hear balance. Assume that a plant heat balance indicates that the re-
. . .

actor is producing 100" full power and that the power range channels
indicate a power level of 98% full pover. Adjusting the gain of the
linear amplifiers raises the nuclear itiication to 100% full power;
thus, the channels are es11brated against the heat balance calculation.

.The accuracy of the indication is theoretically the same as for the
heat balance calculation since all nuclear measuring errors at this
one point are being compensated by the gain change. Further= ore, the

p. absolute accuracy of the nuclear measurement loses any =eaning at the
3

" point of calibrstion te the heat bal:nca.

Far more important than the absolute accuracy of the
nuclear measurement are the linearity, repeatability, and degree of
drift within the channel. The linearity will determine the error exist-

ing in the system at any point removed from the calibration point. The

repeatability will determine the error at the point of calibration fol-

loving a transient away from and back to that point. Collectively, all
measurement deviations, aside from drift, are held to less than 1%. The

drif t of the system is held to a negligible value that is not a factor

in determining the frequency of calibration to heat balance. I

The outputs from the linear power range channels are
displayed to the operator as a "irect indication of the reactor power )
level and power imbalance (Figure NI-4).

5. Svstem and Cocoonent Data

This section provides specific data and details about the components
in the nuclear instrumentation system.

A
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5.1. System Cabinets and Modules

Figure NI-6 shows a typical nuclear instru=entation system cabinet.

The cabinet pictured was assembled for prototype testing of a complace set

of nuclear instrumentation channels. The nuclear instrumentation, along

with the reactor protective system, is housed in eight of these standard

system cabinets made of 1/8-inch-thick sesel. The cabinets =easure 2 by
2 by 7 feet. They are bolted together to form assemblies with the required

number of cabinets.

The equipment is mounted in individual mounting boxes arranged
in a vertical row in the cabinet. Up to 10 of these mounting boxes, or --

carminal panels, each measuring 7 inches high by 17.5 inches wide by
11.5 inches deep, can be mounted in a single cabinee.

All external wiring to the equipment is terminated at terminal

panels in the bottom of the cabinets. Individual wires are terminated

on barrier-strip carminal blocks. Prefor=ed cables are terminated in

31ue Ribbon connectors wich latches. Low-level signals carried into the

cabinet through shielded coaxial or triaxial cables are connected directly,

into the equipment modules instead- of into terminal panels. High-voltage-- -"

wiring to detectors is al:o connected directly to the equipment module
*

with coaxial cables to minimi:e the shock hazard pote'ntial.
Forced-air cooling is provided in each cabinet. A fan mounted

on top of the cabinet forces filtered air horizontally through each of
the equipment mounting boxes. Power-dissipating components in the equip-
ment modules are in the direct stream of air flow, allowing efficiene

cooling. A fan-failure monitor provides a means to annunciate the loss

of cooling.

A regulated +15 V supply and a regulated -15 V supply are re-
quired for each pair of system cabinets. Supplies are located in the

top of the cabinets to minimize the temperature effects in the cabinets. |

The supplies receive power from the vital or "uninterruptible" 120 V, |
a-c bus supplying the cabinet they are in. |

Standard plug-in nodules house the remainder 'of the inst ==en-

tation equipment. The module mouncing boxes are divided into 15-unit

widths. Two sizes of modules are used in the system: two and three,

units wide. The equipment inside a module is mounted on a number of

.
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|

'

plug-in cards counted vertically, as shown in Figure NI-6. All switches,
adjust =ents, and indicating devices intended for routine maintenance,
test, and calibration are mounted on, or are accessible from, the front
panel of the modules. The modules connect to the wiring on the back of
the mounting boxes by way of 32 pin connectors. A two-unic-wide module

|*

has space for two of these connectors, and a three-unic-vide module has
space for three.

._

S.2. Source Range Channels

Figure NI-7 shows the components required to implement the sou ce
range channel (NI-1 and NI-2) functions described in section 4.2. Ex-
cept for the detectors, preamplifiers, and operator readouts, all ce=-
ponents are mounted as modules in the system cabinets.

5.2.1. Procortional Counters

The source range detectors are enriched BF3 propor-
tional counters. They are designed to detect neutrons of thermal ener-
gies in the range from 1.25 x 10-2 to 1.25 x 104 neutrons /cm -second.

'

The .:re =ulti-unit, rugged counters designed to operate in any position. rs
Each detector is a 3F3 proportional counter unit sur-

rounded by a heavy-walled, her=etically sealed aluminum outer case,
permitting operation in high-humidity environments. The materials used
in these detectors have been selected for low activation properties,
thereby facilitating handling af ter exposure to neutron fluxea. Their

thermal neutron sensitivity is approximately 35 counts / neutron-cm2 at

an operating voltage of 2000 V. Table NI-1 st==tarites the operating char-
acteristics of the source range detectors.

Each detector is mounted in a housiLng asse=bly which
serves to electrically insulate the detector case from ground and to
provide a convenient and rugged means for handling the detector during
installation and removal from the detector thimble. The assembly, con-
siating of the detector and housing (detector assembly), is supplied as

-

a unit by the manufacturer and includes an integral inorganic-insulated
triaxial cable, with connector, cut to the precise length necessary to
reach the top of the detector thi=ble. The o' uter shield of the cable

-

is connected to the housing, which is insulated from the thimble, and
.

.
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grounded in the preamplifier, providing an effective shield against
electrical noise. Inorganic insulated cable is used to ensure that the

cable life is at least as great as the detector life. Quartz-insulated

cable is used with proportional counters because of its exceptional pulse
transmission characteristics, helping to =ake up for the losses in the

cable run from the detector to the preamplifier. Each assembly is seal
welded, evacuated, baked dry, and filled with an inert acnosphere to
prevent entry of moistura.

5.2.2. Preano11fier Module
,

. -

The source range preamplifier is the only nuclear in-

strumentation module mounted outside the system cabinets. The preamp 11-
fier is packaged in a double-box arrangement to minimise difficulties
from continued operation in a high-humidity environment. The inner box
contains the electronics and is insulated frem the outer box. The power
supply and signal connectors are mounted on the outer box. Because of

the low signal levels, criaxial cable is used f ar the signal lines.
. The-preamplifier.is oi che type known as charge sen-- -

_.

sitiver that is, its output voltage is proportional to the amount of

charge appearing at its input. 'This approach providos compatibility with
the output of the proportional counters, which transmit an impulse of
charge for each radiation event. Table 1 summarizes the operating char-
acceristics of the preamplifier.

-

. Table NI-1. Preamp 11fier Module Design Data

. I

Input 0.1 to 10' randomly distributed pulses ser
second with 0.5 to 10 picocculombs aveesse
charge

Input impendance 50 to 100 ohms to match input cable

Ou:put 100 mV to 4 V average pulse amplitude, |
same polarity as input i

Paired pulse resolution 150 ns minimum
- Input cable length 100 f t maximum -

Output cable length 500 ft maxi =um

I
,

,

e s

|
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5.2.3. Detector Power Sunolv Module

As noted in Table NI-2, the source range proportional
counters operate at 2000 volts and, consequently, they require a source
of well-regulated 2000-V, d-c power. This comes from the detector power
supply sedules provided in each source range channel and mounted in each
source range channel cabinet. Each detector power supply module is
connected to its preamplifier by shielded cables. The supplies have,

stability and regdiscion within 1% and less than 100 mV output ripple.
In addition to its basic function, each detector

power supply has local and remote high-voltage turnoff, overvoltage cut-
~

of f, current limiting, and outputs for remote indication of voltage and
annunciation of voltage ON-OFF.

The detector pcwer supply is a regulated d-c to d-c
converter operating fro = the cabinet plus and minus 15 V, d-c buses.
An oscillator and power amplifier provide a sinusoidal input to a vol-
tage step-up transformer. The high voltage a-c output of the trans-
for=er is rectified and further stepped up in a voltage tripler. A

[... fraction of the d-c output is compared with a reference voltage in a
-

comparator amplifier which controls the oscillator output amplitude to
maintain the operating voltage.

Table NI-2. Proportional Counter Design Data
(Type WL-23682)

.

Mechanical
OD, in. 3.00
Length, in. 32.0
Sensitive length, in. 26.0
Electrode diameter, in. 0.001
Net weight, Ib 10.0
Shipping weight, Ib 30.0

Ma teria ls

Body Aluminum
Electrode Tungsten
Electrode insulation Aluminum oxide-

!
-

Sensitive nacarial b3F3 agg.
';as pressure, cm Hg 55 vo~~ .

|

-

.
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,pbleNI-2. (Cont'd) .
T

-

Imoedance

Minimum resistance, ohms 1011
Approximate capaci 'nce, pF 70.

.

Maximum Ratings

voltage between electrodes, V 2500
Operating temperature, F 250
External pressure, psi ,180
Thermal neutron flux, av

Operating 1.25 10'
Nonoperating 1x 1010

Nonoperating gamma flux, R/h - 1 x 105 .

Typical Operation

Voltage, V 2000
Thermal neutron flux range (conven';1onal circuitry)

Lower limit, av 2.35 x 10-2
Uprer limit, av 2.35 x 103

Thermal neutron flux range (special circuitry)
Lower limit, nv 1.25 x 10-2
Upper limit, nv 1.25 x 104'

Sensitivity, cps /nv . 35
Minimum plateau length. V 200.

' Maximum plateau slope,.%/V 4.0...

Output pulse
Approximate unloaded amplitude, m7 50
Average inherent rise time, s 10~7

Inherent background, cps 0.20
. . ~ .

i
| As shown in Figure NI-8, the detector power supply is

packaged in a 3-unic-wide module. The =odule front place contains a matar
to indicate output voltage, a voltage adjustment potentiometer, an ON-OFF
switch, a limit reset pushbutton, and a test jack for measuring the out-'

1

put voltage divided by 1000. Table NI-3 sum =ari:es the operating char-
accaristics of the detector power supply module.

5.2.4. Count Race Amolifier Module *

The count race amplifier provides a d-c output in the
range of 0 to 10 volts, proportional to the logarithm of the input pulse

| rate in the range of 0.1 to 106 pulses per second. The amplifier con-

sists of four basic sections: a pulse amplifier, pulse height discrimi-,

| nacor, log count race circuit, and output isolation buffer amplifiers.
.
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The input pulses, with typical amplitudes of a fraction of a volt, are .,

applied to the pulse a=plifier, which has an input impedance to match
the input coaxial cable. The gain of the pulse amplifier is continuously
adjustable frem 4 to 10. Sufficient resolving eine (100 nanoseconds)
has been designed into the pulse amplifier circuitry to ensure that no
significant count loss occurs in the amplification stage. The output
of the pulse amplifier is applied to the discriminator, which is a high-
gain amplifier with an adjustable threshold. The threshold can be set

.
to reject ga=ma and noise pulses of smaller magnitude than the (neutron)
signal pulses, thus discriminating between signal, gamma, and noise. -

Standardi=ed magnitude signal output pulses from the. discriminator drive
a binary flip-flop. The flip-flop output provides complementary inputs
to the log count rate circuit by way of power amplifiers. The log count
rate circuit comprises five classic diode pump circuits (commonly called
a Cooke-Yarborough circuit) whose outputs are summed in an operational
amplifier. This combination produces a d-c voltage output proportional
to the logarithm of the average input pulse repetition race. Standard

,

buffer amplifiersrat the output furnish isolation between the variousi

*^ --
*

output signal paths.

.

'

Table NI-3. Detector Power Supply Module
Design Data

.

Supply voltage, V de 1200-2400
Maximum output ripple, m7 100

Output setting resolution, 0.05
Test jack output accuracy, % of
output voltage + 1000 0.1
Lead regulation, mA

2 0-5
1% 0-4
0.1% 0-1

i

As shown in Figure NI-9, the count rate amplifier is -I

!

packaged in a standard three-unit-wide module with plug-in cards for
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.

component mounting. A meter calibrated in counts per second is mounted
'A * '

'

on the front of the module, alont with adjustments for pulse amplifier
gain, discriminator threshold level, and output zero and range. Test
jacks are provided for signals used during on-line testing. Table NI-4
summarizes the operating characteristics of the count rate amplifier
module.

~

.

.
Table NI-4. Count Race Amolifier Module Design Data

-

-
.

Input 0.1 to 106 pulses per second, randomly dis-
tributed; 40 mV to 2 V average amplitude.

Output 0 to 10 V d-c corresponding to the logarithm,

of the average pulse repetition race in the~
range from 0.1 to los pulses per second.

'
Response ti:ne variable -- from 400 seconds at 0.1 pulses

6per second to 1.second at 10 pulses per
second.

,

" _ , IEcuracy 1% of full scale at referenea ennditions, 2% -
'~

of full scale over design r.a;u.
~

Pulse resolution 107 (less than 100 as rise time) pulses per
second.

Linearity (independent) Output voltage versus log count race; 1% of
full scale.

Repeatability 0.1% of full scale.

Discriminator level 1%.
accuracy

.

5.2.5. Race-of-Change Amplifier Module

During reactor startup, the rate of increase of neu-

tron flux is an important par _ameter for operator monitoring. The race-
of-change amplifier receives a 0- to 10-volt input from the count rate
amplifier which is proportional to the logarithm of the neutron flux

s -

level. Since changes in neutron flux during startup tend to be expo-
nential, the input to the race-of-change amplifier conds to be a linear

.
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ramp when neutron flux is changing. The race-of-change amplifier out-
put is 0 to 10 volts, corresponding to a race of change of minus 1 to "

plus 10 decades per minute. ,Since differentiator amplifiers tend to
be extremely sensitive to high frequencies, a low-pass filter is in-
corporated in the circuitry.

.

As snown in Figure NI-10, the rate-of-change amplifier
is packaged in a standard 3-unic-vide modu.'.e. On the front plate are a

meter calibrated in decades per minute, zero and range adjustment potent-

.
iometers, and an output test jack used for n-line testing and :alibra-
tion. Table NI-5 summarizes the important operating characteristics of .
the race-of-change amplifier.

Table NI-5. Rate-of-Change Amplifier Design Data

Input range O to 10 V corresponding to the logarithm of
0.1 to 106 counts.per second.

Output volccge 0 'to 10 V corresponding to -1 to +10 dec-
ades per minute.

. . . ,

Input impendance Approaches infinity at dc; approaches 143 K
at high frequency.

Output -impedance Less than 1 ohm.

Response time Less than 10 seconds, O to 99% of value.

Accuracy at reference 0.12.
conditions

Accuracy over design 22.
range.

5.2.6. 31 stable Module

Bistables are used to convert analog input signals to
'

digitsi output signals in the form of relay contacts whenever a setpoint
value is reached. The bistable module ecmpares two analog inputs in the
range of 0 to 10 V de, one from an external signal source and the other
from either an external source or an internal variable trip point power ~

NI-13 Babcock 3.Wilcox
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5.2.7. Source Ranae Test Module

This module generates simulated input signals for on-
line testing of the count ra,te amplifier, race-of-change amplifier, and
the bistables, which form the source range channel of neutron flux moni-

'

coring equipment. The SR test module can be used for on-line testing
during nor=al reactor power operation or during reactor shutdown, but
not during reactor startup when the channel is active. The test signals
applied successively to the count race amplifier are pulses (whose am- !

, p11tude may be adjusted) with selected' repeticica rates of 100 kHz,
4kHz, and 1 H:. The use of signals at three points'of the range also

-

I-

checks. the logarithmic conformity. The next test condition is the in-
jection of a variable d-c voltage near the CR amplifier output to check
the setpoints and the correct funciconing of the bistables connected' to
the CR amplifier output.

!

The test signals applied to the rate-of-change ampli-
fler are a zero input for checking amplifier zero and a 0.025 Hz saw-

!
-

tooth wave with a slope of 10 decades per minute for checking amplifier
ranges In additierr, a variable ti-c voltage is -fed by way of the rne - M
of-change amplifier to bistables conracted to its o' tput for checkingu

histable setpoints and functional operation.

As shown in Figure NI-12, the SR test circuit is pack-
aged iri a standard three-unic-wide module. On the front place are an
"on t es t" indicator light, a multiposition rotary cese switch, a cali-
bration output potentiometer for the variable d-c voltage, a pulse am-
plitude potentiometer for the pulse race signals, a reset switch for
concrol of the sawtooth generatar, and test jacks for the ramp (sawtooth)
output and its sync pulse and for the +10 V reference and the pulse am-
plicude output. .

5.3. Intermediate Range Channels

Figure NI-13 shows the components required to implement the
inter =ediate range channel NI-3 and N1-4 functions described in section
4.3 of this chaptor. F.xcept for the detectors and operator readouts,
all components are mounced as modules in system cabinets.

@
i

|

NI-20 Babcock & Wilcox,

:



.i
i

{ Figures NI-12 and NI-l'
:

I
- ; .ae

R
w- aa a

O Q a
M = O

- =,

{f!,

a
u

w Gw_a = == Q << =t== b= >- -.
- a= c

C a
. oe

es = *

.
-

db

. -
o
c -

e .

e '

d
- a

y w5
, w a -
x t== 4 .2: W- o- -

e = = .av
% Er

.

=
u

,,

o
a

M
- ic

.

u
O

'
,a
y -

u_ .
Z w

M m -
*. , - . e- 4

-we . = aa o
. o

a
.

m. _

.- sI
w

'

z
G
u
= -= =-. - o- =*ae w w 2 = *- > -

= >= A o <=>
=- n3 a w .a -

m >=_ - < = aaw - - -- -o - , w e- s a2 .u 2 w - o ,. x==u - o =w a. I?I * =C W QE M o. vta w = - - =- o <a _=

l

o ,

|
,

a=| >= w w= .- =' C w
4, 5w -

o ._2
u
==_a = w vhad oa3 S.- ==w Z w Q O
u -

.

Babcock & Wilcox
1
i



_ _ _ _ _ _ _ _- _ _ _

J

5.3.1. Comeensated Ion Chambers

The WL-23635 compensated ionization chamber detects
thermal neutrons in the range from 2.5 x 102 to 2.5 x 1010 neutrons /cm _2

second in the presence of very high gamma radiation fields. The detector !

is rugged in construction and may be operated in any position at tempera-

tures up to 250 7.

The detector incorporates both guard-ring construction

(to minimize insulator leakage) and continuously variable electrical com- !

. pensation. The neutron sensitivity of the chamber is approximately 4.0 x

10-l'* amperes / neutron /cm -second. Gamma sensitivity is less than 2.3 x
,

2 '

~

10-11 amperes /R-h when operated uncompensated, but is reduced to approxi-
mately 2.3 x 10-13 amperes /R-h in compensated operation, thus extending
the usual operating range by two decades. The detector is constructed

of high-purity materials to reduce the effect of induced radioactivity.

The case material is 1100 aluminum, and the electrode is an alloy of 3%
aluminum-97 magnesium. The insulation is high-purity alu m a.

Each compensated ion chamber is mounted in a housing.

~ ~ ~

assembly which serves to electrically insulate the detector ca*e from l--
,_

ground and provide a convenient and rugged means for handlin. .ae detec-
tor dt$ ring installation and removal from its' thimble. The assembly,
consisting of the detector and housing (detector assembly) . .is supplied
as a unit by the manufacturer and includes integral incrganic-insulated
triaxial cables, with connectors, cut to the precise lengths necessary
to reach the top of the detector thimble. The outer shield of each cable

is connected to the housing, whicn is insulated. from the thimble, and

grounded in the equipment cabinet to provide shielding from electrical

noise. Inorganic-insulated cable is used to ensure that the cable life

is at least as long a.* the detector life. Each assembly is seal welded,

evacuated, baked dry, and filled with an inert atmosphere to prevent>

the entry of moisture.

5.3.2. Detector Power Supoly Module
.

The compensated ion chambers in the intermediate range
will be operated at 600 V de. The detector power supply modules for the' -

g compensated ion chamber will be nearly identical to those in the source .

nage described in section 5.2, but the voltage range will be 300 to.

|
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_ 800 V dc. However, these modules will be mounted in inter =ediate range
cabinets and connected directly to the high-voltage conneccions on the
detectors rather than to the preamplifiers.

5.3.3. Auxiliary Pow'er Suosly Module

The auxiliary power supply provides the necessary neg-
acive voltage to the compensating electrode in the compensated ion cham-
bar. A range of regulated voltage fron -15 to -300 V de is available.
As indicated in Table' NI-7, the nor=al range of compensating volta 5e IP

*

quired is -10 to -80 V dc. Typical voltage and current requirements
..for compensation are -50 V de and 10 nA.

The basic regulat or and auxiliary circuits of the
auxiliary power supply module are identical to those of the detector
power supply module described in section 5.2, except that no voltage
tripler is required. As shown in Figure NI-14, the auxiliary power
supply is packaged in a 3-unit-wide module. The front p1 rce of the
module has a meter to indicate voltage, a voltage adjustment potentio-
meter, an ON-OFF switch, a limit reset pushbutton, and a test jack for

.

measuring the output voltage divided by 100. Table NI-8 su=marizes *be - -..

operating characteristics of the auxiliary power supply module.

5.3.4. Logarithmic Amplifier '4cdule

- This IniNEule provides an output signal range of 0 to
10 V de, proportional to the logarithm of the input signal current range
of 10-11 to 10-3 amperes dc. The resultant output slope is 1.25 volts
per decade of input current. The logarithmic amplifier comprises three
sections: a logarithmic circuit, a temperature compensation circuit,
and output isolation buffer amplifiers. The logarithmic circuit uses
an operational amplifier with a transistor feedback element. The feed-
back transistor follows very closely the theoretical exponential relation-
ship of collector current to base-emitter voltage over the required eight
decades. The result of using the transistor as a feedbacic element in I

the operational amplifier is a logaricheic conversion of input current

to output voltage. A second operatio: al amplifier with transistor feed-
back and a reference current input is used for temperature compensation.
Standard buffer amplifiers at the output furnish isolation betw-en the '@ ~ -
various output signal paths. |

.
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Table NI-7. Cempensated Ion Chamber Design Data
(Tyee WL-23635)-

Mechanical -

Diameter, in. 3-1/8 2 1/16
overall length, in. 19-1/8 1 3/16
Approximate sensitive length, in.. 14
Net weight, Ib 5-3/4
Shipping weight, Ib 19

Materials
*

. Outer case 1100 alusinus
Electrodes 3% A1, 97: Mg

'

--

Insulation Alumina
Neutron-sensitive material

Content Boron enriched in 103
Thickness, mg/cm2 i

Cas fill Nitrogen

Imuedance

Resistance (minimum), ohms .

Signal electrode to case - 1013
High-voltage elecerede to case

-'

1012 --
- ' Compensating electrode to case 10 12,

Capacitance (approximate), pF.
Signal electrede to case 290
High-yoitage electrode to case 330
Compensating electrode to case 143

Maximum Ratings

Voltage between electrodes, V 1500
Temperature, F 250
External pressure, psi 180
Thermal neutron flux, av 5 x 10 11
Neutron exposure (before -10% decrease in sensitivity) 1019

Tyoical Oceration

Operating voltage, V 300 to 1000
Compensating voltage, V -10 to -80
Thermal neutron flux range, nv 2.5 x 102 to 2.5 x 1010
Thermal neutron sensitivity, amperes /nv 4.0 x 10-1"
Gamma sensitivity, amperes /R-h

.

Tot.s1 compensated 0
.- Uncompensated 2.3 x 10-11,

Background current, amperes < 10- 11,

NI-13 Eabcock & Wilcox
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Table NI-8. Auxiliary Power Supply Module Design Data

Supply voltage -15 to -30C V de, O to 15 mA continuous
maximum..

Cucput ripple 100 mV maximum.

Resolution of output setting 0.05%

Tese jack output accuracy 0.1% of output voltage + 100.
Load regulation 2% - O to 15 mA, -125 V only;

. 1% - O to 10 mA, -100 to -300 V,
O to 6 =A, -50 to -100 V,

. O to 3 =A, -30 to -50 V,
O to 1 mA, -15 to ~20 v. -

Table NI-9. Logarithmic Amplifier Module Design Data

Input 10~l1 to 10-3 ampetes.
Output 0 to 10 V'de, correspondi.ng to the logarithm

of the input current.

Response time Variable - 10 seconds at 10-11 amperes to 0.1
second at 10-2 amperes. ,

.

Accuracy 1% of full scale at reference conditions, 2%
of full scale over the design range.

Linearity (independent) Output voltage versus logarithmic input cur-
, . . .

rent, 1% of full scale.

Repeatability 0.1% of full scale.
.

As shown in Figure NI-15, the logarithmic amplifier
is packaged in a standard three-unit-wide module. On the front plate
of the module is a =eter calibrated in terms of the input current, along
with adjustments for amplifier balance and calibration. Test jacks are
provided for signals used during on-line testing. Table NI-9 summarines
the operating characteristics of the logarithmic amplifier module.

5.3.5. Rate-of-Change Amolifier hadule

In each of the intermediate range channels, this
module is identical to the rate-of-change amplifier in each of the source
range channels described in section 5.2 and Table NI-5 (illustrated in Fig-- 4

ure NI-10). In the inter =ediate tange, however, each r$ce-of-change
*

.
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amplifier receives from the logarithmic amplifier a 0- to 10-volt input

7 signal which is proportional to the logarithm of the neutron flux level.

The race-of-change amplifier output is 0 to 10 volts, corresponding to

a rate of change of -1 to +10 d'acades per minute.

5.3.6. 31 stable Module
"

The bistable modules in the intermediate range channels
'

are identical to those described for the source range channels in section

5.2 and Table NI-6 ('shown in Figure NI-11) . In the intermediate range

channels, they will function to initiate a rod withdrawal hold on a rate-

,

of change of 3 decades per minute. Although not shown" in Figure NI-1 or* -

Figure NI-13, there is a hista'ble at the output of each logarithmic am-
plifier to cut off the source range detinctor power supply succmatically
at 10-9 amperes to prevent exceeding the maxi =um operating flux limits
on the proportional counter detectors.

5.3.7. Intermediate Range Test Module

The intermediate range test module generates simulated

}
. input signais for on-line testing of the logarithmic amplifier, race-of-

"

change amplifier, and bistables which c: .c up the intermediate range of
neut.ron flux monitoring equipment. The intermediate range test module
can be used for on-line testing during normal reactor power operation
or reacto'r shutdown, but not during reactor startup when the channel is
in use. A stable voltage source and precision resistors generate simu-
laced current input signals of 10-3,104 , and 10-11 amperes to the
logarithmic amplifier. The use of signals at three points of the range

also checks the logarithmic conformity. An amplifier balance test posi-

tion is also provided. The module also has facilities to inject a 'varia-

ble d-c voltage near the logarithmic amplifier output to check the set-

points and the correct functioning of histables connected to the loga-

rithmic amplifier output.

The test signals available to the rate-of-change ampli-

fier are a cero race input for checking amplifier zero and a 0.025 H:

sawtooth wave with a slope of 10 decades per minute for checking amoli-

fier range. In addition, a variable d-c voltage can be inserted at the I
i #-

race-of-change amplifier output to check bistable setpoints and func- j.

tional operation. I
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As shown in Figure NI-16, the intermediate range circuit
~4

is packaged in a standard three-unit-wide module. On the front place are
an "on tes t" indicator light, a, multiposition rotary test switch, a cali-
bration output potentiometer for the variable d-e voltage, a reset switch
for control of the sawtooth generator, and test jacks Eor the ramp (saw-
tooth) output and its sync pulse and for +10 volt reference.

5.4. Power Range Channels

Figure NI-17 shows the components needed to implement power
'

range channel NI-5, -6, -7, and -8 functions described, in section 4.4.
.

Except for the detectors and operator readouts, all the components are
mounted as modules in system cabinets.

5.4.1. Uncomeensated Ion Cha=bers

The WL-23636 uncompensated tonization chamber detects

thermal neutrons at flux levels from 1 x 105 to 2.5 x 1010 neutrons /cm _2

second. It is designed to integrate the flux profile of the reactor core
so that variations in the chamber signal, cuased by the flux profile

.

shif ts that occur in rwactor operation, are reduced. The detector con-
,

sis ts of two 72-inch-long, neutron-sensitive sections, each uncompensated.

It is constructed of materials of low-activation cross section to reduce
the amoung of artificial radioactivity produced in the device. The case
and the electrodes are 1100 aluminum, and the insulation is alumina
ceramic. The thermal neutron sensitivity of each section of the detector
is approximately 3.75 x 10-13 amperes / neutron /cm -second. The uncompen-2

sated gamma sensitivity of each section is approximately 1 x 10-10 amperes /
,

R-h. Table NI-10 summari:es the operating characteristics of the power
range detectors.

Each uncompensated ion chamber is mounced in a housing
assembly which electrically insulates the detector case from ground and i

provides a convenient and rugged means for handling the detector during
installation and removal from it: thimble. Except for the housing length

and the number of detector cables and saal closures, the housing assembly
|

for the power range detector is identis -1 to chat for the intermediate |

1

range detector.

|
--

| 1

|
| .
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Figure HI-17. Diagram of Power Range Channel
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5.4.2. Detector Power Suco1v Medule

The uncompensated ion chambers in the power range will
be operated at 600 V de. As a result, the detector power supply modules
for the uncompensated ion chamber will be identical to ,those in the in-
ter=ediate range as described in sectica 5.3.2. One power range detector
pcwer supply module in each system cabinet is directly connected by cri-
axial cable to the high-voltage connection on the detactor.

'

5_.4.3. Linear Amolifier Module
'

The linear amplifier provides a 0 .to 11.5-V de output .

signal proportional to reactor power frem 0 to 71.875% as determined by
current signals from the power range uncompensated ion chambers. The
amplifier accepts current inputs with a full-scale range of 10-5 to
10 -2 amperes. The linear amplifier censists of two basic sections: a

precision linear current-to-voltage converter and output isolation buffer
amplifiers. Prime considerations in its design were high accuracy,
typically 0.05%, and rapid response, both required for reactor protec-
tion. Standard buffee- amplifiers at the output guarantee isolation be--

-

tween the various outputs going to protection, control, indication, and
recording. .

.

. . _ .,

Table NI-10. Uncompensated Ion Chamber Design Data
(Type WL-23636)

Mechanical

Diameter, in. . 3-1/8 = 1/32Overall length (maximum), in.
15 4

Approximate sensitive length (each section), in. 72
Net weight, Ib 40Shipping weight, Ib 50

Materials
Outer case 1100 aluminum
Electrodes 1100 aluminum
Insulation Alumina ceramic
Neutron-sensitive material

I~'4/ Content-
I Baron enriched in 10 3

-

J Thickness, mg/cm2 ,

t
Cas fill

,

Nitrogen
i

i .

t
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Table NI-10. (Cont'd) %

Imoedance

Resistance, ch=s '

High voltage to ground at 1500 V 10II
Signal to ground at 500 V (each section) 1011
High voltage to signal at 1000 V (each section) 1013

Approximate capacitance, pF
High voltage to ground 2500.

Signal to ground (upper section) 800
. Signal to ground (bottom section) 1600

,

-
..

Maximum Ratings

Voltage between electrodes, V 1500
Temperature, F 250
Thermal neutron flux, nv 5x 10 11
Fast neutron flux, av 5 x 1011
Gamma flux, R/h 5 x 105
External pressure, psi 180
Relative humidity, 100
Irradiation exposure, nyt (before 10% decrease. in 1x 1019

sensitivity)

Typical Ooerating Characteristdes

Operating voltage, V 200 to 1000
Saturation characteristics, V at av 200 at 10 ,3

3500 at 5 x 10 ,
800 at 1010

Thermal neutron flux range, av 1 x 10 to 2.5 x 1010
Thermal neutron sensitivity (each section) A/nv 2.75 x 10-13
Gamma flux range, R/h 10 to 5 x 105
Gamma sensitivity (approx, each section), A/R-h 1x 10-10

As shown in Figure NI-18, the linear amplifier'is
packaged in a standard 3-unit-wide module. On the front plate are a
meter calibrated from 0 to 71.875% full power, an indicator to show the
setting of the internal link which sets the coarse range gain, a 10-
position switch for fine gain adjust =ent, and a potenticmeter with a
10-turn counting dial for extra fine gain adjustment, plus a zero ad-
jus tment potentiometer and an output test jack. Table NI-11 summari:es
the operating characteristics of the linear amplifier module.

1
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Table NI-11. Linear Amplifice Module Design Data

Input Full scale current ranges, O to 10-3 amperes
maximum, O to 10-* amperes minimum.

Cucput 0 to 11.5 V d , corresponding to O to 71.375%
of full power

*

Response Time 30 ms to 99 (10-3 ampere range), 60 ms to
99% (10-6 amoere range).

'

Accuracy O.1% of full scale at reference conditions ,
0.15% of full scale over the design range.

. .

- Linearity 0.1% of full scale.

Repestability 0.1% of full scale.

Gain adjuscsents P.ange -- Internal link adjus tment covers 3 |
decades of full-scale settings frca 10-2 go
10-5 amperes.

Coarse - Adjustable to 10% of full scale
steps.

- '
Fine ; Adjustable for 0 to 10% of full scale
providing a maximum fine gain setting resolu . _.

_I tion of- 0.03% of, full scale."
..

.

.5.i.4. 31 stable Module

The bistable modules in the power range diannels are
identical to those used in the source and intermediate range channels
described in section 3.2 and Table N!-6 (shown in Figure NI-11) . In the |
power range channels they will function to bypass rod withdrawal hold

l
in both the source and intermediate range channels when reactor power ;

exceeds 10% of full power.

Although not shown in Figuras NI-1 or NI-17, these
same bistables or additional histables set . 10% of full power may be
used to back up the source range detector power supply cutoff bistables

1in the intermediate range channels set at 10-9 amperes. This will allow '

ian intermediate range channel to be rencved from service for maintenance '

without automatically turning en the source range detector power sup-
plies. All other bistables in the outputs of the power range are part lg

| of the reactor protective system.
'

.
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5.4.5. Pever Range Test Module

The power range cese module (Figure NI-19) (PRT), along
with the flow test module, allcus complete testing of the $ and a$ sys-

The PRT todule allows independent testing of the, two linear amplifierstem.

and calibration o: the sum and difference amplifiers. One of the selec-
tor switch positions on the PRT allows the simulated output signals of
$ and a4 to be varied independently. The function generator of the re-
actor protective system is then calibrated by varying the A$ signal and
the f(F) signal independently. The $/a4/F trio histable may be c.hecked,

for proper operation by selecting various setpoints, f'(44) + f(F), and
l

~ 1

comparing, this to the input ($).

Table NI-12. Power Range Test Module Des 12n Data

Power supply requirements, V +15 at 100 ma typical,
125 ma nax

. -15 at 200 ma typical,
225 'te nax ~

~

Test inputs 1 and 2

Coarse ranges - link selectable in 10-6 to 10-5 A
ranges of 10-5 to 10-4 A

10-" to 10-3 A
Fine range - within each course range, % 0 to 100
Range adjustment resolution. % full scale 10.025
Ripple, % full scale <0.1

Calibration output signals
Sum: Adjust =ent, V de

-0 to -10
Resciution, % full scale !0.025

Difference- Adjustment, V de
Resolution, % full scale 0.025

- Ripple, % full scale <+0.1

5.4.6. 5veraging-Aue:1oneerineModule

A high-level auctioncerod signal between the average
of channels NI-5 and -6 and the average of channels NI-7 and -8 is pre- ,A

j vided as an input to the ICS. Tha average-auctioneer scheme provides
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the required isolation and independence needed to prevent single failures
'I from propagating into more than one protection channel. Channels NI-5

and -6 are averaged independent of NI-7 and -8 by separate average modu-
'

les. Each average module inciudes a built-in analog average meter.
Each averager has the following i=alated outputs: ~

1. Average signal for auctioneering
2. Average signal for computer usage.
3. Average signal capable of driving an external meter.'

The auctioneer has the following isolated outputs:-

-
..

1. Auctioneered average for ICS usage.
,

2. Auctioneered a'erage for computer usage.v

3. Auctioneered average for driving a strip chart
recorder.

4. Auctioneered average for driving an external meter.

i 5.4.7. I/a Amplifier Modules

The remaining modules making up the power range chan-.

~~'

nel'are t5e. sunefng and the difference amplifiers (Figure NI-20). Both ~~

functiors (sum and difference) are achieved using the sum / difference
amplifiers. The output signal range for the summing amplifier is O to
+10 volts, representing 0 to 125% full power. . .The output signal range
for the difference amplif'ier is 0 to -10 volts, representing -62.5% to
+62.5% full power. All output signals (0 to +10 V) used for remote in-

.

dication are buffered through isolation amplifiers.

,

.

\$

-
,

|
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.able NI-13. r/a Amplifiar Module Design Data

Inputs capability of four inputs, including bias
voltage so that the output relationship

'becomes Ecut " -0 5(El+E2- E3- Eg)
.

Input span 0 to 10 V and 0 to -10 'V, four inputs (E ,
E)E,Ee Eet 2 3 4

Output span 0 to 10 V (scaled and isolation outputs),

O to -10 7 (Ecut),

.
Accuracy (worst case)

Ecut signal, % 20.015, 0.025(a) .

Scaled output, 10.03, 0.04(a)
(prime output)
Buffered output. T 0.7

Response time

Eout, ms 10

Scaled output, ss 10
.

Drift (30-day measured), % -

E 0.004 - 'out .,

Scaled output 0.007
Ref power supply 0.022

.

(a)With reference power supply.

.

K
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3. Selectable Tavg. NOTE: Following selection of ' hot and 'esid
. .O

No further selection required :s nave. 3 Tavg signals as inputs to
RC 12 Ta5q

'

a.~ L:op A Tavg
b. Loop 3 Tavg

Unit Tavg (Loop A and 3 average)c.
d. Selector (RC 12 TaS)

1. RCS f3cw inputs (Aa3 Leop).
2. Aut:matically will select (A L op or 3 Leop)

Loop with the highest flow (Not Unit) ~

a. Lcop pumo c=mbination not equal
b. Flow differenca (sheared shaft)3. Output

I a. Digital Tavg. Indicster
. b. ICS (Reactor Cemand Station)

'

.
.

'01T .
-
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3. Seler:2ble Tavg. NOTE: Following selection of Ihot and Iccid-
'

.. No further selection required to have 3 Tavg signals as inputs to
' i RC 12 Ta5

a. Loop A Tavg
b. Loop 3 Tavg ,

c. Unit Tavg (Loop A and B average)
d. Selector (RC 12 TaS)

1. RCS flow inputs (AaB Loop).
2. Automatically will select (A Loop or 3 Loop)

'Loop with the highest flow (Not Unit)
a. Loop pump combination not equal
b. Flow differenca (sheared shaft) -

3. Output
a. Digital Tavg. Indicator
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b. ICS (Reactor Demand Station)
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# .T. Steam Generajo_r_1.ey_e_1 *a ;
yd Refer to Figure 1.and 2 SCW Instraent Prefis SPIA. SPIB

Brief description of level t ansmitters
Uses differential pressure for level indication

LT 1 Full (wide) range level 0-600"
Not temoerature compensa*Jd
inoication on LIl

LT 4 & LT 5 Startup (low) range level 0-250"
Not temperature compensated
inoication LI3 + t s-

LT 2 & LT 3 Operating range level which reads out 0-100% corresponding to
.

96" to 388"
Temperature compensated

- - ------ -Indication on level recorders
LS1-2 High/ low 1evel alarm
MS - Manual selector switch

The unselected input goes to the computer

I. Steam Genetator Pressutej Gw % &4 6
Instmment Prefix SP6A, SP6B

.

'

PT1, PT2 Outputs sent to control room for indication and the computer
PIl Indication for selected pressure with selected pressure used in ICS.
PI2 Local (NNI cabinets) indication of PT1
MS Manual selector switch

Unselected input goes to the computer '

A
-

% ~
Temperature Compensation*

..

As temperature increases the censity decreases. La":: idication is doneby using a difference in pressure

' P'r ,=x a

viaM it.r e,,a eAay s pce,:,e

( W !s) m ,, 4 o, n , n -A ou rp r uab sp .=~ \ :

*WAM p,
==S= 4 a<~

CRT'

P3 = P2-P1 where P2 = Stm. Press. + Water Press.
and P1 = Stm. Press
then P3 = Water Press.

With temperature compensation we make the output signal forget about the
decrease in waterpressure (because of density 4 ) as the temoerature increases. .

We temoerature compensate to counteract the effects of density change.
For example if we did not temperature compensate as temoerature t the dea-

i sity 4 and the indicated level of water would 4
.

,

Z. .Ptess.uti::st_ Level.: Refer to Figure 4 and 5-
'

Instraent prefix RC1 7 f

.

| %
.
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1

I

I

\.

.. *
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1
.,

!Q LT 1, 2, 3, Uncompensated level transmitters full range indication 0-40".
2, . Selected transmitar is ccmcensated by selected water scace

-

temperature control room indication on level recorder and com-
puter with the computer having capabiltty to display both com-
pensated and uncompensated level.

, lam Level-temperature compensation network
LR 1 LSI.2 Used for alarms ;

'

LIC Hand / auto station to control MU-V17 makeup to RCS

E. Tg!!peraj:ure.:
Prefix RC2 -

TEl, TE2 - Indication in control room and selected temperature compensates
selected level.

, MS - manual selector, unselected goes to :he computer
.

'5 . Pressure; W 9.
*

Prefix RC3A, RC3B '

PT1 - Narrow range 1700-25004 feeds RPS and output Jack. Used for pressure
control and indication.

The pressure transmitters are located on the "A" and "3" hot legs
PT 5, 3A - Low range pressure indication

Not selectable
Used during heatup and cooldown when RCS side range pressure
0-2500# is not accurate enough.

G. E. Rear. tor Coolant Temperature '
'. : 1. Selectable 8hgt per loop ;4 g ,=a / :--

., -

C# a. Selected shot uses J,

1. Console RC Flow Temperature Compensation
'2. Loop A T

. 3. Loop Tavg
4. Reactor ' hot Selector

*a. Indication (Recorder)
b. ICS (Feed wa*ar)

5. Gauge Indication
Loop A/B Avg. T ot (no selection)- 6. h
a. Unit A T

.

b. Unit Tavg. . . .

2. Selectable Teald (per leg, per loop (average))
a. Selected ' cold uses

- 1. Loop A T
2. Loop Tavg.
3. Gauge Incication
4 A ' cold

a. Indication '-

- b. ICS
| 5. Loop A/B Avg. Scald .(no selection)

_

. a. . Unit A T
. %--Uni: Tavg.
_,

.

| '%

. _.
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E?tCLOSURE I

Category IV CR0 Study Assicneent Sheet

Cycle 4-1

tlame: Start Date:
.

Completicn Date: '

1. Read the following procedures:

'
a 2104-2.3 Instrument Air
b 2104-2.10, Service Air

-

c 2202-2.3, Loss of Instrument Air

2. Complete the Air Systems Questionnaire.

3. Read the following procedures:

a) 2104-1.6, Intermediate Cooling
b) 2202-1.9, Loss of Intermediate Cooling

4 Complete the Intermediate Cooling Questionnaire.

5. Read the following procedures:
'

a) 2103-1.1, RCS Fill and Vent
b) 2103-1.3, Pressurizer Operation
c) 2202-1.5, Pressurizer Failure

S. Complete the RCS Questionnaire.

7. Read the following procedures:

a) 2103-1.4, RCS Operation
b) 2202-1.4, Loss of RC Flow
c) 2203-1.4, RCP Motor Emer3encies

|

|
- 8. Complete RCP Questionnaire.

9. Read the following procedures:
.

a) 2203-1.8, Loose Parts Monitoring
; b) 2202-3.2, Flood

c) 2202-3.3, Earthquake
d) 2104-1.8, Environmental Barrier System '

,

|

.

.f O
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10. Read Section 4 of STS.

11. Read first half of Section 6 of STS.

'
.

TOTAL POIllTS TO DATE FRCM E!! CLOSURE 2

WRITTE?l TEST DATE RESULTS
_.

ORAL TEST DATE RESULTS

AtiSWERS filSSED, !!AtlDED Ill CORRECTED

- /
-

SIGilATURE OF LICENSED TRAINING COORDINATOR DATE

.

t

o

O

$

e



_ _ . . _ . .. .. . _ _ _ __

REFERE?lCES FOR OUESTI0t:ftAIRES

4-1

.

Ref. 4 Title

1 1A/SA Handout -

)

I
2 OP 2104-2.3, IA

i
3 ICCW System Handout

I
'

4 OP 21C4-1.6, ICCW -

5 EP 2202-1.9, Loss of ICCW

6 RCP Handout

7 OP 2103-1.4, RCP Operation

8 NSS Vol. I

9 Standard Tech. Specs.
'

10 0P 2103-1.3, Pressarizer Operation
d

- |

|

|

|
i

- !
|

.

9

I

i
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AIR SYSTEMS OUESTIONNAIRE

Cycle 4-1

1. What are the pcwer supplies to the Service and Instrument air com-
pressors? (Ref.#1)

2. Explain the operation of the IA compressors in each of the possible "

" local" and " remote" switch combinations. (Ref. #2)

3. What are the possible sources of cooling water available for the
IA compressors? When is each used? (Ref. #1)

.

4. Are the IA and SA systems normally cross connected? Explain.
(Ref. #2)

5. Under normal operating conditions, how will a substantial rupture
in the SA system affect the IA system? Outline the immediate s.uto-
matic and manual actions required for this problem,

t

.

G

. |

|

.
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IflTERFEDIATE C00LIriG SYSTEM Oi1ESTI0tlNAIRE

4-1

1. When must the ICCW System be in operation? (Ref. 14)

2. For normal operation, how many IC-P's and coolers are used? When
.

must we place additional components on the line? (Ref. #4) -'

3. What is the minimum allowable IC flow to the CROM'S? Where is it
indicated? What could cause low flow in the CRD ccoling lines?
(Ref. #4)

'

- 4 Concerning the ICCW surge tank (IC-T-1): -

a) Wheca is it located?
b) What are it's functions?
c) What alarms are associated with it? (Include Setpoints)
d) How is level mainta'ined? (Ref. #3, #4)

5. Concerning the ICCW pumps:

a) What are their power supplies?
b) What will cause the standby pump to start?
c) What is the minimum and naximum continuous flow for each pump?

(Ref. #4)

6. How dces the 1600 psig SFAS actuation signal affect the ICCW system?
And the 4 psig R8 pressure signal? (Ref. #3)

7. List the symptoms of a loss of ICCW. Assuming we cannot restore ICCW,
what precautions must be observe to continue operation? When must
we trip the reactor? (Ref. #5)

.

9
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.
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REACTOR COOLANT SYSTEM AND REACTCR VESSEL INTERNALS OUESTIONNAIRE

UNIT II
,

1. Draw the Reactor Coolant System showing valves, interconnections and
instrumentation. Include the pressuri:er and drain tank. (Ref. #8)

2. a) Draw the reactor vessel, label and include the following: (Ref. #8) a

1. Internal vent valve
2. Control rod guide tube
3. Core support shield

- 4 Inlet nozzle
5. Outlet nozzle
6. One fuel assembly
7. 'hermal shield
8. Flow distributors
9. Incore instrument nozzles

10. Guide lugs
11. Lower grid
12. Surveillance specimen holder tube
13. Plenum assembly -

14. Control rod assembly
15. Core flood nozzle

b) Use a colored pencil to show normal and bypass flow.

3. What is the purpose of the internal vent valves? (Ref. !8)

4 What is the purpose of the core guide lugs? (Ref.#8) |
S. List the' pressurizer heaters power supplies. (Ref #10)

6. a) What is the maximum pressurizer heatup and cooldown rate? (Ref. #10) i

lb) Briefly explain the reason for this limit. 1

7. Exolain how the pressuri:er responds.to control system pressure during
a: (Ref. #10)

a) Step load increase
b) Step load decrease

,

NOTE: Include heater and spray valve setpoints.

8. a) Explain what is meant by: (Ref. #8)

1. Net positive suction heat (IPSH)
2. Nil Ductility Transition Temperature (NDTT)

b) Explain what haopens if the limits for the f'ollowing are violated:
(Ref. #9)

.

|
'

1. NPSH
2. NOTT

- .
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9. a) How many orifice rods are in the core?

b) Whay are orifice rods used?

c) Briefly describe orifice ro,d construction.

10. a) How many lump burnable poison rod (L3PR) assemolies are used in the
first cycle?

b) What is the purpose of LBPR assemblies? -

,

c) Briefly describe LSPR construction.

11. a)
.

How many control rod assemblies are in the care?

b) Hcw many axial power shaping rod assemblies are in'the core?

c) Briefly describe the construction of:

1. Control rod assemblies
2. APSR assemblies

NOTE: Include percent composition of poisons and purpose of poisons.

12. a) Describe the construction of a control rod drive mechanism (CRDM).

b) Briefly describe the operation of a CRDM.

13. a) List the conditions which require CRDM venting.

b) Briefly explain why venting is required.

14. a) What .is the maximum delta T between the pressurizer and the hot
leg (Th)?

'

b) Why is this limit imposed? (Ref. #10)

15. a) What is the maximum delta T between the pressurizer and the cold
leg (Tc)? |

b) What is the purpose of this limit? (Ref. #10)

16. a) List all pressurizer level alarms and intericcks. (Ref. 110)

b) What is the normal operating level?

1. (15% power
2. 715 power ~

c) Explain why there is a minimum pressuri:er level at pcwer. Include i

setpoint. I

'

17. What is the purpose of the soray bypass ficw? Include value of by-
pass flow. (Ref. d10)

|

18. What is the maximum pressuri:er level wnen the reactor is critical?
Explain (Ref. 110)

~
__ _ _ _ - ._
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19. What is the approximate pressurizer volume? (Ref. #10)

20. a) What is meant by the term "Hard Bubble"? (Ref. 110)
,

b) At what point during plant shutdown - cooldown should degassifi-
cation be performed? '

c) Briefly describe how pressurizer hard bubble degassification is
accomplished. Include a sketch of the ficw path.

,

21. a) List the conditions which must be met to reduce RCS boron concen-
tration.

b) Explain the purpose for these limits.
.

22. a) What is the maximum difference between pressurizer ~ boron concentra-
tion and RCS baron concentration? (Ref. 110)

b) What is the reconnended difference in baron concentration?

c) What problems are associated with a large baron differential?

23. a) Sketch the heatup and cooldown corves shown in Technical Scecifi-
cations. (Ref. #9) Include point values.

b) Explain the shape of the curves.

24 List the limits on Reactor Ccolant System leakage. Include required
actions if limit is exceeded.

25. a) Ho'w often is a Reactor Coolant System Leakrate calculation re-
quired?

b) List 'the leak detection systems which must be oeprable in the
Reactor Building, when at power. Include any exceptions.

c) List all the systems available to detect RCS leakage into the
Reactor Building. Include sensitivity.

26. a) What is the limit on activity in the RCS for critical operation?

b) Discuss the basis for this requirement. -

c) Define E. Include value per Technical Specifications.
.

|

1

1

'

.

i

-
.
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REACTOR C00LiflT PUMPS OUESTIOffilMRE

4-1

.

1. a) Draw a basic sketch of a Reactor Coolant Pump. Include and label
the following: (Ref. #6)

-

1. All seals
2. Seal leakage
3. Seal injection
4 Pump bearing

- 5. Thermal barrier
6. Impeller *

7. Intermediate Cooling
8. Recire. Impeller

b) Use a colored pencil to show seal water flow during:

1. flormal operation
2. Loss of injection operation

fiOTE: Include approximate flow value through all seals frcm all
sources.

2. Whatisthepurposeofthethermaibarrier? (Ref. #6)

3. List the power supplies for: (Ref. #7)

a) Reactor Coolant Pumps
b) Reactor Coolant Pump 011 Pumps

4 Briefly describe the operation of the reactor coolant pump oil systems.
Include the purpose of each system. (Ref. #6)

5. What system is used to cool the RCP motor? (Ref. #7)

6. Provide the following information: (Ref. #6)

a) Flow per pumo
b) RCP required NPSH

7. List the conditions (interlocks) which must be met to start a Reactor
.

Coolant Pump. (Ref. #7)

3. List the conditions which will cause an Automatic Reactor Coolant Pumo
Trip. (Ref. 47) !

9. List the conditions which require manual RCP Trip. (Ref. 47) |
10. a) What D.P. is maintained across each seal? (Ref.16, #7)

b) How is this 0.P. maintained?

c) Why is this 3.P. maintained?

~

|-



2

,

11. What is the purpose of the flywheel on a Reactor Coolant Pump
motor? (Ref. #6)

12. a) List the symptoms for failed seals. Include applicable set-
points. (Ref. #6, #7)

.

b) List the required operator responses for failed sekls.

13. a) What is the maximum power at which a Reacter Coolant Pump
.

may be started? (Ref. #7) -

b) Explain why this limit is imposed.

14. a) How is Reactor Coolant Pump vibration detected? (Ref. #7)
.

~
b) List the RCP vibration limits and required actions 'when the limits

are exceeded.

15. a) What temperature restriction is placed on starting the fourth
reactor coolant pump? (Ref. #6, #7)

b) Explain the purpose of this restriction.

c) Describe how this temperature interlock signal is developed.

16. List and discuss the restrictions on all possible Reactor Coolant
Pump ccmbinations. (Ref. #7) -

17. What is the purpose of the Reactor Coolant Pump "Recirc. Impeller"?
(Ref. #6)

18. Explain the purpos , o.' the Reactor Coolant Pump Leakage detection
system (D,ipping 31 " Include setpoints. (9ef. #6, #7).

O

G
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INSTRU!'ENT AND SERVICE AIR SYSTE?ts

I. OBJECTIVES *

A. To know the purpose of the Instrument and Service Air Systems.

B. To be able to draw a simple sketch of the systecs. -

fo know the value of the major operating parameters.C.

D. To be able to trace the system out in the plant.
.

E. To be able to discuss the operation of the system including interlocks

and applicable Tech Specs.

II. PURPOSE

A. Supply dried, oil free Instrument Air to app?' cable equipment in the plant.

B. Supply oil free Service Air to stations throughout the plant.
_

III. GENERAL SYSTEM DESCRIPTION

A. Combined Operation

1. Instrument and Service Air

B. Five Compressors

1. Two (2) Instrument Air

2 Three (3) Service Air

3. Tie valves

a. SA-V-362, SA-V-356, SA-V-357, SA-V-358 all open. -

C. Instrument Air

1. After Cooler

2. Prefilter

3. Dryer

4 After Filtcr

1

.
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D. Service Air

1. After Cooler

E. Back up
'

1. To or frem Unit I

2. From Aux. Air Compressor
.

3. To or fecm Instrument or Service Air
t

F. Cooling --
*

r.

,
1. Instrument Air

a. Compressor and After Cooler

1. Nuclear Services Closed Cooling

u.
_

.

2. Service Air

a. Compressor and After Cooler

' 1. Secondary Services closed Cooling

G. System Pressure

1. Instrument Air
.

a. 110 psig at 121 SCRI

2. Service Air

a. 115 psig at 209.5 SCFM

IV. OPEMTI0t!AL DESCRIPTIOt1

A. Instrument Air Operation ~

1. Contro,1Jqam switch in " Auto" "Off" " Manual"
.. . .

.

)a. Master control, overrides local switch when in Off, only-

difference between Auto and !!anual is amber light in CR when
'

in Auto,

2. Local switch
! a. " Constant Speed" compressor loads and unloads per pressure

6. " Auto" on local compressor starts / load, stops / unloads per pressure.
2 :
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3. f!SSC',1 Valves

a. open when compressor / motor called to run

b. ?!SV 217 A/S, flSV 21& A/S, flSV 137 A/B

c. flSV 138 A/B throttles to maintain 100-120 F on outlet of compressor

jacket. ' -

t

!4. Time delay on start defeats interlock

a. Low oil pressure

5. itanual loading -

a. Bleed pressure on unloading valve

6. Instrument air dryer

a. Eight hour cycles

1. switches and regenerates every 4 hours

b. Low moisture indicator on outlet
_

1. Blue; air driedi

2. Pink; air wet

7. Power supplies
-

a .' IAP1A MCC 2-12E

b. IAPlB MCC 2-22E
,

c. IAQ1 MCC 2-12E Backup tiCC 2-22E

1

B. Service Air Operation (
,

*

1.LLocalcontrol
J

a. " Constant Speed" motor runs ccmpressor load and unloads

b. " Auto" made compressor run/ load, unload /stop
,

.
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3. SSCCW valves

a. SC-V-74 A/B opens

b. SC-V-75 A/B throttle control outlet temp. to 100-1200F
.

4. System valves

1. AH-V-72 RB Isol. with SFAS signal (IA to air dampers)
_

2. SA-V-358 Service Air Header Isolation,

U a. Instrument and Service Air Compressor feed cutoff t5

Service Air header,

5. Power Supplies

1. SA-P-1A MCC 2-31A
.

2. SA-P-18 MCC 2-41A

3. SA-P-lC MCC 2-318

C. Combined Operation

1. Combination of compressors. sill be dictated by system load requirements
.

a. Remainder in auto

b. Refer to Appendix "A" for compressor pressure interlocks

D. Auxiliary Air Supply System

1. Small compressor
~

a. two stage

2. Refrigerate air dryer
g

3. .eceiver - godb"

4. Uses 4ATIO
a. Backup instrumentation

b. Mixed bed regeneration backup

c. L.A. Water treatment backup

5. Power

a. ItCC 2-310
.

W 2

i

*

!
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APPENDIX A

INTERLOCKS AND SET POINTS

1. INSTRU!'EllT AIR CDPPRESSOR '

START TRIP

T. Opens tlS-V-2'.7 A/B, NS-V-218 A/B 1. High NSCCU Flow (8 gpm)
-

*

!!S-V-137 A/B
F

2. 'flS-V-138 A/3 throttles for 100-120 F 2. High Air Temp. (475 F)0
on outlet Jf Compressor jacket alarms'

0at 155 F. 3. High Air Pressure (125#)
.

4. Low 011 Pressure (15 psig)
2. SERVICEAIRC0i1 PRES 30R ~

:
START TRIP

1. Open SCV-74 A/B/C 1. High Air Temp (475 F)0

2. SC-V-75 A/B/C throttles 2. High Air Pressure (125#)a
flow to maintain 100-120 F on outlet
of Coopressor jacket, alanns at 155 F 3. Low Oil Pressure (15#).

3. Relief Valves set at 125 psig

4 Seti Points (psig)

CONSTAIIT SPEED AUTO

Conoressor Load Unload Start / Load Stoo/ Unload

IAPlA 100! 110 90 100 !
IAPIB 100 | 110 90 100

i i iSCPlA 100 110 90 l 100!SCPlB 100 110 90 100
SCP1C 100 , 110 , 90 j. 100

~

I ;* .

5. Pressure alarms (Psig)

Low Pressure 85
liigh Pressure 120

6. Auto Close (Psig)
~

SAV358 (70)
'

7. SA-V-356, 357,' 358 and 362 are non al cpen valves.

5 .
,
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APPENDIX B AfID C

tiAJOR C0tiP0tlENTS AtlD DESIGti PARAL'ETERS

.

1. Instrument Air Compressors (2)

a. 121 SCFM at 115 psig

b. Dry cylinder forced oil lubricatien --- -

.

c. Water cooled (flSCCW)
..

2. Service Air Compressors (3)
'

a. 203.5 SCFM at 115 psig

b. Dry cylinder forced oil lubrication

c. 11ater cooled (SSCCW)

3. After coolers (5)

a. 2 Instr. air with condensate traps.

b. 3 Service air with condensate traps..

4. Air. Recefyers (7)

a. Instr. air (2) with traps 57 cu. ft.

b. Service air (3) with traps 96 cu.ft.

c. Service air (2) for LAWT 235 cu. ft. with traps

5. Aux. Air Compressor

6. Instrument Air Dryer
,

a. 505 SCRt capacity

1. 25 SCFM purge -

2. 480 SCFM out '

5. Local control

c. Pre and post filter

.

APPE?IDIX 3

TECH SPECS

None
6
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T:!I-2 RC PtJ:'.? PRESE:i"'AI!CII

1-1 PU2 POSE

The RC Pumps circulats tha water for ra so' ring haat from tha rasctor core. *

They circul.2te the reactor cooladt thr ugh the raactor vessel to ths
"Once Through Steam Cenerator" (OTSG) for heat raroval, and raturn the
coolant to the reactor vessal.

1-2 L0cAnci! -

Thsre are four RC Pu=pa, two in each reactor coolant loop; both pumps recaivs
flow from a con =cn OTSG, but furnish their discharge flow to the reactor

.
vessel via two independent paths as shown on the RC System Arrange = ant figura.

1-3 RATI:tG .

The RC Pu=ps arm rated at a capacity of 92,400 gp:s at a nor=al pump operating
tamparature (5540 ?) and pressura (2150 psig pc=p suction) . The RC Pu=p
Drive l'.otors have a nominal 9000 EP rating. The co=hined motor /pu=p mini ==a
momant.of inartia of 70,000 lb-ft2 is desig=ed to assure an adequata flow
coastdown ti=a for core protection against Dh*3 following a pu=p trip,

1-4 C2'iERAL DESCRIPTICN

The Bin 5 am 28X2SX41 Type RQV Reactor Recirculatica Pucp is a single-suctionh
single-stage, quad-voluta, motor-driven pu_p. The pusep drive cotor is r.cuatad

I
on a :notor stand above the pump. Motor torque is transmit _ _ ~ to the pump
impeller by a vertically mounted pump shaft, that is conr..: ed to the cocer
shaf t by. a rigid coupling. Field ali;= ment of the cator to the motor st nd
assures correct positioning of the cocer shaf t relative to the position of the
pump assembly and bearings. The pump suction no==le is at the bottom of the
pump casings and the discharge co==le is at the side in the hori=ontal plana.
Pucp incarnal cooling 'and lubrication are accomplished using,%3Cdcn~wEeI-7

1-5 VOLLT" CASE AtID STUF7I !C BOX

The voluta (pump) case is welded to the recirculation piping of the ranctor.
A stuffing box is attached to the pump case with 20 case studs and nuta.
The upper shaft components are installed in the stuffins box which contains
a cooling jacket and inlet and outlet cocnectica points for tha coolin0 and I

seal-staging water systens. The thor =al barrier asse=bly in the stuffin; box |

and the pu=p case are fitted with renevable case rings at points where the |
impelle: runs with close clearance to the stationar7 cssins. ~

1-6 IMPELLER

The i=peller lo =ounted to the pump shaf: and is retained by the i=peller
. nut and a capscrew. A series of holes through the back i=pellar shroud inside
) the back case ring cocmunicate pu=p section pressure to the back sida of the
|

impeller.

1-1
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1-7 THEP''u. 3 ArIn MrD nESUICTITI BUSHUiG*

The ther=al , barrier, bolted _ to . the stuffing box abovs,ths, jg:peller, retards _,t e ,,h
; ,

flow of heat from the he: pu= pass to the bearing and three-stage seal cht.~.bersi

above. The bors of the ther=al barrier houses a restriction bushing that
retsrds flow of fluid between de hot pu=p cssing and the eccled seal and .

besrin3 chanhars. -

1-3 PUM? MTD BE.\ROTC

The pu=p bearing provides support for the pu= p shaf t. The bearing consists -

of a spherically mounted pump bearing cartridge assably installad in a
bearing housing..

1-9 LA3nrn1 PU'e
.

The labyrinth pump, consisting of a rotor =ountad on the shaf t above tha bearing
cartridge assembly and a stator e. ousted in the stuffing box, circulstas flui.!
within the cha=ber containing the pump bearing and seals, out to a heat ex-
changar and back into the chamber adjacast to the lower sesi face.

.

1-10 TEEE-GTAGE SEAL
i

A three-sta3e s_ mal, comprisin3 upper., middle and_ lover,~/ lower sealseal asse=_blies_ , _ , ,

mounts above the labyrinth pump. The upper and middle
assenblies are designed to be removed as assembled cartridass, with the
glands and sleeves, without distrubing the =ain casing bolting. An upper
seal slaeve nut and shaf t nut are provided for proper positioning and s etting
of the seat usembly. A lock washer pravants loosening of these nuts.{

-

1-11 SEAL LEAKAGE CILW.BER

A seal leaksge chsaber above the three-stage seal co11cces leakage from the
upper seal sud pipes it to a su=p through a seal leaksge alsrs. The chn=ber
is sealed agsinst gross outleakage to at=osphere by the floating throttle
assembly, which is counted in the seal leakage cover and runs with close
clearance on the upper seal assembly shaf sleeve. The ficating throttic
assembly operates as a spring-loaded floating throttle that =ovas laterally
reistive to the cover to prevent this part frc= carrying a bearing load.

1-12 MOTOR STAND AND MOTOR COUpLU!G *

The pu=p shaf t is attsched to the =otor shaf t by a rigid spacer coupling.
The motor shsft has an integral coupling flangs. A thrust plus and disc
transmit axial thrust from pu=p to cotor. The length between shaft ends .

with the spacer removed allows. a ple roo= to re=ove the three-staga seals.
,

The mucnr is supported on the t:otor stand, which is securad to the stuffing
' box.

I

I

.

1-2
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HIEORY 07 OPERATICM

1-13 PtNP CCOLE!C AND SEALCIC SYSTIM

The pump cooling and sesling system co= prises the three-sts3e coals, d.e .

i recircu12 tion pumo, and antarnal, piping sad heat enchanger , an shown
schematically in F1;;ure 1-1. These ec=posants prevent laakage of high
pressura reactor fluid becueen the pu=p shaf t and the pu=p housing, and

'

cool the pu..n bearings and seals. The following paragraph. describe tha;

function of a thram-sta3e seal arrangn=ent which allows operation with -

loss of either cooling or injection water.

1-14 NORMAL OPE'ATION

During nor=al operation, both the injection fluid and the cooling water.

systems art functioning (see Figure 1-1A) . 6 to 16 gym of injection fluid
ic introduced to the circulation system so that it enters the pump at the
face of th4 lower seal and flovs downward across the racir=ulation device |
and pump bearing. The injection ficw dividas at the injaction point av
that 1.1 gym passes to the second and third seal chsabers to set the inter
sealprassure and 5 to 15 gym enters the pu= ped fluid. The flow of injectio:
fluid to tha pu=p is controlled by a flow control systan furnished by the.

custa=ar.

While running there is a circulation flew of appro=1=ataly 35 gym generated
by the recirenlacion impeller through the lower seal cha=ber and external
heat exchanger. The 6 to 16 gym injaction cochinas with the 35 gym circulatic=

i flow to provide cooling and lubrication for the seals and baaring. This flow
^

is recirculated through the inside tube to the " Tube-in-Tube" heat e=chsune .
Cooling water is circulated through the heac exchanger at 35 to 50 gym. Ths
opti=um' cooling water flow is 50 gym and should be run at this race if
possible.

When the psi =p is idle the injection system provides the necessary cooling.
The flow uill divide when the pump is idle so that part enters at point a and
part at point F.

1-16 The design allows operation with any two seela failed as the remaining
seal is capable of holding syscam pressure. E.-.pected staging flow rata is
noted on Figure 1-1A for failura of the 1cuer and middle seals. If all
three senis fail, the leakase is indetar=1aata. The pump :=1st be shut
down and cooled if the sum of the seal leakage and the sesi stasing flow
enceeds 1.9 gpn.

.

1-17 OPERATION WITH LOS OF CCOLCIG UATCR

If cooling water to the heat exchangers stops, operation can continue with
adaquate cooling provided by the injection fluid flow alone. When the flow
of cooling water is restorad, it =ust be introduced gradually to avoid
undue the:-.a1 stress and distortion in the pu p cover. Lowar and upper
seal cavity tecperatures (T2 and T4) chould be monitorn.d closely and if
either alar =s (1350F) the pu=p should be coolen dcun and the seals dis-
assembled and inspected.

1-3
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1-18 OPInTI0tt t,*ITH f. CSS OF UTJEC*!"|'t 7107

If injection fluid flow stops while the pu=p is running, operation can be
continuad in the = ode shown on Figure 1-13, if the sus of the seal leakags
and seal staging flow does not exceed 2: 9 gym, the cooling water flow to -

the hea: exchanters la 50 ;;ps, and temperaturs 72 does not enend the
alarm lavel of 1330F. Undar these conditions, tha seul stagin's fluid
norna11y supplied by tha injection fluid is supplisd from the main pumpa,3e
through the rastriction bushing. The hot pu=page mi=es with the 35 spm
recirculation flow and is ecoled in the heat exchangar, from whence it ,

-

passes into the icwer and =1ddle seal e' "-t'ers. The cooling jacket on
the stuffing box and the hast exchanger conbines to keep the temperature
an che seals within limits. If it beco:es ncnessary to stop the pu=p
during a loss of injection fluid condition, the seal staging flow valve sust

,
be shut off before the pump speed drops below 600 rpm.

1-19' If both injection fluid flow and heat exchanger cooling water flow are lost
while the pu.. ped fluid camperature is greater than 2000F, the pu=p must be,

; shut down i= mediately.

1-20 COOLD*G UATZR CIRCUIT

The cooling water circuit receives cooling veter from the reactor building
closed cooling system, and supplies the cooling vater (via a cooling water
mnifold) to the cooling jacket and the heat ,exchangers.4

1-21 VENT *J!!'; CIRCUIT -

.

.

*
The syst : .'s self-venting from Nozzle "A" (Seal Raturn connection). Thepipe from Nozzle "A" aust be inatslied in a mannar to avoid air traps.

1-22 CAS:||2 LEAnGE CC'm2CTIC'T CInCUIT I

|

method is provided.co monitor leakage of pumped fluid past the inner gasket
of the double-gaskated pipe nipple welded to the pump esse which counsets to

ithe cavity between the inner and outer gaskets. This connection can ha used
;to monitor leakage of the inner gaskee.

1-23 SEAI. LIAKAGE ALutf DEVICE

IThe seal leakage alarm device consists of a special tank into which iss.
i

mounted a 3/W Controller Corporatien elactrode holder and corrosion
resistant electrode which operates in conjunction with a 3/U Controller
Corporation T pe 52-1201 high sensitivity relsy. ~j

b. Uhen the upper seal lesksge race reaches a level of 0.39 gym floving into
the central tube of the seal laakage tank, the level in the tube will
rasch tha levn1 of the electrode, thereby completing the circuit to I
activ.ite the alarm in the control room.
Should the sesi leakage rate exceed 0.39 gps, thu excess flows over thec.
top of the internal pipe and out the drai.s. During this condition, tha
alsrs would be activated. ~

1-4 '
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1-24 HEAT EXCF_OCZ?.S

The coo 11:3 vacar side of the heat a=chax3ar recurs is providad with an
AS:5 Coda Section VIII pressura r:11af valve havisa a espacity of 25,C00
pounds par hour of 33% wat staan trith a 4:d back pressura of 10 psig. .

-

The valre la sat to reliave at 100-110 psig.
.

-

O
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_I!;STAL1ATION

3-1 StJ3-ASSEGI.!ES
r

Tha pump is shipped partially disasse=bisd. The pu=p cast is instan ed ,

in:o th? r.=setor systas prior to casebly o f the cis= ants 'into the casa.
The fonaving items and a.nenhifas ars prasase.nblad ac tha factory:

a. Seal assemblias.
b. The bearing cartridge / bearing housing assembly. .

c. 71oatic; throttle assembly.

d ." Tha ra1 barriar/ hub side case waar ring assembly.

-

Stuffing box (including labyrinth pu=p stator and retaining ring, keyse.

and pins)/ motor stand / heat exchanger / interconnecting piping assachly.
f. Suction piece adaptar/ seal ring asse=bly.
g. Shaft / labyrinth pump rotor, rotor nut a=d key / lower seal sleeve and

restriction bushing keys asse=bly.

3-2 I:ISTALI.ATIC:I SEOUrtCE

a. Support the stuffing box /=otor stand / hest exchanger assembly to per=1t
access from above and belov,

b. Install the shaft assembly in the stuffing box from abcre.
~

; c. Install the bearing assembly in the stuffing bo= from belcw.
..

d. Install the restriction I.uahing sleeve on the. shsfc from below.

a. Install the thermal barrier / hub side casa voar ring over the shaft
and attach to the stuffing box from below.

f. Install the i=peller on the shaft fres below.
'

g. Install the suct1:n piece adapter and impellar eyeside wear ring.
h. Install the stuffing box / motor stand /ther=al barrier / shaft /f=penar

assembly on the casing.

1. Tension ths stuffing box /cotor stand-to-casing studs.
j. Install and align the RCP Motor on the top of the motor stand.
k. Instan the seals in tha bore of the stuffing box,

1. Instan the seal leakage cover with floating throttle assenbly en
the top of the stuffing box. .

m. Install the coupling / spacer assenbly.
n. Adjust the seal siceve for proper seal setting,

o. Connect external piping and instru=ent viring.
|

3-1
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PUMP 0?E2ATION

_

4.1 GCT22AL
-

This section pro rWe info r=atip snd i=v::uctions for ops:stion of the
pump for nor 21 and abnormal operating =odas. For informa ica pertai=ir;
to :nto operation, refer to the motor =acufacturer's inscruction =an:al.

4-2 INSTntr'ZNTATION -

_

In order to conitor pump operation properly, the following instrumentation
is required. Refer to Figure 4-1 for locations of sources of instru=ent
signals. For ta=peratura readings ther=owells are provided and for pressure
readings flanged pipe connections are provided. Read-out instru=ents,,

ther=acouples, viring and piping are furnishad by others,

a. Temperstures: The following temperatures are esquired:

Desirestion Description Nor=al Mini =us Maz1=um
0Ti Seal Recirculation Outlec 125 7 600F 185cF

-- T2 Lower Saal Cha=ber 120 7 600F 185070

T4 Upper Seal Outlet 1350F 600F 1850F

b. Pressures: The following pressure =easure=ests are requL .d:

. Des 12 nation Descrdotion
~

Nor=al Mini =um Ms= int =

P1 Injection Inlet P:sseure System 240 psig 2500 psis
? ess.

P Middle Seal Cavity Pressure 2/3 Systen 160 psig 2500 psis2
Press.

P
'

Upper Seal Cavity Prsssure 1/3 Systen 80 psig 2500 psig
3 Press.

Dese-1ptien No =al Mini =un Maxt=u=
'

Injection Flow to each Pump 11 gym 6 gpm 16 spm

Cooling Natar Flow to Heat Exchanger
and Scuffing Bo= Jackat 50 gpm 35 sps N.A.

Semi Staging Flow 1.1 gym 0.-8 cpm 1.9 spm

d. Sesi Laaksge: Seal leakage out of tha upper sesi is to be conitored -

by cs alsr= davica furnished by SWC c d by a vole =actic flow censuring
inotru= ant, furnished by others.

Normal Seal Lesk:ge O to 0.0S sps
Alarm Lavel Leakage 0.29 gpm
Notification Le al Lesisga 0.75 sps ,

Max 1=um Laskage Sc= of outer sesi leaksge and
,

sesi ses3 ng flow in excess ofi

1.9 gps

4-1
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e. Vibrations: The fo11ovi:3 vihrstions should be =onttorsd: ,3

Fraca "ibration: M*-# "- 3 ils peak to peak

Shaft Vibration (2 P12=as 90 spart) :
With one puso operating en a sesam Ssnarstor: -

30 mila ' anst a paix to pe J ior first 4 h:urs of operation*

ITith one'or tuo pumps operating on a steas ;;asarstor-
26 siis =sni=us peak to peak
Nor..ad. (four pump operation hot): .

Less than 20 mils peak to peak

4-3 PREST.*2.T CECI CUT

- Befor: starting the pump, the following conditions cust be =et:,

Check all i=struments to be sure that they are fonctioning and area.

p- operly es11brstad.

b. Fill Reactor Coolant Syst:un,

Initiate injection fle i to all four pumps 30 minutes prior to startingc.

a pump. Balance injection to the pumps so that each pu=p has approximately
11 sps injection flow.

d. Open seal staging outlet valves on all four pu=ps. This =ust be done

-
at least 15 minutes prior to pump startup to assure full venting of the.

seal esvities,

Ini-J. ate cooling water flow to the pu=p heat exchanSa systes. Set flowe.
at 50 gym through the haat e:,-r hanser and the stuffing bo: Jacket.

f. Pressurize Reactor Coolant System to 240 psig to assura adequate U?SH
to the pump suction.

g. Refer to =otor manufacturar's instructica :anual for =otor prestarting
procedur2s.

4-4 STARTING PROCL*DU2E

a. Start cotor in accordance with cocer =s:ufsc::ursr's instructicus.

,
b. Observe all instru=ent resd-outs. All ta=peratures, pressures, flows

'

and vibrations must be within the limits cet forth is Subsec. ion 4-2. ~a

i 4-5 OPERATIONAL SURVSILLtiCE

n. During pu=p operation, nonitor the para =acers in Subsection 4-2. If
i thesa parameters are not within the limits established and the condition
'

caus 63 the variation cannot be corrected, the pu=p cust be shut dcun'

as soon as possible.
,

4-2
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b. Seal Leakage: Tha setl Icakaga ala = is sa: for 0.39 sp=. When this
alar 2 ac:iva:as, the smal leska;e should *ca =onitorad frequently to
observa che trend. If the leaksge reaches 0.75 g;=, tha : actor
=anufacturar should be notifiad. If :ha seal leakage level reach-ss a -
rata uhere th., cm of tha ur.a1 le2ha3e a:d :he e ni s: 123 =3 flov
enc 2 du I.0 gf s, :ha raze:3e :ua: s . ;oolad down ud dapcassuri.:=d c=dt

the seal pachge replaced. Nota: During pressura s=d camperatura
transiants, such as will occur duri:3 haa:up, c:oldo m and raaetor Icad
changas, seal leakaga may incressa. 'Jhes :ha sysca:s is 032in stable, ;
the seal leakaga should raturn to 1: 3 pravicus level.

4-6 SHU*toitJ- !:0?? u. CC::DI-'C IS

a. Shut off power to cotor. Continua 1:jac:fon :-3 cooling water flow to
- pu=p at the established races.

,

b. 11aintain injection and cooling water flew to pump u=:il the Reactor
Coolant Systas temperature ia bels.: 2000y a=d the pressure below
200 psig.

Pu=p =sy be rests ted at any ti=a if all inst u= anted para =ecars arec.

within ther established li=lts and all suppor: syst =s are operational.

4-7 ST.\RT UP - HOT SYSTEM

The pu=p start up procedura for a hot syste= is the s =e as for a colds.

, systas. Be sure all prestart'condi:1:cs, as outlined in Subsection 4-3,I- are checked and :h..: the instru=ms:2d pars =aters are within the li=its
of Subsec: ion 4-1.

,

4-8 LOSS OF CCCLT.!C UATER

If the flow of cooling water to the pu=p is discontinued, the pu.:p-
operation =sy continue if an injectics flow of 6 o 10 gps ic =aintainad.
The s:cie li=its on instru=ented part=e:ers apply as during nor=al
operation.

4-9 PU"' SHUT D07J - LOSS OF COGLI?!O

a. Shut off power to cotor. Continue inj2ctica flow at the est:2blishad
rata until the Racecor Couisse Systa= te=paratura is below 200G7 ced
the pressura is balcw 200 psig.

b. If it is requirud for ~ raaetor opers: ion, the pu=p r.cy be restar:cd if .

all conditicas arc w1:hin li=1ts end 11 other c)ste=s operational.
If possible, cooling w tcar ficw should bc c-astablishad befora rests::.

i

I

e

i.m.

4-3

|
.
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.

. .

.
4.10 LOSS 0? I''JZC'"*0N

a. If injeccion 21ow to a put.:p is lect, tha pu=p cay concinue to operate if-
coot.in , unter flow is - alncainsd v'.this ~ce est.-411:hed 11=its. Thia
is c; a tu4:sd a i c eca.g- @: .dtcian. .: .j sctics f *. u uhould noe ba
purpoaaly acoppad i' thw .'.aa:::or Coolan: 073 tam is above 2000F and
200 psi 3

b. During lo:u of injectica, ronitor . 2a1 cavity taspersture (T ) a:d sasl -

2
le *:a:a carefully. Sesi leakuga and ta=parature T2 cus: not excaad
the =nai==s lini;:s gican above,

Closa the injection flow control v:1va :o prevant high injection flovc.
'

upon recovery of injection.

4.11 RECO'7ERY CF I'iJICTION
~

When injee: ion fluid is availabla, re-as::blish injection flow as follova:

Open tha injection ficu centrol valva to es:ablish a flow of 2 spaa.

per ptr.2p. Continue at this flow reta for a period of 10 cinutas.

b. Incraasa injec:: ion flow to 5 sp f:: a 10-cinute period.

c. Increase injtetica flow to normal flow race of about 11 ;ps.

4.12 PtHG SU."T t'7ni - Tf.3S OF I'UEct rCN

TEF. in'3 SECULD UOT 3E SHIJT ,GII L'EIN INJECIION"O*'U : '

FLO*i IS LOST UZ.2SS IT IS A3SOLUT*:LT NECESS.CY.

a. Shut off povar to motor. The Seal Stz;1=; Outlet Valve should clesa
when both injec:lon flow and =o c po rar ara off. Confi a closura,

b. Continue flow of cooling water at full flow of 50 ::ps until P.eactor
Ccolan: Systats temperature is less :han 2000 ? sad pressura is belov
200 pai;. .

c. Do not restart panp until injec:1 n flow is available. Racover
injection flev pec Subanction 4-11.

4-13 S?M3
.

a. The pu=p c 7 La oper:tud with c:e si che threa seals leshing. Lcain;s
of c te lower scal is indicated uhe . the upper seal esvity pressure (P3)
is 3: ester th:n one-third and the niddic seal esvi:y prassura (P ) is2
graster than t"o-thirds e t tha: Eccc:or Coolant System pressure. Lacks;e
o# the nildle seal is indica-:d then the upper sest esvity pressure (P )3
is areatnr thaa one-third ana che iaale so .1 cark/ pressure (P ) is2
lea.4 than mo :tirds cE ch s 2aa::or C:olt.nt Syste s pressur2. Lack:3e
of the uppet su..1 is indicut.ed eun the u; M r scal cavity peessura (P;)
10 less than o+.:-chicd and the .;J4'_ seal cavity pre:ssura (P :) is
0:0: ter than :: o-th L *s c: th ' nc. :ce C;: R.c.: Sy3::s ?r:ssure.

4 .t.
I
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224,000 pounds (vet)
.
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!Snuheture.: cnd bdal Allic-Chal=ars .73827 throu;h 23830
Typa vartical, solid chaf t, s1 t-pole

inductic : rc:er
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Frequancy 60 Er

Pumps:
Type . Vertical, qu:d vclute, single
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Efficiency at na:ed Flow 877.
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ENCLOSURE I !

!
UNIT II CATEGCRY IV STUDY ASSIGNMENT SHEET

CYCLE 4-2

Name: Start Date:
Completion Date:

1. Read NSSS12.
2. Read FSAR Chapters 4, 5,''& 7.

!

,

~ 3. Read CRD Electrical Handout.
. ;4. Read Diamond Power CRDC Manual - '

5. Read the following procedures:

a) 2105-1.9, CRD System
b) 2203-1.2, CRD Failures
c) 2203-1.3, CRD Malfunction Action

.

6. Complete CRD Questionnaire
7. Read Bailey ICS Instruction Manual, Vol. 2
8. Read NSSS 23
9. Read FSAR Chapter 7.

10. Read ICS Analog / Digital Logic Drawings.
11. Read 2105-1.4 ICS.
12. Read B&W ICS Transient Response Book.
13. Read B&W Videotape Manual, Watch ICS Tapes.
14. Complete ICS Questionnaire.
15. Read second half of Section 6, Tech. Specs. (Administrative)

Total points to- date frem Enclosure 2

Written test date Results

Oral- test date Results

Answers missed, handed in corrected

/
Signature of Licensea Training Cooroinator Date

.
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Cycle 4-2

REFERENCE MATERIAL FOR CUESTICNNAIRE |

Ref. 4 Title

1 2105-1.9 CRS System
2 CRD Electrical Hanout (provided)
3. NSSS 12
4 2203-1.3 CRD Malfunction Action
5 Bailey ICS Instruction Manual, Vol 2
6 NSSS 23

,

7 ICS Analog /0igital Logic Drawings
8 B&W ICS Transient Response Book
9 Diamond Power CRDC Manual

10 FSAR Chapter 4
11 2105-1.4 ICS
12 B&W ICS Videotapes and Manual '

13 2101-1.1 Nuclear Plant Limits and Precautions
14 OTSG Handout (provided)

-

O

b
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UNIT II

CONTROL ROD ORIVE AND ROD p0SITION INDICATION

4-2

1. a) Describe how relative position indication is developed. (Ref 3)

b) What functions are provided by relative position indication? (Ref 2)

c) What happens to relative position indication en a trip? (Ref 2)

d) How is relative position indication reset after a trip? (Ref 2)
-

2. a) Describe how absolute rod position indication is developed. (Ref 3)

b) What functions are provided by absolute position indication? (Ref 2)
'

3. Draw the power for the control rods from the 480v buses. Show the following:
(Ref 2)

1) All voltages

2) Transfort;ers

3) All trip breakers

4) Trip logic from RPS to UV coil

5) Manual trip push button interface

6) Electronic trip relays

4 Describe the electronic trip circuit. (Ref2)
5. What happens to the CRDM when the trip breakers open? (Ref 3)

6. Explain the 1 out of 2 times 2 logic. (Ref 3)

7. a) What are the control rod speeds? (Ref 10)

b) Explain the basis for each speed. (Ref 10)

8. What happens to the group 8 rods on a reactor trip? Why? Be specific. (Ref 3)
9. Exclain how operation of the programmer motor produces CR0 motion. Se specific.

(Ref 2) ~

10. What is the purpose of the clamping contactors? (Ref 2)

11. What indication of rod position can be obtained outside the control rocm?
(Ref 9)

12. a) Why is oberlap between Control Rcd Groups required? (Ref. 3)

b) What are the limits for overlap? (Tech Spacs)

.
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13. What is necessary to enable group 5, 6, & 7 for sequence? (Ref 2)

14. What causes a sequence fault? (Ref 2) (Ref 1)

15. a) With respect to the CRD system, when do you need intermediate cooling in
operation? (Ref1)

b) What is the minimum inter =ediate cooling flow to the CRD? (Ref1)

c) Above what temperature must a control rod drive motor be de-energized? (Ref1)
_

d) What is the maximum CR0 run time? (Ref 3)

16. What is the purpose of the safety rods bypass switch? (Ref 2) '

17. a) What conditions must exist prior to going to auto at the CR0 Panel? (Ref2)
.

b) What will trip the CRD to manual? (Ref2)

18. Explain the ','itotor Fault" interlock. (Ref 1)

19. What does the programmer lamp fault light indicate? (Ref1)
!20. What does the loss of a system power supply lamp indicate? (Ref 1) i

21. Describe the consequences from loss of the group 4 outlimit light at 100%
power. (Ref 2)

22. Briefly describe the steps necessary to transfer Group 1 Control Rods to the
auxiliary power supply. (Ref1)

23. What does the loss of a motor power supplies lamp indicate? (Ref1)

24. What is the purpose of the latch pushbutton? (Ref 2)

25. When is a control rod declared inoperable? (Tech Specs)

26. How often are control rods exercised? (Tech Specs)

27. What limitation, if any, is placed on operation with an inoperable rod? (Tech Specs)

28. What conditions are necessary to receive the Feed & Bleed permit signal? (Ref 2)

29. What will cause an out inhibit? (Ref1)

30. Outline your immediate and followup actions on Receipt of a 9" asymmetric rod -

alarm while at 95 power. (Ref 4)

31. What is your immediate action on a motor fault alarm? (Ref 4)

32. Supply a simplified drawing of the "Ncminal Red Position Error Signal" develop-
ment. (Ref. 2)

|
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UtlIT II
IrlTEGRATED C0tlTROL SYSTEM OUESTIONilAIRE

4-2

1. What is the normal setting on the minimum load limit? What is the range for this
setpoint? (Ref 11)

2. List the ICS runbacks, their setpoints and rates. (Ref 7)

3. Briefly explain the purpose for the frecuency correction signal in the ICS. -

(Ref 5)

4 Explain the term tracking. (Ref 5)

5. What conditions will put the ICS in the tracking mode? (Ref 5)

6. Explain what is meant by and give example of:

a) Feed forward signal (Ref 5)

b) Borrowing energy (Ref 5)

c) Storing Energy (Ref 5)

7. What are the purposes of the bypass valves? (Ref 5)

8. At what setpoints do the bypass valves control and what shifts these setpoints?
(Ref7)

9. Describe operation of the atmospheric dumps. (Ref 6)

10. a) What is the purpose of a calibrating integral? (Ref 5)

b) Where does the ICS use calibrating integrals? (Ref 5, 7)

11. a) How is a megawatt error developed? (Ref7)

b) How is the megawatt error used by the ICS? (Ref 7)

c) Is megawatt error used in track? (Ref 7)

12. What has the responsibility of controlling turbine header pressure with the
turbine in coordinated control? In turbine manual? In track? (Ref 5)

13. a) What is meant by cross limits and what will give you this condition? (Ref 12) -

b) How do crosslimits affect the system (Ref 12)

c) What alarms are associated with cross limits? (Ref11)
,

14 a) Uhy do we maintain a smalid T ? How is this accomplished? (Ref 5)c

b) What conditions must be met in order to have the ICS automatically control
Tc? (Ref 7) ,

: '
._

.
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15. a) What is the purpose of BTU limits? (Ref 5)

b) What parameters are monitored to impose STU limits? Which direction
must each go to cause a BTU limit. (Ref 5)

16. What is the purpose of the OTSG high level limit? Lcw level limit? (Ref 6)

17. a) What conditions will cause the Emergency Feed Pump (s) to start automatically?
(Ref 7)

.

b) What OTSG levels are maintained for each condition? (Ref 7)

c) What is the reason for the difference in levels given in part b? (Ref 5, 6)
.

18. Draw curves showing the following values from 0-100% power: (Use " Actual" values)
(Ref13) ,

a) Tc
b) Th
c) Tave
d) Tsat (OTSG)
e) Steam temperature (plot guaranteed and actual)
f) OTSG pressure
g Header pressure
h OTSG level

19. Explain (using Q = UAAT) why tavg increases between 0-15% power and is constant
from 15-100% power. (Ref 14)

20. Explain the reason for the shape of the steam temperaturi: curve. (Ref14)

21. Why does OTSG pressure increase from 0-100% pcwer? (Ref 14)

22. Why do we maintain a constant differential pressure across the feedwater control
valves and how is this done? (Ref 14)

23. a) Give the response of the AT control system to a loss of 1 RCP @ 75% power.c
(Ref8)

b) Why isn't feedwater raticed on a 2:1 basis? (Ref8)

24. What is the purpose of the reactor demand calculator? (Ref 5)

25. a) What will shift Tave control from the CRD to feedwater? (Ref7)
,

b) What conditions must exist for feecwater to accept Tave control? (Ref 7)

25. The reactor control subsystem will not pass a load demand signal less than
15% but the limit after the Tave controller is 10%. Why the difference? (Ref 5)

27. a) How is the Neutron error signal develcped? (Ref7) -

b) H3w is Neutron error affected with Reactor demand and Diamond in manual? (Ref 7)

23. What conditions must exist to place the diamond control station in automatic? (Ref 2)

29. Where does the ICS receive power from? (Ref 11)
,
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30. In what order (and at what point in the heatup/startup) are the ICS stations
placed in automatic? (Ref 11)

31. Describe overall system response to an increase in unit load demand. (Ref 12)

32. Discuss the response of the ICS to the following failures:

a) NI input failed low (from 100% power) (Ref 8, 7)

b) Tc input failed low (from 50% power) ("A" loop) (Ref 8. ;7)
~

c) Th failed low (from 100% power) (Tavg & BTU limits input) (Ref 8, 7)

d) "A" loop Main Feedwater block valve fails closed during a power escalation.
(startup) (Ref 8,7)

,

33. How will the plant respond if the diamond is in manual and a heater string is
bypassed at 95% power? (Ref 8, 7)

34 How will the system respond to two steam dumps (;e 8%) failing open at 50%
power? (Ref8,7)

.

&

O

e

$

e

%

'

u.
'



.

.
.

. 9'

.

. _ _ . . . . .. . . . - - _ . . . ._ . . ._ . _ .. . .. ... ...

. . . . . - . . . _ . . . . . .. .. .
.

. . . .-.

.. . .. . I.M 1 .2 b syrn 71eh tc od kunbAcK .

. . .
.

,

l
1

..
.

. . . .. . .
1

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

. . _ _ . ..... . $ MI:. D
. . .. LGfi cf"l*+..

8W . . . . . . . . _ . . . . .. .. ~

Ra,i.o CUT lim 875
. . . . _ . . . _ . , ee

,,I ,, .. . . . _ .-.

. . .
3

k
. _ - - . . . . . . . . .. .-

.

. . . . . . - _ q .. . ..
. ._ . . .....

IC.S I su uMirs
..- %' ' t

3 4 .. . ...

_ .- .. . .. .... .. .. . . .. . _ . .s5e
}{G' P vclLN folMti

. . . . _ , ._ .. ** *t
i. u . . ... .

.i. q,

. . . . . . . ;;. .. . ._.._ ... . . .
.. _. .. _

4

!. - - - . .. n ._ . _ . _ .

c v7 ci.sizsz
. . . .

e
- _. _ . . .. in us.gr . . _. . . . _ . . _. .

.

. . . .
.. . .f

t

!
. . . .. -

* .. _

I I
.. ..

. . . .

g
.e

.

.

.

.

. . .

-_



Utili 2 CRr * RIP CRT. ,, , y
e 2-IV
, .L

| _l: gg" KC;I: dKA KB b bKA KC k KA KBN:

*

.
'

,! g Manual Trip h
~

~

. ~ KB KD . KC
I KDI - @ Electronic Trip I - | I I

M KB KO Z KC K0i-
,

.

,; - -@-- , one for each prograniner) d- - - - @ - - - -<,>(

-hRectifier = )
2-33 _ G Hain Secondary b
'

@ 2-43
400VVoltage Vol tage Uust. . . , .

"
, ' ' ' Regulator Regulator W~ :

.#9 % *%%

Con trol Control I

* " ' ' ' " ' ' ' x ronuci-
3 Pliase(400V) 3 FriaTcT41IiiV).

_

to to
6Pliase(120V) safety 6Pliase(120V)

Trans fonner . Rods Transformer.

lloid
;Dus

NU@ -
O _ |CR0 1,2 | _ I~ h -/ *

i@~s/v-

/f.Wi O.__CRD3,4 m a qi
: v.x: g ! -

, ul i -.

.

Ga to
| GateI '

a

" % A .'- SCR - ! SCR' M> I' j |j'g ' I e t
-.

'g I [ |
'

- CRD '.
,

Prograirener @'' '"h g' Progr.mner
''

Ckt & Lights. ;. . . . . .
. . . -@ ~ @-- - . ....._7

Ckt & Lights

@|} - -- - - J 9.- .. - g - - - -o _ _ p . . g . _ _g
g

'_ _ _ _ _ hg

EKD KC E KD KC - KD Kit - gKD KB

steppei un t T 'r l'*" *^ T T *' *^ -T S'*"'|""""""'.

2-3V 2-4V
'

N. . . e .- ''.
. .,

* *
e.



. - ,

,
- ., .:

,. .s
_

. . ' ' ': *

'

,'.' ; .; V.} .

.
-

*.

es-.
'

.

Tm1 p_ *
- ;-

.
. CRIM m r o cg

.
.

.

.
,

.

.
'

. ~ .

.-* .
.

.

. - . .. .
..

A. k Fole. 6 Phase Reluctance tr :e Mecha:is -. .
-^ ' '.

.* , ..,

. .

1. 4 pole - vith power applied, 2 ncrth a-d 2 south poles. are ;roduced. '

' -

_

2. 6 phase - desig=ated A,3,C,AA,33, & CC. The A and AA, 3 and 3B and
t ,

. . s . :
-e

, , . ,

C and CC v1=di=ss a h tifilar. T.ach pair is in ^he sa=e physical ~ :-- '
, a.

.. f . :,
~ ' .- - *

.
. ,y? -*

Iccation on the stator (vound on t5p of each other), but when energi=ed ,

. . - . .
-

.1. --

V" produce =agnette fields of equal a:d opposite polarity. 'For ' ' ~ ~ '

.

er.anple,. the A phase vill produce a field equal in strength but o;posite .

. a-'.,

in polarity to the field produced by the AA ;hase. If the A and AA '.

vindings are energi=ed s"-"'ta: ecus 17 their fields vd'' ca:cel. Si=t-.

.

ultaneous energising of bifilar pairs i es not occur durl=g nor. a1
. . . . . . .. .. . .. . . .

-

.

operation. - * * ' . -
' '

- *

Power to each vinding is h.20 7EC, rectified fres 120 Yac 6 ;a :,e.3 '
'

6 phase used to produce high average level DC Wth low ripple.
.- a.

.

. __ . ---.---- Average EC
' ,

Rectified: Y'1
.

,
.

. .
.

.

. . - _
- J _, Average DC

3.y,1 s.. --

!! /! Hectified:
\'

j -
.

.

4. 'dhen pcuer is applied, 2 adjace=t phases are energized.

A 4 pole sag = etic field is generated, causi=g the reller =utsa.

,

to engage the leadscrew.
.

b. One phase is sufficie:t to cause engage =e=t of the lead screw.

Two phases are energi:ed for redu='a cy.
4

.

. .

.
_ - . . . _ - . . . - . -

-

___ .
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,
.,

. c. With the =echanism static:ar/, 2 ;hases is the maxd== m:=ber,
-

.

allowed to be energi=ed. 'This is done to prevent possible heat
-

.
-

.

damage to the statcr cue to high cu: Tent flov (approx 1=ste17-

,

,'18 amps per phase). ' ~
'

.

.-,, .
, ,-

g .
.

. .

5., Botation of the =echanism is acco=plished by energi=1Ig 2-3-2-3 phases
. .

.
. .

-'' *

la a prescribed sequence. Iach shift frca 2-3 or 3-2 phases energi=ed j
. :. .

-

'rssults in a 15' shift in =agnetic pole position, and thus a 15
'

"-

- -

.

-

-
.rotation of the mechanism. -

...,

.

)-

. One mechanical rotation reg 2 ires two electrical rotations. i
; s.

1

.

b. Speed and direction of rotation of the mechanism"is determined
,

by the speed and direction of rotatics of the =agnetic field.,

6. De-energizing the' windi=gs results in a loss of mag = etic field. The
''

. . - -

, springs between the segment ar=s :2n then push the seg=est ar=s out,
*

.

disengaging the roller nuts &cn the leadscrew, and the 'roli vill drop '
- '

'
,

into the core. .-
'

w -

,

A trip can result from the failure of one phase while thea.
|

nochanism is in motion. As can be seen in the transp'arencies,
'

-

.-

a failure of this type vill eventually result in flux lines
"

" shorting" between poles without passing through the seg=ent -

|

. .

tr=s. This vill cause a reductics in the force heir.g exe:ted
: .

cn the seg=ent ar=s by the mag = etic field. When this force
.

is reduced to the point where it =o longer bcliness the ecunter--

force of the seg=ent arm spH.ngs, a trip of the mechani:;n vmi

,

. . -,,
result.

i,

.

a
,

1

,
-

|

\-

'
>

k
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i

.

-
.

M
. .

'j ,3_
_ (. .

o' '
. --., .

.
.

.

.- ..
*

,-
.,

.

3. Prog-s =ers "
' -

.
,

.
.
-

.
. . .-

.

-

1. The 2-3-2-3 seque=ei=g of the phases is ace _,11shed by a progrw
,

,

.
. ..

pcvar supply.
. . . .. _

a. t. ,2 split phase drive =cters
. . ..

,.
---

;. -

. ...

i. 60RPMforkU3 speed (30i=ches/-*ute)
.

"'

- .u.
. .. .

'~
.

11. 6 P.PM for "CG speed _(3 inches /-*- me) . - C
.. .

..
. .

h. Drive motors are coupled to an eptical disc. I. ' T
~~'

- -

.

1. Slotted disc vith 2 red ==da=t lighe scurces en cce side, *.

.. .

two redundant sets of photo detectors .cn the other side.
. . ....... _ .

sa. Each set of photo detectors has cne detecter for- .

each of the six phases plus one detector for the
. . ,

* 3-2 hcId circuit. - Seven detectors per set, llr.
.

|

detectors per prograc=er. - - -.

,

'

11. As the disc rotates, transpare=t vindows on the dise pass -

. ..,

in fiont of the light sources. The light passi=g thrcugh

the vindows activates the photo detectors. The vinder.t, . .
.

.

which are sym=etric about the disc's disseter, are arrstged ~
-

'so that redundant photo detecters are activated in the.

desired 2-3-2 . . sequence. The cutput of each photo detecter
. . .-

is used to drive a relay which closes a centact in a 12 '7DC .
' ~

-

.

gate drive circuit. The gate drive associated with the A

phase, for example, is used to tu~ en (gate) the rectifying

bank v!ich supplies pcver to the A phas'e of the reis in that
. . . .

power supply (grchp). Thus, the C-3-2-3 sequencing of the

| photo detectors resules in the seque=tial energicies of the .

1

stater vindings. '
.

.

*
. _... _ ..._. . .. . .. . _
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2'. Rectifyiss Banks-
*

.

a. ' Silicon controlled rectiff.ers

1. 6 phase 120 Vac in, 120 VDC out. ~

- ., ..
.

b. 2. redundant sets of 36 dicdes .
-

_..

| 1. . 6. (for 6 phase ac i=put) is parallel per phase (A,3,C,AA,
.

.'

.

.

,
.

35,CC) for a total of I6. .' ..
. ,

. . ., .

'. ' 11. One s'at,of 36 per ac source. Since 2 redn-daat ac sources
* - ''

. -

are provided, there is a total of 72 diodes 'per progra=med -
.

'

-

4

. -

power st W. '.

.r._. ,

Es the SCR's are gated, ther recti.^/120 Yac and ; ass it to thec.
-

..

stators as 120 VDC. -

d. The SCR's sequentially energi:e the A,3,C AA,33,CC phases of a '
-

'*

main feeder bus. Se mechanis=s associated with the power supply
'

.

are fed is parallel from this main bus; thus, a n the =echanisms-,

< -
~

have the same windings energized at the sa=a time.- '

3 The 7th photo detector in the set energitr; the 3-2 hold circuit:
.

,

When the mechanisms stop vith 3 -hases energized, this cell isa,
.

'

activated. A relay is energized which causes a Jos in signal
-.

to be sent :o the pr:gra==er. When it steps back (1 step) to

a 2 phase energized condition, the photo detector tur=s off,,

the relay de-e.nergizes, and =ctica stops.
.

,
*

'
' .

h. DC 3 rake

With no motion em-=-1 ; resent, the pregr===sr =cters are preventeda.
,-

.

os rotating by applying 60 TEC to the= in place of 120 'Vac. If

=ormal brake power is lost, a 2k VCC bra $e is supplied thrcush the

.
direction error circuitry.

:
|

|
'

.

-
_. . . . . . . . - . . . .-.-
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C. ,Pover Suculies and. Pever Distributic .'-

. ...
-

.

. . -. . .: . . ..

. .
. . -

'

1. 5 progrs = ed power supplies: '
.

'

.. ,

One per regulating grcup (5, 6 and 7)s. *

,
_

.

b. ,Cne for Grcup 8
, [, ,,.1 q

'

,
- -

.

3. . _.m.c.g One = M '*= 7 power supply ) ,, { ._ , ~.
..

, ;,-: -

.J J $.;. .
- 1. used to :nove the safety rods (groups l' k) . ' ' ' ' .-

, .

.. .

11. used as a bach:p for a gr=up's nor=al power supply. . - ... -

- ..
-

.

. f. .'' ':-r- ..
2. .DC Hold - -- ~

-
. .

Since the safety reds are not um-="-r =oved dur.dng opersticu,
.

a.

they do not require their own pregrs=ed power supplies. They.

, are =aintained in place by applying 120 VDC- (rectified fi c:s 6,_i "
~

J

phase 120. Y ac) directly to iie A and CC phases. If we desire
.

.
, to :nove safety rods (creating a rotating field), we ==st use

.-

. .
-

the a M '#= 7 power supply. The DC hold power supply uses' k8,,
,

.
. . .. _ ...- .

diodes in the rectifying bank; 6 for A phase on Group 1, 6,.._._
_

.
, , ,

-

for A phase on Group 2, 6 for A phase on Gr=up 3, 6 for A phase - *

'

on Group h, 6 for CC phase Group 1,-6 for CO phase Group '2, 6

for C0 phase Group 3,'6 for CCphase Group k.

3. Pov'er

Input is h80 or 575 Vac 3 phase '.a. -
-

*

.
1. 2 sources .

2 a3 .; ,3 , .u %'

,One nor= ally supplied h an auxilia.7 tus, one frc:s.sa.
.

"
'a s'afeguards tus.

,
,

ii. Each . source is regulated to + 2%. -

,,

.

iii. Step devn transfc:=ers

| k80 or 575 7 ac 3 Phase to 120 7 ac 6 ;hasean.

.
.

.

%
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. .-
. i.

. .

* ' *

f. ;
.

,'*

, ' , . ,~
.

''-c. .
,

*. -

, ;., . ,

, . , *
.

.
-

.
-

s . .

- - -. .. ... .... . . . . . . . . . . . . - . . . . ..17. . _ Downstream of the voltage reguisters are 2 ste;down trans,2" _
-

,

formers (1 per sour e).
..

- <

. . -. .

aa. , k80 or 575 7.ac 3 phase to 120 V ac si=gle phase to
,

' '

,

.

- 2.
= v.,.

. -

'..

1) clanping contacters and control relays
; > . , .i !

.
-.

- -

* ..,

.i

.

. transfer relays
. -

s2) " . . '
*i,

-'*

.-
.

~ 1 .r.: .:>. .
- .: . :- ~3) ac breaker closing coils f _' '.;i-

.
*

.,
-

-. , . - - , . . y .;l '
.

.
--

h) progranner power supplies - motors, light sources, -.

- - . - -

,.'':'. , ,

gate drives, direction errer circuitry.

*

v. Main ac breakers - A and 3.

'

.. sa. Breaker is tripped by =a=usi trip or RPS -

'

bb. Source interruption device -. .
.

'

I1) overvoltage - greater than I40 Y se sensed at the ". -

'

.

transformer outp.. vill trip that side breaker
.

s. .

2) undervoltage - sensed at the output of DC hold,

i*
' "*

. rectifying banks. Loss of both A and CC phases ,.
. .~

vill trip both the A and 3 breakers. This feature ',

provides rachet trip protection.,

vi. Redundant sources - ' .. ;
.

aa. Either ac input is sufficient for systen operation.>

1) one source feeds the A phase of the DC hold bus; -

. .

. - the other source feeds the CC phase. Since ene
.

Phase is sufficient to hold the ' reds '(when stationa.7), .
.

-

loss of one scurce -ill not effect the reds on DC hold.
. .

2) each pre.rs==ed pcser supply has 2 ac inputs in .

parallel. Loss of 1 scurce has no effect en the
,

power supply. *
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vii. DC hold bus breakers - C and D ' '

. . .-

Breakers are tripped by -~=' trip or 3pSsa.

|
-

.

viii. ZLectronic trips

. .; '*

sa. Tripped by nanual trip or ?2S
.

*, - *,

p * . tb. 2 contacts per pregra=ed power supply -f- - '
- . ,

*

.
- .

, 1) . opening.a' contact inte.- upts 24 VE'C_ poirerjto[o[,j
...

~

.

. '..
.

light scurce. in a pcver supply If both contacts
,

:._. . . . -
open, both light sources turn off, =o gatir.g signal,

,

.

is sent to the SC3's, and all reds powered h that
.

supply vill trip. -

. .

. . . .. .... .
.

ec. 10 contacts total ~ *

,

1) 5 for the 5 prova=er "A" light scurces. ' Thess ''

.

'

are designated the "I" electrenic .._,.s.
'

2) S for the 5 presen=er "3" light sources. These.

, iare designated the "F" electrcnic trips.
'

.

.

ix. Reactor Trip
. .

*
. -

.
-

To trip all reds, one of the follevi=g b'reaker/electreciesa..

_

trip combinaticus =ust exist:
-

. . . -.

1) A&3 breakers open

2) ALD breakers open plus "F" electronic trips.
. .

3) B&C breskers open plus "2" electronic. trips.
'

.

4) C&D breskers open plus "I" and "F" electronic trips,
b. SystempcverSuppb.es '

,

i. Redundant 2h, + 15 and 5 vtc pcver supplies *
.

Nor= ally supplied by two vital buses; one set (2fe, +15,aa.
t

5) fre= each tus.
. . . - - .

. . . . . . .

.



--
- _

l
1

.

%
.f.

. . .-.
. . - .

.. .-
... .s. ;'' ' . , .

.
'

- . ..
.

.
.

.

ii. 24 VEC
. .' . .as. System logic circuits'

.

.

111 5 YEC
.

,. . I

-
-

. '

. - . . . . ;.

' Absolute and relative PI circuits ' -as.
,

-
' :T:c..

- *

' iv. + 15 VDC . " @~'~ .(' -

. '. :. . %f; j
*.. -

.

d aa. System icgic ci W.ts
. . .. h .'j e-Q

- -,

'

. .

.

v. Each r='"*d-t pair has a set of blocking diodes on their
.

. ..

-

' .~'

output. When Iteir outputs are equal, both provide an. output
,

. . . ,

. .
. .

in parallel. If theiE. outputs bec==a unbalanced due to a fault

or drift, the diode at the output of the lover voltage supply
'

~

becomes reversed biased, and its output is blocked. This prevents . -

a fault in one supply fr=m effecting the other supply or the'
,

downstream circuitry.
.

* ~
,

.

- *
.D. Position Indicatien *

-

, .

* ,

. -
. ..

.

1. Abso. tite position indication * ' ' '

- -

45 equally spaced reed switches are =ounted in s titerglass housing,s.

which is strapped to the outside of t'.e =otor tube. The reed switches.

are closed by a =agnet attached to the torque taker. As the leadscrew ~~

= oves up and dcun, this magnet passes by the reed switches. A reed.

switch vill be hild closed whenever the =agnet is within 1h inches
.

| (above or telev) of it. (This sets the accurac7 of the indicatics.)
.

There are ,k groups of switches. One group centinuously =enitors positics

from 0 to 100%.' The other three sets =cniter position at certais
-

. . . . .

specific intertals.
, , , _ , , ,

.

# 3

A

... - ~ ~ ~ ~
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1. Analog PI .

.

- -

. ,-

These reed switches are ccr. ected to a vol' age dividarsa. . . . ..

net-wa. As the reed switches open and elose (due to.

the :nagnet on the leadscrew), the resista=ce of the
.

~

'

.

network changes. This varying resitance results in a ... .-.
- ., . J- .|. .

.

'.T-! ~ i.- Tariable etnrent output frca the network, which is then
.

. ,
{ . . ,.-

%e' '

translated. to position indication. .~
' . *yu.

I..' ' "'. * :
.- '. -

. ,:::-
. . . . -

I . . . ...a
-

11. In 1**tt and 0% reed switches ~ ~

.

'

- .-.

. .- .- ..
! . . sa. . In limit is 1 inch above tripped position. r ..

.~
-

.

bb. 0% is 1 inch above in 14-#t.
. e u.

. . .

iii. Out 'd=4t and 1005 reed switches . . .
,

.

Out limit is 1 inch belov =ees.anical out id-4t.sa..
,

. .
.

bb. 100% is,1 inch below out '4*4t. ~ ~

. w

iv. Zone reference switches
. . -

.

aa. 5 switches, located at 0, 25, 50, 75, and 100%,

. . . . . ...

bb. Located in CEM cabinet.
. . .

b. Mechanical stroke of rods is 1h1 inches. The electrical streke,.or.

distance between in and out 1*"4ts, is 139 inches. '
'

e .' Applications
-- -.

1. Individual PI en the PI panel.
. r.

*

ii. Group ?! on =eters .

. .

k neters and selector switch.=enitors groups 1-4 or 5-8.sa.
.

iii. Asy==etric red -

.

Iach red in a group is cenpsred with the group average.aa.

If a rod in a group deviates by nere than 7 inches (5%)'
'

from the group aversge, an icdiv/d r ' a=ber fault light

for that red vill light on the ?I panel. A red whic is
9

, - - , e . - - . - - - . - - - e. .n -e - - - ,
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,

9 inches (6.5%) frca its group's average vill light the !
., . . . . - !

asyt: metric fault light en the Dia= cad Fanel (see asymmetric |
.

- -
|runback for additional infor=stics). .. .
,

- ,

bb. It is i=;crtant to re=e=her that the faulted rod.is " ''

, -.
'

I included in the grcup average calculatien. For' example,
'

i
.:. \

.
.

.. ..
. .

1suppose ve drop a red in a group. which has 8 rods which ....
1s

- -
.

. .
'

...,r,
are all initially 1CC% vithdrawn.

. .

.

-

.

. - "...:...
.^ '''

Group Average ,8(100) = C*'"- (Before drop) 8 > . . . .
-

*
# *

-. . .

If we nov drop one red in the grcup: ~
\

-

l
,

..

Group Average = 7(100) + 0 .? i

'

= BT*5#" -

)

-

(After drop) 8
r

, ,

- -

. -: \
s .. .- ,

.s -

. _

:

.

. -

Since the group average has dropped to 87 55, all the 7 *
s.

-
. , inch fault lights for the group vdi' ce=e on. The rod |

- \

on the botton is 87 5% from the group aversge, and the,

. -

rods which are still fully withdrawn are 12 5% from the !

group average.
_

:. . . .
,

iv. Group in and cut 14"its
.

-

aa. 0.e first red in a group to reach its out '*-4t vd" cause
,

, ,

group out 13-4t light on' the Dia==nd Panel to light. The '

group out i' *t vill prevent a=y additional out cc:::= ands

fren reaching the progrs=:er.

.

I

l

9

.

.

.

_ _ _ _ . _ _ _ _ _ _ _ _ . _ . . _ - -
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e. -
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,

'

bb. The first red in a group to reach its in 1'-40 vi.11
-

1

~

cause the group in 1' **t light en the Dia=ced ?anel to
. -

light. The grcup in '"-4t v4" prevent any additional
,

|

c - ada fren reaching the progrs==ar. This functica
" ""

,

''- may be bypassed with the Group 1-T in ''''t bypass (latch) '

I -

:.
.~pushbutton en the Dia=cnd panel. For Crcup 8, no in

"
- , motion is pernitted when.the latch push. button is depressed..

. . . .

.
.

v. Bleed and Feed.Per=its - .

'

- - - - - - -

'
. - - ..

4P 14 .i*1" dp f*1s*f. *ts y,ggy
.

' P-

fI ff is M8 A4
,

e res6. i ir be, 2_ 96 * -

1 v-

!7 asu >. 2 st. =,

A.n.u. 1"''" Men% .u.m

-
- @ i. .!..

f

:S*A ..as*.,

T4. . Sequence F able .

'aa. Regulating red grcups are no= ally cperated with 25% overlap
'

to allow nere unifern reactivity inserties rates. This

overlap is accenplished through the use of the sequence

enable circuits. -
-

.

1) Group 5 sequence enable (grcup 5 pe=itted to withdrsy

,if)
'

-

.

a) safety reds out ul:-

-
. .

~

'd) Gr.!, t 4 4 Ah wd6Jraian*

C.) Gi S 7 If:/. . A d % 6
.

.

r .,

| 2) Group f 7 sequence enable (grcup 6ipe=itted to rithdrev if)f
1

-

a) safety reds cut '

b) arcup 5 > 75% vithdrawn

I
'

. _
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vii. T-5 dbit Circuitry
..

?;,

, . . .

,
, Grcup 14 out 74-4ts have input to both the auto i=hibit

.

- as. -

.

and out inhibit circuits. '

- - - - - -

n.,
bb. Grcup 14 out 14-*ts :st be lit to allow cut co=mands

..

.
.

to reach the progrs==ers for groups 3, 6 and T. This
~

function =ay be bypassed with a keylock (safet7 reds out.-

bypass). -

.
. . . t

.

2. Relative Position Indication ' '
'-

,
,

A pulse stepping motor is connected in parallel to the A, C and 33a.

phases supplying each =echanism. As the phases are energ1=ed to,

cause ' red motion, the' stepping :oter also turns.
.

The motor drives
*

m potentiometer whi'ch then produdes a variable output corresponding
^

to rod position. The systen is extre=ely accurate, but only reflects

red position as a function of field rotatier.. Thus it vd" not shev

correct position if a red is tripped or dropped, or if it is stuck -

or binding =echanically. In such cases it vill be necessary to
.

adjust the relative PI to agree with actus1 conditicus. This is *

done with the reset pulser. An individus1 red or red grcup in
-

:

selected with the group and single select 'svitches, and the raise /;

t

lover switch on the ?! panel is then used to adjust the indiention.

This is done by driving the selected red or group of reds pulse
.

. - . _ _ _ __
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., i

stepping matcrs with a pulsed 2f+ TDC signal in place of the nor=al *

.

'3 phase input. ' ~

-

*
.

,-' .

b. ' Applications
,

*

.
.

1. Individual PI - PI panel. (Grcup average PI is calculated
,

,

' '

,

, . .

..

} and used internally, but is not displayed.)
' . ,,.s.

*

,' f.,,
,

.
. . . . ....

.

-11. Sequence =cnitor . > -.y
- .

*

. -
..-

' , , , ' , ,
as. Checks the overlap between regulating groups. I

~'"

|
,

.
. -. . . . .

bb. In the event of an assyt=etric fault, the first priorit7 !,

I.
*

.
. -'

of the systen is to autc=stically reduce power to less
.

than 60%. To ensure this, relative PI is used to =eniter. *

..

sequence faults. In the original design of the system a

sequence fault reset the sys em to =anual. If absolute
'

,

*
' PI was used, a dropped rod could have resul+. .2 a sequence

.- fault which veuld have defeated the runback by resetti=g

th'e rods to manual. To prevent such an occurrance, relative.

,

PI vaur used, since relative PI dces not respond to a dropped

rod.

The' monitor only checks for tco =uch overlap; i~e.,, one ,_
'cc.

,,

group moving in c; out too soon in relation -to the other,

groups.
.

.

1) based cue.k/k insertion - -

,

. -- - -~

2) the systen does not ec= sider too little overlap ',
~~

,

dd. Checks for 255 overlap, c=17 checks at discrete intervnis.

iG . Lek 4.T-ee.L CecaLk %r\cde.
.

_ _ _ . . - _
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R. CC:iTRCL CIRC E !
,

-
-

'

f

1. Ref =ction is acec=plished by co=verti=g.eit'..er an aut==atic cr =anual-

.

cc:m:=and signal into metica of a progrs=ar =ctor. The =ctics of the
.

-
.

-

progra=e. ulti=ately results' in the productics of a rotating =ag= etic
.

*

field, which causes red =otion. In this section ve -#" -M-e the
... _.

*

control circuitry i=volved in converting cad sig:als to progrs==er

motion.
. .

.

i

1

.
12. The centrol circuitry flev path es= be basically arranged as fc11cvs: '

. . .
'

In or Cut In or Cut! . .
* '-

C m d- - Cmd '

. Dia=c=d Relays
Panel or

. ,

Moto- ,

-

Control CF****#

| Relays Motors- ~

~
.

. -

.. .
Command , -.

habl e -
, . ,. .

Relays

Ecth a c- 2-d and a end enable (pe:=it) =ust be present to cause
'

progra er =ction.

a. .Cc-a-d enable relays % -

.

,

1. There are two ec-'-d enable cenditions: aur#'#ary and grcup.
.,

For grcups 1-k only aH'ia:f enable is pcssible, since =ot:.cn
. -

,
.

i

!
,

I e

| of these rods can culy be acce=plished by use of the auxiliarf'
'

!

pcVer supply. for groups 5-8 both aux''#ary asi group enable

are possible, since the reds in these groups ca:. te =cved using

either the auxiliary supply er the scr=al group supply. For an-
t

'
,

i

.

*
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,

. .
.

.

.

. auxilia.7 c-=ad e=able to exist, a red or group cf reds .
=nst be 14 ed up .to the ="*''=_v ;cver supply. This operatica

is perfc=ed usi=g the transfer Icgic. For a group cc==and - -

am=M = to exist, the group =ust be lined up' to its sc=al,

. power supply. ~
'

.
. . .

; :.- * .

ii.
For grm:ps 5-7 =ctica can be i= either a sequesee (25% overlap) ~

or sequence cverride (no overlap) =ede. For sequenced operatics,' ~.
.

'

sequence =ede =ust be selected and a sequence enable conditics *

=ust exist. Seque=ce operatics can be perfomed eith'er in =-"='
. . . .

or auto. Sequence ,e_v_. .erride =ede requires sequence overide to
.

.

be selected. ':'his =ede of ' operatics is permitted cely in -=~n=1..
'

.
.

Sequence Mode
_ Seque=ce

_
Auxiliary

.
,

(Manual or Auto)
'

Wable -

Cc and
-

*

. Enable.
. .

- - -

.

Sequence Overide.

- Mode (Manual'culy) _ Grcupu :

;.
-

' Cmd '

Enable I-

!

Group 8 dcas not operate overlapped with'the regalating groups. |

When group 3 is group ~ enabled either sequence or sequence I.

'

ovenide may be selected. When an*' * =v ce=~and 5:abled, -

.

.

-sequence override =ast be selected, but this is due caly to !'~~
-

requira-="ts."* posed by the trsesfer logic.
-

).
"

N 1
-

.
.

b. .In and Out Cc=and Reisys

1. The group 1-T cut ec==and relay 1:s energiced if:
,

aa. there.is a -a I=1 or auto cut ec=a d present

bb. there is =o in ce---ar'd present
.

cc. there is no inhibit present .

.
dd. not cic= ped

.

.

.

_. _ _ _ . _ _ _ _ _ - _ _ _ _ _ _ _ _ _ _ . _ _ _ _ _ _ _ - _ _
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.

.

.

'

, . .
,

.
-

ee. for a ~===i out c= - -d, in addition to aa-dd,'''-

--

1) manual = ode selected
-

-

"

2) peup 8 is not selected '
.,,

.

ff. for an auto cut end, is addition to aa-dd, -

- - . . _
' * ,

1) auto =ede is selected . i.
..

. I. -

s.' .

2) no auto i=hibit ,g .
-*

'
.

. -,
. . ; . .

-3) no out inhibit-(auto)-
. s

. . .' - ' ''.
,

-

11. Group 1-7 is ec and .

. . . _ . _ _ . ,

- ~

-

as. - not clamped '
'

bb. manual or auto c M present * *

'
*

cc. in =anual, is addition to aa-bb', -

, _ , ,

1) . roup 8 not selectedg
.

2) manual =cic :: elected '

.

*

dd. . is auto, in addition to ma..bb, ~-,.
. . . . _ . .

.
. 1) auto = ode selected -

-
.

2) no auto inhibit
.

iii. Grct.p 8 out'cc==and.

,
. . . .

manual ec==and present (=anual or auto = ode selected)
.

an.

bb. group 8 cc=cend enable (poup or auxiliaz r) "
-

cc. no p eup 8 in ecm=nnd
.

dd. no out inhibit
.

.

ee. not clamped
-

i

iv. Group 8 in enmund ,'-

.

sa. not cla= ped *

bb. =anual is ec==sud
'

poup 8 cc-=ad enable (gcup 8 selbeted en gcupcc.

select switch)

. - . . .- -. . - - - .
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c. Mater centrol Relays
~

-

. i. crcup 5-7 group power supply:
,

an. Out
.

.
'

17 group com=t.=d enable - -

/

2) no group'out 'd-4t ''

.g .

'

3) safety rods out (can te bypassed) . ' .
. . . .

, , 16 ) . out ecz=and rela 7 .' -
-

'

,

. . ,_

.5) for jog-out - --
..

.
.. .

a) Jeg speed selected .

"

6) for run out - .

' '

' .

a) run speed selected''
-

'

7) for group 7 .

.

'

a) -

.

use 100% out li=it...
s

.
.

bb. In.

.

1)s group ecm=and enable '

-
.

. .~

2) no group in 7'~4t
,

*

i
. ,

.

a) bypassed auto =atica117 on dr:pped red 'to allev rue.back

3) in ecmmand relay -
~

1
L !s) for run in

.

a) run speed selected *

-
.

5) fe- ' g in
' '

-

I a) jog speed selected

11. Grcup 8 group power supply ,
,

.

. .

aa. Out

1) group e - =-d enable
|

| . 2) no group 8 cut '' 't
. .

.
'
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"

- ..
-

.

3) out ec .and re e' f.

16 ) for run cut

a) run speed selected * *,

5) for jeg out
.

- ~~~ ~

'

a) Jeg speed selected
. _ . , _

.

bb. In
.

. .. '1)' . group comzzand enable ''.
-

'

..
. .

.
.

. .

2) in ec==and relay :- .~..
.

. . s
3) no group 8 in 'd"+t.

- k) not'in 1*''t bypassed (pushbutton) '

5) for run in
--

-
,

a) run speed selected '

6) for jeg in
~

'.

.'-

.

a) Jeg speed selected
,

iii. Group 1-4 = ~d'4=a power supply
.

. .

' sa. In '

, 1) not clamped- *

.

.

2) in com=and relay
-

3) auxiliary connand enable '.. .

k) no group in 1' dt
'

5) run or jeg speed selected -

.
6) jog in signal frc= transfer synchrcnicer bypasses 2-5

bb. Out

h1) 'not cla=- d
.

.

2) cut cc and relsy '

.

3) auxiliarf cc---d e:nble '
,

k) no'greut cut 1#"#t,,
.

5) run er jeg selected

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

.
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iv. Grcup 8 auxiliary supply *

sa. In .

' '
.

1) not clanped ' . . ~
*

.

2) gecup 8 in e - ="4 relay
-

.

s -
,

3) ,==#7 * = y ecm=and enab.le 2- - . . ';f- b-

-

h) no group 8 in id *t ' :"..ljy.[.
.-

.__.... ..= . . . .' - - . .: ~ -:.r:-
..

:.

5) -- . .o .in ". -4t bypassed - 'tn
_ . . .. .

. ..

'
6) run or jeg selected

'
' ' ~

, ,

.-
7) Jeg in signal frem transfer synchroni:er

by; asses 2-6.
.

',y ,
* **

-
. y

.

1) not clanged . .

-
..

12) out c m d relay .'

'

3) en*7dary command enable i
*

. <

,
4) no grcup out limit

'
- '

T |
,

5) Jeg or run selected
.

-

.
~

-
j.

|
T. Groups 5-7 a=*7 *w supply

|.* ,

an. In
. ;

,

-
..

-

.t) not clamped -
'

,,
.

2) in en-ed relay
.

3) auxiliary c - =-d enable
, )

1

h) Jeg or run selected
,

l
'

5) no grcup in 'd et (bypassed on dropped red) ~

..

6) if in sequence *

, .

a) sequence selected
.

#

| b) sequence enchie
.

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

,

._ . . . . . . . . _ ..
,

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

1

.
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7) , if in sequente override

a) sequence ove.-ide selector '.
.

bb. Out
.

1) not clamped -

,

,
-

.2) ,out c - =-d relay| .

>. . .

' '

3) ==d7 4 av cmd e=able
.

,..
.

'

k) no group out 14* t .

** '

.
' ~

5) Jeg or run selected -

.. .. . .

"

6) for seque=ce =cde
'

.

a) sequence selected
"

b) sequence enable"

.

.

7) for sequence override mode
. -.

-. .
'

a) sequence override selected
. . . .

-
.

d. Progrs==er circuitry .

.

1. 120 V ac A3T power is directed to the run or jeg =otors. To
,

..P

"cc=plete a circuit path to cue of the == tors, one of the '

following sets of conditions =ust be =et. - -

aa. Run in
~

1) motor control relay for ru= is'
.

|

2) no directic e=cr present
'-

.

bb. Run out -

.

1) motor control relay for run out

1.

'2) no motor cc= trol relay for run in
'

3) no directica errer - '

cc. Jeg in
.

1) no directics erer

2) no =ctor control relay Jeg out cc:1 Jos in signal
|

! fres 3-2 phase hold circuit; er
|,

_
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.

*
. .

, .

, . .
.

. -

*
, g1 . '

.. . .. --. .. .

.

3) =cter ec=trel relay fer jeg is a=d no =cter
.

control relay for r.s cut.
~

dd. Jeg Out '
,

-

I.) no directica error
'

, -

2) =ctor centrci relay for jeg out

. ' . . - ' .

. ..
*

3
,

:
. . .

*

3) no =oter control re w for jeg is
'

* '
.,

. ...

'%) no motor control rela 7 for run is ,
.

. s.

'#
. .

.
. .u.- ,

ee. DC trake is applied vben
, , . ,

r- - -

- .:- .. .-

1) no seter centrol relay (in er.out, jeg or r.:s)' -

2) no sig=al fres 3-2 ;hase hold '

. .

3) 24 VDC applied aute=stically if nor.ai 60. 7D.C ~ ~
~ ~

.
,

..

brake ic lost.
.

, 6

1 . .

.4

.

.
.

.

, .
.

@

|

*. .

.-

I

1

'
.

.

.

.

.

4

t *

|

|

4

| *
.

.

-
\

*
. '

.

.
.

.

.
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e. Transfer Logic ,

i. Sequence of transfer to or frc= auxilia.7 power supply
.

*

Transfer Manual.

----etsync,i z,ela=p,
, i ;gg i g f,,

.

., -

as. Transfer Select '

-

'

1) Transfer select rela 7 for a group is energized if,

.t -
. - **

*a) sequence o M de *

-

- b) no other group is on the ="vd''ary ;over supply
.

c) sanual-

. .
1_. ..

..

*
'

C- . '.
*

d) ="v' ' ' = 7
.

.

e) group selected (group select switch)
,

2) Once a group's transfer select relay is energined,.
,

the aur'1*ary contacts from. that relay set up
.

*

portions of t.he sychronising, circuit, cla= ping* ~
,

circuit and transfer circuit for that grcup.
:.

The relay also locks in the transfer circuitry for
-

.
- the.t group and the a"vd''av command enable for that

group. This lock in feature is ' cleared by the transfer-

reset button. Reset is only possible when group

mode is selected and no rod or grcup of rods is ~en the
.

a"vd'*= v supply.
.

,

bb. Synchroni:ing circuit
.

.

1) Once the transfer select relay is energized
"

selecting jog speed vill start the transfer sInchroni:er.

. The auxiliary supply vin run in at jog speed until it
:

matches phases (sa=e phases energined) vith the group's

nor-'' supply (or DC hold bus). This is done to prevent

damading the cla= ping contacters.
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2) Once the pcver supplies are synched, the green synch i.

.

light on the Diamond lights, and a permissive contact |,

|

closes in the clamp circuit..

I'1=7 *g circui.,4ec.
*

*

| . 1) ,
} = *y

,

"As a'=7 "E contacts v4" close if , ''
4

. ,

3
*

a) clamp pushbutten depressed* .

. .

.
. .

y) ...,4, 4 .y y
''
' *

. .._.-

c) transfer select * * *
'- *.

. .

d) synchroniced ' ~*

2) Puching the cla=p pushbu' ton energices the group's
'

*

a1= 7 "! contactor centrol relay. This relay closes4

a,centact, supplying 120 V ac to the group clamping
,

.
'

relay, which places the two power supplies in parallel.

At the same time, a per=issive contact closes 'in the,

.

mammi transfer circuit. Cla= ping is done to pi i.st.
. .

.

Possible damage to the transfer relays by eg*=14-4 g the..
.

<.voltage on the two pcver supplies. Rod otion is not

Permitted when the ;cver supplies are clamped together. -

dd. Manual Transfer
~

*

.

| 1) Manual transfer pernitted if
'

!
.

-

|
-

I a) =anual transfer pushbutten depressed. ', -

.

b) clamped .

c) rod or rods selected (single celect stritch)>

-
.

.

1) 1-12 cr all. *
.

'

.

.

|
'

.

. .
,

.

.

. , w,. , ,e . e me >m me+ e w - e *- e * '

*N'

- - _ , . _ . _ , , - -- -
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.! 2) Depending on the ;csitten of the single select switch,

and 1 of. up to 12 or all 12 red select relays are
-

.
.,

-

energized. In conjunction with the transfer select

relays, ~1 or up to 12 of the 69 transfer centrol relays -;

,

t

are energized. Each transfer control relay,.by closi=gg ,

a concact, eneFgizes~its transfer svitch, Vhich shifts,

,

, .. . . -

"

the position _ of the transfer contacts 'frem the nor=al-

. -.
'

supply to the auxiliary supply or rice versa.. When they |

. ,

\
"

-

. shift to auxiliary, transfer confirm' light lights; -

. - ._ . . . . . . . . . . _ . . . . .

when they shift to nor. al, transfer confir= light goes out.
t .

!3)
*

1 .- 4m=7 g contacts are then opened by pressing clamp
,

-
. .

, ,

release, and transfer is ccuplete.
-

!-
,

ee. It is Important to note here that the technical ~= anni cans.

,

'

. for group = ode to be selected before any rod motion takes place

The ==d7*=v mode is c=17 required during the transfer
. .

_

operation. Movement of the rods in jeg speed while in
.

'

i ==47 4*v mode vill cause unnecessary cycling of the transfer

synchrenicer. . -

. .

ff. Transfer to or fran the auxiliary supply requires the same )
*

sequence of steps, but when a transfer off the auxiliary supply-

is ce=plete (transfer confir= light out), group should be
.

selected and the transfer reset pushbutton pressed to clear the 1

transfer logic. Tressfer cperations on acy other group are'

impossible until this is dene due to the icek in feature of

the transfer select relays.
.

.

h

|
*e

. . .

1

,. _ , , - , . _ . , - - , , . - .-.|
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P. DDIC1 TIC 3
*

. ..
.

-

. .

1. PI Panel
.

~

a. PI ind.ication
~

-
.

,

b. (100% lights ' . ,'- .

- - -

._

See PI section* -
..

,
e. 0% lights ' >'-

. w ,.

. , . ,
.

d. 7 inch asynnetric fault lights .
'

. . . . .
,

,

e. control en lights ~

'

1. G.~oups 1-k

aa. Lights on when transfer relays are lined up to the
'

* auxiliary power supply.

it. Grcuys 5-8 .
.

.. .

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

.... Transfer rela 7:::- lined up to the, *** * =q.. power supply; or .._ -sa.
.. . . . . . . . . . . . .

,

.
bb. group com=and enable

~
. . .

. .

2. Diamond Panel -..

a. Trip Confirm - - - -

.

i. Operates off breaker and electr: sic trip contact position.
.

sa. Trip 1 "A" breaker open '

bb. Trip 2 "3" breaker open
.

Trip 3 "C" breaker open a:d "E" electronic trips openec.
.

. ..

1) 2 DC breakers;C adC -- ~g 2

2) 5 electronic trips
-

. . .,

a) auxiliary pcver supply "A" light source

b) group 5 power supply "A" light scurce
.

c) group 6 pcVer supply "A" light source

| d) group 7 power cupply "A" light source-

t

I

!
'

. . ~ .
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.

. . . . ..' ,,e)_ Group 8 power supply "A" light sour ==.
'

dd. Trip 4 "D" br9eker and "7" electrenic, trips cpen *
. . . _ . . .

.1) 2 DC breakers, D ani D -.

1 2 .,,

2) 5 electronic trips - the sane as "3" except that the -

' trips are on the "3" light sources ~. ',
g ,,. ,

. . - . .

ii. To get a ti13 confirm, one of the following conditions must exist:
'

1) trip 1 and trip 2 or-
- -

,

- s -

2) trip 3 and trip k or ,-

' .

T -
., , .,

'

3) trip I and trip 4 or
~

k) trip 2 and trip 3 ' ''

_

111.. Trip confir:n lignts the light and ' sends t. signal to the ICS..
,

as. Reactor trip (track) ', -

.

.
-

-.

bb. 'Rypaan valve setpoint "
,

iv. A separate relay, operating on the ss=3 principle, called redundant

trip confi=s, sends a signal to the turbine trip circuit., ,

Trip 1 - also supplies RPS A for reactor and breaker tripv.

indication
.

,
.

Trip 2 - also supplies RPS 3

Trip 3 - also supplies RPS C ' '

,

Trip 4 - Also supplies RPS D

b. Asy etric rod
. .

' '

1. 9 inch deviation of a red fres that rod's group average (API)

.ii. Formerly a lock in alar = (reset with fnuit reset). Field change

to auto reset to ni #-# e the si:e of'the runback.-

-

* .

. .

.

1o

.
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iii. Asy=atric rod r.::back - for=erly en17 required a 9 inch
.

fault, rods in auto and > 60% ;cver. Spurious rumbacks due

to faulty PI necessitated a field change - inclusion of addi-
.

'tional requirements for a runback.
. .

*t

I Safety, rods not out
_

.

si . .,

-4 |-- Group 1 in linit
- - '

-

.

h |-- Group 2 in 1*-4t
'~

.

, ,

--Il--' Group 3 in 1*~4t ' . .
' '

.
'

*
,* --{|-- Group k in id"4t '

.

Group 5 in '*-4t- >60% pover
| |b

*

; Auto C Gp 6 in,lis
-

G j>SOf,P ,,
si ei ii

- 91:ch fault- , .

t: '-'
U

.''

Gp 7 in lis "
"

,

. .
,

.

.. .. ...

.

'

s .-
. -

.

iv. As was discussed earlier, an in 1*"4t for a group vill stop that i

group's in notion. This functica =ust~ be overidden in the event
.

of a dropped rod so that the group vith the faulted red can r.:n

back. This is acco=plished by the fault bypass circuit.

aa. If the systen is in auto 'and a 9 inch fault occurs, the ~ |
-

!

fault bypass relay energi:es, cicsing a ecstact vliich bypasses |

|
*

\

1 the grotri, in 1*-4t contacts in the =rcer control circuitry.
-

, bb. With the in lirJ.ts bypassed, group notion invard is stopped
*

by the sequence enable circuit; i'.e., if grcup 6 is =cving,

|

in and reaches the botte vith the in ''-dts bypassed, group

6 in =ctica vill stop when .roup 5 reaches less than 75%|

.. ..

. .
|

-
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withdrawn. -

,
, ,

. .

As was discussed earlier, sequenced operati.cn requires safety
'

v.

'

rods out. In the event of a,d.syjed safety red, this feature.

-
4

*:nnst be bypassed to a11cv a sequenced r.mback. '*
-

e - . ~ .'-

} .J: . .
*

* *-

* .

- :* .gg gg. .

. .- .
-

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

|| | .- '. 1
*

.

, . ~ , .. . .

D9 -

..

.
- - '.

D9A -

.

ii
-

.
*

iI

....
, , ,

'
.

. ._

' Group 1 k in,'*-4ts O
*

* "

i g-.. .< .

V-

.i o o i
,

. .

E9A

. . .
.

.

.

..

Safety rods -
..

out bypass ,

.

.

9 .

'

. + . .

.

. e

.

.

.

s

.*

*
.

.

,

!

.

.



l.
-

. ,

.( .

. Gr:.- . ,

.. * *

-28-. . -

..

.

-
.

.
-

.

With the safety reds not withdrawn, the bypass switch can be

used to allow rod withdrawal. This switch does not bypass the-

safety rods out per=1t for feet and bleed.
. .

If the safety rods are withdrava, C9A energides., closiEgsa.
e ,

| a contact which energices 2 9 Once the systen is in auto
-

-
C7 is locked in. Thus, losing a safety gicup out 1" *t

.

- .
'

vhen in auto vill not cause a loss of sequence enable. '

. . .

Once the systen is shifted to ~=~~=7 hcvever, the bypass.

-

switch =ust be used, since both Q9 and E9A vill drop

out under these cer.diticus.
'

vi. The asyt=tetric fault for a red say be bypassed by use of a

switch located in that red's ?! cabinet. This switch aid 4-ates.
'

that rod frcs being used in tis asy---tric fault dete. :_:
circuitry. .

'

c. Motor Fault .
*

i. any notion with no ec. and
. -

. .

ii. out notion with an in ec==and
!.

l

iii. loss of 120 V ac AET bus
. (

iv. resets system to =anual
,
6

i
v. loch in - cleared with fault reset

. :

vi. operation I

1
.

;j aa. The circuit is electro-neesNn1 '-

l

1) Contacts for Cera N.
1

'

2) direction sensed iy switchss which are closed by !i

| actusi notien of the prcgra-=r. i
l,

l
3) tine delay required to allev fer inherent delays |

between cc--'ed and action and for the 3-21.;1d circuit.

.

-m --
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Motor fault-

Closes on in ecz:::.and
ag Closes ,en out notica-

'

II I

El'4 SDZg
_

fi
-

.

'I ~

| Shuts when
'

no ec=and -
"

~

is p esent ,

,

Un S1
- -

K1 ..
--

35 -- - ~

.. n _

. ,, . .

Ii
.

. S1 and S5 close when a nsstet on the progra=er-
.

Passes by then. Progr.- , :: rust rotat'e :*ar e=ou6h
,

.

to close both S1 and S5 .

SDE is a switch that .11 close on. out =otica, and

vil1 stay closed until in =otion occurs.
.

-

. .

- .

.

.

.

e

h

|

I

.

| *
,

-
.

.

O

1

I
'
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d. Out 7nk4 bit
.

-

.1. 2 out 'nk* bits . .

~
.

2'DPM SUR in source range, 3 DPM in inter =ediate rangeaa..

,

-

vill impose an out inhibit in either auto or, =anual. ' ( ,

bb.. If >60% power and either the safety rods are not' cut or -
.

I
a 9 ihch asy==etric fault exists, an out 4"kdbit vd" he,

imposed while in auto. '

,
.

, ,

.

e. Sequence 4nkdhit
. .

"
'

,
t-

1., Lights if a sequence fault cecurs. A field change has removed

the reset to manual functics (not at Crystal River). It also

turns off the sequence light en the sequence / sequence oMde-
.

.

pushbutton. .-

ii. If the system is in sequence ohda and a sequence inhibit
. . -,

,

exists, the ' system cannot be placed in sequence..
'

f.. Auto inhibit
'

*

. ,

i. ' Lights and prevents placing the system in auto if:,

'

aa. > 15 neutron error, or
,

,

~

bb. the safety rods are not out, or *

cc. ICS auto power is not available.

ii. On loss of ICS auto power, lights and the systen shifts to =acual.

g. Progrs==er la=p fault A and 3 -
,

1. Relays in series with progre-r light sources fren 2k VDC power
t

supplies.
. . .

Failure of any of the 5 progrs=ners' A light source vd"sa.
.

light the A le=p fault. '

'

. _ bb . Failure of any of the 5 ; cgrs==ers'3 light source vd"

| light the 3 la=p fault.
I

!

l

l
. .

r--ww w
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Lights on reactor trip due to electrenic trips,cc.

ii. Lock in - requires fault : aset. -

h. Y. 1*~4t La.ps Groups 1-8 ~

.

1. First red out in a group lights the out 1* #t, which prevents -.

f any further cut notion.
.

_ _ _ .

Can drop a red in a group -#the losing out linit. 'sa.
.

'bb. Additional =aterial in PI a=d centrol ' circuitry sections. '-

.

i. Control on Langs ' . . . . . . _ _

. -
~

'i . Groups 1-4 '

as. Light vf" light for a grcup if the transfer select and
.. - -

and7*=7 c-="ds enable relays are energi=ed. This

requires: -
-

'

1) Sequence.s de -
'

<

-

2) uw'<ary -

3) nanual
.

4) group selected -

5) no cther red (s) on a 47#=v power supply
.

These relays vill lock in after the above conditions are

satisfied. Once they loch in,1-3 are no longer required. .
ii. Groups 5-8 '

.

.
And'#ary co and enable and trsuster select or ,

.an.

bb. Group c - ="d enable.
.

.iii. These lights do not tell us that =ction 87' result if a ec-==d

is sent to that grcup; caly that certain portiens of the centrol
'

circuitry 1cgic are satisfied.
.

-
.

-,
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j. In 14-4t I. asps Group 1-8-

1. The first rod in a gicup to reach the in id-f t lights the light,

which prevents further in motion.

ii. This function can be bypsssed with the latch (in '* dt bypass)
~

-
.

( pushbutton. This directly bypasses the in '*-{t circuitry
~

'
'

,
by opening the output of Groups 1-7 in 1'-4t amplifiers. With

' the latch pushbutton depressed, in =otion of Group 8 is prevented.-

k. Systes Power Supplies A and 3
^ ~ ~

?-.

- 1. As =entioned earlier, the system utilizes redundant 24, +15
_

,

and 5 VDC power supplies fed frem vital buses, with ss
_

'

auctioneered output for each pair. If one of a pair becomes-

blocked, the system power supply light for that side extin-
.

guishes. There are two possible ways to lose both lights: .

If both redundant halves fail; i.e., both '24 or +15 '

as.
_ .

. or 5 VDC. -

bb. If we lose the A side 24 7DC and the 3 sih 5 VDC, for
.

. example.
.

*

.

ii. Fault reset required to relight the la=p after ve regain the
Power supply..

I 1. Motor Power Supplies A and 3
. -

1. The relay for the la=p on each side is in series with a
.

voltage regulator overheat svitch, a power on relay, DC hold

supply blower failure and 5, 6, 7, 8 and auxiliar/ power supply .

blower failure. A failure of any of ,the above vill de-energi:e
~

the 1s=p relay and extinguish that side lamp.
. .

*

, , . . , . . . . . .

.

.

e

%i
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! ii. Pcver on Relar
.

A'or 3 breaker ' *

'

-

^
120 VAC 6 phase,

-

.

.

i 8 EC hold rectify 1.g tank
'I ~

p
_

.

, y -

-
,

Q '

,. -

Scwer on relay -'

)CorDbreakers
. , .,

. .
.'-

. -
. - --

-
,

.

.
,

. . .
.

.

.
-

The relay will culy drop out if the Main AC breaker is opened,.

cu that side.
.

iii. Requires Fault Reset '

~
-

f*
,

m.. In/Out Cc= sand Lights
' '

,
.- -

1.
.

Indicates that the Group 1-7 in or out ct::==acd rela 7 is energized.

This does not mean that actual red =ctica is taki=g place.
~

.n. Group Select Switch
4

1.
Used in sequence override = ode for operation of Croups 1-8

(ce=randenable) '

ii. In sequence nede, used for operatics of group 8.
,

.

iii. Used in trs=sfer icgic (trsusfer select} -
.

.
; ,1v. Used for relative PI reset.t

| o. Siegle Select
.

1. Used for =acual tran fer circuit f
,

.

ii. Used for relative PI reset.

iii. Used for the operstica of a single red or $ g cup of reds on the
auxiliarf pcver supply.

iiv. Has no functica during operati== vith nc =s.1 group pcVer cupplies.

1
- ,.
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p. Speed Select

i. Used with transfer circuitry feh the synchronicing circuit

(jog selected).
-

~
,

11. Selects rod speed when in =anual. ~ ~
-

i -

' aa. Hun - 30 inches per mi=ute
I _ . .

-

i
.

-
, bb, Jos - 3 inches per minute

|
.., ,

t

- iii..When in auto, red speed is 30 inches per "* ute regardless 1

.
|

-

.of position of speed selector.
.

~~ ~

.

g. Group positics select

1. Selects 1-4 group averages or 5-8 group averages for display

is/7 7 $w 6* fun- 'on PI meters ce. S W7-
,. y i f f

r. Latch pushbutton
.

1. Bypasses in 7d=4ts
. .

.

ii. Lights when, depressed and Group 1-T in ''-"t lights vill .

extinguish. -

.

s. Transfer Reset
.

i. CIesrs the transfer logic and resets transfer lockouts when
.

in group and there~is no transfer confir:ed (no rods on the

,

ev474a'7 supply).
.

ii. Lights when depressed.
.

t. Fault Reset
.

.

1. Clears
.

| asyt:=etric fault (sc=e pl:nts)-aa.
l .

bb. =otor fault
*

.
.

cc. out inhibit

dd. program =er lamp faults
.

,

|
,

ee. cotor supply ' faults
t

. ff, system supply faults.
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i 11. Resets electronic trips when g:oups 1-7 are not on the tottcm
I

.
(trip reset disarned) '

.iii. Lights when depressed.

u. Safetf rods out bypassed -
*

.

' i. Lights when the safety reds out bypass key switch is in theI
bypass pos5. tion.

.,.
"

'

v. Trip reset -

s

1. When the Group 1-7 in limits are present, resets A,3,C and D ..

.
.

..

breakers and the 3 and F electronic trips. Once reset, this

vill re=ove bypass valve bias and allow the turbine trip|

i

lockout to be reset.-
.

ii. On the never plants the A and 3 b enkers may require a local -

*
.. .

,

reset plus trip reset to close..

'

iii. Lights when dep:essed.
,

v. Manual Transfer .
- '

'

2 .- 1. If cla= ped, vill actuate the -*-~=1 transfer control relays.
. .

ii. Lights when depressed. '

iii. Sync light - lights when the auxiliary pcVer supply is synchronized
; with another power supply. - - ~

*

iv. Transfer confirned light - lights when a rod or grcup of rods are

on the anv*7'ary power supply.
,

.

x. Sequence / Sequence Override
.

.i. The sequence. light entinguishes only when a sequence fault is

present. When' sequence override is selected, both light 8 vill
.

nor= ally be lit.
.

~

ii. Sequence override node is culy per=itted when in nanus 1.
.

.

iii. Resets to sequence on a trip.
.

.

,. - - - . . .,,,.,7



.

_

.

. o' . .
.

.s . . .
- g= .

.o... .

*46 - -36-
.

i
.

=
. . .

.

.
4

.

! y. Group / Auxiliary
.

.

i. hat be is manual to go to auxiliary..

ii. A"*"='7 is selected only duri=g a trs=sfer operation;

red motion should always he done,in group =ade. - -

E

p iii. Resets to group on a trip.
. .

z. Auto / Manual.
.

-

1. . Resets to ====1 on:
.

sa. reactor trip
. .

,

bb. motor fault *

.

cc. Less of ICS auto power

aa. Cla=p/Cla=p Release '-
.

s.. '
i. clamp requires sync

,

-

2. either clamp o cl p release lit
.

.
i.

.

-
.

h.

-
.

.

.

.

#

'
.

.

.

.

.

.

,
..

.

i
'

|
.
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SECTIOil 3
'

DESCRIPTI0ft Atl0 PRIt!CI?LES OF OPERATION

10 DTECDUCTIC:t
.

me systen logic and the =otor control equip =mst including 69 d:ive =sch-
aniscs form a control rod drive syste= for a central station pressuri:ed
water reactor. Me systen logic controls rod grouping, rod =otion, rod .

position, and providas the logic circuits necessar: to coc=and the =otor
ccatrol equipc:ent. The =otor control equip =ent provides pcuer to drive
the ired =echa=is=s.

-
The control red drive syst'en translates the reactor centrol signal - either

' nanual or automatic - to linear motion of the ccatrol rods. Although, the
pri=a:7 functica is to control the nuclear chain reaction, the system

,1, serves ad equally i=portant function S ith respect to the reactor protectivei
i syste:s. Upon initiatics of a reactor trip signal, pcwer is re=oved fres
"i the drive =echanis=s, causing the control rod assemblies to disengage ,

|

from the =echanis=s and fall by gravity into the core, thereby reducing,

neutres activit/ to a point where the heat generated by the core decreases
to an acceptably Icv level.

.

3.1 CONTROL RCD DRIVE CC iTROL SYSTIM DESCRIPTICH AUD PRI: CIPLIS
OF OPERATIC'i

,
.

The centrol red drive control system utilizes 69 control rod drive :cech -.

anis =s, one for each control rod asse=bly. Se =mchanis=s are divided in- jto ei ht separate groups. Each group correspends to a sptric arrangn=ent6
iof ecatrol rods with respect to the plant view cf the core; up to 12 control |

rods c:ny be assig=ed to any one'~griup. Se control rods will nor-*177 be ' '

=oved together as a group, but provisions are =ade to control individual
rods within a given group.

The first four groups.are referred to as safety groups. During periods when
the reactor is being operated, they ars =sintained at their full-out posi-
tion. Deir functions are to provide an adequate shutdown capability upcn
reactor trip. Groups 5, 6 and T are the regulating groups a=d are used to
establish criticality and to control the power output of the core. . Du:ing -

a reacter startup, Groups 1 thru h vill be withdrawn to the full-out posi-
tion (1007, withdr:ren). At this point, upon the co==aad of the Integrated
Centrol Systen, the withdrawal of Group 5 is started. "he regulating gr=ups .

are nor-*"y withdrsvn in sequence; that is, when Group 5 reaches a specifi-
ed pcsition, it vill enable Group 6 and 7 to start withdrawing. Group 6 and
7 are two separate groups which noz.. ally =ove in par =7'el but can be =oved. - m
separately. Ihe sequencer allows the groups to overlap cnly duri=g the firut..~
and last 25% of travel.,,' The safety groups are controllable in the ~*runi

-

.

i
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=cde only. Se regulating groups are cont ellsble f=s either =anual' or
' ~

automatic inputs. Group 8 is controlled ==~t's"y i= either nanual or auto- 1

=ntic =cde. Group 8 is used to centrol the axial flux distribution in ( !
the core. The automatic = ode of centrol is the nor::s1 = ode -hen the
reactor is operating at power. i

'

J
Because the safety groups are nor:nal?y held ' ''-ad- full-out pesition,

..

i

they are powered from a static D.C. power supply (one that does not have
the ability to move the rods, but only to =sintain (hold) a given position).
Ce power supply is referred to as the D.C. hold supply. Each of the other ~ l

| groups has its own individual supply, and each is preghle. Dat '

is, they respend to inputs from the control syste:n to =aintain or change
* the positicas of control rods associated with those respective groups. - |

When it beco=es necessa:7 to control the move =ent of the safety groups,
1

- an auxiliar/ controllable supply is used. Previsions ars =ade to prevent |
, core than one group fron being driven off,the and"e -r supply at. any..one.
I ti=e. This is b3cause-tTeTauxiliai-fis'not designed to handle :nore than ~ ?!
j 32 coi5cident =e+=nf un loadsfSingle'~ofli:iiltiple ec=hinations of ro'ds ' ~~~

^

! vithin any one group may also'be :noved by the a"*14a f supply. Se ela=p-
y' ing contactors and transfer relays are used in =aking transfers to and fron |
! the auxiliarf supply.

The patch panels allow any drive 'exieKthose~i:i Group 8 to',be assig=ed
'~

'

to any group. Bis is done by exchanging the pever and instruz::entation
; leads associated with that drive. In this vay, core life :ssy be extended -

by exchanging certain centrol rods beteeen, or vitki , the safety and
i

regulating g: cups.
-

1

(.

3.1.1 Mechanis=s

The mechanism itself is an electro-=echanical device consisting of an
electrically driven, rotating nut asse=bly (rotor) rithin the pri:::a:/
coolant pressure boundary; a four-pole, six-phase stator outside the pree-
sure boundary; and a translating leadscrew that eenterts rotarf ::ntion of ,

the nut to linear travel of the leadscrew and the attached control rod '

assembly.

Each control rod drive mechar tsu is associated with a centrol rod esse =bly. ' |
The centrol rod asse=bly spiar is e.ttached to the leadscrew extension !,

shaft by ::eans of a breachicck-type connector. Each control rod asse=bly |
*

consists of 16 s=all rods arranged sy==etricallr about the center of the 1

ass e=bly.
.

The leadscrew is the connecting link between the rotor asse=bly and 'the ~

centrol rod. When the rotor asse=bly rotates, the leadscrew is kept fres
rotating by keying it to the torque tube through the torque taker. The,

leadscrew travels along the vertical centerline of the drive. In it's'

travel the leadscrew passes through the torque tube, the rotor asse=b].7,
and the thernal barrier. The leadscrew is connected and disconnected
frc= the control rod assembly by rotating it (the leadscrev) within the
=ctor tube frc= a point external to the drive.

r

! (.
: -

: .
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The control red drive =echaniss is used to raise, lover, and maintain

'

centrol rod position in response to the control rod drive notor control
system. De control systen provides a sequentially progrs==ed D.C. in- *

| ( put to the drive cotor. The motor has seven input leads, one for each
phase of the six-phase star-cennected vindi=g and one for the neutral
return line. The stator coils are sequentially energized in a repetitive
2-3-2-3 nanner to produce a rot'ating r.ag:stic field azuund the retor
assembly. As the stator coils are prog.3ssively energised, the rotor
rotates (steps) to orient itself to a nev position. This rotary =otion -

is translated into linear motion of the leadscrew and the attached cen-
~

trol rod. Two speeds are available: "r .: ." and " jog" . Run corresponds
to 30 inches per minute and jos to 3 inches per minut.e.

9

During a power loss to the =echanisn, the rotor assembly seg=ent ar=s pivot,
releasing =echanical contact between the roller nuts and the leadsenv.

'

The attached control red drops by grr.vity into the core. Interruntion of
power to the mech =nha may be initiated nanually or (from the reactor
protective system) automatically.

3.1.2 P.I. Tube
,

The position indicator asser.b27 (P.I. Tche) deter.d.nes the absolute position
of the leadscrew and therefore the contr:1 rod. A series of h5.'. equally
spaced reed switches;is ::cunted on the cutside of the upper motor tube. A
square fiberglass' housing encloses the reed switches. As the magnet =ounted
on the torque taker passes in the im=ediate vir4 *ty of the switch, the
magnetic field is stzcug enough to actuate the switch. As the magnet
continues en past, the reed switch retu:ns to its nor= ally open position.

~k The indicator switches =ay be divided into four. e- oups:
. ... . . . .. -.. ....

. 1. The in-1.'.sLt and 0% switches - The in-limit switch is actuated
between 0.12 and i.00 inch above the tripped position. The 0%
switch is located 1.5 inches above the in 14-4t switch. Each'

switch is adjustable (at the drive) over the first 2 inches of
travel.

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

2. The out-limit and.100% switches - The out-limit switch is -

actuated between 139.75 and 1h0.25 inches above the tripped
position. The 100% switch is ==unted 1.5 inenes below the
out-limit switch. Each of these is also adjustable within the
last 2 inches of travel.

_ _ _ _ . . . - ._ .-

3. Five ' absolute, (zone reference) switches at 0, 25, 50,. 75, land
,

100% travel dThese are actuated it 0 to 0.13, 34.75 2 0.25,
69 50 2 0.25,10h.25 2 0.25, and 140.00 2 0.25 inches.

> -

!

*

|
1 *

. ,
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4. An analog (API) o itput correspending to leadscrev (contr:1 rod)
position over the full travel - Dis indication is derived

ffrem the sequential opening a=d closing of reed switches A
which, in turn, are connected to a resister net rork. Se _ ,
accuracy of this systes is wit' 4 2 1.5 i=ches.

.

' Bro switches are used at the out and in-li=it positicas (1 and 2 above);
one indicates that a particular cont:cl red. is nearing its full-out posi-
tion, and the other stops further out-travel. De first red is any group
to reach the second switch vill stop f.srther travel of all rods is that .

group.. y
.

g
. .

3.2
.

SYSTEM IDGIC 3 LOCK DIAGRAM ANALYSIS, Fig.:re 3-h8

For system analysis, the systen logic is breken down i=to ni.ne (9)
P.cac.;ional areas as follows:

1. Con = sand Logic Circuits *

2. Transfer Logic Circuits '

.

3. Travel Cut Li=it Logic circuits
-

h. Travel In Li=it Logic Circuits '

,

5 CRDM Position Reference Clicuits*
. (6. Inhibit-Fault Iagic Circuits

7 Position Indicator Circuits
.

.

8. Sequence and Dilute Control Circuits

-

9 Position Indicator Reset Circuits ~

.

e

.

O

e

.

'
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3.2.1 Cc-- . Logic Circuits

ne co==and logic circuits control the =cve=e=: of the control rod.s either
by the operator in the =anual mode ur b.- the Integrated Ccatrol Systen (ICS),

'

in automatic ::cde. De control rods are dividad into 8 groups, a =axi=cs
of twelve rods in each group. Groups 1.hru !* are called the Safety Groups,
and are controlled in the manual mode only. Groups 5 thru 7 are the -

Regulating Groups and can be controlled in either =anual or automatic = eda.
Group 8, the Axial Power Shaping Rods (>JSR), can te controlled manually
in either manual or auto =atic = ode. ne c -- cd logic provides sipal to-

indicators to display system status. The cecnand logic also provide signals -

to other control logic in the syster. and sipals to cust.ar equip =ent
pro 7.1 ding systes status infor=ation.

.

3.2.2 Transfer Logic Circuits
.

. . _ . . . , . ~ , . - w. - __ __
iMe transfer logic circuits prTov(de control of any group or,s,in'gle reds ;
3

.as selected by-the operator,in the manual mode. The safety groups ~vhich"
are ner.r. ally'lield by tha DC Rold Supply, can be transferred to and
from the auxiliary regulating st. , ply for =anual contml. The regulating
groups, each group having a separate agulating supply, can be transferred
to and from the auxiliary supply for either =anual or automatic control. '

Group 8 (APSR) has its own regulating s=;: ply and can be transferred to '

and frcm the auxilia::y regulating supply.

3.23 Travel Li=it Logic Circuits |
"

!The travel lidt logic receives signals fro = the control red drive, in . )
limit (0% vithdrzen) and out. li:::it (100% vithdrawn). These siersis are .j j'
used to inhibit the =mvement of the control red drives at th:_. .vo ex- i

tre=es. The li=it signals are also applied to other control .wgic circuits {for virious other functions.

3.2.h
, CRDM Position Reference Circuits

'

-

0, 25, 50, 75 and 100 percent withdrawn reference signals are received from
the CRDM's and enable indicators that correspond to the respective positions.

325 Inhibit / Fault Logic Circuits

The inhibit / fault logic circuits provide 4+4 bit (inhibits red"=ovement)g
and fault indications _under certain operating conditiens. ' T.ne ~ inhibit arid .

~

fault sipals are sent to the contrer panel, position indication panel and
custor.er equip =ent: Reactor Protection Systa=/IIuclear Instru=entation
(RPS/NI), Integrated Centrol System (ICS), Plant Co=puter, or Plant An- -

nunciator.

3.2.6 Position Indication Circuits
i

The position indication circuits use the absolute position indication (API)
sipal from the control rod drives to display the control red drive pcsition
on the positien indication (P.I.) panel. The API signal is alsi:Isent to ~ i
an averager to produce a group aversge sipal. The relative position

,

%

.

.

9
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indication signal (RFI) is also averagek. 7Nor G: n:-s 5-8 enly) 3lto provide
..

a group average sig=al for fault detection. He ?.?! sipal =ay also be
displayed en the P.I. panel.

[
3.2. T Sequence Cireuit

.

The sequence circuit centrols the re'gulating gregs in the' sequence =cde.
The regulating groups are enabled or disabled, .t.en the groups are at pre--
date =ined position levels. .

3.2.8 Feed anti Bleed Circu1.*.:.s. . '
. .

,
.

-- .~ - - . . . . . . . . . . w -- .

Three (3)ltreed and bleed sig= ..,. . . ,,..als are applied to the ICS for dilute control---
the safety groups f.zlly withdrawn, regulati g Group 5 equal to or -greater

. .. than. 255'vithdravn... an.d. .a. 0 to +5 ~ rolt. analog sig=a.l. of regulating .Gr_oups.._,6,,
.

and 7 average P.I..._.
- -

t
. .. .

-

, ---. .4
. .

.

3.2 9 P.I. F.eset Circuits

The ?.I. reset circuits are used to select and reset the relative position
indication trs=sducer to the same level as the API sig=al after a reactor
trip or si=ilar cenditics occurs.

33 MOTCR CCNTEcL 3LCCI DIAcaAM ANALYSIS
-

.

3.3.1 Channel A AC Motor Pcwer circuits.

The channel A AC Motor power circuits are used to =ositor and interrupt
fthe h80 AC power when ertain ecaditions exists. They also provide reactor A

trip signals to the t bine ccatrols and =oter centrol 120 VAC power.

3 3.2 Channel 3 AC Motor Pcver circuits
4

1"he channel 3 AC motor pcver circuits are idactica.i to the Chan=el A AC '

=ctor pcver circuits. |

|
3.3.3 control AC Pcwer Ciredts

. .
~

"he control AC Power circuits are the two centrol pcwer trsasfor=ers, located
.

I

in each of the AC breaker cabinets._.The outpu::s of the transfor=ers are I.

uced to power the bicvers, gate drives, progrs==er circuits , transfeE conEie~1 !
circuits, and group =eters. ~ ~f""' !

!.

3.3.k Auxiliary and croup 5-8 Regulatics Supplies .i
l

The regulating supplies are a pr= gram =able SC?. DC cotor power supply de- j
signed to run a six-phase synchrepulse stator. Each regulating supply has !

a redundant half, regulating supply A and regulating supply B. _ Zach i
I supply is auctioneered or share the output load u= der ::::r..al operati=g

conditions . If cne of the supplies is in need of repair, it can be shut-
devn and the redundant half vill carry the entire load until the repairs
can be =ade. .

(.
. .

8

s

J
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3.3 5 DC Hold Supply Circuits,

; The DC hold supply is a ncn-prograt:=able diode DC supply designed to hold the
safety groups at one desired position.. Since the control red drive needs-: ,.

only one phase to holi at ene pcsitice., the DC hold supply redundant halves
have a single phase output. The DC hold s";.jly A or 3 can be shutdown
independently for repairs withbut hirda. ng nor=s.1 reactor cperation.

3 3.6 Transfer and Motor Cutput circuits
,,

The transfer circuits provide control of the = tor output pcver. They ,

arer primarily used in.the manual = ode. Le trs=sfer circuits have a patch-
ing. capability to allev any cent:e1 red drive to be in any group except.,

g- for Group 8. ', Grono 8 is ter=ane).tly te ched. #.ctor output circuits are'
.

fused, six-p,hase' DC power to the synch _qd.se stators.
'

3.3 7 Relative Position Indicatics Circuits
*

,

These circuits provide 69 relative position indications (RPI) to the
'

syste:s logic position indicator circuits. The RPI signals are produced-

from the CRDM otor power signal received from 'he =otor output circuits.
The RPI circuits are reset by the systa= logic P.I. reset circuits.

' . . . . . . - - ~ . . . . . . . -...
3.3.8 Progrs==er and Progra==egCentrol,,Circuitsj,

~-u .. .. ., .-

| The progra=sr circuits provide the desired. pulse sequence to drive the
SCR regulating supplies for the DC power to the control rod drive's synch-
repulse stator. The progrs==ar control circuits provide the cent:91 of

! the progra==ar for the required speed and direction of the centr - id -
-

s.
dh. '"- - ' - - - ' " - - - - -

- --
. *. - - -

; 3.3 9 Trip and Trip Reset Circuits
2

'

The trip circuits provide a re=cte =eans of interrupting the =otor pcver by
j either the operator or the RPS. During a. trip, the AC =otor power into

the regulating supplies is interrupted by the AC breakers; the DC =otor power
from the DC hold supply is interrupted by the DC breakers; and the electrenici

trips de-energi:e, interrupting the SCR gate output to prevent inadvertent
firing of .the SCR's. The system :=2st be reset by the operator before pcwer can
be restored to the system.

3.k CONTROL 20D DRIVE COUTROL SISIII DEZAII,ZD DESCRIPOICH
AND PRIUCIPLIS OF OPERATICH

.

Ihe following paragraphs describe ec=ponent parts of the centrol red drive
control systen, cc==only known as " black bcx" description and principles
of operatien.

-

.

.

.
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3.5 C0r20L PATZL, Figure 1-1

The control panel contains the 13HUAL C0rEOL (insert /vithdrav) switch, ( ;

related indientors , and control svitches. Tne f.='ction of the panel may |.

best be described by identiff ng and explaining the f.:nction of each in-
l

i
,

dicator and/or centrol. . gp i
'

,

. .a .e~z ~ . . . u 1

The' TRI?_ C037 lamp,' when on, indicates that at least the =ini * su=ber - [\ ;

of device's requi:cd to trip (de-energi::e) the CEDYs have actuated. I

... .. x. ... m e m - \

Se ASD00 RCDS la=p, .vhen on, indicate's' that cue or more rods krf.this a - |
particular' group are = ore than 9 inches (co d"My) out of alig==ent with '

|W the group averigs position. The individual as7==atric la=ps on the ?.r.'
- panel indicate that a. rod is =cre than. 7 inches (=r- d =Py) out of.ali
- ment with its group' average 3--sit.i.c.,h7dk ' 37.1.t W ev W " T * gn ?1

. ~ . ,- -
. ,yg o .

,

,

TheI!OTOR' FEdiUM,'when on, indicates that one or = ore of the programmer
motors''is runni3g ithe'n not commanded or is -*4"g in reverse of co==and.

.

The U5.0b? 6.-7.'-NIUf3$ hen.on, indicates that Group 6 is 8 inches ,(nominally)E

misaligned with' Group 7 f p 347 '-e**- 4W'
. .. . - .

The OUT ITZI3IT. la=p;, ~vhen on, indicat'es that the C3DYs, vill not respond to
CUT co= ands. This may be caused by the "hij. startup rate" input signal
or by an asy==etric rod fault and/or safety rods not withd'. asin fault while
the systen is in automatic and power level is greater than 60%.-

. _ .. ~ -.-.

The SEQUZ2CZ I3EI3I1' la%,mps wh= an, indicates that the regulating ' groups {
'

cannot be controlled in the sequence mode. The sequence =enitor circuits
provides a control input for this indication. *

2e AUTO INEI3IT lamp,''vb n on, indicai:es that centrol cannot be switched
to automatic because: (1)'the safety groups are not at the out-limit or
(2) Auto.Per=it signal from the ICS is not present. If the systen vere in
AUTO mode, it vould revert to MANUAL mode when the AUTO uau oIT light ca=a on.

.
- . - - s

The PRCGP.Um LAME.7AULT .AJamp', when on, initcates that o=e or more of
,

the five regulating pove; supply program =ers has lost its redundant photocell
light sources (A and 3 correspond to the redundant halves).

|
-__....._.r-. .

The PRCGRfus!ER. LAMP'.~?AULT 3.l. amp: monitors the 3 cha=nel. -

._.. . - - . .

e

.

e

.

.

t (
~

,

e

0
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The '/852' 32? ASS ldvhen on, indicates that the ihutsig:ials of the'

Group 8 (ApSR)' have been re=cved free. " s Group,8 averager. "''' = is for
7"4d E-3, partial. group centrol/ g f 34'l*

The 'dET Lrc, SAFITY GRCUPS, REGULATEG, and A?SA la=ps (Grcup 1 thru 8,
'

..left to right) when on, indicate that at least one rod out of its respec-
tive group is at the out-limit..

The E'LIMI"', S.UETT GROUPS, REGULATEG, and APS2 lamps n (Groups 'l thru
- 8, left to right) when en, indicate that at least ene rod of a particular -

group is at the in-lir.:it. -

,

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

The SYSTIM, MOTOR, PCWER SUPPLIISn (A left, 3 right) indicate the following:
'SYSTZX - th "sys'teF16gic~pcwe7s5pplies are operating nor=any. .'HOTOR :-

~~~~~'#. the blowers and the voltage regulators are operating normally.
-

. , - - .

TheI5531EI. N3diCUT 1Iiirf.when on, indicate that an in or out
.

C .

com=a=d has be#E~dife'c~*~ed to one"of the safety or' regulating groups . This
includes automatic as van as manual co- -ds. It does not. indicate *
ce=mands associated.with',,GreifpT8 because Group 8 may be, moved manuany
while the contrcL systemais- in-the autc=atic =cde. - " ~ ' ' --*

.. . . . . , , . . .,- 1.mm: 1. . -;

The IN LD!II'3I?AS5'~(~1E''Cf)Meh';and la=p when pressed disables all
~0 '

group in limits- E:i: cent Greus 8 'to allev the CRD'$s to be inserted against -

the lover hard step, the.%by ensuring positive engage =ent between the
roner nuts and the leadscrev. The la=p cones on to indicate the in '-it
bypass relay K5h is energiced. - - -

.. . .. _ .

( The TR.CS LESE:' switch, opens the holding circuit to the grcup select re-
lays, thus aucving a different group to be selected for transfer to the
auxiliar/ supply. It may be reset only if the auxiliary supply is not being
utilized by another group (the transfer confir= la=p must be off). The

.

TRANS RESET. lamp is on to'indidate tha, all group transfer enable ' circuits
are in their nor=al state (not transferred). ~ ' - --",

.. . . . .- : . ; --- = ~~ '
The FAULT RES22 switch-resets a fault conditica providei the fault has

, cleared. 'Ibe faults may be asymmetric x=ds, =stor fau'.t, out-inhibit,
' progra=mer lamp fault 'A or 3, or syste= ;over fault A or 3. The lamp

comes on to indicate fault reset relay K38 is energized.
,

The SAE:"? RODS . CUT 3YPASS lampicomes en when the safety rods out bypass
- ~

keylock switch on the rear of TRAWL LIIC LOGIC chassis is in the 3YPASS
positicn. The pushbutton switch is not activated.

.

.

9
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The TRI? P2Srf switch' resets the AC 3reakers, DC 3:eakere, Progra- er~

Controls, 'and the Ilectronic Trips. The I't-LI:.T2 's---s for Grcups 1 -
*

thru 7 =ust be on. The TRIP PISE2 la=p ,ce es en to indicate trip reset /
relay K57 is energi::ed. \

<

|
. '

.

CAUTION t
, ,

-

|

Excessive cycling of the trip brackers
uith the trip reset suitch r cy shortan i

brecker Zifa.
I

!.
>

. .

] The MAU hEANS switch,rjvhen pressed, vill transfer individual rods or a
.

. group of rods to and from the anv'W77 supply. It will not function unless
cla=p is indicated. The SY la=pfvhen on, indicates that the a''v'7 4=7 ,

supply is in phase synchronism'vith either D.C. hold supply or ces of the '

regulating supplies, as applicable. The TR C7 la=p, when on, indicates
the transfer switch has rotated for the ' selected rod or rods to the ="v'Hary
supply. The MAN TR/3S la=p co=es on =c=entar_*17, to indicate the =anual

,

transfer centrol relay K110 was energiced.
\ . . . . .. :.:.::

.

The SEQ-SEQ 3I? switch,.. hen pressed to indicate sequence override, per=itsw

. selection-~of 'the"'disired group for transfer to the auxiliary supply. This
switch also per=its Groups 5, 6, and 7 to be operated =anually out of
sequence. Sequence bypass is not possible in the" auto =atic = ode. When in
the sequ.nce =cde, it pe:=d.ts autc=atic or =anual centrol of Groups 5, 6
and 7 in sequence. ~

,
,

. _ _.:. - - . . . . . . . . . . . .

The GRCUP-AUXIL switchfis used to'esable or disable the group se. . . . . lect logic-
-

in the transfer' logic. When in group = ode, it is not pessible to manually
select and transfer the CRDMs. To be in auxil, the system =ust be in.=anual
and when in auxiliary = ode it is possible to =anually select and transfer

' '
'the C* cms.

.-.

.... - ,

The AUTC-MANUAL'avitch selects auto =atic or -*-"*7 coutrol. To sb.ect'~suto-
-~I =atic = ode, the trip, motor fault,rsequence i=hibit and auto inhibit la=ps --.a

cust be off. Once auto =atie is selected a trip, motor fault, sequence in-
N hibit or auto inhibit vill. revert the systen = ode 'to =anual. It is possible

to select =anual =oda at-any_ti=ss.. The la=ps co=e. on tu indicate systa= = ode
'

,

| of operation. " ' " # """ - ' '' ''

(

.

.

|

r
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.
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The CLA:f-CIX9 EIL svitch.is an alternata action switch, vhereas all of-

the previous pushbuttos/ indicators are =c=entar/ actions. It is used to
'

energice and de-energize the cla= ping centacters that cross-connect the
output of the aumiliary supply with the cu:put of one of the four regulat-
ing supplies er the DC hold supply. It vill not go into cla=p unless
synchronis= is indicated. De white CI;JG la=p co=es en to 1::dicate CIA:G
switch = ode and the a=her CIRT la=p ec es en to indicate cla=p confin
relay ICL21 is energized. De v!.d.te C 102 ?2L la=p indicates CLA:P REL switch

,

mode and the green CLA!E REL la=p comms en to indicate cla=p confirm relay
Z121 is de-energiced.

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

The SFem SELICCR,(JCG-RU2) svitch controls the rotational speed of the -

optical disc at the progrs==nr, which, in tur.., controls the linear speed
' of ,the control rod. Jeg and r.:n corres; cad to 3 anci 30 inches per

min'ute . If the speed selector is left in jeg with the auto =atic control
mode selected, the control rods vill still =ove at run speed. Jag speed

- is not possible in automatic : node.
g r~-

..... -. . . ~ ..... .. ..

The GRCUP-PCSE_|IC3.SELECOR;.SAFETT,3212LAT3 vitch selects the group-

average (absciute) positi'cMdfcatio~s displa/ at the GECUP 16. Four
separata readouts are available at any cne ti=e: the four safety groups
(1 thru h) or the three regulating groups (5 thru 7) and the ApSR group (8).

. . _ .. -- __ _ _ :. .n 77
The,USE22;;*iITEDRAW switc9provides an in or out co==and signal to the
progrs==er =ot'or'vith thE manual control = ode selected, resulting in

'

'

centrol red =otion. It is used to centrol a=7 group in =anual = ode and
Group 8 only with centrol in the auto =a.ic : ode.

. . ~ _ - .. _ _ - _ , . ..

Se SUGL2 SECCT.SCCE'is used to select individual rods within a group
for transfer to the auxiliarf supply. It is used in conjunction vi'' +' e-

-

=anual transfer switch. Single select is also used. vith the relati .I.
~

-

,

reset. pulser to adjust the relative P.I. indication. I

. . - . ~ _ . _ _ .

The GRCUP SZIZC 5VITCH selects groups for control or for transfer. Control
of Groups 5 thru 7 using their group pcvar supplies is possible by rotating |
the group select switch to the desired pcsition with sequence-bypass and

1

manual selected. Group Select is also used to select the desired group while |
resetting the Relative Indication Signal.

.

.

o

|

1

)

,
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3.6 PcSITIos INDICATca PANEL, Figure 1-2
-

(A position indication =eter is provided for each control rod on the P.I.
; panel and is nounted directly in front of the -*4 cc: sole. The. meter,

indicates rod positica in units of percent vin drawn. The vertical-scale
(edgewise) meters are arranged horizontally, 69 in a rev, for convenient .

comparison at a distance. For group identification pu:joses, there are,

provisions for identif/ing rod groups contad-Sg as re,r as one or as
,

;

many as 12 rods. The patch arrangen:ent at the P.I. patch panel orients all

groups and rods within a group in ascending order, sequentially from, 'nd
,

,left, to =isht on the panel. Associated with each =eter are IT LI!ET a l

* CUT LIET-la=ps for that particular =echanis=, a CC.'''"20L 03 la 'p,' and'an .

-

.ALAPM , lamp:me .: --. 2 |
1

Two switches are also mounted on the P.I. panel: One (A3SO'L75G'Lia.
VFOSI1502-SEEi:CT) is used to select either absolute or relatiYe readout l

on the panel display (there should be no sig=ificant difference in red
position when moving from relative to absolute or vice versa). The se-

| cond svitch (PCSITIC3 RF3i:2 RAISE, LOWER) controls the reset pulser,
[ vhich is used to return the relative ~P.E to cero following a trip 'or
| otherwise artificially change the relative P.I. readout. The reset pulser
j is used in conjunction with the group and single select switches at the |

| operator panel.
!

| The IN LIET and CUT LICT la=ps are contro11ei by the absolute. position
switches corresponding to 0 and 100% izi the P.I. tube. The CONTROL C3'
la=ps indicate that a "grou: .f mechanisms or a' single mechanism has been

(
.

transferred (transfer confirm) and is ready to be controlled manually, cr
that Groups.5 thrcugh 8 are under control and =ay be raised or lowered, either
automatically (AUTO =ede) or manually (MANUAL : ode).. The individual' alar:n
lamp indicates an asy= metric alarm, which =sa:s that"a rod is =cre than T inches

of alignment with the average position of all the rods in its associatedout
group.

$.6.1 Control Diode Gates, Figure 1-2

; a Twelve CONTROL DICDE CA"2 plug in modules nu= hared 1 thru 12 are located.

, y on the rear of the P.I. panel. Numbers 1, 2, and 3 contain press-to-

' T' tain press-to-test isolation diot., for the Cw_e.0L 03 lamps.
test isolation diodes for the OUT LIET la=ps. Nu=hers k, 5, and 6 con-|

'

| Nu=bersI y 7, 8, and 9 contain press-to-test isolation dicdes for the II LEET lamps.
r' Nu=bers 10,11, and 12 centain press-to-test isolation diodes for the ALARM

.lamps.

.

- (
,

| -
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37 GROUP IC'! IRS, Fire.re 1-3

Four group average ::reters are.used to disp 127 the group average position
g sig=al. A two-position (SAFITY-7miLA7G) selectcr svitch (GROUP PCSITICH

ETEICAT!C3 SEI2C2) en the centrol panel selects the four safety groups
.

(1-4); or in the SEQ BY? mode groups 5, o, 7, sui S. In the SEQ ::cde, the
two center unters display the Creup 6 and 7 anrage signal. -

3.8 REACTOR TRIP SICTCH, Figure 1-h, 9-7
.

The areactor trip switch, Icested on the operator console, is a fcur channel,
spring Icaded, nor:.. ally closed, guarded, press to open switch. When the
switch is pressed, the CRDM ::sotor power is interrupted. Cha=nel 1 interrupts
power at the A.C. 3rwaker A (TRIP.1) . Cha=nel 2 interrupts power at the

'

A.C. 3reaker 3 (TRIP 2) g Channel"3" inter .: pts penrer a+. .the D.C. 3reaker
C31 ($ A1,1 A2),' the'D.C. Breaker CE2 (d A3, 5 Ak) and' relays El and K2 in
each of the Auxiliary and Groups 5 thru 8 Ilectro=le Trips (TRI? 3). Channel
4 interrupts power at the D.C. Breaker C33 (W CC1,1 CC2), D.Y.' 3reaker C34
(Q CC3, O CCh) and relays K4 and K
thra 8 Ilectronic Trips (TRI?'k)) 5 in each or the Auxiliary and Groups 5

.#
.

39 SYSTEM LOGIC CABI:IET NO.1, Fire.re 1-5
,

The systen icgic cabinet No.1 contains the t s:sfar lohcTircuits.' De-
tailed descriptions of the transfer logic cc. ponents located ih~this. cab-
inet are contained in the following para r=--=: '

s

(
3.10 - TRANS7IR SELICTCR ASSEMBLY, Fir:.res 3-1, 9-2

There are two transfer selector relay asse:blies in systen logic cabinet
No. 1. The assembly in the right side centsins trsnsfer selector relays
El thru K36 and the asse=bly in the left side contains transfer selector

! relays 37 thru 69 'Ihe relays are patched into groups and rods within
groi:ps and, when energiced, supply ILO C: fron the transfer pulser to
the transfer switches in. the transfer cabinets. The seloctor relays are
energized when the GROUP SELICT SWITCH is positioned to the group of =ech-
anisms to be transferred and the SIUGLI SILIC" S ETCH is positioned to
either a single =mchanism or all mecha:isns in the group selected to be
transferred and when the systen is in thm |G_i! node, SEQ 3Y?, AUXIL = ode,
J0G speed, and CLAMP mode.

.

D

.

8
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3.11 TRA:IS723 LCGIC, Figures 3-2, 9-2

The transfer logic asse=bly contains the relays that =ake up the transfer (logic centrol circuits, and control the transfer of a group of rods or a
single rad, to and from the auxilia:/ regulating supply. It also contains
the transfer confirs diode gates.

'

.

'

3. u.1 Transfer Reset

After a rod or a group of rods has been transferred from the a"*71ary
.

)supply, the transfer logic circuits :n2st be reset. This is ace ==plished
by pressi=g TRA!TS EESET switch S8 on the centrol panel. 2:is applies +24
rolts through closed centacts of de-energized transfer confirs relay K55
(in the co= mand logic) to the unlatch coils of group transfer select relays

~ K101 thru EOS and group select lockcut relay.
,

This places these relays in the unlatch xsde and inhibits relay n09 un-
til a group is selected fbr transfer. Contacts of the relays E01-n08
inhibit cla=p control relays n-n2, the transfer synchroni:er , and
transfer selector relays K1 thru K69 A set of latch contacts for relays
E01-n08 is used in the cc= mand logic circuits to inhibit the CCrROL CN,

la=ps for the eight groups. A set of unlatch centacts for relays.n01-
n08 is used in the connnand logic circuits to enable the lock-in function
of the ce= mand transfer relays.

3.n.2 Group And Single Select
.

-

'Ibe GROUP SELECT S*JITCH on the :or.i.rol panel selects the group to be trans- (
-

ferred. The group transfer sels:: relay (EC1 thru EOS) when selected \
vill latch if in the manual, anW7 4 an, and sequence override = odes of
cperation.

One mer anism select transfer relay (n61 th 2 KIT 2) is energized when
selected by the SI: IGE SELECT S*JITCH, and cla=p confirs relay U21 is
energized. All relays are energized when SIZ:.,3 SIECT SETCH is in the3

ALL position, and K3C0 is energized.
.

3.11.3 Synchronizing

The synch relay K56 energizes when it recei/es a synch confirm signal
from the transfer synchreni:er synch relay no. Energi ing K56 enables
the clan: ping contactor lock-out relay n20.

3.11.k Cla= ping
.

i The cla= ping co. . setor lock-out relay E20 energi:es when the CL/JT-CLAMP
| REL switch on the control panel is pressed while synch relay K!6 is en-
' ergized. . This enables the selected cla= ping contactor ecutral rel:f r

th: .t K12 cn the els= ping contactor centrol relay assenbly in system logic -

cabinet :To. 1.
.

b

(
.

$
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3.11 5 Transfer

The r.anual t:1nsfer control relay nio energi:es when the MAN TRAUS switch
on the control panel is pressed, and the cla=p confirm relay N is en-
ergized.

3.11.6 Control Diode Gate. *

Centrol diode gate DG-1 contains transfer conf 1= isolatien diodes CR1 th:Et
CR24 for transfer switches 1 thru 24. Control diode gate DG-2 contains
transfer confirm isolatio" diodes CR1 thru CR2h for transfer switches 25 -

thru k8. Control diode gate DG-3 contains transfer confirs isolation diode*

CR1' thm CR21 for transfer switches 49 thru 69 Refer to Figure 9-1.
t

3.12 CLAZEING CONTACTCR SELECOCR ASSIM3LT, Figures 3-3, 9-2

The clampiug contactor selector assembly contains cla= ping contactor sel-
ector relays K1 thru K12, which are energized when they are selected by
the GROUP SELICT SWITCH on the control panel, and the CLA!G-CLAI@ REL

' switch is pressed while synch relay K56 is energized.

Relays n3 and n4 are autenatic bus transfer relays (AST-2) and are used
to naintain 220 VAC power to energ!.:e the cla= ping centactors. AC BUS
30.1 is the nain source of power and in the event BUS NO.1 fails the ~

load vill transfer to BUS 30. 2. If either n3 or nh fails, the load
transfer to BUS 30. 2 and PL3 comes on. ?L1 and PL2 rennins en as icng
as power is on SUS HO.1 and SUS HO. 2.

s

3.13 TRANSIER SYNC 2RONIZER ASSE3LY, Figures 3-k, 9-1,114

The transfer synchronizer is used to cenpare the states of the motor phase
outputs A, B, C, AA, 3B, CC of the Reg 1.laning Power Supplies or A and CC
phases of the D.C. Hold Power Supply to the Amr'11ary ?cwer Supply notor
phase outputs and veriff that they are identical to the phase relationship
output of the A" Wary Regulating Power Supply. It is not possible to
transfer unless the Auxiliary Supply is synchronized with the selected
group supply (Regulating or D.C. Hold).

,

e #

e

S

e

k '
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,

a
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The transfer synchronizer coc: pares the output = tor phase relationship
between the selected Regulating or D.C. Hold ?cver Supply and the Auxi-
11ary. In the event a difference exists in the outpun phase relatienship,

('
the transfer synchreci:er signals the Auxilis.:f ?cver Supply progra==er
=otor to drive in the INSERT direction at jog speed until the output
phases are matched. When the =otor, phase outputs are =atched, a . synch-
renous signal is supplied to the operator panel. The signal is a verifi- .

cation that CLAt? can now be effected for transfer.

3.1k AUTOMATIC.3USTPdNSFERASSE:5.L'/, 71gures 3-5, 9-2, 11-6
.

..- --
* - , ,

. . . .~

The ABT:sss'e=bly loeated-in the:'rearrot systa= logic ' cabinet No.'.i.7%
~

(herea.fter-~No. 2 azec. referred. to as 'ABT-1.) oce..i..s..tes als f.o.r.o.ws 2. ' B. us"No. .1.L nd 3us ,.a.n .
.

on.T33f.04 9
-

at onnected.;to M T and..T32Wrespectively.-Z Cutputris . ..
At rior=si10itate"3ds['No(if,edersizesi''1ihe,jol[ age .N1ay (1V) throiighi312

' *
3.

itest switch. ,.Its.contactealso energines; the ?: ansfe:-'Svitch (TS).;frem Q.
. ..

' Bus NodIFoutpuCininor=al' state is. Bus No71.. | At loss of' Bus' No.'.''.1,Th-

the - voltage'', relay, ;dMnergizes ithus opening 'cl.%. uit. to. transfer's.rltch
-

, The not .al contacts;,o'f',:the.. transfer switch open and the excergency j:en ;@g.1
tacts cIcse, placing 3us;.No.12 at the ,outputMTest switch.51. is used.
checE the . A3T .andito;=anua.ll.y'; svi.tch.e b.uses_f,1f.e".:s. pair c=' one.. b.us. ti. s m.Lto,

-
- .si,

quired g r,
. .. .

.

-- - -
--

%- .- .

3.15 SYSTEM LOGIC CABINET NO. 2, Figtre 1-5

Detailed descriptions of the components located in this cabinet are con- '

tained in the fol' . : .2g paragraphs.
_

3.16 VITAL.a nREGULATED BUS CIRdUIT BPZi.ift"?!.ib.',.; Figures 3-6, 9-8
. .. ~ -- . . , . .

This panel protides circuit protection and pcvar indication for 7IT!4 3US
30.1 (C32 and PL2) and REGULATED BUS (C31 and PL1). C AL 3US NO. 1
feeds power to Logic Supply "A", Pcrer Supply Panel, and the Transfer
Pulser. .

The REGULATED BUS feeds power to Logic Supply "3", +153 power supply.
-153 power supply, and +53 power supply.

3.17 METER PANEL, Figures 3-T, 9-9 .

;

Se six panel a=ceters =ccitor the system neutral current. The total s/ stem
neutral current is the sum of all six meters. The a aters offer a =ethod -

of visually =enitoring any system unbalance. The a==eters are connected
to the Transfor=er neutral shunts located in the D.C. return lines of the "A"
and "B" Power Transfor=ars. The three =eters on the left side of the panel
(!G, M2 and M3) are connected to Transfor=er A and the right side (M4, M5
and M6) connected to Transfor=er 3.)

.

.

-

(,
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3.18 VOLTAGE RICULATOR CCHTROLS, Pigures 3-8, 9-9

Two variable tmsfor:ers are used to adjust the reference voltage supplied
(3 to the Voltage Regulator A and 3 voltage sensing circuitrf. The reference

is used to raise or lever the Voltage Regulator output to =aintain a fixed
phase-to-neutral output voltage to the "A" and "3" power transfor=ars.,

Once the variable transfor=ers are properly adjusted, the shafts are locked,

in place to prevent accidental changes. Adjust =ent is required caly during
initial start-up. Adjust CW to increase voltage; CCW to decrease voltage. -

,

3.15I PCWER SUPPLY PAEL, Figures 3-9, 9-8

. The power supply panel contains precisica pcuer supplies for the RPIs.
For s~ detailed description of the 0-20 VCC power supply, refer to vendor
manual, D.C. POWER SUPPLY, MODEL 2005A, POWER DESIGN IUC. For a detailed
description of the +15 VDC and -15 VDC power supplies,. refer to vendor |
=anual, D.C. PCWER SUPPLY MODEL 3D15 - 1.2 POWERTIC. .

.
-

3.20 LOGIC SUPPLY, Figures 3-10, 9-8 -

I
The +24 volt power supply receims 120 VAC at the prbef of transfor=er
T1. Transfor=ar T1 has a center tapped seconda.y and diodes CR1 and CR2
provide full vave rectificatics. Resisters R1-R4, capacitors C2-C5, and
inductor L1 provide the necessary filtering. Capacitor C1 and a second-
ary vinding of T1 form a resonant circuit with the tapped secondarf.

( This circuit provides regulation by satursting the core The +24. . . .

volt output is applied through a D.C. circuit breaker to an undervoltage
relay coil and to a switching diode. If the D.C. output falls below 18
volts, the undervoltage relay drops out. Ccatacts of the relay are used
in the inhibit-fault logic circuits to provide a fault indication.
Diodes CR3 and CR4 are used to automaticany select between the +24
volt outputs of the two 24 volt supplies. The power supply having a
siishtly higher output is the controlling st. ply and the diode at the-

output of the other supply is reverse biased. If the controlling supply
fails, the other supply assumes the load. The output voltage is dis-
played on OUTPUT VOLTS meter M2 and the current is displayed on OLTPUT
AMPS meter M1.

.

3 21 TRANSFER PUISER, Figures 3-n, 9-1, n-n
.

The transfer pulser provides a 140 VDC, EO =s pulse to actuate the =otor
power transfer switches when a 24 VDC transfer ft:=ctica signal is received,
fren the systen logic. l

Power supply PS-1 provides a +2kV output which is applied through R9 an6.
CR4 to forward bias SCR-1, when the Carlingten ec==cs collector q3 and 8
is turned off. When q3 and qh is tu=ed on, the positive gating s$ ,.1 |

for SCR-1 is shcrted to grcund through the e=itter of qh. I
i

f( |

.

9

.
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Zener diodes, CR1 and CR2; the Darlingten co==:n collector, Q1 and Q2;
and their associated cc=ponents provide +127 reguisted power for the
integrated circuits.

(

Se +24V transfer function signal is applied to pin 1 of photon-coupled
isolator IC1. Output "1" is applied to pin 1 of nor gate IC2A, and reset
"0" is applied to pin 2. The 110 ns time delr/ circuit, (R6, P1, C3),

,

discharges through IC2A pin 3 to ground, (IC2 pin 7), as IC2A output gees
to "0". The "1" at pin 5 of IC23 goes to "0" for 110 ns and creates a

~110 mi1Hsecond "1" pulse at the output of IC23 pin 4.

The outp bt of IC23 then is applied to two pla:es. First it is inverted
tvice by' IC2C and IC2D to place a "1" at the base of Q3 The Darlington
ce==on collector turns off which in turn fires SCR-1. Secondly, the output
of IC2B is applied to the 3 5-second ti== delay reset circuit Ch and RT,-

Ch charges and bleeds off through RT, placing a "1" at pin'1 of IC3A for
3.5 seconds. IC3A inverts the "1" to "0" and IC3B inverts the "O" back to
a "1" again, placing a "1" cn pin 2 of IC2A. Se "1" is inverted to "0"
by IC2A and holds C3 at ground potential, (discharged). After 3.5 seconds,
the reset ti=e delay has bled off naking both inputs to IC2A "0" and the
cutput a "1". C3 then recharges and is rest,- to be discharged again.
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3.22 +2h VDC' CIRCUIT 3RF.XGa AS3I'3LI, MgurM 3-12, 9-8

The +24 VDC circuit breakers apply +2. VD0 power to the systes logicI

ce=penents as follevs: C310 to the CD:O'A'*D ICOIC; C311 to the TPETSFIR' .

LOGIC; C312 to the INHI3IT FAULT LOGIC and SYSZ! MCliITCR; C313 to the
P.I. RESET LOGIC; C314 to the TRAVEL LECT LOGIC and POSITICH FIFIPIHCI
panels. -

.

3.23 W-2 UIUTRAL BUS, 71gu.res 1-3, 9-8
.

'Ihe , vertical bus bar in system logic cabinet su=ber two is a cor=:en tie
point for the system logie neutrals, g o=ds and returns to hold them at
one potential.. The cabinet grounds and earth ~ bund are connected- here
for safety. 7-2 is also connected to the P.I. retu:n buses W-l'in SLT

. and SLS.

3.24 SYSTEM LOGIC CABDEI No. 3, 71irme 1-5

Detailed descriptions of the co=penents located in this cabinet are
- contained in the following paragraphs.

3.25 TRAVEL LIMIT LcGIC, Figures 3-13, 9-3

The travel 1**t logic chassis contains * i#-'t relays K16 thru K23 for
Groups 1 thru 8; out limit relays K24 th= K31 for Groups I thru 8; relay
drivers for K16 thru K31; safety rods o= control relay K39, sa' * rods outA
lidt relay K39A, in limit bypass relay K3h, and the press-to-t_- . solation
diodes for IN LDE and CUI LIMIT la=ps en the control panel.

3.25.1 In Li=it Logic

In limit relays. K16 thru K23 energize when ene red in each group reaches
an in limit. When each relay (K16 thru K23) energizes it opens contacts in
the ec==and logic circuits to stop the insert ec=nand for each Group 1 thru8. Pressing the IN LDE 3YPASS (LATCH) switch on the control panel ener-
gizes in limit typass relay K54 which in turn de-energi:es K16 thru K22 to
permit the rods to inse-t far enough to ensure positive engage =ent between
the leadscrew and roller nut. When the switch is released, K16 thru K22 en-
ergi:e again and stop the ihsert ce=nand.

3.25.2 out L1=it Logic
.

Out li=it logic relays K24 thru K31 energi:e when ene in each group reaches
an out limit. When each relay (K24 thm K31) energi:es it opens contacts in
the co= sand logie circuits to step the withdrsy ce=nand for each Group 1 thru8. Safety rods out li=it relay K39A is energized when out li=it relays K24
thru y27m sre energized.

.

~
.

'
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3.25.3 Safety Reds out 3rpass

When K39A is energized, it energi:es centrol relay K39 K39 =ay also be (. energized by the safety rods out bypass keyloc*c switch en the back of the
travel li=it logie chassis. K39 =ay hold itself energi:ed through a set,

of its own centacts while the :ysten is in the auto =atic = ode of operation. .

This per=its the Integ-ated Control' System to insert the regulating rods to
obtain a 60 percent reactor power level shouli cae of the safety groups drop.

3 25.h Relay Drivers
.

Relay drivers for the in li=it relays are en odule RD-1 and am forward
biased by a +2h VDC signal from the in li=it signal from the CRDMs. RD-2
is identical to RD-1 and contains the cut li=it relay drivers.

3.25 5 Synchronize At cut Li=it Relay Kho. Figure 9-1
.

.

~-

While withdrawing one of the safety groups on the auxilia:7 supply, nor=al2y
closed contacts of KhD enable the co==and withirs r circuits past the out
limit, until the phase 3B motor power sig=al energi:es K40 through nor aMv
open contacts of the co==and transfer and out 11=Lt relays of the particular
group being withdrsvn. Energi ing Kho opens the nor= ally c1csed contacts '
and disables the withdrsv co==and.

In run speed, the progra==er motor vill stop en passes CC/33, and AA, and
the 3-2 hold circuit vill drive the =otor invard .to phases CC, 3B and then
step. Nov, the safety group is prepared to synchronize, (by driving inward
only one phase to CC, A), without danger of losing out li::dt when transferri=g (
back to the DC hold supply. A,

In jog speed, the safety group will stop en phases 33, CC, and A, and drive
back to CC and A. Being synchroni:ed to the DC hold st.pply, the safety
group is ready for transfer.

'

.

NOTE

In , fog apaed, remove the uithd:11
cwasnd by releasing the ir. sert-
withdecun handle on the system logic
control panet. Othewise .;:40 vill
energize again and drive ths group
ouWard to 23, CC, and A, a-d the
3-2 hold uilt drive the gr::.c back
inuard to CC, A cc:tsing osci1 ction *

at the out limit.

.

|
|
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3.26 cC!c'AHD LOGIC, 71gures 3-13, 9-1
m

ne co-md logic circuito control - he withdrawal and insertion of the
regulating gr:n:ps (Groups 5 thru 7', either auto =atically or =as"-ny. The,

cc==and icgic circuits allov =anual control of the safety groups (Groups 1
thru h) after the groups have been transferred fron DC hold to the auxiliary-
regulating supply. In addition, the co-a-d logic allevs =anual control of
APSR group (Group 8) when systen is in auto =atic =cde. .

'

I
3.26.1 -Withdraw And. Insert Co==ssd. . ,.a... s--- .

me ,reguistin.: r.. . ilia. . . . . . .. .d cirduits receive.>.120 VAC vciltage'7_ . . . . . - ~ . . -. . . . . . . _ . . . . . . . . .
.

g and aux ry groups c - --

from the 120 VAC.Pever|Dist:ibutics panel.in. the DC Eol'd SupplyD.The 120 -f
VAC passes through the co==and.. logic and energises the withdraw and insert -
relays in the progra==er'.'contrid. 3 f cer:ain systas logi,c, ' conditions (as-'^'~~

su=.ing no faults) . are ::at:T ~ ~ ~ ~
--

. . . .

-

e...

1. Before the regulating croups 5, 6 t. 7 enn withdraw sequencia117,
safety Groups 1 thru 4 =ust be at their out li=1t.

*
f

2. No groups can withdraw past its .out li=it.-

3 No group can insert past its in li=it, except vhes in'the
in li=Lt bypass = ode, (Group 8 excepted).- ,

s

4. For manual operation, a group and/or rod (s) =ay be selected
' and =oved in the SEQ 3YP =ede. In f.he SEQ =cde, only groups

=ay be moved and only in sequence (safety groups e=cluded,
. see step 6). .

.
.

/

.

.

.

1. |
|
|
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5 'The in or cut co==and relays =ust be enerst ed by the ICS or
,

INSERT '4ISDPET svitch on the control panel. (
'

6. The safety groups =ust be transferred to a.ucilia:/ supply in
*

order to =ove. ,
,

T. Before Groups 5, 6, and 7 vill withirsv and insert in the
'' autc=atic mode, the system =ust be in the group, sequance, and

automatic = odes of cperation. .

I

f NOTE

FThe groups vil2 move ~at the ' peed ss;s.

tacted,. RUR or J0G, *s= cept- Groups 5,. ;
.

.

- 6, cnd 7 uhich vill *mus at RW avsed . -

only, uhils~in ths..aut M *mcda'of. f
,p, y..~..... .

.v

-
.

3.26.2 Group Select Switch

Allows selectica of any group to be transferred to the auxiliary supply
while in the sequence bypass, manual and a"W'4 a:f = odes.

Allows selectica for control of any Groups 5, 6, or T vhile in the sequence
bypass, manual.and group modes.

Allows celection for =anual control of Group S while in either =anual or
autcmatic -cdes, sequence or sequence bypass modes and in group =ede.

3.26.3 Transfer Lockout 2-
~

Transfer lockout relays K99 and *G prevent the transfer of = ore than or.e '

group to the auxiliary supply. Two relays are used for a ti=a delay to
ensure the selected command transfer relay has ti=a to lock-in through a
set of its on contacts.

.

e

.

/ *

*
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3 26.h Auto =atic Mode .

4

Setting the A!EO-M/UI switch S15 en the c:: trol ;snel to the Atro = ode:

~| ( energi:es the unlatch coil FF of relay CIA, which closes contacts to ener-
gi:e C13. Releasing switch S15 energi:ss unlatch coil N. Energi=ing coil
N enables the reir/ for the change bac% to the =anual = ode. Energining
K113, completes the automatic out ec-=-i circuits by energi:ing relays
n5A and n53 when the following rela */s are closed: out inhibit relay K33,
auto inhibit relay K34, out inhibit reir/ K32. The in ce~and circuits
are ec=pleted by contacts of auto inhibi relay K3h and contacts of K113 ~

to in comand relays EhA and Ek3. Inergizing K113 also closes contacts
to signal the plant ec=puter and ICS, respee*ively, that system logic is
in khe auto =atic ::cde.

.

. 3.26.5 Aute=atic Run Out .

,

Relay K53 is energized through contacts of reldys K353 (sequence-sequence
bypass), K35 (Group 5 sequence enable), IS9 (sequence fault), and K103
(group-auxiliary). Energi:ing K53 closes centact 12, which is,in the
regulate out (rm out) circuit. Energi:ing K53 also closes contacts to
turn on REGULATING CCNTROL ON la=p (on the control panel) and closes
contacts to couple +24 volts through dicie gate (13) to tur.i on Group 5
CONTECL CN la=ps on the p.I. panel.

' The cad logic receives an autc=atic cut co==and fros' the ICS that is
i applied through the centacts of relays K3h, 'K33, K113, nkA, K1h3, and K53

to energize c.,ut co= mand relays n5A and C53. Inergi ing CSA and K153
closes contacts of both relays, which ec=pletes the circuit for the 120.

( VAC fron the program =ler control through :elays K53, K28 (Group 5 out list),
n5A, K153, and K12 (Jog-run) to energize regulate out (run out) relays
K6 and K12. Energi:ing K6 and K12 starts Group 5 =achanisms to begin with-
drawing.

Energi:in's relayriE5A and K153 also closes contacts of both relays to
turn on the CRD TRAVEL OTE la=p on the centrol panel.

When Group 5 reaches the 75 iiercint imi, contacts of 787 (controned bf-

automatic sequencer circuits). close and energize relays K63 and KT3.
Inergi ing K6B and KT3 closes contacts viich applies 120 VAC through the
centacts of K29 (Group 6 out lidt reirf) and K30 (Group 7 out lidt relay),
KISA, n53, and K12 to energize regulate out relay K6 and n2 in the ' pro-
gra=ner control asse=blies of Group 6 and Group 7 regulating supplies.
Energizing K6 and K12 starts Grcup 6 and Group i =achanis=s to vithdrav2,

'

Contacts of K23 (Group 5 out lidt) open when Group 5 =echanis=s reach the -

out li=it, stopping Group 5 vithdrav ::tien.

Energizing K63 and 173 also closes contacts to turn on regulating gr=ups
CONTROL CN la=ps for Group 6 and Group 7 on the centrol panel, and cicses.

to supply +24 VDC through diode gates to turn en Group 6 and Grcup 7
CONTROL CN la=ps en the p.I. Panel.

1
!-

.

f '%

.
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Centacts of K85 c;en when Group 6 and Group 7 :schssis=s reach a level
greater then 26 percent, de-energi:ing K53. Group 5 vill reach its out
li=it at approxi=ately the sa=e ti== that Group 6 and T reaches the 26 (-

percent level. De-energizing K53 opens contacts to re=ove 120 VAC frem
the progra==ar centrol insert and withdraw circuits. Also, contacts open
to tum off CCHT20L CN la=p on the centrol pa:e1 and contacts open to turn *

'

off the Group 5 CONTROL cn la=ps on the P.I. Ptsel.

Lhen the auto =atic out co==and fica the ICS is re=oved from the ec==and
11gic, relays n5A and n53 de-energi:e. De-energizing n5A and n53 opens -

the circuits to the regulate out relays K6 and n2 in each of the pr.gran=er
control asse=blies for Groups 5 thru 7 Alsc, centacts of both relays open
to turn off CED TRAVEL CUT la=p en the centrol panel.

.

3 26.5 Autc=atic Run In.

The ec= mand logic receives an autc=atic in ec==and free the ICS that is
applied through the contacts of K3h and n13 to energL:e the in ec==and *

relays EkA and Ek3. Inergizing EkA and Ek3 applies 120 VAC from the
progra==ar centrol asse=bly through contacts of K63, K21, nkA or Ek3,
and K12; contacts of ri3, K22, EkA or EkB, and n2 to energi:e the
regulate in relay K5 of the progrs==er control asse=blies of Group 6 and
Group 7 regulating supplies respectively. E=ergizing bcth K5 relays
starts Croups 6 and T to insert.

.

Energi ing nkA and Ek3 closes contacts of bcth relays to tu n en CRD
TRAVEL IN la=p on the control panel. REGULA"CG GROU?S CONTROL CN la=p
on the cent.rol panel re=ains on through contacts of .ergized K63 and IT3 (for Group 6 and Group 7 respectively. The CO IECL CN la=ps on the F.I.
Panel for Group 6 and Group 7 re=ain on' through contacts of K63 and KT3
respectively.

. .. . .. .,

' When Group 6 and Group 7 insert belov~the 25 percent level, contacts of
K85 (controlled by automatic sequencer circuits) close and energize K53.
Energi:ing K53 closes contacts to supply 120 VAC from the Group 5 regulating
supply progra==ar control asse=bly through centacts K20, K14A or Ek3, and
K12 to energize regulate in relay K5 Energi:issK5startGroup5=echanis=s]
to insert... . .

,

Knergizing K53 also closes contacts, turning en RIG *TJTUG GROUPS CONTROL iw

CH 1a=p on the control panel and closes conta:ts to supply +2h VDC through ;

1diode gates to turn on Group 5 CCNTROL ON la=ps en the P.I. Panel.
!-

Contacts of K21 (Group 6 in li=it relay) and 22 (Group 7 in limit relay) -

open when Group 6 and Group 7 reaches its rer.pective in li=it, de-energi:ing
K5 in the progrs==ar control asse=blies stepping group 6 and Group 7 fr:m !
inserting. )

I

.

1

(
.
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'4 hen Group 5 descends belev Th percent level, contacts of K8T open and
de-e tergize K63 and KT3. De-energi ing K63 and KT3 cpens contacts to
re:nve 120 VAC frem the insert and withirav circuits to the progra==er

g controls asse=blies in Group 6 and G: cup 7 restlating supplies, respect-
ively. De-energizing K63 and :G3 cpens contacts that turns off the
RIGULATUG G2Cu?S CC:CRCL C3 la=ps e.d contacts cpen to turn off the COIC20L
C3 la=ps for Group 6 and Group' T on the ?.I. Panel.

Ccntacts of K20 cpen when Group 5 reaches its in li=it, de-energizing relay
K5 'in the progr-ar centrol asse=bly to step Group 5 frem inserting. should

.

the ' autc=atic in ec==and frcm the ICS he re=oved from the ce==and logic during
the> insertion of Group 5, relays K14A and nka, vill de-energize. De-ener-
gising nkA and :C43 open contacts of bcth relay to de-energize relay K5 in
the Group 5 progra==ar centrol. asse=hly to stop inserting Group 5 Also,

~ contacts of both nkA and :Ch3 ope.a. to turn off CRD TRAVEL I3 la=p ca the
control.

REGULATING GROUPS CONTROL CH la=p on the control panel remains on through
centacts of K53 vith Group 5 at its in 't-4t positics. Relay K53 re=ains
energized through contacts of KSA, conta:ts of K353, contacts of K85, cen-
tacts of K89 and contacts of K103.

3 26.T Group 8 Withdrawal
.

' y- Group 8 withdEaval is a. . ..... . -. . ..ra:c=plished =anuallyJ GROUP SELECT switch on the
.

. . . .

centrol panel is set to 8, energi:ing relays'KSS 'and KSC. Energi:ing
K8B closes centacts to ec=plete the cire.:it. fro = the MANUAL I'C:CROL switch
to the Group 8 out cr*--d relays n58A and E583. Also, contacts close,'

g enabling the insert and withdraw circuit.

Energft:ing K8C c1:ses centacts to turn en APSR COICROL CN la=p en the centrol
panel and closes centacts to supply +2h volts through diode gates to turn
on Group 8 CCUTROL CN la=ps on the P.I. panel.

-
i

Positiening the MANUAL CO:CROL switch to IIITEDRA*i applies +2k volts
through the contacts of relays K8B, nh81, KikS3, and K32 to energi e Group
8 out ec==and relsys E58A and E583. Inergi::ing n58A and K1583 closes
contacts of each relay to supply 120 VAC frem the progrs==er control i

through the contacts of K83, K31, n58A, n583, and n2 to energize K6 and
n2 in the prograc=er control. Energi ing K6 and n2 starts Group 8
=echanis=s to begin withdrawing. Contacts of relay K31 open when the Group -

8 mechanist:s reach the out li=it, stepping the out =ction.

.

.
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3.26.8 Group 8 Insertion

,
Manual insertion of Group 8 is accomplished by =cving the M.ANUAL CCNTROL ( i

switch on the centrol panel to INSIR2, applying +2h volts through contacts
of K83 to energi:e Group 8 in co= sand relays nk8A and Ch83. Energi ing |
K148A and K1483 supplies 120 VAC from the preg-a---r centrol through cen-

. I
tacts of K83, contacts of either Ch8A or nk33, and contacts of K5k, '

contacts of K23, and contacts of K12 to energi:e regulate in relay K5 is
the progransner centrol. Energizing K5 sta.r:s Group 8 to inser ing.

Contacts ,K23 ope = vhen Group 8 reaches the in li=it, de-energi.:ing relay |
K5 and sjopping the =ovement of the group. G20UP SILICT svite's en the
control panel is set to 0FF, de-energizing relays K83 and KdC. De-
energizing K8B opens contacts, removing the 120 VAC frc= the insert and
vithdraw circuits for Group 8. Contacts of K83 cpen to break the circuit.

betvcen the MANUAL CCNTROL switch and Group 8 in cad relay nk8A and
nk8B.

De-energi:ing K8C opens contacts to turn t ff A?SR CONTROL 02 la=p on the
centrol panel and opens ccatacts to tue i off the CCNTROL C3 la=ps for '

Group 8 on the P.I. panel.
,

3.26.9 Operation of Regulating Groups In Masumi Mode

Group 5 thru 7 operate from the regulat'ing supply the sa=e way as in =anual
mode only if the system is in manual and sequence-bypass = odes so culy a
description for Group 5 vill be presented. -

NOTE (

' Grote 5 and Groto 6 & 7 uilt uithdrs
and insert in se' uence, in responseq
to the automatic sequencer, if the

.

system is left in sequence r. ode.

.

i

| *

|

,
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CROUP SELEC:' S'4ITCZ S1 on the control panel is set tr 5 SEQ-SEQ 3YP,

switch S13 is pressed to the SEQ BYP position, ene7/gizing the unlatch coil
T? of relay K35A which closes contacts of energi e relay K353. Reless-
ing SEQ-SEQ OR evitch energi:es unlatch c:11 N of K35A. Energi:ing un-

( latch coil N cpers contacts Z-T and closes contact Z-X to condition the
relay for the change back to the sequen:e node.

Energizing K353 elesee contacts' which energi:es KiB and closes centacts
which turn on SEQ SY? la=p cn the control panel. Energizing K53 cicses
contacts in the 100 VI.C circuit to the it. sert-withdrav relays. Also,
contce s close to turn on REGULAT NG C0;I2CL ON la:cp on the control panel, -

contacts d ue to supply +2h volts thr=uf. diode gstes co turn en the
CCUTROL C3 M=ps for Group 5 on the P.I. penal.

t
Setting the MANUAL CONTROL switch to WIri41AW supplies +24 volts through,

contacts of K8A, centacts of K83, contacts of Ill3, contacts, of K1hA,
'. contacts of Ek3, and contacts, of K32 to energi:a out com=and relays

n5A and n53. Energizing CSA and E53 closes contacts which supply 120
VAC through contacts of K53, centacts of K28, contacts of both n5A and,

K153, and centacts of K12 to energize rep::. late out relays K6 and K12. K6
and K12 start Group 5 to withdrawing. Releasing the MANUAL CONTROL
switch steps group out =ove=ent by de-energizing H5A and n53 vhich cpens
contacts to de-energi:e miays K6 and n2. De-energizing ESA and n53
opens contacts of both relays to tv . off CAD TRAVEL CUI' la=p on the
control panel.

.

Setting the MANUAL CONTROL switch to Ir$2Er supplies +2h volts through
contacts of K83, conta' cts of K8A, .and contactr of '"' R to energize in
cc:ssand relays EkA and n43. Energizing nkA and nhB closes contacts of

(' both relay.1 to energi:e relay K5 Also, contacts of both relays close te
turn on CRD TRAVEL IN la=p on the contr:1 panel. Energizing K5 starts |Group 5 to inserting. Setting MANUAL CC:: TROL switch to the center

^position de-energi:es EkA and Ek3. De-energizing nkA and EkB opens
contacts c:' both relays causing relay K5 to de-energize, stepping Group 5
in nuovemerit. De-energi ing nkA and HL3 also opens contacts of both '

relays to turn off CRD TRAVEL IN lamp on the control panel.

.3 26.10 Manual operation of Safety Groups Cn Auniliary Supply

The command logic circuits have to be set and a transfer =ade before a
group can be moved en the auxiliary supply. After a transfer is acco=p-
lished, the command logie circuits are reset to enable operation. Since
the operation of all groups on the a"* 'ar-/ supply are si=ilar, a de-
scription for Group 1 caly vill b'e presented.

.

GROUP SELECT switch on the control panel is set to 1. SEQ-SEQ 3YP switch
S13 is pressed to the SEQ 3YP position, energizing unlatch coil FF of relay
K35A. Energi:ing unlatt.h coil FF closes contacts to enargize K353. Re-
leasing switch S13 energi:es unlatch coil 3. , Energiring coil N cpens
contact Z-Y and closes contact Z-K to set the relay for the change back
to the sequence node. -

Energizing K353 eloses centacts in the co-~-d ransfer relay circuit and
c1cses centacts to turn en SEQ 3YP 1s=p en the. control panel.

(
t

.

|
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GRCUP-AUXIL switch Sik is pressed to select the AUTlL : ode, energi:ing un-
latch coil FF of relay n0A. hergi ing u= latch coil FF closes centacts '

(to energi:e COB. Releasing S14 energi:es calatch coil N. Energi=ing
unlatch coil N opens centact Z-Y and closes centact Z-X to set the

1

relay for the change back to the g: dup ::cde.

Energizing COB closes contacts and energi:es Group 1 co==and transfer
relay E. Relay n iceks in through its own centacts and contacts of relay -

n01. Relay Col is centro 11ed by the transfer logic circuits. Energis-
ing relay n closes centacts to energise reset relay K99 Energizing E99
closes contacts to energize transfer ce=nand lockout relay K9, which
inhibits energizing ar.y other group comnand transfer relay. Energi ing
relay n also closes contacts in the auxilia:y regulating supply insert-~

vithdraw circuit and contacts closes to turn on SA72TY GROUPS CONTECL
CN lamp on the control panel. Two sets of centacts fren ECB enable the
transfer logic and one set of COB centacts disable the transfer reset.

SPEED SELECT switch Sk on sne control panel is set to J0G and energi:es '
jog-run relay K12. Energi:ing n2 closes contacts in the jog relay cimit.

After the transfer is completed, transfer ecnfir= centacts c1cse, e.ter-
gi ing transfer confir:s relay K55, turning en the ccN 20L CN la=ps for
Group 1 on the P.I. panel. Energizing K55 closes contacts to turn en
TR CF lamp PL47 and opens contacts to inhibit the reset circuit. A set
of centacts of K55 is used in the transfer logie circuits to inhibit the
transfer reset circuit.

. .

After the OR CF lamp com.es on, GEOUP-AUIIL switch S1k on the centrol panel I
'

is pressed to select the GROUP mode, energizing latch coil FF of K10A. En-
ergi:ing istch coil FF opecs contacts to de-energi:e group-auxiliary relay
. n03. Releasing S14 energizes latch coil L Energi:ing latch coil N
closes contact' Z-Y and opens contact Z-X to set the relay for the change
to the auxiliary mode.

De-energi:ing n0B closes contacts to tum en GROUP la=p PL50 on the control
panel to INSERE applies +24 volts through contacts of ISB, contacts KSA,
and contacts of n1B to energi:e in comand rela *fs :C4A and E4B. - Ener-
gising n4A and E4B closes contacts of both relays to supply 220 VAC
from the p ogrammer control through contacts of E20, contacts of E4A or-

n4B, contacts of n, contact of E6 and contacts of I22 to energi:e
jeg in relay K8. Also, energizing K14A and E4B eleses contacts of both
relays to tum on CRD TRAVFl. El la=p PL34 ce the control panel. Ener- .

gi:ing K8 starts Group 1, which is now on the au=iliar; regulating
supply, to inserting. Setting MANUAL CONTROL svitch S3 to the center
position de-energi:es n4A and E43, which de-energi:es jog in reley K8
to stop the insert motion of Group 1. Also, de-energi:1.4g EkA and
K14B turns off CRD TRAVEL Ef lamp ?L34 on the control panel.

.
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Setting liUIUAL CO:I*'ROL switch S3 to L = R;J (spring return to center)
supplies +2h volts through centacts of 3A, contacts of K83, contacts of
CIS, Natacts of EhA and C43, and contacts of K32 to energize out

'( cc-="d relays CSA and K153. Energizing E5A and n53 closes contacts of
'

both relcys to supply 120 7AC fres the prc.ra--r control through contacts
of n20, contacts 12 ef ESA and C53, contacts of C, contacts of K24,
and contacts of K12 to energize jeg out relays K9 and no. Also, energizing
K15A and n53 cicses ccatacts of both relays to turn on CRD TRAVEL CUT
la=p PL35 on the centrol panel. Energi:ing K9 and CO starts Group 1 to with-
drawing. Releasing MA:IUAL CONTROL switch S3 de - ersizes K15A and E53,
which de-energizes jeg out relrys K9 and CO to stop the out =ction of Group

.

1. ' Also, de-energizing C5A and n53 turns off CRD "'RX/ZL QUT 1'-. en
thE centrol panel.

. 3.26.11 Transfer Reset Relay K99 -

-
.

'Ihe transfer reset function is controlled by the transfer logie circuits.
The group ecc=and transfer relay n is de-e:ergized when the unlatch contacts
of Col open. Under this condition, centacts of n opens to de-energize~

K99, contacts of K99 open, and transfer ec- -d lockout relay K9 is de-
energized.

3.26.12 Manual Reset Relay K98.

The system can be retuz=ed to the -ual node by t.ro =ethods: pressing the
AUTO-MANUAL switch S15 on the control pane 2: to MANUAL er auto =atically if cne
of four faults occurs in the systa=.

.

If With the cystes in the auto =atic = ode, the AUTO-MA'TUAL switch S15 he.. .
'" control panel is pressed supplying +24 volts through contacts of ElA to

energize latch coil FF. Opening contacts of KilA de-energizes auto-manual
relay ElB, which changes the systen to the 2nal mde. Releasing S15
energi es latch coil N. Energizing latch ccil :T closes contact Z-Y and
opens centact Z-I to set the relay fcr the change back to the auto =stic
mode.

Assuming the system is in the autcmatic ccie, when one of four conditions
occurs (sequence fault, auto-inhibit, noter direction fault, or the systen
trips supplying the trip confirm signal), auto _anual reset relay K98
energi:es. Energining K98 ' pens contacts to re=ove +24 volts from the AUTO-
ICL'IUAL svitch. Sisultaneously contacts of K98 close to hold t latch coil :T
of KilA energized, which maintains cent:ct "-X closed to allev latch coil
FF to energize. Energizing latch coil ?? cpns centacts to de-energize4

aute-manual relay Kil3. This returns the systen to the =snual = ode. After -

the fault is cleared, centacts of K98 close to energize latch coil N of
K12A through the AUTO.-MANUAL switch S15. Energizing latch coil :T opens
centact Z-X and closes contact Z-Y to set the relay for the return to the

| automatic = ode.

1 -
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3.26.13 Runback Enable Relay K53, Figure 9-1

If an asy==st:dc fault exists, the asy==etric fault relays (K69 & K70) (controlled by inhibit-fault circuits energi:es r.:nback relay K33
through contacts of relay K113. Then centa:ts of K53 bypass the in 1*-4 t
relsy contacts for each regulating group for the group regulating and
auxii.lary supply. This allows the c'entrol systen to respond to insert ,

ec==inds from the integrated control syste= if a power reduction is required.
3.26.14 Trip Reset Relay K57, Figure 9-1 '

-

t

The trip , reset relay circuits set the syste= during initial startup and
reset it after a trip occurs. . The D.C. breakers =ay also be reset, locally

- . .. ke
. -

by individual brea.w r rese.t b.utton or by gang bar. , ~~ '
S m- .. - . . . . . , _

3.26.14'.'1 Closing (resetting) AC Trip 3reshers
*

.

"'he TRIP RESE:' switch S1 cn the control panel is pressed to supply +24*

volts through Group 1 thru 7 in li=it relays Zl6 thru K22 to energi:a trip
reset relay K57 Energizing K57 closes contacts to simply +2h volts to
energi:e relays K7 and K8 in the source interruption device or| the A.C.
breakers. Contacts of K57 also close to turn en TRIP EESE lamp PLkk
on the centrol panel. Energizing K8 closes centacts to supply 120 VAC to
energi:= X coil of the AC Breekers. Energi:ing I coil energizes the
elecing contactor coil of the circuit breakers. Energi::ing the closing
centactor coil initiates the =echanical closing actice of the circuit
bresker. The mechanical action closes .the =ain centacts to distribute
the nain A.C. voltage. Also, the mechanical action opens contacts, de-.

(energizing the I coil, and clo::c: ::entacts to energize the Y coil. In-
ergi::ing the Y coil opens contacts to inhibit the I coil from energizing
even if relay K8 is held energized. This prevents the repeated operations

.

that would occur if one of the automatie trip devices was activated at
the ti::n of closing. 'lhe mechanical actica of the circuit breakers also

!closes any'11ary switch contacts to enable the shunt trip coil.

Energizing K7 opens contacts to inhibit the circuit to the shunt trip coil.
This prevents the circuit from tripping until the undervoltage. and over-

.voltage circuits are set. '

3.26.14.2 Closing (resetting) D.C. Trip 3reakers
;
!

Energi:ing trip reset relay K57 closes contacts to energi:e rela *ys Il and |
K2 on the' trip reset panel. Energi::ing K2 closes centacts to energi::e '

progra==er control reset relay K3. Energizing K1 closes contacts to en- - '

ergize the X coil of D.C. circuit breakers. Energi:ing the X coil closes
;centacts to energize the closing coils. Energi::ing the closing coils

initiates the =achanical closing action of each breaker. |

1
|

.

|

|
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3.28.7 Trip Confi= Systen Logic
,

. . . . . . . . .

Trip ccati= is a set of signals that ncect the conditien of the syste:::
g trip breakers and electronic trips.

The trip confirn sig=als are Mv4 ? d into four (k) separate signals:' Trip
1, Trip 2, Trip 3 and Trip *. ' Tri.; 1 and Trip 2 reflect the state of
A.C. breakers A and B, respectialy. Trip 3 and Trip k reflect the state
of the D.C. breakers, C31 and Ch2 the electronic trip of channel A; and
state of the ').C. breakers C33 and C34, cha:nel 3 electronic trip, re-
spectively. ' hen all trip bzwakers are closed, centacts of A.C. breaker .

A energize ' ? confim relay K131; contacts of A.C. breaker 3 energi:e
trip confir. calay n32; paranel contacts of D.C. breaker C31, C32 and~

electronic t2ap confim relay K2 centa::s of each electronic trip asse=bly
of each SCR regulating supply energize trip c:arirs relay n33;'and parallel.

- contacts of D.C. bresker C33, C34 and electrcnic trip confiz.a relay K5.'

contacts of each electronic trip.assachly of each SCR regulating supply
energi:es trip confirs relay.n34. ?Centacts or K137. and. K133 or n32 and' ..
K134' energize t:ip confi:E relay K135.' ~ "~~ ~ * -~ '~~ ~ '

; . ,- -- " -..v- c ..a
.

'

When the reactor trip switch on control roos console, or the Nuclear
Instrumentation interrupts the 120 VAC supply to the reactor trip switch,
both A.C. breakers A and 3 open, de-energizing trip confin relays K131
tad n32, respectively, and simultanecusly all four D.C. breakers open,
and electronic trip confin relays K2 and K5 de-energize, de-ene.4ning
trip confim relays K133 and n34. This resulta in de-energi ing trip
confi m relay n35 Contacts of n35 indicate a reactor trip while
contacts of E31, n32, n33 and'n3h infom the Nuclear Instru=entation
et systen condition. The TRIP CONF la=p on the centrol panel comes -s.
3.28.8 . Asym =etry Alam

1

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

If a centrol rod gets out of positic 2 '-ith the rest of the rods in a grou.
. . . . . . .

p
by ::cre than 7 inches,' alarm relay K228 in the position indicator nodule
associated with the out-of-position rod W energize. Relay K228 is con-
trolled by the position indicator circuits. %'cen K228 energi:es, the
associated ALAW 1 amp en the P.I, panel is on and asy==etry alam control ~,

relay K68 is energi:ed.. An 69 of the I228 relays are paranel connecte'd ~

so that either one of the relays will energi:e K68. Contacts of K68 sends
an asyz= net:7 alam signal to the plant a==unciator. A set of K68 con- -
tacts turns on the ALARM Iany ca. the ASIO!ITRIC BOD CALI3 RAT" par.el for
local indicatica during asy=etry alar = calibratien.

|

{ *

.
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3.28.9 Asy==etry Fault

If a centrol rod gets cut of positics with the rest of the rods in a group (by ::xare than 9 inches, fault relay K229 in the position indicator =cdule
associated with the cut-of-position rod vill energize. There is ene
position indicator =cdule for each CRDM. Relr/ K229 is centrolled by the
position indicator circuits. When either one of the K229 relays energize, .

+2h volts is applied to the coils of asy==str/ fault centrol relays 749
and UO energi:ing the relays. A set of K69 and K70 contacts is used to
turn on the ASYMi EODS la=p on the centrol panel ad ancther set furnish -

and asy==etry fault signal to the plant co=pute .
I

3.28.10 ! out Inhibit

, cut 4 Ybit relay K32 is normally de-energised. S.e dbil of K32 is series .

connected with a set of contacts in the Nuclear Instrurentatics Systen
which are open during nor=al operation. If an cut inhibit coadition occurs,
the contacts in the NIS close and K32 energizes. This tur=s on '3HDIT
CUT la=p en the control panel. If the systa= is in -=-uni = ode, contacts'

of K32 send an out inhibit signal to the plant ec=puter, the ICS, the
iplant a=ntaciator, and the Nuclear Instru=enta. tion Systen. Contacts of
i

K32 are used in the co and logic to inhibit the out ec-- d circuits. ,
Cut inhibit relay K33 is nor ally energized an:1 is controlled by the 60 , '

percent pcver level. signal fres the ICS or co= tacts of safety rods out ,'
li=it relay bypass K39 and relays'y39 'and UO. ' Relay K33 is de-energized
if the pcver level is above 60 pescest and the safety rods are not at the?

out li=it or an asy==etr/ fault occure. Conta:ts of K33 are used in the
cc-ed logic circuits to inhibit the auto =atic cut co==and circuits.

[
3.26.11 Auto Inhibit

i

Relay K3h is energized by the when the resctor pover level is' above re-deter..daed level, a neutren#e does not exist, an auto inhibit signal frc=
the ICS does not exist, and the safety rods are at the out li=it. Relay
K34 locks-in through auto inhibit contacts in the ICS, its own centacts
and centacts Kil3 (co==and logic) if syste= is in auto =atic = ode. Once
K34 energi:es, the 15 percent power level or neutron error signal fr==
the ICS cannot de-energize K34. Relay K34 vill de-energi:e if the systen
is returned to =anual =cde. When de-energi:e:1, co= tacts of K34 turn en
ITdDIT AUIO la=p on the control panel and. 4 ' ' bits the auto =atic co-and
circuits in the coc=and logic. '

3.29 P.I. EESKI LOGIC, Figures 3-15, 9-6 -

The P.I. reset logic circuits are used to readjust the relative perition
of the position indicatica =eters if a discrepancy exists between the
relative position indicatica and the actual positten of the =echanism. The
reset circuits adjust the =eters at a slov speed in the withdrav direction
and at a fast speed in the insert direction. Ihe reset circuit also centains
the power supply that supplies the *2h volt cc trol voltage for the eset
circuit. '

l
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a=plifier OA-1 and the output is the relative group average P.I. signal
for the associated group. The relative peup average P.I. sipal is

*

I. i applied to pin C of the regulati.sg group patch receptacles caly. Pin C'
is connected to pin 3 on the =ating group patch plug and tP.e RPI group
average signal is retu=ed to the relative .roup average amplifier.

3.33.2 Group 6 & T Averager Module

There are two Group 6 & 7 aversgar =cdulss; one is an averager of the -

Group 6 & T API gross position signals a:d the cther is an sverager of
.

the, Group 6 & .7 RPI group position sipale. Each =odule produces two
Group 6 & 7 average positics signals.. ';:s output is a. 0 to -5 volt
average position signal and the other 1: a o to +5 volt average position~

signal.
.

Sie Group 6 API group average position sipal and Group 7 API group average
position signal are applied to IC-1 where the output is the average of the
two input signals. The output of IC-1 goes to pin 10 as the O to -5 velt
Group 6 & 7 average position signcl and is applied to tha inverting
input of IC-2. The output of IC-2 is applied to pin k as the O to +5
volt Group 6 & 7 average position signal. '

3.33.3 Automatic Sequencer Module -
,

The automatic sequencer circuits control tha sequence of withdrawal sud
,insertion of Group 5 and Group 6 & T. ne withdrawal of Group 5 is enabled.

by the safetf. rods fully withdravis, and Group 6 & T is at their in 11=its;
, .. .- .,

5- With the safet/ rods fully withdrawn, contacts of safety rode .x. relay K39A
applies ground to the voltage dividers at pin 10. This causes the out-

.

put of IC-1A to go from a "0" (low level) to a "1" (high level) and is;

applied to IC-2A, IC-23, and IC-2C. With Group 5 not at its out limit,
pin 6 is open. This causes a "1" to be applied to the input of nand gate
IC-2A. With Group 6 & T less thart 265 vithdrsvn, the output of IC k ~is a
"0" and is applied to inverter IC-13. Se output of inverter IC-13 is a
"1" and is applied to nand gate IC-2A. With all the inputs to nand gate *

IC-2A at a "1" the output is a "0" an:1 is applied to nand gate IC-3A.
With Group 6 & T less th'an 255, the output of IC-5 is a "0" and is applied

| to inverter IC-1C which inverts the "0" to a "1". This is spplied to nand
! gate IC-23. With Group 5 less than 755 vithdruvn, the output of IC-7 is
( a "O" and is applied to nand gate IC-25. 31s causes the output of IC-23 to

be a "1" which is applied to IC-3A and IC-33. With Group 6 & 7 at in limit,
ground is applied to pin 8. Ihis causes a "O" to be aptlied to IC-2C.
With Group 5 less than Th5, the output cf IC-6 is a "0" and is applied to

.

nand gate IC-23.

.
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| This causes the output of nand gate IC-20 to be a ",1" which is applied to
nsad gate IC-33. The tvo inputs of nand gate IC-3A are at a "1" and a "G",
this causes the output of nand gate IC-3A to be a "1" which tums en (driver 41. This win energize Group 5 sequence enable relay KS5 in the ,

ice= sad logic. The two inputs of nand gate IC-33 are both at a "1", this
'

causes the output of nand gate, IC-33 to be a "0". nis viu not turn on |driver Q2, and causes Group 6 & 7 sequence enable relay KS6 to be de- !
!

,

energized in the ce==and logic. '

.i
Vnen Group 5 reaches 75% vithdrawal. set point of IC-7, the output of IC-7
vin change from a "0" to a "1" and vill change the cutput of nand gate
IC-23 to,"0". This changes one input of IC-3A and IC-33 to a "0". The
output of IC-3A vill not change so the driver 0). vill re=ain tumed en and
Group 5 sequence enable relay will remain energized. ne output of IC-33 i

vill change to a "1" and vill turn on driver Q2. This causes the Group 6
& 7 sequence enable relay IST to energize in the com=and logic. I,

|
'

Group 5, and Group 6 & 7 vill nov vithdraw. '.cen Group 5 reaches its
out-li=it, pin 6 vin apply a "0" to nand gate IC-2A. his causes the

1

output of nand gate IC-2A to be a "1" which is applied to nand gate IC-3A. I

At the same ti=e, Group 6 & T has reached the 255 level, changing the out- :put of IC-23 to "1". Se output of nand gate IC-3A vin change to a "0", |

' turning off driver Q1. This vill de-energi:e Group 5 sequence enable -
relay ISS, removing Group 5 from control. .

Se Vroup 6 & 7 nominal set point enables Group 5 for a sufficient period
of ti=e to reach the out limit. This set point is adjusted so that Group
5 centrol relay Kec enains energized until Group 5 out limit occurs and.

Group 6 & 7 centinues to withdraw. This adjustment shall never be set for (
less than a 25% pcsition level of Group 6 & 7

In inser: sequence mode (Groups 5 and 6 & 7 at respective out limits),
only Group 6 & 7 is initially enabled. As Group 6 & 7 approaches the
25% set point, the output of IC2-3 goes fres "1"' to "0". This in turn
causes the output of IC3-A to go from "0" to "1", energining relay ISS,
and enabling Group 5 insertion.

As Group 6 & 7 approaches in lidt, Group 5 approaches 75% set point. As
Group 5 reaches the 75% set point, IC2-3 out;,ut changes from "0" to "1".
Then, when Group 6 & T reaches in limit, ground is applied to pin 8, causing
IC2-C output to go from "O" to "1". Mis in turn causes IC3-B output to
go to "0", de-energining relay K87 and re= oves Group 6 & 7 from control.

Che Group 5 Thf. nor.inal set point enables Group 6 & 7 for a sufficient
.

period of ti=e to reach in limit. Because Group 6 and Group 7 operate in
parallel while in the sequence =cde, both groups =ust reach the in li=1t
before Groups 6 & 7 is disabled. "Ae set point is adjusted so that both
groups reach their in limits before the Grrtup 6 & 7 relays K87 de-energi:es
as Group 5 continues to insert. This adjust =ent shan never be set far
greater than a 75% positien level of Group 5

.

, -
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3.33.4 Group 6 & 7 Difference A: plifier M:dule -

The Group 6 API and Group 7 API group average position signsis are co=-
;nred in the difference a=plifier. ' hen Group 6 & Group 7 are 8 inches ori

: ore apart, a fault conditica exists. S'-- 'ng a=plifier IC-1, set point *

a=plifier IC h, and inverter IC-7A are used to deter =ine a fault conditice
when Group 7 API group average position sig:21 is sore than 8 inches than
Group 6 API group average position signal. The output of the s'-4 g
a=plifier IC-1 is deter =ined by the a=p1'tude of the two inputs. 'A en
Group 7 is 8 inches greater than Group 6, the output of IC-1 is = ore nega- -

tive than the positive set point established by Ph. This causes the output
of IC-k to change from a "0" (low level) to a "1" (high level) which is
inverted to a "0" by inverter IC-TA. Chis tums off driver Q1 which de-

'.
energizes Group 6 & 7 =isalign=ent relay I51. Contacts of K51 are used tn

~ indicate a fault indication to the control panel, plant ec=puter and plant
annunciator panel.

.

S"--'"g a=plifier IC-2, set point a=plifier IC-5, ud inverter IC-T3 are
j used to deter =ine fault conditica when Group 6 API group average position
!

signal is more than 8 inches in respect to Group 7 API group average signal.
The output of su==ing amplifier, IC-2, is deter _ *=ed by the a=plitude of the
two inputs. When Group 6 is 8 inches greater than Group 7, the output
of IC-2 is = ore negative than the positive set point established by PS.
This causes the output of IC k to change fro = a "O" to a "1" which is
inverted to a "0" by inverter IC-TB. Ihis tu=s off driver Q1 which
de-energi:es Group 6 and 7 misalignment relay K51A. Contacts of K!".A
are used to indicate the Group 6 and 7 =isalig=ent to the ccentrol penel,
plant computer, and the plant annunciator.

\ b.z
3.33.5 Sequence Monitor no.1 And no. 2 M: dale c,g,

h*JSequence Monitor No.1 and No. 2 monitor Group 5 end Group 6 W 7 RPI
average signals and pmvide a fault signs 1 when ths groups are out of seq-
uence. Fault conditions exist when Group 5'is less than 805 withdrawn and ~-

Group 6 & 7 is greater than 55 vithdravn; or when Group 5 is less than 955 '

vithdrawn and Group 6 & 7 is greater than 20% withdrawn. When Group 5 and
Group 6 & 7 am fttily inserted, the out;1.t of set point amplifiers IC-1,
IC-2, IC-3 and IC-k are "0". The outpuw of set poi =t amplifiers IC-3
and IC-k are applied to nand gates IC-6A and IC'-63, respectively. The
output of set point amplifiers IC-1 and I"-2 are inverted to a "1" by
inverter IC-5A and IC-53 and applied to nand gates IC-6A and IC-63, re- -

spectively. Since the inputs to nand gates IC-6A a.1 IC-63 are of oppcsite
states, the outputs vill be a "1" and a e applied to nand gate IC-6C. Seoutput of nand gate IC-6C will be a "O" and driver 0,1 vill not turn on,,

-'

the sequence fault relay K89 vill be de-energi:ed and the sequence fault
is not indicated to the plant co=puter and plant annunciator.

l
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7nen Group 6 & 7 is greater than 5% vithdra.n, the output of set point
j a=plifier IC-3 vill ch:nge to a "1" and is applied to one input of sand

gatn IC-6A. If Group 5 is less than the 80.5 vithdraval level, the other (.
: input of nand gate IC-6A is a "l'!. Since both irputs of IC-6A are at "1", '

the output of nand gate IC-6A is a "0" which is applied to nand sate IC-6C. |
| This causes the output of nand gate IC-6C to be a. "1" which turns on dri ter .|
, . Q1, energizing sequence fault ::elay K89 Veen Group 6 & T is greater than '

'

205, the output of set point amplifier IC k vill change to a "1" and is I

applied to cne input of nand gate IC-63. If Group 5 is less than the 955 I

withdrawal level, the other input of nand gate, IC-63 is a "1". .Since both
inputs of IC-63 are at "1", the output of nani gate IC-63 is "O" which is
applied to nand gate IC-6C. ':his causes the cutput of sand gate IC-6C to ,

'

be "1" which turns en driver Q1, energizing sequence fault relay ES9
1

- 3.33.6 Set Point Amplifier Module ggg !

'The sekointCamildb'r7*T.ocated.Ehroup Poitth.on. CoiEro5. Chassis' $AI2',.8
'

|-

provides.ian output'' signal .toJthe ICS." When Group 5 API group sverage
.

.'.3~ @%lposition signal reaches 257withdrsen, the ou put of" IC-1 is "1" which
turns du driver Q1, and energists relay K65. Contacts of K65 are used to
Prov.4de the signal to the ICS.

.
,

i

3.33.i Group 6 & T Absolute / Relative Select Ke71ock Switch \

. -a- .- -- i-...# . , . . , . . , _ . . _ . i

The Group 6 & 7 absolute / relative select keylcek switch, locr,ted on the i
!

Group Position Control No. 2 Chassis ,is used to select thi Group 6~ & T '
absolute group average position signal or the Group 6 & T relative group' ~ |average position signel. outputs to the ICS. 7nen Group 6 & 7 absolute
group average positi:n ignal is to be sent to the ICS, the keylock switch (l

I

is placed in the ABS position. Ralt.y K66 is de-energized and the Group 6 |

& 7 absolute group average position signal is sent to the ICS through*
nor= ally closed contacts of K66. When Group 6 & T relative group avera6e
positica signal is to be sent to theJICS, the haylock switch is placed in
the REL position, relay K66 is, energtzed and the Group 6 c. T relative
group average position signal is sent to the ICS.

.

3.3h 215 VDC POWER SUPPLIIS, Figures 3-18, 3-19, 9 -8

The four 15 VDC power supplies : narked +15A, +153, -15A, and -153 are 1e-
cated in systen logic cabinet No. 5 The +15A and +153 outrucs are con-

,

'

nected together at the auctioneering Ose=bly to provide sa auctioneered
+15 VDC cutput. The -15A and -153 supplies are also auctioneered. The
D.C. power supplies provide power to the =odules in the group position
control; position indication a=plifiers chassis A, 3, C, and D; and the
systen conitor.

For a co=plete description of the supplies, : star to ET.ZTT PACKARD D.C.
POWER SUPPLY, MOEIL 62233 vendor :nanual.

.
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3 78.2 Run out -

! knen a "run out" co=and is received fres the co-a d logic circuits,120 (
| 7AC A3T is applied through ccatacts of de-energi:ed run in relay K3,

contacts of energi:ed run out relays K10 and C4, and contacts of energined
relv K2 to the red lesd of 60 RPM Rim r.otor M1. nis causes the :sotor to.

turn in the opposite direction from the r.:n in voltage.

3.75.3 Jeg In

kten a " jog in" co=and is received frem the co=a=d logic circuits,120 VAC
ABT is applied through contacts of de-energi:ed run out relays K4 and Klo,
contacts of energized jeg in relay K6, and contacts of energized relay C.5

.

to the red lead, of 6 RPM jeg motor M2.
~~ ~m.uw

3 78.h Jeg Out
^

.

k"nen a " jog aut" co=and is received frem the coz:=ssd logic circuits,120
VAC ABT is applied through contacts of de-energized run out relay K4 and -

K10, contacts of de-energi:ed jeg in relay K6, contacts of energized jeg
out relay KT and K8, and contacts of energized relay K2 to the 6 RPM
jog =otor M2.

3 78 5 D.C. Brake Module, Figures 11-ki,11-48

The D.C. brake voltages i'or the 60 RPM regulate ::ctor M1 and the 6 RPM jog ,
. . . . .... . .~

..

:sster M2 are supplied by bridge rectifiers CRS and CR6 and transfor=er
T1. Transfor=er T1 received the 120 VAC A3T voltage f:cm T31. T' o (bridge rectifiers are connected to the T1 secondaries. The D.C. c put of
bridge rectifier CT.5 is applied through contacts 9 and 1 of run in Aalay K3
and run out relays K4 and E0 to the 60 RPM : =2 notor M1. The D.C. voltage
holds ::etor M1 in a fixed position as long as a "run in" or "out" cc:: mand
'.s not received from the com=and logic circuits. The D.C. cui.pui of
bridge rectifier CR6 is applied through contacts of jeg in relay K6, jag
out relays K7 and K3, and 3-2 hold relays K11 and K5 to the 6 RPM jeg
=ctor M2. Bis voltage holds motor M2 in a 1'ized position as long as a y
" jog in" or " jog out" com and is not received from the con:=and logic - .

circuits and the 3-2 hold relays remaf n de-energi=ed. If a loss'of the
120 VAC ABT occurs, relays K2 and K15 de-energi:e. Under this condition,

. a D.C. brake voltage of +24 volts is applied through diode CR7 and contacts
l

9 and 1 of K2 to totor M1 and open contacts of K15 interrupts the jog out
ec Md path to :notor M2. A set of K2 contacts is used in the inhibit-
fault circuits to provide a motor fault (directica error) indication. 3
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HEALTH FHYSICS

.g

1. List 10CFR20 limits can on persennel exposure to ienining radiation.

2. When may the above limits be exceeded?

3. What is censidered "whole bccy" for the purpose of radiation exposure?

4. htat fast and thermal flux levels correspond to 100mr/ wee.k? (based en 40 hrs).

5. What is Met Ed's adm M strative exposure 14 i?t

6. What must be done to exceed this limit?

7. What are the maximum permissible concentrations in air?

8. What are the radiatica limits for venders, visitors, and other non-plan: personnel?

9. What is meant by a "once in a lifetime dose"?

10. Define:

a. Unrestricted area - (include radiatien levels)

b. Control area
.m
@ c. Radiation area

d. Hi R.adiation area
?

n. When is an area considered to be an airborne radioactivity area?

12. Give the l'-4ts for:

a. Contaminated area

b. Controlled area

c. Clean area

13. What is regulated equipment and what are the limits ofr its use?

14. What type respirator would you recomend for emergency R.B. ent:af?

15. How do we control entry into radiation areas of greater than 1R/hr?

1G. Describe the operation of a film badge and desimeter.

17. When must a dosimeter be re:erced?

18. What monitoring devices =ust visitcrs wear to enter the cent.~:llec crea?
. @

19. What is the normal sequence for re=cving protective clothing?
|

- 20. What is our radiation limit for laundered protective clothing?



(

A. -

:..
.

21. When must a radiation work permit be issued?

22. Who initiates an RWP?
~

23. Who approves and RWP7

24 What infor.ation is contained on an RWP?

25. Where do the copies of the RWP go?

26. What is done with the RWP when the werk is completed?

27. What is the Standing Radiation Work Permit?

28. What levels must exist in order to allow an unconditional release to a clean

area?

29. When will respirators be required?

30. Define:
.

a. Special nuclear material
.

b. Source material

c. By product material

d. REM

e. Restricted area
o

f. curie

g. radiation

h. contamination .

i. restricted area

j. internal exposure

k. roentgen

1. RBE.

m. Effective half life

n. Biological half life -

31. What types of persondel monitoring are used at TMI?

32. Basically how does a TLD work?
rA
O 33. How do we check for contamination?

34 How do you count a smear?
A

35. What are the possible consequences for exposures of:
#' # ISS c..) YSDE*M
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a. E-520

b. Rad Owl
d

c. PAC-45

d. PR11-4

e. Teletector

37. What is the action required on a radioactive spill?

38. What are the three basic principles of radiation protection?

39. List the sources of tritium.

a. What are the major problems with tritium?

b. How does tritium enter the body?

c. Is it primarily an oxternal or internal hac M ?

40. What is the aajor source of radiation inside the secondary shield? On the
!

operating ficor?

41. What is the prim w/ source of alpha activity at Met Ed?

g 42. Explain how we get nitrogen 16 gamma.

43. Define each of the following and give CR0 required actions:
da. Local Emergency

b. Site E=ergency
1

c. Local Emergency.

!
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, RADIATION MONI~JRI!G SYSTrM

1. ListallautomaticactIons'a'ssociatedwiththeLiquidmoniders.

2. List all automatic actions associated with the atmospheric moniters.

~

N 3. List i= mediate action on Hi RCS activity. -

'

4. What type detectors are used by the area monitors? Atmospheric monitern?
Liquid monitors?

5. Where is the RMS powered fecm?

,D[scribetheflowpaththruanatmosphericmcnider.
" ' ~

6.

7. What is the function of the green pushbutton on the radiation menitor module?

O
S. Which of the automatic actions listed in questions 1 and 2 can be defeated?

.

9. What do the flow alarms an the atmospheric radiation monitors indicate 7
|

. .

10. What will give the radiation monitor syste1 trcuble?

11. WhatisthedifferencebetweenRMk2particulatemoniterandtherestofthe
particulate monitors?

, 12. What is the function of the norm-off-prog. switch on RM-A2?
| *
'

.

'

13. Describe how radioactive iodine is measured.

"

14 New can the operator differentiate between a crud burst and failed fuel?

'

15. What is the purpose of the delay coil upstream of RM-L1?

O 16. If RM-G8 is reading 1R/Hr, what is the actual radiation level in the reactor
building?

*
.

-.- - ,.
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17. Of the monitors sensitive to radiation in the R.3., Ehich is the most'

sensative? Which is second? What are their sensativities?

13. Is it necessary to have a radiation monitoring system channel operating in the R.3.
at power? .Why? If yes, are there any exceptions?

.

'

19. What channel in the RMS would alert the operator to a OTSG tube 1eak?

'

Why is the RMS channel in h:e~s' tion 19 sensative to beta and not gar:ma? '20.

. . ~. .. . .. . . . . .

21. What are the major gasses expected to be released on a OTSG tube rupturn?

WithrespecttoasteamgeneratortIerupture,whatisapartitioningfactor?22.

.
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'l ' EttCLOSURE 1 -,
. , . . . .

.

CATEGORY IV CR0 STUDY ASSIG:!!4EllT SHEET

'yIANE: N,u/I'// START DATE:
'

-

I'
CO:4PLETIO!! DAT -

'

,.r A
)

-

ASSIGrittEtlTS Sth CYCLE ist HALF -'

/-
/

1. Read the following:
,

g
.

/'a. Admin. 1003 Radiation Protection Manual / (f:

b. Admin. 1004 Emergency Plan i V
c. IIP 1613 RUP / .i

. d. HP 1602 Rad. Dose Survey [
se. HP 1603 fleutron Survey i

'f. HP 1604 Alpha Survey - -- -

9 IIP 1615 Use of Personal Monitoring Devicas
\h. HP 1686 Use of Protective Clothing

2. Complete HP Questionaire
-

3. Read OP 1105-5 (210S-1.8) RMS
'

4. Cocplete R!!S Ouestionaire . .

5. Read the first half of Envirarmental Tech Specs.
'

.

.

.

. .. .. . . . . .

TOTAL POIt!TS TO DATE FROM ENCLOSURE'2- -; *::''' ~ :::: - - : .-

. . . . .. .. .. . .

URITTEil TEST DATE RESE_TS
~ 'l~ -

' ' ' ' ' '

'

ORAL TEST DATE RESULTS -

Af|SMERS 11ISSED, HAi!DED Ill CORRECTED - -
.-

DATE: - - -

SIG;!ATURE OF LICEriSED TRAltlIflG .COORD.
.

h ..

.
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ENCLOSURE 1
,

,
CATEGORY IV.CR0 STUDY ASSIGr;MEilT SHEET

UNIT 2
NAME: STAPT DATE:.

COMPLETI0il DATE:'

.

bASSIGt!ME?lTS S CYCLE I~ HALF
..

'

l. Read the following:

a) Admin.1003, Radiation Protection Manual '
* *

b) Admin. 1004, Emergency Plan
c) HP 1613, RWP.

"

d) HP 1602, Rad. Oose Survey -
.

.e) HP 1603, Neutron Survey
,

.

- f) HP 1604, Alpha Survey
g) HP 1616, Use of Respiratory Protection
h) HP 1686, Use of Protective Clothing.-

1) HP 1621.2, Release Radioactive Liquid.

j) HP 1622.2, Release Radioactive Gas
k) Radiation Emergency -recedures (1670.1) (1370.2) (1670.3)
1) HP Handout-

.

g, m) HP 1684

2. Complete HP Questionnaire
.

, 3. Read the following:

a) OP 2105-1.8, RMS
b) OP 2105-1.12, RMS Setpoints

c) RMS Handout
c

'

4 Complete RitS Questionnaire
,

5. Read the first half of Environmental Tech. Specs. ~

6. Read FSAR, Chapter 15, Section 1.18

7 Review B&R Drawing 3009
' ' ''

TOTAL POIt!TS TO DATE FROM ENCLOSURE 2~ - - -

. .>
WRITTEll TEST DATE RESULTS -

' '

ORAL TEST DATE RESULTS
' '- *

-

AftSWERS MISSED, HAIIDED IN CORRECTED

DATE:
5IGilATURE GF LICENSED TRAI? LING COORD.

.
-

.

0

$

.

%
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REFERENCES

No.

1. HP Handout (Information, Instrumentation,10CFR20)
2. 1003
3. 1684

'

4 1613
5. RMS Handout
6. 2105-1.8
7. 2105-1.12
8. B&R Drawing 3009
9. Tech. Spec. 3.4.6.1.

- 10. FSAR Chapter 15, Section 1.18 '

.

k

e

e

e

b

e

k

e-

.
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HEALTH PHYSICS

5-1
QUESTIONNAIRE

1. Define the following terms - include any applicable limits.
(Reference: #1 & #2) -

a. Effective half-life
b. Biological half-life
c. Unrestricted area
d. Restricted area
e. Clean area
f. Controlled area
g. Contaminated area

. h. Radiation area
- 1. High radiation area -

j. Airborne radiation - contaminated area
k. Special nuclear material
1. Source material
m. By-product material

'

n. Rem
o. Curie
p. Radiation
q. Contamination
r. Quality Factor (QF or RBE)
s. RAD,

t. "Whole Body"

2. Wha; .~ 2 the limits for " Emergency and Accidental Exposure?
(Reference: #2)

'

3. List the three (3) principles of Radiation Protection which enable
"A.L.A.R.A."_ to be satisfied. (Reference #1)

4 List the 10CFR20 and Administrative limits on personnel exposure. In-
clude any actions required to allow the maximum exposure to be received.
(Reference #1, #2 & #3)

5. Briefly explain the construction and " theory of operation" for the
following: (Include requirenents for use)

a. Film badge
b. Dosimeter
c. TLD

(Reference #1.& #2)

6. List the major sources of radiation in the reactor building. Briefly
explain how each is oroduced. (Reference #1)

7 a) List four (4) sources of tritium in order of production.

b) Briefly explain the four (4) ways tritium enters the body and why
we are concerned if tritium is in the body. (Rhference #4)
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8. For each of the following instruments provide;

i) radiat.o.' detected
11) range (:) of indication
iii) theory of detector operation

.

a) E-520
b) R0-2
c) PIC-6
d) PAC 45
e) PNR-4
f) Teletector
(Reference #1)

9. If you have a ten (10) curie point source of Co-60 (emits 2 gammas -,

1.33 and 1.17 Mev) and pieces of lead that are 2" thick (tenth thickness)
. determine the following:(SHOW ALL WORK)

a) The dose rate (unshielded) two (2) feet from the source.
b) The dnse rate five (5) feet from the point source.
c) Assuming you want to work five (5) feet from the source how many

pieces of shielding are required to limit your exposure to:
1) Weekly administrative limit
2) 100 mrem in (eight (8) hours)

(Reference #1)
'

10. You have a tank that is five (5) feet high, five (5) feet long and five (5)
feet wide, which reads 10 R/hr on contact. (SHOW ALL WORK)

a) Calculate the dose rate at the following distances from the tank:

1. 5 ft.
2. 25 ft.
3. 60 ft.

b) At what distance from the tank would the following be placed, (area is
i notnormallyoccupied)

1. High radiation area sign?
2. Radiation area sign?

(Reference #1, 42, & #4)

11. A radiation work permit (RWP) is required for personnel protection:

a) When must an RWP be issued? (conditions) '

b) Who initiates an RWP?
c) Who approves an RWP?
d) Where are the copies of the RWP distributed?
e) What is a standing RWP?

,

f) How'long is an RWP or Standing RWP valid?
g) Briefly explain what information is on an RWP.
h) What must be done with the RWP when the work is completed?
(Reference #2 & #4) *

1

- _
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UNIT II RMS
QUESTIONNAIRE

1 List all the autcmatic actions associated with the process monitors
(liquid, atmospheric) and which can be defeated. (Ref. #5, #6, & #7).

2. List the type of detectors and brfefly describe the theory of operation
for tne following:

a) area monitors
b) atmospheric monitors
c) liquid monitors
(Ref. #5 & #6)

3. Describe the flowpath through the atmospheric monitnrs. (Ref. #5)
.

4 Describe the function of the " norm-off-prog" switch on tha particulate
~ monitors. (Ref. #5)

5. If HPR 214 is reading 100 mR/hr, what is the actual radiation level?
Briefly explain how this is accomplished. (Ref.#5)

6. It is necessary to have a radiation monitoring system in the Reactor
Building during power operation.

a) Briefly explain why.
'b) List in order of preference.

c) List the actions required if the radiation monitoring system for the
reactor building is out of service.

(Ref. #9)
~

7. a) What are the major gases expected to be released if an OTSG ' tube
rupture occurs?

b) Briefly describe "partiticning factor" as it is used following an
OTSG tub'e rupture. (Ref. #10)

8. Which process (radiation) monitors, that have interlocks asscciated with
them, are not indicated in the control room? (Ref. #5)

9. List the functions of the pushbuttons (red, green, amber, etc.) on the
radiation monitor modules for:

a) area monitors
b) process monitors
(Ref. #5 & #6)

|

|
.

,
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RADIATION PROTECTION - HEALTH PHYSICS INFORMATION

1. Radiation - defined in 10CFR20, Section 20.3.12.

2 Contamination - Radioactive material where we do not want it. It can be loose;
can be cleaned up, or fixed; cannot' be cleaned up.'

3. Contamination is of concern because it may enter the body. There are four (4)
ways it can er,ter the body:

a) Ingestion - eating or drinking
b) Inhalation - breathing

! c) Injection - through an open wound
d) Absorption - through the pores in the skin

.

-

After contarination is in the body it poses two (2) problems, 1) damage ~to
vital organs; 2) long retention in the body. The body will eliminate contam-
ination biologically, the time it takes for one-half of the contamination to
be eliminated is called the biological half-life (T ). If the contaminationBis radioactive it also has a half-life called the Radiological Half-Life (T ).RThe combination of Radiological and Biological Half-Lives is the time it
takes contamination (radioactive) to be reduced by one-half in the body, this
is called the Effective Half-Life (Teff).

Effective- Half-Life can be calculated as follows:

Tg X TR -

Teff TB + TR
=

'

4. Radiation exposure doses are classified in two ways:

1. Acute exposure - received in a short time (< 4 hrs.)
2. Chronic exposure - received over a long time (> 4 hrs.)

The effects of an acute exposure, without medical attention are given in
the following table

TABLE 1 BIOLOGICAL EFFECTS OF RADIATION

Dose (rem) Probable Effects'

0-100 No injury
No disability

100-200 Injury - nausea, vomiting, diarrhea, hair loss, skin redden-
ing.
No disability

200-300 Injury - same as above, plus internal bleeding.
| Disability - blood disorders and some deaths.
1

Above 300 Severe injury - same as above, exc'est more severe
Disability - severe blood disorders and more deaths

e 400 LD-50

e 600 LO-100

|
'

.
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The acute exposure results in four (4) stages of illness, called radiation
syndrome.

i

The four s,tages are:

1) Initial illness -

2) Apparent recovery
3) True illness
4) Death or recovery

The chronic esposure is the type you get as a radiation worker. It is im-
portant to keep this as low as possible because of three (3) possible risks.
The risks are reduced if the chronic exposure is low because the body hastime to repair itselr.

.

The three (3) risks of chronic exposure are as follows: -

1) Increased risk of cancer.
2) Shortened life span.
3) Genetic mutation.

.

5. Radiation protection units:

a) Roentgen: a measure of the ionization produced by x-ray or gamma
radiation in air.

b) Rad: 10CFR20, Section 20.4.b
c) Rem: 10CFR20, Section 20.4.c
d) _ Curie: 10CFR20, Section 20.5

-

The rem is equal to the dose in Rads multiplied by an appropriate Quality
Factor (QF, also known as RBE). Commonly used Quality Factors as listed
in the following table:

TABLE 2 OUALITY FACTORS
-

,

Radiation Tyne Ouality Factor

Gamma 1
Beta 1

Thermal Neutron 3
Fast Neutron 10
Alona 20

6. Partial explanation of 10CFR20, Appendix B MPC Limits:

Figure 1 shows a portion of 10CFR20, Appendix 8. The first column liststhe elements that could get into the air or water. In this sample portion
of Appendix B, the elements are cobalt (Co), with an atenic number of 27,
and copper (Cu), with an atomic number of 29. The elements are listed
alphabetically for easy reference. The next column lists the radioactive
isotopes of the elements that are actually the contaminants in air and
water. In our sample, the isotopes are Co-58, Co-60, and Cu-64
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The next two columns make up Table 1, which refers entirely to in-plant
areas, not to air and water that can be released out of the plant. Column
1 of Table 1 gives the MPC for air: Column 2 gives the MPC for water. The
units for each are microcuries per milliliter (pCi/ml). Notice that two lines
are used for each isotope. The first line gives values for instances when
the isotope is soluble (S) in the body, and the second line gives values to
be used when the isotope is insoluble (I) in the body.

The last two colums shown in Figure 1 makeup Table 2, which deals entirely
with air and water released outside the plant. Again, the units are micro-
curies per milliliter. The MPC values associated with Table 2 are such
that a person can be in an environment with these MPC values 24 hours a day,
7 days a week, 52 weeks a year without exceeding federal dose limits for the
general population.

". FIGURE 1 PORTION OF 10CFR20, APPENDIX 8
.

, TABLE 1 TABl.E 2

Element (atomic number) Isotoos . Column 1 Column 2 Column 1 Column 2
Air Water Air Water

(yct/ mil ( #CI/ mil ( #CI/mt) t #CI/ mil

4 4
Cobalt (27) co 58 s 8 x 10-7 4 x 10'3 3 x 10 1 x 10

1 5 x 10-8 3 x 10'3 2 x 1o*9 9. x 10-5

Co 60 s 3 x 10-7 1 x 10-3 1 x 104 5 x 10-5
I 9 x 10-8 1 x 10~3 3 x 1010 3 x 10 5

Copper ( .. CW s 2 x 1c 6 1 x 10-2 7 x 10'3 3 x 104

4 6 x 10-3 4 x 10 | 2 x 104 4*

I 1 x 10
, ,,

To determine how many(staytime for values from Table 1) hours per week a person can work in an area, use thefollowing formula:

No. of Hours MPC 40 Hours*
Week Actual Value *

Week

If area airborne contamination is >25f. of MFC, it must ce gosted as an Air-
borne Radioactivity Area and if a MPC respiratory protecticn is required.

The in-plant Table 1 MPC's for water cesl wRn drinking water in the plant.
These values are based on workers being in the area for 40 hours per week
and drinking an average amount of water for 50 years.

7. Protection techniques against radiation:

a) Time: calculate time or dose from the following formula:
Dose = Time x Dose Rate

b) Distance: Calculate th? dose rate at different distances from the source
of radiation, (Line, Point or Plane) using the following for=ulas:

R0112 . g2 2 , R = 6CER1 = R , R 01 = R2 0, 02 1 2
02

Where: R = Dose Rate C = Number of Curies
0 = Distance E = Total effective gamma energy (Mev)

|

l
<
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Just as it is comon sense to spend as little time as possible in areas
where you are exposed to radiation, it is also common sense to stay as
far away from a radiation source as possible. The farther away a person
is from a source of radiation, the smaller the dose he will receive. The
actual decrease in the dose rate with distance depends on the type of
radiation emitted and tne relative physical size of the source.

The type d radiation emitted by a radiation source can be alpha, beta,
gama or neutrons. The type makes a big difference when the effects of
distance are being considered, because some types of radiation travel
farther in air than other types. Alpha radiation, for example, is stopped
in air in a matter of centimeters. Beta radiation can travel several meters
in air, and gama radiation can travel kilometers in air. Since most of
the radiation we are concerned with in the plant is gama radiation, we
will center ourdiscussion on ganna radiation.:

.

The way in which distance affects the dose rate from a source of gamma
1

radiation really depends on the relative physical size of the object
emitting the radiation. If the radiation source is very small, with
the radiation being emitted from it in all directions, thcre is a large
decrease in exposure as distance is increased. This type of source is

'

called a point source. If the source is large, such as, for example,
a large tank that contains radioactive material, the exposure does not
decrease much, if at all, relative to increased distance. This type of
source is called a plane source, because the radiation appears to be emitted
not from a point, but from a plane. *

'

All sources, no matter how large, can take on the characteristics of a
point source if the distance from the source to the dose point is great
enough. As a general rule, an object will have the characteristics of a
point source at a distance greater than ten times the largest dimension

~

of the object emitting the radiation. As an example, assume that the
radiation source is a tank that is 8 feet long, 4 feet wide, and 10 feet
high. Height'is the largest dimension, and ten times the height is 100
feet. At a distance greater than 100 feet, the tank will have the charac-
teristics of a point source, and there would then be a dramatic decrease
in the exposure rate with increased distance beyond 100 feet. (Referto figure 2).

The third type of radiation source is a line source, such as a pipe
that contains radioactive material. With a line source, ;there will be
a decrease in the exposure rate as distance is increased, but the decrease
is not as great as with a point source.

Any large object can take on the characterhtfes of a plane source, a ifne
source, or a point source, depending on t.;1 stance. With a large tank, for
example, if you are close to it, it has the characteristics of a plane
source. As you move farther away from it, it takes on the characteristics
of a line source, and, when you get far enough away, it assumes the charac-,

,iteristics of a point source.

I Of the three types of sources, the point source is the most important,'

because of the decrease in the exposure rate with increased distance.
There is an equation that can be used to calculate the change in exposure

!
__ __ . _ _ _ . - _ _ _ . .__ , _
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as distance frem the source varies. Theequatig=niscgliedtheinversesouare law, and it is written as follows: R101 R202

' Figure 2

. .
i.

2 * R 02TANK R1=R2 R01 1 = RgD2 R011 2.

.
+

.
'

s

e.

(Plane) (Line)8 (Point).

3X 10X
Tank Dimensions (30 ft.) (100 ft.)

height - 10 ft. .

length - 8 ft.
_

width - 4 ft.

c) Shielding: Calculate dose rate or amount of shielding required from
the following formulas:

I= Ice-ux, I=IoBe-ux, I/IO=0.l*, I/IO=0.5*
,

Where I = final dose rate
Io - Initial dose rate
B - Buildup factor
'u - attenuation coefficient (cm-l or in.'I)

; x - thickness o/ shield ( cm. or in.)
e , natural function (2.718)

Refer to table 3 for typical half thicknesses.
.

Refer to table 4 for typical tenth thicknesses.
~''

Table #3 Half.Value Thickness for Various Staterials

Half Value Thickr.ess (inches)

'# #
Water Iron Lead(Mev) (in mu..es) Concrete

0.1 0.022 1.634 0.683 0.101 ~0.005
0.2 0.027 2.009 0.938 0.251 0.027

i 0.5 0.038 2.S29 1.335 0.419 0.10G
1.0 0.053 3.372 1.32S 0.583 0.352 -

2.0 . 0.073 5.544 2.605 0.818 0.527
3.0 0.093 6.S96 3.194 0.961 0.571-

.

4.0 0.107 S.049 3.667 1.052 0.573
6.0 0.132 9.923 4.331 1.142 0.552
S.G 0.149 11.379 4.779 1.177 0.524

10.0 0.164 12.464 5.05S 1.181 0.492
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Table #4 Tenth Value Thickness for VariouE Materials.

'

Tenth-Value Thickness (inches)
.

Energy Air
Water(Mev) (In miles) Cor. crete Iron Lead '.

.'
0.1 0.071 5.425 2.252 0.335 0.015
0.2 0.089 -6.667 3.112, 0.835 0.039 *

0.5 0.125 9.388 4.432 L391 0.551
'

1.0 0.175 12.849 6.069 L936 LISS !
,

' 2.0 0.242 18.400 8.647 2.715 L748
3.0 0.310 22.886 10.599 3.'190 L896
4.0 0.356 26.713 12.169 3.490 L9016.0 0.439 32.951 14.375 3.789 . L831 !

,

8.0 0.496 37.767 15.S62 3.905 L740
.

10.0 0.543 41.367 16.788 3.91S L634
.

. . . ..

8. Radiation Detection Principles
,

a) Photon Interaction (Gansna)

A photon is radiation in the form or a wave, such as a gama, x-ray, or
visible light. The methods of photon interaction with matter were first
explained by Einstein. He indicated that the type of interaction de-
pended to.a great extent on the energy of the photon. Based on Einstein'sthoughts, it has been determined that there are three basic methods of
photon interaction with matter:

Pair production - predominant in high energy photons-

Compton scattering - predominant in mid-energy range photons
-

Photoelectric effect - predominant in low energy range photons
-

Pair production is.the predominant method of interaction for high energyphotons. As Figure #3 (a) indicates, if the energy of a gamma photon
is high enough (it must be at least 1.02 Mev), the photon can interact
in the strong electromagnetic field near the nucleus. In this inter-
action, the gamma disappears, and the energy is actually converted into

Two particles are formed -- an electron and a positron. (A posi-mass.

tron is a particle with the same mass as an electron, but with a singlepositive charge.) The incoming gama must have at least 1.02 Mev a.1ergy
because the mass of an electron and a positron is equvalent to 1.02 Mev.
If the gamma has an energy greater than 1.02 Mev, the extra energy will
be given to the electron and the positron in the form of kinetic energy.

,

Since both of these particles have kinetic energy (if the original gamma
photon was greater than 1.02 Mev), they interact with atoms (much as beta
and alpha particles do) to produce ioni::stion. Eventually, the positron

.

w-



_ _

-7-
'

.

interacts with an electron, the positron-electra pair disappears,
and two 0.51 Mev photons are produced. This reaction is called an
annihilation reaction and the 0.51 tiev photons are known as annihi-
lation radiation. If the electron and the positron have excess
kinetic energy when the annihilation reaction occurs, core energetic
photons will be given off in the reaction. Therefore, the eventual
result of the pair production reaction is' that a high energy photon
is broken down into lower energy photons that can undergo other types
of reactions.

Compton scattering is the predominant method of interaction for mid-
energy range photons. As Figure #3 (b) indicates, in Compton scattering,
a medium energy gamma interacts with an orbiting electron near the
nucleus, imparting some of its energy to the electron. When this

. occurs, the electron that absorbs the energy leaves the atom to form
an ion pair, and, because it has significant kinetic energy, produces
ionization the same as a beta particle does,In addition, because-the
energy of the original gama photon was not all absorbed, the par-
tially deenergized photon continues on to cause othu interactions.
Therefore, the eventual result of a Compton scattering reaction is that
a mid-energy range photon results in the production of an ion pair,
and the photon continues at a reduced energy.

The photoelectric effect is the predominant method of interaction for'

icw energy range photons. As Figure #3 (c) indicates, in the photo-
electric effect, a low energy photon strikes an electron. If the
photon has the same energy as the. binding energy of the electron (the
energy that holds the electron in its orbit), the photon will give all
its energy to the electron and disappear. The electron is knocked out
of the electron shells, forming an ion pair.

,

Therefore, in the photoelectric effect reaction, the photon disappears
and an ton pair is formed. The photoelectric effect is applied in
light meters used in photography. Since visible light is composed of
photons of low energy, the photons interact with orbiting electrons,
causing the electrons to be knocked out of the electron shells. Those
electrons eventually result in an electric current that is seen by the
deflection of a needle on the light meter.

- The type of photon interaction, then depends upon the energy of the
incoming photon. The probability of a photon interaction is often
measured by a term called the linear attenuation coefficient (u) -
the probability of photon interaction per unit path length of travel
of the photon. Figure #4 shows a graph that gives the linear attenua-
tion coefficient for gama interaction in lead. The graph shows u /or
pair production, Compton scattering, and photoelectric effect inter-
actions. The graph also gives a total u that combines all three types
of interactions. As can be seen, the total a takes the shape of the
photoelectric effect curve in low photon energy ranges, the Compton
curve in the mid-energy ranges, and the pair production curve in the
high energy range areas. The linear attenuation coefficient is used
in calculations involving photon shielding.

,

.
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Interaction of Radiation with Matter
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Figure #3 Photon Interactions
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Not all types of photons can undergo all three types of photon inter-
actions. As an example, visible light tr a photon, but it does not
have enough energy to cause a pair procuction interaction. Table #5
lists the three types of photon interaction and the types of photons
that can undergo each reaction.

TABLE !5 PHOTON INTERACTIONS,

TYPE ENERGY PHOTON,

Pair Production High-Energy Gamma

Compton Mid-Energy Gamma
Scattering X-ray

;

Photoelectric Low-Energy Gamma
Effect X-ray

Visible Light

It should be noted that a pnoton can cause ionization in the Compton
scattering and photoelectric effect interactions. However, since a
photon is not a charged particle, it cannot cause ionization by at-
tracting or repelling electrons out of the atom. , For this reason,
photons do not cause as large an amount of ionization as an alpha or
beta particle.

- - _. .. . .
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Tritium Production

1) Tertiary Fission
l 1 4 3=> 2 He ++ + jH2) 53 + On 4 53 2

or

b Lf7 4
2 e ++H+3

3) 3Li7 +oni=p 3L18 H 42 e ++ + ]H3 + Onl'9

6 "0" 34) Li 4 3'I =P H2' +lH3

.

167N - (y) gamma "

M + 0" 9 0P =p # + ;PI08 8 7

7N *80 +oa + y (6 Mev)

9. Detection of Interactions

Many different types of gas-filled detectors"use ionization reactions~

to measure radiation intensity. These detectors can be classifid into
three
and 3) general groups: 1) fonization chambers, 2) proportional counters,

Geiger 41ueller (GM) tubes. The categories depend on how pulse size
varies with increased voltage across the electrodes.

a) Six-Region Curve

The graph'in figure #5 relates pulse size (ion pairs collected) on a
logarithmic axis to applied voltage on a linear axis. The curve shows
what happens to pulse size as the applied voltage is increased. All
other detector variables (detector size, radiation type, radiation
beingmeasure)d.are assumed to remain constant while the pulse sizes are
energy, etc.

Only the applied voltage is changed.

The curve in Figure #5 is divided into six distinct regions. For this
reason, it is often referred to as the six-region curve. Each region
has a name and its own distinctive characteristics. These will be
described in detail in this unit. Briefly, the six regions are as
follows:

1) Recombination region - applies to very 1cw voltage; as voltage
'ncreases, the pulse size increases.

2) Ionization chamber region - pulse size does not change as the
voltage increases.

3) Proportional region - pulse size increases as voltage increases.
4) Limited proportional region - pulse size again increases as vol-

tage increases.
5) Geiger-Mueller (GM) recion - pulse size increases slightly as vol-

tage increases, but not nearly as fast as in the 11mited procar-tional region.
6) Continuous discharge region - pulse size is extremely large.
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.

The six-region curve is used to logically explain the characteristics
and limitations of the three types of gas-filled detectors. Each type
of detector will operate in the voltage range of one of the six regions
of the curve. This means that the ionization chamber operates in the.

ionization chamber region, the proportional counter operates in the
pro-portional region, and the Geiger-Mueller tube operates in the Geiger-
Mueller region.

1) Recembination Reaion

The recombination region is the region of lowest applied voltage.
Detectors are not operated in this region, because many of the
ions produced in the detectors never reach the electrodes. When
ion pairs are produced in the detector, the ions move toward the,

| accropriate electrodes, but, because voltage is low, the ions do
not move very fast. Because of the slow movement, some of the

*

.
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positive ions have a chance to raccmbine with negative ions (thus
the name recombination region) to form neutral atoms. This results
in fewer ions being collected than were actually produced.,

In the recombination region, the actual percentage of ions that recom-
bine before reaching the electrodes varies, even when there is a
constant voltage. It is for this reason that detection instru-
ments are not operated in the recombination region.

2) Ionization Chamber Reofon

In the ionization chamber region, the applied voltage is greater
than it is in the recembination region. This portion of the six-
region curve (Figure #5) is flat, becuase there is no change in the

. number of ion pairs collected as the voltage increases. The reason
for this is that every ion pair produced by radiation in the detector,

is collected on the electrodes. The voltage is high enough so that
there is no recombination, but it is not high enough to cause gas
amplification (ions moving toward the electrodes so fast that they
cause additional ionization).

It is important to remember that in the ionization chamber recion, the
number of ion pairs collected by the electroces is ecual to the
numcer of ion oairs crocuced by the radiation in the detector. The
numoer of ion pairs collectea coes not vary witn tne voltage. That
is one reason why some detection instruments (ionization chamber in-. s

struments) are used in the ionization chamber region. Even if the
voltage varies a little, the same reading is achieved.

3) prooortional and Limited proportional Recions

In the proportional region and the limited proportional region, the
number of ion pairs collected is greater than the number of ion

|pairs produced in the detector by the radiation. In these two re-
gions, there is gas amplification. A gas amplification factor is used
to determine the number of ion pairs collected divided by the number
of ion pairs produce! by the radiation.

i

The gas amplification factor varies from detector to detector, and
it also varies with the applied voltage across the electrodes. For '

example, the gas amplification # actor at a certain voltage might. be
i5. As the voltage increases, there is more gas amplification, and

the gas amplification factor might go up to 10 or 100. j
t

!

The group of radiation detection instruments called proportional I

counters can be operated in the proportional region. Operation |

of these instruments is possible because the gas amplification fac- I
tor at a specific voltage in the proportional region is the same lfor any type of radiation or energy of radiation. Thus, for a given '

voltage setting, the number of ion pairs produced by the radiation .'

is always multiplied by the same factor. For example, if the gas
amplification factor is 5, and the radiation produces 100 fon pairs,
500 fon pairs will be collected. If the radiation produces 10,000 ,|ion pairs, 50,000 ion pairs will be collected. This is not the

_ _ _ _ - _ _
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case in the limited proportional region, so detectors are not
operated in that region. The gas amplification factor is not
constant for a given voltage setting in the limited proportional
region.

i

i
As long as the voltage rema, ins constant, the number of fon pairs !collected in the proportional region is proportional to tne numoer l

of ion cairs origi. Illy oroduced in the detector by radiation. This '

means that operation of instruments in the proportional region re-
quires a very stable voltage supply. Many radiatior detection in-

, struments are operated in this region, because the effect of gas'

amplification makes the instrument sensitive to low levels of
radiation.

4) Geiger-Mueller (GM) Reginn,

In the Ge.iger-Mueller (GM) region, gas amplification is increased
to the point where any single ionizing event will produce so many
secondaryions that a very large pulse is produced. This means
that a single beta would produce a few fon pairs. These ion pairs
would produce more ion pairs, until literally millions of ion
pairs would be produced. This effect is called avalanching. It
is the result of the high voltage potential across the positive and
negative electrodes.

When ionization occurs, the negatively charged ions (free electrons),
which are much smaller that the positively charge ions, move quickly
to the positive electrode. The positively charge ions, which are
larger, move much more slowly. In fa . , chey tend to fann a cloud-

of ions that moves gradually to the nc;stive chamber well.

The cloud of positively chargations effectively forms a second "posi-
tive esc:+roda." which actually divides the large voltage potential
into two smaller voltage potentials - one between the highly positive
central electrode and the positively charge cloud and another between
the positively charged cloud and the negatively charged walls. Since
these two smaller voltage differentials take the place of the one
large voltage differential, two small sub-detectors are, in effect,
produced. The voltage potential in either of these sub-detectors is
well below the applied voltage of the Geiger-Mueller region, so
the avalanching stops.

When avalanching occurs, it is so great that the pulse size does
not depend on the number of ion pairs produced by the radiation
entering the detector. The pulse size is the same, no matter what
type or energy of radiation caused the ionization. For example,
a small beta particle would produce a much smaller initial effect than
a large alpha, but the avalanche would become so large that it would
be impossible to tell what started it. Therefore, in the Geiger-
Mueller region, it is possible to tell that radiation is present,
but, from just the pulse size, it is not possible to determine the
type of radiation. In the GM region, the number of ion cairs
collected is always tne same no matter now many ion cales were
oric1nally orocuceo oy tne rac1ation. ,
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If a second particle were to enter the detector during the avalanch-
ing period, it would not produce a pulse large enough to be detected.
A second pulse could not be detected until the effects of the avalanche
of secondary ions had been cleared out. The time during which the

equal to approximately 10-4 seconds.second pulse could not be detected is called the dead time,lse diesand is
After the original pu

- out another full-size pulse can be produced. The time before this
full-sizeabout 10 g pulse can be produced is called the resolving time, and isseconds.

The dead time and the resolving time are really dependent on the time
it takes for the positively charged cloud of ions to move toward the
chamber walls. As has been mentioned, after the avalanching occurs,
there are two smaller voltage potentials present, like two sub-

. detectors, both operating well below the GM region. This means that
any other particle of radiation interacting in either of the sub-
detectors will be affected by a much lower voltage, and the number
of secondary ion pairs produced wf11 be very small in comparison |

with the millions of ion pairs alpeady produced. Thus, the new
pulse would go undetected, and this would be the dead time.

As the pcsitively charged cloud moves closer to the chamber walls,
one larger voltage potential and one smaller voltage potential sub-
detector are present. The larger voltage potential can cause enough
gas amplification to produce a new pulse. However, the larger vol-
tage is not yet as large as it should be, so the new pulse is not
full-sized, and it will not be detected by the outside electronics.

When the positively charge cloud reaches the chamoer walls, there
is only one large voltage potential, and the detector is once again
operating in the Geiger-Mueller region. Now a particle of radiation
could cause a new avalanche of ions. Again, the time before a full-
sized pulse could be produces is the resolving time. Figure #6
represents resolving time and dead time in the Geiger-Mueller region.
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Geiger-Mueller tubes are the detection instruments used in the
Geiger-Mueller region. Most of these detectors use argon gas in
the chamber, because argon gas is easily ionized. However, there is
a problem with argon gas. When the positive argon ion is collected
on the. electrode, it emits photons in the form of ultraviolet light.
The photons can undergo a photoelectric effect interaction with the

! walls of the chamber, producing more electrons and starting the
avalanche all over again.

To stop the continual avalanche, another gas, called a quenching
gas, is mixed with the argon. The quenching gas used varies from
detector to detector, but it is u ually a halogen gas such as bro-
mine or chlorine or some type of alcohol.

Ethyl alcohol is sa:etimes used as a quenching gas. As the positive-

argon ions move toward the negative electrode, they transfer their
charge to the alcohol molecules so that, effectively, only the

-

alcohol molecules reach the electrode. The alcohol molecules do
not produce untraviolet light, and no new avalanching begins. The
alcohol molecules are neutralized at the electrode, and the detector
is ready to detect and count a new ion pair produced by radiation.

A GM detector that uses alcohol as a quenching gas has a definite
life based on the number of ion pairs it detects. When the alcohol
molecules are neutralized, they break up and disappear, so the alco-

;hol is gradually used up. Once the alcohol is depleted, the detector
is useless. -

GM tubes that use halogen gases (such as bromine and c . ne) as
the quenching gas have an infinite life as far as quencning is con-
cerned These gases also break up when they are neutralized, but-
they later recombine to form the original molecules. Thus, they'<

can be used indefinitely.

5) Continuous Discharge Recion

The last region in the six-region curve is the continuous dis::harge
region. In this region, the voltage across the electrodes is ex-
tremely high, and there is continuous electric arcing across the
electrodes. In other words, there is a constant pulse that is
not caused by radiation entering the detector, but is due tc the

-

continuous are across the electrodes. A detector should never be-
operated in this region. If it is, the detector could be damaged.

b) Detector Characteristics1

In this unit, we have mentioned three different types of gas-filled
detectors - the ionization chamber, the ,nropertional . counter, and the
Geiger-Mueller tube. In this section, we will discuss and compare
the specific characteristics of these detectors. The folicwing
characteristics will be evaluated:

'

Sensitivity to low levels of radiation-

Ability to differentiate between different types and energies-

or radiation
Need to have an exact constant voltage, -

Use of the detector in areas of hign radiation-

- . .-- . -
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Use of the detector for measuring dose rates-

For purpose comparison, we will assume that the three detector types
are exactly the same size. The Geiger-Mueller tube is the most sen-
sitive to low levels of radiation, because it has the largest pulsesize. (Any radiation will prod'uce an avalanche of ion pairs.) The
next most sensitive is the proportional counter, because some gas am-
plification is taking place. The least sensitive is the ionization
chamber, where there is no gas amplification. In the ionization
chamber, the pulse size (the number of , ion pairs collected) is always
equal to the number of ion pairs produced by the radiation. -

The ionization chamber and the proportional counter can discriminate
between different types and energies of radiation, but the Geiger-
Mueller tube cannot. In both the ionization chamber and the proportional

-

counter, the pulse size is different for alpha and beta particles, and
it is also different for different energies of radiation. With the GM
tube, there is no difference in pulse size for alphas and betas or for
different energies of radiation. The ability to differentiate between
different types of radiation for all the regions is shown in Figure #7.
Generally tne ionization chamber and proportional regions could be used
for discriminating different types of radiation. This is especially
true for laboratory instruments. Survey instruments used in the plant
discriminate for type of radiation, but, because of design considera-
tions, discrimination is usually performed using an external shield
on the detector.

Of the three detector types, only the proporticnal counter requires
ar z...ct constant voltage. In the ionization chamber, the voltage can
vary somewhat without affecting the pulse size, and the same is true
for the GM tube. The voltage can vary a little with no significant
difference in the pulse size. With proportional counter, however,
A small change in voltage can mean a large change in the pulse size,
so it is necessary to have a well regulated voltage supply.

Ionization chambers and proportional counters can be used in high
radiation areas t for dose rate measurements, but Geiger-Mueller
tubes normally cannot. The GM tube will nct detect every pulse of
radiation, because of the resolving time needed to clear away the
avalanche of ion pairs. This means that the reading obtained could be
much lower than what is actually present or the dose rate to which a-
person could be exposed. Resolving time is not a problem with foni-
zation chambers and proportional detectors, because there is no avalanch-

<

ing. Some GM detectors have been designed with sophisticated external
electronics suitable for high radiation levels and dose rate measure-
meni.3, but the ionization chamber is generally the best type of instru-
ment for these measurements.

Figure 7 is a review of the six-region curve, with all of the regions
labeled. The ionization chamber region, the proportional region, and
the Geiger-Mueller region are the most important, because they are the
regions in which detectors are operated.

.
a

Rememcer, in the ionization chamber region, the number of fon pairs
collected in exactly equal to the number of f an pairs produced by the

,

radiation. In the proportional region, the number of ion pairs collected
is proportional to the number of ion pairs produced by the radiation.

, _ __ __ _-



-17-
,

At a given voltage, this proportionality is the same for aTT types and
pairs collected is the same, no matter how many fon pairs are produced
by radiation, because of the avalanching effect.
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FIGURE #7 REGIONS OF THE SIX-REGION CURVE
c) Other types of radiation detection and measurament instruments.

Scintillat*on detectors-

$- Semicounductors (mentioned, not discussed) i

- Heutron detectors (discussed under specific instruments)- Film badges
- Direct reading dosimeters
- Thermoluminescent dosimeters (TLD's)

.

1) Scintillation Detectors

All scintillation detectors work on the principle that wnen racia-
ti'on strikes a certain type of material, light is produced. This
light can be measured to determine the amount and energy of the



. _ _ . -

-18-

original radiation. The material that emits the light is called
scintillation material.

Different types of scintillation material are used to detect
different types of radiation. For example, a thin layer of zinc
sulfide is generally used t'o detect alpha radiation; an anthra:ine
crystal is used for betas; and a sodium iodide thallium-activated
crystal detects gammas. The basic functioning of the detector is^

the same no matter what type of scintillation material is used.

Gamma photons interact with the crystal in several methods to pro-
duce energetic ~ electrons. The electrons ionize some of the atoms
in the crystal. When molecules of NaI are ionized, the electron
ejected is not energetic enough to be a " free electron." The-

- exciton, as it is called, leaves its original orbiting poistion,*

but does not leave the atom itself. The energy of the exciton is
,eventually imparted to the activating material (thallium in the
|case of a NaI (TI) crystal), raising certain atoms of the material

to an excited state. These excited atcms then radiate this energy
|in the form of light. This entire interaction, from the time a i

gamma photon enters the crystal until the light is emitted, takes
place in a fraction of a microsecond. The crystal is usually sur-
rounded with a diffuse reflection material to improve the light-
transmitting qualities of the crystal.

Crystals in the detector are canned in metal,'usually aluminum,
;except ror the end which is tor be attached to the photomultiplier !

tube. This ed is enclosed by a glass or quartz window, which will
transmit ...s light produced in the crystal with as little distortion
as,possible. The crystal must be canned for two reasons:

- External light must be prevented from entering the crystal.
, Moisture must be kept out, because it will destroy the crystal. ;

I

|Figure #8 is a drawing of a gamma scintillation detector. Like
!the other radiation detectors we have discussed, it has three basic !

components - the detector, an amplifier, and a measuring device.
The detector component consists of the scintillation material (in ,

!this case, a sodium iodide thallium - activated crystal) and a photo- !

multiplier tube with positively charged dynodes in it. 1

At one end of the photomultiplier tube is a photocathode, and at I

the other end is an anode. The circuit is connected between the I
photocathode and the anode. If there is a flow of electrons between
these two electrodes, there will be a current flow that can be !
measured on the measuring device.

j
lWhen the gamma ray interacts with the scintillation material,
!visible-light is given off. This visible light interacts with the

photocathode, and electrons are emitted. These are the first two
steps in the scintillation detection process. In the third step,
the electrons are multiplied by about 100 by.the dynodes in the photo-l

! multiplier tube.
.

To illustrate the third step, let's folicw one electron from the time
it is emitted by the photocathode. The electron is attracted to
the first positively charged dynode. When it strikes the dynode, i
several electrons (typically four) are emitted. The first dynode is '

..
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shaped so that it directs the emitted electrons to the next~

dynode. The electrons will be multiplied again by the second
dynode and sent on to the third dynode. The electron multi-
plication continues throughout all the dynodes in the photomulti-
plier tube. The result is a large flow of electrons striking the
anode. Typically, each electron emitted frcm the photocathode
will end up as about a million electrons striking the anode.

In the fourth step the electrons are collected by the anode. An
electrical current that can be measured is the result. The
current is measured by the' measuring device.

The output of a scintillation detector is a pulse of electrons -
a pulse that is proportional to the energy of the original radia-

- tion interacting with the scintillating material. If the original
radiation has more energy coming in, there will be'more light emit-
ted, more electrons, and a larger pulse.

Scintillation detectors are extremely sensitive instruments. They
are often used in plant laboratories where precise measurements
are needed. They are also mounted on process systems in the plant
to measure radiation levels in the liquids or gases flowing through
the systems. Detectors used in this way are called process moni-
tors and will be discussed later. (Also used to measure alpha -
PAC-45).

_ _ _ _ _ . . . _ _ FIGURE 8 G MMA SCINTILLATION DETECTOR
_
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I2) Semiconductor Detection Systems
j

The GeLi detector includes three basic components - detector,
amplifier and measuring device. A power supply provides a high
voltage differential across the electrodes in the detector. In
addition, the system usually includes a minicomputer and other
complex electronic hardware. (Figure 9)

!

FIGURE #9
GERMANIUM-LITHIUM DETECTOR
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.

Ga GeLi Li
- O G

i
Figure ? | Germanium-Lithium Detector,

NOTE: The radiation detection instruments we have discussed so
far provide rate measurements such as counts per minute or mR per
hour. The personnel monitoring devices are different. They measuri
instead the total amount of radiation that an individual is ex-
posed to. The three genePal types of personnel monitors are film.x

badges, direct reading dosimeters, and thermoluminescent dosimeters.

3) Film Badoes
'

,

.

The film badge is designed to measure the whole-body dose from
beta and gama radiation. The badge itself is a small plastic
holder that contains a photographic film packet. Inside the packet

_
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are two pieces of photographic film, tightly wra'pped in a paper
envelope to prevent light from exposing the film. One piece of
film is sensitive to low radiation exposure levels and the other
is sensitive to high exposure levels.

When radiation interacts wi'th the film emulsion, it produces ions
that chemically activate silver molecules in the emulsion. When
the film is put into a developing solution, the chemically activated
silver atoms are changed into elemental silver, which turns black.
The blackness, or density, of the film is a measure of the radiation
inteFacting with the film, and, therefore it is an indication of beta
and gamma dose.

Figure #10 shows how a film badge is put together. In the film
badge holder is an open wir.dow that allows for the entrance of beta-

and gamma radiation. This means that the blackness of-the film (after
it has been developed) in the area behind the window is a measure of
the total beta and gama dose. Most film badges have different inserts
in other parts of the holder to shield out betas and lower energy
gammas. For example, one part of the holder might have a plastic
insert, another an aluminum insert, and still another a lead insert.
After the film is developed, the blackness will vary behind the
different inserts, depending on the ability of different energy
garmnas to penetrate them.

,

Plants that use film badges generally r4 quire them to be worn in
all areas of the plant. They must be worn between the waist and
the neck so that they can accurataly measure the whole-body dose. -

Special film badges for neutron exposure are issued to anyone who '

go'es into an area where there is a possiblity of being exposed to
neutron radiation. The film used to detect fast neutrons generally
contains a hydrogen emulsion, and the detection method used is proton
recoil . The recoiling protons cause ionization as 1. hey move through
the film emulsion. When the film is developeo, there will be
microscopic black tracks on it. By using a microscope and counting
the number of tracks on the film, we can detennine how many fast
neutrons interacted with it.

Film badges should never be mishandled or opened. Tamperir$g with a
film badge could cause the loss of a personnel exposure record.

.

i FIGURE #10 FILM BADGE
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4) Direct Reading 00simeters

The direct reading dosimeter provides an indication of the
gama radiation cose the wearer has received. By checking
his dosimeter periodically, the wearer can get an up-to-the
minute estimate of the total gamma dose he has received. Only
gamma radiation is measured. There is no way that beta radiation
can penetrate the walls of the dosimeter to cause ionization.

Figure #11 is a schematic of a direct reading dosimeter. Inside
the detection chamber of the dosimeter is a stationary metal
electrode with a movable quartz fiber attached to it. The dosi-
meter is charged so that both the electrode and the fiber are
positively charged. Since both are positively charged, they

. repel each other, and the movable fiber moves as far away from
the electrode as it can. When gama radiation causes ionization
in the detection chamber, the negative ions move to the positively
charged electrode or fiber. This action reduces the positive charge
and allows the fiber to move a little closer to the stationary
electrode. The movement of the fiber, then, is a measure of the
amount of gama radiation abscrb'ed by the detector.

In direct reading pocket dosimeters, a scale is placed so that the
hairline on the scale is the movable fiber. As the fiber moves,
the scale indicates the total amount of gama radiation absorbed by
the dosimeter. A magnifying glass inside- the dosimeter anables
you to read the scale and see.the total gz.ma dose you have received.
By periodically checking the total dose, you can make sure that
plant guide values or feder:i limits on whole-body doses are not
exceeded.

It is essential that you do not let your dosimeter become contami-
nated when you check it. This means that you must never touch the !
dosimeter if you are wearing contaminated gloves. Take off the
contaminated outer glove and carefully hold the dosimeter with the
clean inner glove while you check it.

As a general rule, anyone entering a Radiation Area or a High |

Radiation area should wear a direct reading dosimeter and a film i
badge, or a direct reading dosimeter and a TLD. Some plants re-
quire that everyone in the plant wear a direct reading dosimeter. l

j . at all times. !

A

Anyone who gets a direct reading dosimeter to wear should make :
sure that it is properly charged. With a proper charge, there is |sufficient positive charge in the electrode and the fiber to push

;them apart enough so that the hairline on the scale reads below
!

the value specified in the plant procedures. (Some plants require
'

I ~that the hairline be set at zero; otners accept any value below
acertainnumber,suchas10mR.)

|
If a dosimeter is not properly charged, a charger must be used to'

charge it before it can be worn. The dosimeter Ts pushed into the
charger, and the charger control is turned until the dosimeter is

.

|

,

L
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zerced. The dosimeter must be checked again after it is taken out
of the charger. Sometimes the hairline shifts when the dosimeter
is removed from the charger, and the dosimeter will have to be
readjusted so that the hairline will end up at or near zero.

Since the direct reading dosimeter measures the whole-body gamma
radiation dose, it should be worn in the major trunk area. When
you are using a dosimeter, be careful not to bang it or drop it.
Rough treatment may cause the electrode to discharge completely,
sending the hairline all the way upscale.

At the end of the day, everyone should read his dosimeter and record
the reading on an exposure record chart. These daily dosimeter
readings can serve as a backup in case a film badge or TLC is lost.

..

5) Thermoluminescent Dosimeters *

Many plants use thermoluminescent dosimeters (TLD's) instead of
film badges for beta and gamma whole-body dose measurements. From
the outside, a TLD may look exactly like a film badge holder, or
it may be smaller than a film badge holder. Inside the TLD is a very
small quantity of crystalline material called a detector chip that
is used to measure beta and gama exposure. A typical detector chip
is approximately 1/8 inch across and 1/32 inch thick.

Tp understand how a detector chip measuresradiation, we first need
to go through a short review of electron energy levels. As we know,
electrons in a solid material prefer to be in their ground energy
state. This is especially true for a crystalline material. If
radiation imparts enough energy to one of these electrons, the
electron- will jump up to a higher, unstable energy level. However,

_

since the electron prefers to be in the ground state, it will drop
and emit the extra energy in the form of heat, x-rays, or light.

In TLD material, there is an in-between state called a metastable
state, which acts as an electron trip. As show in Figure 12, when
radiation strikes the ground state electron, the electron jumps up
and is trapped in the metastable state. It remains there until
it gets enough energy to move it up to the unstable state. This
energy is supplied when the TLD chip is heated to a high enough
temperature. Then the electron will drop back down to the ground
state, and, because the TLD chip is a luminescent material, it will
release its extra energy in the form of light. The' total quantity
of light emitted by electrons returning to the ground state is
proportional to the number of electrons that were trapped in the
metastable state. The number of electrons trapped in the metastable
state is proportional to the amount of beta and gamma radiation that
interacted with the trateria!. This means that the amount of light
emitted when the TLD is heated is proportional to the total amount
of beta and gama radiation interacting with the material.

As shown in Figure #13, the TLD reader consists of a heater and a.

i

photomultiplier tube like the ones used in scintillation detectors.
When the TLD chip is heated, light from the chip is directed into
the photomultiplier tube. In the photcmultiplier tube, electrons
are produced in the photocathode, multiplied across the dynodes,
and finally collected on the anode. This then produces a pulse
in the circuit that is proportional to the total amount of beta

_ _ _ _
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and gamma radiation absorbed by the TLD material.

There are several reasons for using TLD's instead of film badges.
On reason is size - TLD chips are so small that they can be taped
to the fingers to measure exposure to the extremities without in-
terfering with work. A second reason is sensitivity. The TLD is
generally more sensitive than a film badge, more accurata in the
low mR range, and able to provide a better overall indication of
the total beta / gamma dose received. A third reason is that the
TLD chip can be reused after it is read.

As has been mentioned, the film badge, the direct reading dosimeter,
and the TLD are normally worn in the major body region to give the
best indication of whole-body dose. There are times, however, when
these devices might be worn on other parts of the body. For example,.

a TLD might be moved to an arm or a leg if these portions of the
body might receive more radiation than the trunk area. An additional
device such as a finger ring might also be used to measure an ex-
trenity dose. A finger ring contains either a piece of film or a
TLD chip to measure absorbed dose from beta and gamma radiation.
Special requirements are normally specified on the Radiation Work
Permit for a particular job.

.
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(A) Normal Discriminator-If counting above the line, only alpha pulses are
counted. If below, only beta pulses.

!
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10. Specific Instruments for radiation detection:

a) R0-2
b) RM-14
c) E-520
d) PNR-4 -

e) PNC-4
f) Teletector
g) Hand Probe - HP 210
h) Speaker
1) PAC-4S

NOTE: Descriptions follow this page, after studying this material go
to the Health Physics Lab and look at the instruments. Anything

-
you do not understand ask the HP Supervisor / Foreman. If you-

still have a problem contact your Training Coordinator.

.
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SECTION 11.

OPERATION.

3
.

A. OESCRIPTION OF CONTROLS
4. When measuring bets or low energy pmma or x.rsy

% 1. Function SwWt: Eight position rotary switch that emissions, open he sliding bets shield on the bottom of the

turns the histrument OFF, checks he condition of the batter- case and (see the bottom of the instrument toward the radi-
#*'

ation source. To open or c!ose the shield, depress the. ies, checks instrument ZERO, and selects the range of oper-
friction relesse button on the left side of the esse and manu-ation to be used.g

ally move the slide or let it fall due to gravity. When the! -

2. ZERO Knob: Used to set the meret to zero when shield is open, protect the thin face sgsinst damsge by
~ ZERO switch position isselected or when in an insignificant

puncture.

-3 radiation field.
.$3 , NOTES

*

3. Calibration Controts: Four varisbie resistors, one for s. The zero setting or theinstrument maybechecked in any
each range.

. radiation field by merely selecting the ZERO position., ,3
.

-? B. I; SING THEINSTRin!ENT b. When selecting that most sensitive runge (5 mR/hr)
switching transient noise may cause a temporary deflection

l. Turn the function switch to BAT I and then to BAT 2 of the meter. This can be avoided by first selecting 50 mR/hr,,,,

~3- positions. The meter should read above the SATT cut.off letting the needle settle, and then switching to 5 mR/hr..

Jine in both cases.
*

p -

c. The effective center of the ion chsmber is marked by
'M 2. Turn the function switch to ZERO pos, tion. Check dimples at the front and sides of the instrument case.'

A that the meter reads zero. If not, set it to :ero with the
d. Since the ion chamber is vented to stmospheric pressure, -

*

. ZERO knob. .

it is sensitive to changes in both air pressure and temperature.
-

'3 Tables 2-1 and 2-2 give correction fsetors to be used if the
M '"et the functien switch to the desired range ofoper-

use conditions are different from the calibration conditions.e ; . The switch position selected is the full sesle reading
of that range. If both pressure and temperature are different,muhiply the

meter cesding by both fac: ors.

.

TEMPERATUREW}IENCAUBRATED (F)*g
30 40 50 60 70 SO 90' 100 |110 120 !130 | 1432.3 '

'

30 I .98 .96 .94 .92 3i L .S9 .87 | .86 .34 1 .33 | *.5240 | 1.02 I .93 .96 .94 i .93 .91 i .39 | .8S .8 6 -

_

.35 i .S3'

50 ' l.04 1.02 I .98 i .96 | .94 .93 I .91 l .59 l .33 .36 .S5

'

TEMPERATUR.3 60- 1.06 I.04 1.02 I i SS I .96 .95 I .93 I .91 | 30 .33 .57% HEN USED 70 1.08 1.06 1.04 1.02 l1 | .93 .96 .95 l .93 | .91 .90 .38
'

(p) 80 1.10 1.08 1.06 1.04 1.02 || .9S .96 .95 i .93 .92 SO90 1.12 1.10 1.03 1.06 1.04 1 1.02 1 1 .93 .96 .95 .93 S2-
,*

100 1 1.14 1.12 1.10 1 1.0h 1.06 | 1.04 1.02 | 1 .9S .97 p 35 S3
'

110 1.16 1.14 I.12 1.10 1.05 { I.00 1.04 l 1.02 1 98 1 37 35'

120 1.18 1.16 I.14 1.12 I.Cr3 | 1.07 | 1.05 4 1.04 I.02 ii I .98 37
"

, 130 1.20 1.13 I.16 I.13 1.11 1 1.09 1.07 1 1.05 | 1.04 | 1.02 i I | .93140 1.22|1.20 1.18 1.15 1.!J | 1.1 I 1 (N | 1.07 | 1.05 l I.03 1 1.02 iI
' n'

..
MULTIPI.Y hlETliR READING DY GIVEN CCRRECTION FACTOR .

.u
Table 2-1. Tempemitare Com criruts

,

J

ORIGINAL.~
'

._- ., ,
- .--
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MODEL RO-27
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SECTION !!!,

THEORY OF OPERATION
.!.

A. GENERAL
contains electronic components. including the amplifier, Al.we

"*' !
' The chamber wall is 1/16 inch phenolic and the face is !

Refer to Figure 3-1. a block disgram representing the basic.

j operatio'n of the circuit. The ion chamber has battery po-
mil aluminized mylar. Another I mil mytar tsyer is glued to

.

the case, msking total thickness of 2 mi!s. The scrive volume'
tential between the inside wsil and the canter electrode. of air in the chamber is 208 cc.h!" When the air in the chamber ionizes dLe to radiation, a
minute current flows through the chamber causing the minus The inside of the chamber has a conductive coating of

-
-

. input lead.of the operational amplifier to go very slightly graphite dsg which is maintained at +bsttery voksge. Thei f. positive. This results in a negative swing of the amplifier inside of the my!st face is also at the s.me voltage. Thei.;
output which is connected to the feedback clements through outside of the chsmber is costed with dag sad is main.
a divider circuit. The feedback elements are connec:ed to tsined at ground potentist to provide electroststic shielding.the amplifier input and ion chamber and they conduct The center electrode is coated with conductive dag and is

.

] } sway all of the current genrated in the ion chamber. The
-suppceted on the center conductor of the g,arded feed.-= . meter is s!so tied to the output of the amplifier and indicates through se the top of the chamber. The guard ring of the/ in proportion to amplifier output voltsge. Range changing gu:rded feedthrough is positioned on insutstors between

is done by selecting different feedbsck clements and by.

9 seiceting different points on the feedback divider. th.e center conductor and the positive outer ring to prevent

/ possible fesksge from the high voltsge to the centerelectrode.-0
-

* The ;usrd ring and center electrod are maintained at the: B. FUNCTIONAL THEORY
:t J , same potentist (ground potentis]) so no leskage from the

guard to the electrode will occur.
4b 1. ION CHAMBER

The chamber is sealed except for a t. ;.iote in the top
The ion chamber is located inside the esse below the wail which vents it to the electroniesection immediately be.

~{ meter. It consists of the lower two inches of the three. inch hind the chamber. This section is vented to the inside ofid diameter chamber assembly. Tile remainder of the volume the ruin instrument case through a plastic hose connected
-

votr5

votr5
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to a drymg box fi!!cd with silies get desicesnt. In this way, back e!:ments to exsetly r:ntch Se amount of curr:nt the
-any sir drawn into the chsmber (caused by atmospheric ion chsmber is contributing. If a higher ion chsmber cut-

- Orcssure changes, temperstttre changes, transporting RO-2 rent oe:urs. the amplifier must produce a higher voltage
oy air, etc.) must first pass over the drying desiccar't. Dry scross the feedbsek eleme..t to hsw off the current. In
air in the chsmber is necessary to help prevent leaksge. this way, the amplifier voltage output is proportions to the

chsmber current which is in turn, proportions! to the rate
An ideslized air chamber the si:e of the one used on the of radiation in the chamber.

Stedcl RO.2 produces approximately 1.93 x 10-'' amp's
per mR!hr at standard temperature and pressure (STP is 3. 51ETER CIRCUIT
O'C and ses level pressure of 760 mm of Hg). At 5 mR/hr
it should produce 9.55 x 10-'* smps and at 5000 mR/hr The meter is driven directly from the output of the amp-
it should produce 9.65 x 10''8 amps. It is seen that at full lifier, pin 6. through dropping resistor RS and one of four
scale on the most sensitive range (5 mR/ht),less than 1/10 calibrating resistors, R9 through R12. Nomins!!y, the meter
cf a miere-microamp is produced in the chamber which mskes reaches fu!! sesle on all r:.nges at approximately the same
protection against leaksge current paramount. The silica voltsge output from the smplifier. The four calibrating
get desiccant should be changed as soon as it shows any resistors a!!ow for manufacturing tolerances in various com.

, clear or pink crystals. ponents and provide for calibration at various elevations
and temperatures. Function switch S1, section C, deter-

The positive vohage supplied to the inside chamber wall mines which caEbration reshter is in the circuit. Capacitor
is provided by a separate battery, BT3. This battery does C4 sets the time constant for the meter circuit.
not power any other circuit but the chsmber and, there.
fore, its current drain is insignificant and its life in inderi. 4. RANGE SWITCHING
nitely tong (shelf life). For this reason,it is not checked
by the battery checking circuits. The.rsnge that the afodel RO.2 is operating on 4. pends ,

entire!y on-the feedback cir:uitry between the output of the
2. OPERATIONAL AMPLIFIER (See Figure 61.) amplifier and the amplifier input, pin 2,which is connected

to the ion chamber. Table 31 shows the nomins! current
The operations! amplifier, A1, is contained in a sing!e - and voltage conditions of the circuit when at full sesle on

T0 5 size transistorpackage locatedin the top of the chamber the four ranges (sea level, O'C).
tssembly. It has dust 5!OS FET inputs which results in a -

Feedback resistor RI is conne:ted to the circuit at allpry high inputimpedance, on the order of IO:s ohms. The - times. When using the 500 and 5000 mR/hr ranges, S3
s

non-inverting input, pin 3,is connec:2 to ground and the
other input, pin 2,is connected to th- Ion chamber center closes and R2 is put into the circuit. Since R2 has 100
electrode and the feedback elements. The output of the times less resistance than R1, the effect of R1 is neg!!gible,
amplifier, pin 6, feeds the meter circuit and the feedback When on the ZERO, SAT t, BAT 2 or OFF positions of

.. :ircuit. the range switch,51 closes and shorts out the feedback
resisters so that the feedback current cannot generate any

When ion chamber current flows toward the amplifier voltage across the resistors. When this occurs, any voltage
input at pin 2, the input becomes slightly more positive which yemaining on the amplifier output and showing on themeter
causes the output to go more negative. This negative out. ts zero otTset error. This offset can be removed with the
put of the amplifier draws a current from one of the feed. ZERO control, RJ, which re.bslances the amplifier with

'!ON CHAMBER VOLTAGE ON
RANGE CURRENT, AMPS FEEDBACK FEEDBACK VOLTAGE OUT

:

| SETTING FULLSCALE ELE 3 TENT ELEMENT OF AMPLIFIER
j 5 mR/hr 9.65 x 17'* R1,3 x 10': ohm- 0.29 2.9
I 50 mR/hr 9.65 x 1783 R1,3 x 10' 2 chm 2.9 2.9500 mR!hr 9.65 x 17:2 R2,3 x 10'' ohm 0.29 2.9| 5000 rr R/br 9.65 x 178 8 R2,3 x 10'' ohm 2.9 2.9

'
.. .

| Table 31. Fut! Scale Curentsand Voltsges
,

'

6
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] both inputs of Al at zero potensisi.
F or 500 mR he pcs::fons. When using the 50 or 5 mR/hr

positions, the ms; .:: is over the center of the chamber and! Switches S2 and 53 are sfass enespsulated magnetic reed
neither 52 nor 53 :s pulled in. This !csves R1 as the active'

s, witches with a very higit open circuit impedsnce. They are feedback resistor.''
sesivsted by a permanent magnet which moves on a swinging
arm on tite outside of the chamber assembly. 52,the shorting
switch, is located in the right side of the chamber assembly. The second sect!O . of SI (SI-B) selects full amplifier out-

% The msgnet is over S2 when the range switch is at OFF. BAT put voltage or one. tenth of that voltage to supply the feed-
back elements. Fu.'smplifier voltsge is used on the 5000,_41 1.. BAT 2 or ZERO. S3, the switch that ptsces R2 in the

circuit, is located in the left side of the chamber assembly. 50. BAT 1 sad BAT 2 positions and one. tenth output voit-

The magnet is over S3 when the range switch is at the 5000 sge is used on the MO.5 and ZERO positions.
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,

SECTION 11
,

OPERATION
.

A. DESCRIPTION OF CONTROLS AND CONNECTORS B. PREPARATION FOR t*SE

1. EXTERNAL (See Figures 11 and 21) 1. INSPECTION
t - -

m. Switch: Five position rotary switch that turns The instrument sh:uld be checked for physical
instrument OFF, checks battery condition and selects damage.*

. scale multipliers of XI, X10 and X100. This number must
.

be multiplied by the meter reading to obtain the proper 2. CONNECTIONS -

count r2te.
. a. Connect proper detector to' DETECTOR con-
'

.b. RESPONSE: Togg!e switch to set response time nector. -

either FAST or SLOW for best compromise between speed
.and fluctuation for the particular usage. b. Plug AC cord into 115V,60 Mz!ine. AC ON light

should light.
. . .

-

c. RESET: Discharges integration capacitor, bringing
C. USINO Tile INSTRI.31ESTthe meter reading to zero rapidly, also releasing an alstm

condition.
1. STARTINO

d. VOLUhlE: Varies loudness of speaker from n
Tum the switch to battery check positian. Tl:eound to maximum !oudness.

- meter should Indicate in de BATT OK area.
e. DETECTOR:

,

Conntenon to detector. BNC series 2. OPERATION CHECKcoaxid.

"f. ALAR 31 SET: Controls point on meter scale that Place check source i. a repestable position sdiscent

the alarm wd! sctuate. Ntimbers 1 thru 5 correspond to to the detector to schieve an upscale resding. Note that

. beld increments on meter scale. the reading is sensitive to se position of the source. The
reading may be recorded for future reference.

| .g. TEST: Tog;;!e switch inserts 3600 CP51 into
Push the RESET butten and the reading should drop

[ instrument. when on,if power cord is plugged into sc line. to zero rapidly, then c!!:nb back to source resding when

h. Recorder: Connection for external 50us recorder. RESET is relessed. The RESPONSE switch may be selected

31sy be changed to 10 rm*. See Section Ill, C,4 for the best compromise between speed of reading and
meter fluctuation.

i. Scaler: Connection for externst scaler. BNCt

Rotate the ALAPJ! SET countere!ockwise untilseries coaxial.
alarm occurse ALAPJ.I !!;ht should li;;ht and 1000 Hz
squeal will be hestd on de spesker. Push the RESET

2. INTERNAL (See Figure 2 2) button; the slarm conditica should go sway until resding
* '

a. Calibration Controls: One control for cach range
which indwidually calibrates that range to agree with input 3. INTERPRETATION OF INDICATIONS
count ratc.

, The meter reading must be multiplied by the scale
| b. Alarm Set Calibrate: Cnntnit to set currelsthnt switch atting tu obtain de proper number. Thu flue:ustion,

) between alarm set and meter reading at starm pomt. of the meter is norr:2! and is caus:d by the random)
| nature of radioactive dacsy,

h

CilA.NGI. ; os 3
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1
-

'I
SECTION !!! ,

| THEORY OF OPERATION

A. GENERAL (See Figure 3-1) Men the trigger is initiated by the pulse from Q7, the
output at pin 6 goes positive and holds until the pre.

The high voltage supply develops +900 volts, which is determined time (RC) elapses.
applied to the geiger tube, giving it the proper operating - - -

voltage. When radiation reacts in the geiger tube, negative 4. 31ETER DRIVER
-

,
puhes are generated. These pulses are coupled into the
ampliGer where they are amplified. They are then coupled The driver Q9.is normally off so no current flows
to the trigger circuit where they are converted to standard through 51-1. When the trigger is on, Q9 is tumed on sad,

]~
. the meter driver which converts them to standard pulses of voltage on the base of Q9 and R22. The length of time that

f . size pulses of power. These standard puls-s are applied to current flows. ' The amount of current is determined by the .
'

current, averages this curre .t and drives the meter. Thus the current flows is determined by the pulse width of the
- meter deflection is proportional to the aversge rate of trigger. His (current times time) forms a certain charge

radiation at the geiger tube. which is transferred to C11 (orc 11 and C12, depending on .,

response time switch position) for each event counted.
The voltage developed across the meter is applied to the C11 dis:hstges thru 311, yielding a certain average current

"I differential alarm ampHfier whose reference voltage is dependent on the rate of input pulses. Changing the pulse
3 contrelled by the alarm set control When the meter voltage width of the trigger (i.e., changing scales or estibration -

exceeds the reference voltage, the alarm amplifier sustains pot setting)' changes the average current for a given input
:n s!stmed condition which lights the alarm light and pulse rate. This allows the meter to be calibrated to readj inserts the H.V. oscillator frequency to the speaker. counts per minute at the detector.

B. FUNCTIONAL THEORY (See Figures 31 and 6-1) The response time 'Is -- alled by tite RC time
constant of C11 and R23 in the FAST position, or C11 +.q

.

C12 and R23 in the SLOW position.
.

j 1. !!!GH VOLTAGE SUPPLY

- The oscillator transistor (Ql) drives T1 primary and
# ge ts its feedback from T1's red-orange winding. The voltage 5. SPEAKER DRIVER No.1

is ' stepped up by TI's secondary, rectified, filtered and,

throug VI is sensed by Q2, amplified, and used to control Q20 and Q21 smplify the trigger pulse and drive the
the current through Q3. The current through Q3 controls speaker. One event is heard on the speaker for each event

-

- the bias level of the oscalator Q1. This tends to hold the counted. Q21 also drives the extemal sesler. Speaker
current through V1 to a constant value, regardless of loudness is controlled by R104 setting.-

battery voltage.
~-
- 2. A31PLIFIER 6. ALAR 51 A31PLIFIER

Q5, Q6 and Q7 amplify and invert the negative Q10,11,12 and 13 form a differential ar$plifier
"

I signal from the detector. 'Ihc collector of Q7 is near zero with the slarm set, R103, contro!!ing the reference side of
d until a pulse turns it on and the resulting positive puhe the zmplifier. The voltsge across R103 is held stable by

starts the trigger. current source CR12. Alarm point is set by :djusting the
reference voltage on the base of Ql2. As the meter is

T 3. TRICCER driven up sesle, the voltsge on.the base of Q10 increases
.I proportionally with meter re: ding. When the volt:ge on

Integrated circuit Al is connected to operate :s s Q10 equsis, or exceeds, th: voltage on QI2, Q14 will
monostable multivibrator whose pulse widtn is controll:d conduct. turning on Ql5. lighting the sistm light and.,

~ 'j by the RC time constant between its pins 7 and 3. This activatin; the No. 2 speaker amplifier. The !:rm point.

time const:nt is estylished by the setting of $101 A (sc:le is chan;td by changing the voltage on the reference side.
- selr: tion) which se!ects a particular R and C. The i.e.. adjusting R103. The :!stm condition is locked in by -

" calibraion enntroh form the R for e:ch ::s|e. making the the facdb::k loop eensisting of R27 and CR7 which holds
puise width continuously :djustable for calibration. Q t t it: anduction.

.

. . ~

Olt!GINAL 5-
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A
\HIGH VOLTAGE SUPPLY
|
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_
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.
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PR

REFERENCE AMPLI.:IER
VI Q2,03
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_.
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SCALER j

'

,,

AMPLIFIER TRIGGER *! SPEAKER 22 SPEAKER
.

05,06,Q7 Al AMPLIFIER -- AMPLIFIER--o -
Q20, Q21 Ql8, C19 ,j

0 .
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%1:en the RESET switch is closed, a voltage is collector of Q:01 resulting from it turning on,is divided I
applied to de base of Ql6 and QI7, turning them on. Q17 by R203 and R204.then c2pseitively coupled to the TEST
geturns the isse of Ql0 to near zero and also removes the s\vitch. With the switch off the pulse is grounded and has '
charge fro:r Cll and C12, returning the meter reading to no effect. With the switch ca the pulse is inserted into the
zero: Ql0 puts the base of Qi5 at ground turning Q15 off., amplifier and causes the instrument to count at a 3600
With Q15 eif, the alarm light.is tumed off, the No. 2 CPal rate.
speaker smp!ifier is disabled,'and Ql4 is turned off,
resetting the slarm amplifier. C. >!ODIFICATIONS

7. SPEAKER DRIVER No. 2 1. HICH VOI.TAGE

When Q15 is tumed on (slarmed condition)QlS and The high voltage can be changed from 900V to suit
Ql9 are enabled by grounding the emitter of QlS. The the type of detector being used by changing the regulstor
power supply oscillstor frequency, approx.1000 Hz, is tube VI.

- amplified by Q13 and Q19 which drives the speaker. *

CR101 isoistes the output from the volume control so 2. INPUT SENSITIVITY
- Istm loudness is not affected by volume control setting.

The input sensitivity :sn be enanged to 400 my to
S. PO%1ER CIRCUlTRY suit certain geiger tubes. This change is made by removing

the jumper on the P.C. se:ket at pins F and 6 and adding
Th: AC line voltage is stepped down by T101 and jumpers between pins 6 and 7 and pins F and H.

rec:ified by A101 and is used to trickle charge BT101. The --

chstging current is set by R101. Since the line is not 3. ALAR 31
switched. the battery wi!! be chstging any time the instru.
m:nt is pic;;ed into the line, and the AC ON light will be The z!stm can be =sde non-locking by removing
1[:, the jumper on the P.C. socket between pins 18 and V.

g The :sw voltage is reguisted by Q4 and CR2. . 4. RECORDER OLTPL*T

c7 The output signs! may be changed from '4*mp to
{ 9. TEST: Transistor Q201 is turned on during ese!* 10 millivolts full sesle by sdding a 200 ohm rc :.r.. ac oss
j positive ha:f cyc!c of T101 secondary. The pulse on the the output terminals.

,
. -

| -

,

|

.

J
,
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SECTION ll
il OPERATIONa,

es

] A. DESCRIPTION OF CONTROLS AND CONNECTORS 2. CONNECTIONS
'

. t
1. EXTERNAL (See Dgure 21) Cor.nect the probe cable to the probe connec:or. >

m
3 . a. Switch: Seven position rotary switch that tums

'

instrument OFF, checks battery condition and selects C.USING TrIE INSTRL"alENTscale multipIIers of X.01, X0.1, XI.0, X10 and X100.

c} This number must be multiplied by the n.eter indication to 1. STARTING~

obtain the proper reading.

Turn the switch to the battery cheek position. "Ihe
3 b. RESPONSE: Controls response time of meter

mete: should indicate within the BATI OK area.g to the most desirable compromise between speed and -

fluctuation for the particular usage.

2. OPERATION CHEC'<

9)
c. RESET: Discharges integrating capacitor, bring-

ing meter reading to zero rapidly. P! ace a check source in a repeatable position adjacent to
the detector and move the switch to a range that gives an

d. PHONE: 't for use with earphone, upscale reading. Note that the reading is sensitive to the
*

i speaker or extern . ataring connector is BNC Position of the source. The reading may be rer.orded for
'

-

series coaxial. futum reference.
'

7 e. DETECTOR: Connection to hand probe. BNC Push the RESET button and the reading should drcp to
series coaxial. zero rapidly, then climb back to source reading when the

e

"
RESET is released. The RESPONSE may be adjusted to

2. |NTERNAL (See figure 21) get the most desirable compromise between speed ofg response and meter fluctuation. -

;g a. Calibration Controh: One control for each range
which individually calibrates that range to agree with the
input pulse rate.

. 3. INTERPRETATION OFINDICATIONS,

b B. PREPARATION FOR USE The meter reading must be multiplied by the scale
factor to obtain the proper number. The fluctuation of

1. INSPECTIONS the meter is normal and is caused by the random nature of.,;

radtoacuve decay.
,

The instrument should be checked for physical damage.
.

J
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MODEL E.5:0

] 'T .
.

3
0 .'

9 '

;g :|'

SECTION 111
'"

j THEORY OF OPERATION i
.

-

I A. GENERAL 3. TRIGGERe ,

The high voltage supply develops +900 volts, which is Integrated circuit A1 !s connected to operate as a
applied to tim geiger tube, giving it the proper operating mono.st;tb! multivibrater whose pulse width is controlled} voltage. When radiation reacts In the geiger tube, negative by the RC time constant between its pins 7 and 5. This

|,
' 2

pulses are generated. These pulses are coupled into the time constant is established by the setting of SID (scale
amplifier where they are amplified. They are then coupled selection) which selects a particular R and C. The cati-,

i er to the trigger circuit where they are converted to standard bration controls form the R for each scale, making the
.

] size pulses of power. These standard pulses are applied to . pulse width continuously adjustabte for caIIbration.
the meter driver which converts them to standard pulses

!of current, averages this current and drives the meter. Men the trigger is initiated by the pulse from Q6 '

] Thus the meter deflection is proportional to the average the output at pin 6 goes positive and holds until the
rate of radiation at the geiger tube. predetermined time (RC) elapses.o - ~ - . ~

t
,

4. METER DRIVER !*

3. FUNCTIONAL THEORY (See figures 31 and 61)
c ,

Tha driver QS is normally off, so no current ficws
1. HICH VOLTAGE SUPPLY through Mt. When the trigger is on, QS is turned on and

3 t

d The oscillator transistor (Ql) drives T1 primary and gets
curren' flows. The amount of current is determined byi

its feedback from T1's red-orange winding. The voltage is
the voltage on the base of QS and R25. The length of time
that current flows is determined by the nuise width of the

stepped up by T!*s secondary, rectifled, filtered and app- trigger. This (current times time) for . ertain charge*'

lied to VI. VI regulates at 900 volts. The current through
which is transferred to C10 for cad. event counted.VI is sensed by Q2, amplified, and used to control the
C10 discharges through MI, yielding a certain average"

current through Q3. The current through Q3 controls the current dependent on the rate ofinput pulses. Changing
bias level of the oscillator Ql. This tends to hold the the pulse width of the trigger (i.e., changing scales or_'

;*

through VJ to a constant value regardless of calibration pot setting) changes the average current for a
; current
'

a battery voltage. The result of this is that powh is not given input pulse rate. This allows the meter to be esil-
| wasted with new batteries, just so it will function with brated to read in CPM or mR/hr at the detector.i tower voltage betteries. This greatly extends battery life.~

*

The response time of Mi is contro!!ed by the RC time~

constant of C10 and R27, the response control With R27
4 -.

2. AMPLIFIER 8't to low resistance the time constant is fast, and at
high resistance it is slow.

Q4 and QS form a feedback controlled preamplifier^

which smplifies the negative pulses from the detector. 5. PHONE DRIVER
I The feedback enhances stability and the biasing on Q4~

j protects from overdrive. Q6 is biased just into cut-off Q7 amplifies and inverts the output pulse from theso its output is near 0 volts. A pulse turns it on and the
triggi, yielding a large amplitude negative going pulseresulting positive output pulse starts the trigger circuit, which is capacitively coupled to the PHONE connector.

9
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'

EBERLINE p0RTABLE NEUTRON RE.'1 CCUNTER_, -

*

MODEL NO. pNR-4

.

Detects: Neutrons '

Range: 0 to 5,000 mr/hr

Battery Pack: (5) five standard "D" cells

Detector: ,A BF3 tube placed in the center of a 9 inch cadmium loaded, polyethelene
sphere.

- Operating Voltage: +1800 volts (Proportional Region)
,

Battery Voltage: 5.5 minimum to 8.0 maximum volts D.C.

External Descriotion of Controls:
1

Switch: (rotary) Off-On, and Battery Check
High voltage adjust - turn clockwise to increase voltage
Earphone or speaker connection
Detector Connector

*

z
.

THEORY OF OPERATION

The BF3 tube detects only Thermal neutrons. To allow the BF3 tube to have a response
which closely)follows the theoretical dose from neutrons, (from 0.25 ev (Thernal) to10 mey (Fast) , the cadmium captures some thermal neutrons and the'polyethelene
thermalizes (slows down) Fast neutrons so the BF3 tube can detect them. Then the
detector (BF3 Tube) generates electrical pulses, when placed in a radioactive field.
These pulses ara amplified and applied to a pulse and the high (alpha) pulses cause
the binary to change states. The square wave output is applied to the driver causing
the meter to deflect. This reading is proportional to the intensity of the radio-
active field at the detector.

.

I

b
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EBERLINE NEUTRON INSTRUMENT
.

MODEL PNC-4,

Detects: Fast or Thermal Neutron
,

-- Range: 0 to 500K counts per minute

Battery Pack: Five standard "0" cells

Detector: Baron Trifloride tube BF3
!

Active area 1" diameter x 2" long
- Operating Voltage: 1500 volts 0.C.

.

Moderator: Ik" of Parafin way enclosed in .03" of cadmium

External Descriotion of Controls

Switch: On, Off, Battery Check
High Voltage Adjust
Phone Connection

.

THEORY OF OPERATION

DETECTOR: The detector tube is sensitive to slow neutrons directly. * ' tect fast:
neutrons it must be inserted in the moderator. Here the cadmium linir.g.coptures the
slow and passes the fast neutrons; the fast ones are then moderated by the parafin so
they are detectable by the. tube.

,

10 atom inside the tube captures a neutron, it releases an alpha particle.Wnen the B
The energy released ionizes the gas in the tube. The negative ions are accelerated .
to the anode wire because of the positive high voltage applied. As they approach the
wire, they have sufficient energy to ionize more atoms, causing ion amplification.
The amount of ampitfication is controlled by the high voltage. The amplified current
pulse is coupled through the cable into the instrument, then to the amplifier.

'

.

e
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.

E3CRLINE TELETECTOR '
~

.

total No. 6112
*

, .

*
.

Detects: Esta and meacures Ga==a, and traces of
*

radioactive material or contamination.
. s

Range: 0.1 mr/hr to 1000 R/hr. *

.
-

Battery Pack: (4) Four Standard "C" Cells.
,

._

. Detect:',r: One High and One Lev ?.ange G.M. Tube,"

and a transisterined amolifier in the' ~

. measuring probe. .

.
,

U Id*"C78 10% (Calibrated with Co60 at 20* C)
.

'

Operating Voltage: 4.1 Volts to 5.8 Volts.
O .

External Descriction of Controls:,

s -

Switch - (Rotary): On-Off and five positicas, Battary Check.
Earphone Connection.-

-

Slide scale opera;ed by switch.
C Detachable 3 eta Cap f:om end windew. -

.

Telescopic Frei:.

Automatic Scal- Illuminatien. . .

Batteries contained in handle.- '

.' THEORY OF OPE 7J. TION:.

'
. .

Radiation enters the window in the tip of the probe, striking
the high and low range G.M. tubes. Fulses are amplified and connected
to the cable inside of the telescopic probe, and to the direct reading
scale. Esrphenes are cennected to the a=pI:Wier. Selector switch
autc=stically cperates the clide scale.

. .
,

.

.

.
* .

. *
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D;3TRUCT10N SHEET

HAND PROBE, MODEL HP-210
;y
| GENERAL DESCRIPTION
I

,- The M del HP-210 Hand Probe is a rugged, sensitive detector for monitoring beta rad!stion
from very low energies and up. This hand probe offers a thin mies window, a large open area
protacted by a sturdy wire screen which allows useful sensitivities for beta energies down to
about 40 KEV. It is ideal for contamination control when used as a personnel frisker, or for

tw monitoring of tables, floors, equipment, etc. The high density tungsten shield makes it possi-g ble to monitor for low levels of beta radiation in a gamma field.
'

When monitoring in a low level radiation field you may use an aluminum probe housing in
place cf the tungsten shield for cc siderable weight reduction.

# .,C The Model HP-210 Hand Probe c:ay be used on any 400 volt portable instrument or labora-
'tory monitor. ~ ,

.g e
. , .

-

g SPEC:71 CATIONS
.

-

. . .

OPERAIriG VOLTAGE: 900 350 volts.
PLATEAU LENGTH: 100 volts min.
PLATEAU SLOPE: 0.18'-/ volt max. .

DEAD TDIE: 100 usec max.
TE11PERATURE RANGE: -55'C to +75'C.3 L yE: UnsL'ected by operation.$ AUCA WLNDOW THICICESS: 4 4 to'2.0 mg/cm ,

,2

51ICA MNDOW AR"'A: 15 cm- (1-3/4 in, dia.).
SERIES RESISTOR fin pqbe): 2.3 magohms.h GA:vGIA SENSITIVIn- (C-Co into wy) ow): Apprcx. 6,000 CP5f/mr/hr.n SHIELDING RATIO (front to bact " Co): Approx. 4:1.

*DETA ETITg3r]Y (E max. 54 - 2.2 MEV):% (1 fa. dia. source 22). '

89 Approx. 45%se -

i1 *

Tc (I max. 29 ME7): Approx. 30%ja 14C (E max. 15 MET): Approx.10%
CONNECTOR: ENC Series Coaxial.
SIZE: 6-1/2 in. L x 3-1/2 in. W x 3-7/8 in. H.
WIIGHT: 4-1/4 pounds with shield,1-1/2 pounds without shield. ,

SHIELD: High Density Tungsten.

'All efficiencies with screen in place. Removal of screen willincrease given efficiencies
by approx. 40L

,

,.

APPLICATION
, .

When monitoring with the HP-210, hold the window as close as possible to the surface being
checked. The reading obtained from the counter used with the HP-210 will depend on the cali-
bration method of that ecunter. If :te counter has a " counts per minute" (CPM) scale and is

9 calibrated to true pulse repetttien rs'.e, such :.s the E-120, it will read the true count rate from '

d the HP-210. If the cou:ter has a "mr hr'scalewhichiscalibrated to a gamma field v'ith a
different detector, such as the E-510 or E-500B with HP-177B, a conversion factor should be -

developed to convert readings to cpl!. This factor is approximately 1400 CPM per mr/hr for
the HP-177D with o0Co. ',

-
--

N I1 D.--

2 il fug | 1' a c.,r, wna
-

, . , . , < . .

P.O. Box 2108 Santa Fe, New Mexico 87501?
Phone 505-982-1881 TWX 310-935-0673.

h
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FELD TEST PROCEDURESd '
.

SK-1 SPEAK.ER.

A. APPLICATION: The following te.st procedures generally apply to-
all portable instruments with phone connections.

B. REQUEEMENTS: '.

-;

I., Portable' instrument with speaker mounted and cable connected..

~ 2. Check source. of appropriata radioactive material. i
' ''.

-

*
-

|}f. ;
. . . .

C. OPERATIONAL CHECK TO BE PERFORMED:
.

-

.

:. n
1. Turn instru=ent "ON", Range Switch to XI.O. scale and speaker
switch "ON".

- s
'

*

2 Move probe part of instrument into radiaticn field until s5acIy
clicking sound is heard and the instru=ent meter reads upscale. Titm
speaker switch "OFF". There should be no change'in the averags meter.

,

reading. Remove the speaker cable, again, there should be no change in
the average meter reading. ~

-

h ~3. Replace speaker cable and turn speaker switch "ON". 3. steady
audible clicking should again be heard.

4. Place range scale switch in all other positions, there should be no
change in the repetition rate of the clicks from the speaker. ~ Repeat
para.C2 for each step of the range scale switch. -

... ..

-

.. .

. .

.

.

.
-

.

. .

.

.

1

.

I

'

.

. .. .. . . .

| Ig E 8 E R LI N E l bj S'i R U M E N T C O R P O R ATI O i'
| P.O. Cox 2108 O Santa Fe, Ne ; Mexico 87501 O Phone 505 932-1881 O TV.'X 010 035 03;
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INSTALLATION INSTRUCTIONS . -.

'

.
.,

:
.

These installation instructions adapt the Speaker SK-1 to Portablej g Instruments having phone ccanections. -

<

A. MATERIALS INCLUDING SPEELER.
, * '-

1. Speak.a Assembly SK-1 w/ cable. ..I
'.

3,-, .
,

;

| 2. Mounting Clip w/ hardware, consisting of 2 ea. 4 - 40 x 1/4"
, .

o-ring seal head, SS,. screws and 2 ea. 4 - 40, SS, elastic stop nuts.
!

'
|

;
e

B. INSTRUCTIONSi Remove the instrument from the case. Using
.

!template provided at bottom of page, center punch.and drill 1/8" ,
*

holes in case. Mount clip with screws provided. These are -

l

i

special screws with o-ring seal. DO NOT substisute. These
!

.

'

screws shculd be used with the head inside measuring instrument ~. '

case. Mount speaker on clip and cennect cable. '

, .
,

*
.

. .- . '*
#

**
.

' . .

face ggs !, *
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.
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E3ERLINE ALPHA INSTRUMENT

Model PAC-45

Detects: Alpha
Range: 0 to 2 x 106 counts per minute
Battery Pack: Five Standard "0" cells
Detector: Zinc julphide, silver activated (scintillation)lar59 W. - window thickness, covered 1.5 mg/cd my
Efficiency: 28% for y
Operating Voltage: 1200 VDC
External Description of Controls:

Switch - on, off, battery check
High voltage adjust
Phone connection

,

Theory of Ooeration

When an alpha particle penetrates the window and strikes the
scintillation phosphor, it generates light. This light is
detected by the PM tube, converted to current and amplified.
The amount of amplification is controlled by the high voltage
applied to the PM tube. The amplified current pulse is coupled
through the cable into the instrument, then into the amt. fier.

.

O
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UNITED STATES NUCt.5AR RCGUt.ATORY COMMISSION -M-

d'
.

RULES and REGULATIONSI *

f T!TI.E 10. CHAPTER 1, CODE OF FEDERAI. REGULATICNS-ENERGY-

'ff
s .

!

t

PART
'

STANDARDS FOR PROTECTION AGAINST BADIATION

i

EXCEPTf0NS AND ADDITIONAf. REQUIRE.
CINERALPMUviE10NS '

See. 20.500 App 6;ations for exemotions. " U " 00" #D
:oJ Purpose, 20.502 Additional regiarements. mmtain radiadon exposures and re-
20.2 Scoph
20.3 Dennitions. ENIrORCEMENT leases of radicacuve materials in edu-

ents to unrestricted areas. as far below. g

o t o rad act vtty * Athe !!mits spec: Sed in this part as prac.
20.6 Interpretations. 3 Ucable. De term "as far bdow the Hmits
20.7 Communacassons. Appendix A-IReservedl a peciSed in this part as practicable"s

Appendta 5-Concentrassons in air and water
PERMISSI5t.E DOSES. LEVEL.S. AND above nacurst tackeround.

*means as Iow as 1.1 practicably achiava.^ ~ +

c Die earter into account the state of tach-CONCENTRATIONS Appendia C.
Appendix D-Umsed States Nuclear Resula. "nology. a.:d the economics of improve.

I

$ d * MenM in reladan to benedts to thefor eme tYe[n Mc' "
2cJol Esposure of indiv' duals to radia- '

public health and safety and in relationtion in restnered stess.
toJo2 Determinataan of accumulated AUTHORITY The provisions of this Part *o t.o the u* 1::stion of atcmic energy in the I.

dosa,
issued unoer secs. 53. 63. 65. sl. loJ. to4 (64. 6.4'ubhtem*

'oJo3 Exposure of Individuals to concen. 68 Stat. 9 30. 9 33. 93 5. 9 3 6. * 37, 94 s. as*

trathons of radioactive material in re. U.S.C. 2073. *o93. 009 5. *:11. 3 20,, -cope.

.agaff,Es,sible levets of' radiation ina, mended 4{NaNnNdS45.N Se Jhim b t.W M appy *.o

,

8*7e of minors 23 e atl s.
2 0.20 s Per 2 73. 1:0.40120.ao9 issuta under sae. All persons who receive, possess. use cr*

marestncted areas. tel o.,
a seat. 9so.as amenced 42 U.S.C. a' transfer mater:s! I! censed puzTuant to2 8 .:oJoe Radios.:rivity in effluents to unre. y,0,[Qg,y,pggg:y,(8 38 5 the recIlations 1:1 Parts 39 through 35,2 g- stricted creas. -

, ,,,, - 20Jo7 Medical Jiagnosis and therapy. $ 20.1 Purpose. o 40 or "O of this chapter, includ! r per.2oJo en requains ftenishing of bso- ' sons Ucereat* to operate a produe:1on or,

m mn a mm udH:st Mty pu susnt *.o Parc M
*? PRECAUTTONARY PROCEDURES % Hsh standards for protection ag~.nst ra- of this . Gar.

.

;',' diation hazards arising out of ".ctivities ~
.' -.

n underlicenses issued by the Nudear Reg. J *0.3 D trinitions.
.

$ Nob n7ei nonitoring. $ ulatory Corn-nittion and are ssued pur. m As 'tsed In this part-
.i
e 20.:03 Cauuon signs, tapets, signals and

* suant to the Atomic Energy Act of 1954 m ".W" --mm the Atomic Energycontrois.
* 20. 04 Same: enceptions. as amended, and the Energy Reorgani:a- Act of 19'4 (58 stat. 9191 includ.ing any
-

* :"4 M',"',*n'/L'Jffe""' "*"* "*=^**'m- amndments thereto*,
m Anor=e radioacun mater:M-

. . -

?
20.20e Instruction or personnet. -
:o.207 Storage of licensed materta's. @ 'The use of mdioactin mate.a! or means any r3dloactive Insterial dispersed$

WASTE DISPOSA1. other sources of radiation not !!censad in the air in the form of dusts, ftunes.*

by the Cmv"n'um is not subject to the Est; Tapors, or ts.ses*
20.30t Ceneret requrement. na n this part. hwenr.1t la m "Wduct ma*eMM** means any
20.302 Method for ootmaning soprossi of the purpose of the regulanons :n 13 radioactly= mater al fexcept spec'al nu-

proposed disposal procedures. . I part to control the possess:en use, and clear .* nata r'.M) yielded in W made a-30.303 Disposal by retene into sanitary g transfer of licensed material by any 11- d!cactive ry exposure to the rad.tation,

inc: dent t.: the process of producing or*o.Jo D o sat by durial in soil ~ n 8' *

' io.Jos Trntment or disposas by irtanera, u. to such material and to radiation from utill:mg rte :a! nuclear : Pater:21;''

tio n. iq such material, srhen added to exposms*

RECORDS REPORTS. AND NOTIFICATION to unl! censed racloactive mater:al and (4) "Cs.endst quarter ** means not less
to other unlicensed sources of raciation .h*.n n comurc we.dca nor nore d n

*o.4ot Rscords of surveys, radiation rnon. In .he possession of the Ucensee, and to ig eg=3,eg ggy, ,,,jgg, fhe first r:sfenes:*
~

teorine, and dispossf. malaton theref=m. does not need the quarter 3! each ycir shall beim = Jan-.

20.402 Reports of enert or foss of licensed standartis of radiation protection pre * uary and subsequent calencar quar ers
20.403 Notifications of incidents. _ Scribed in the regulatict'ts in this part, sha11 te tt.ch that no cay :s includec nmatorist.

more than one cslandar quarter or OEnit-
po7t IC) n accords:ce with reco21mmda* ted from inclus:on withm a calenciaro4 o ovetesposures and ex.-

dons of the Mer31 Radiaticu Councd* ttu2rter. No licensee shall change theceses.g levels and concentrstions.' us20.406 i ReserveJ | q approwt1 Dy the P esident. persons en* =ettlod observed *.JT hi:1 of dMert ".2113C', 20.4o7 .

Personnet esposure and monitoring g gaged m activ ttes uni.er !! censes :ssued cs!andar c'asrters except at me ber.n--
a reports.
! :o.40s Reports of personnel exposure on bw the Nuclest Ren:aturv Cummission pur. ning of 2 calendar ycSt.

terminstion of employment Or wure. 2 suant to the Atorme enetwy Act 0 195 . as
*

=
, 20.400 carications and reports to inca. .sl

,

-Rect ant 23tiott Act W smon Mns W Mest R9
.

of 19 14. m Mtm to com. latory Comm sson or its duly authonzed" " 'f
| plytag with the requirements set forts *n "?"*"'*"

.
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| PART 20 o STANDARDS FOR PROTECTION AGAINST RADIATION -U-
-

A. (s) "oovernment agency" means any') executive department. commfwnn. inde-
$3h * h'"Ejf ing is considered to be equffalant to a

'# i utanons in this part, any of me fonow.
; p a n d e n t estaoushment. corporncon. ur .

| run or e any comninanon thereof. dcse of one rem *
who!!y or partly owned by the UnitedbSource matenal does notinclude spec: (1) A dose of I r dus to Z- or gamm(l

States of Amertes which is an !=ctru m* uelear=a.artal.
21

rad: acon:mentality of the United Gtates, or any.
board, bureau, division, servtce. cfice.h: (2) A dose of 1 rad due to Z . gamm6

or bets ndiacon*ofBeer, authority. admt-atratica, or GS) *Sp": tai noc!aar material" means
(3) A dcse of 0.1 Isd due to neutroneother establishment in the esecutive CD plc+.cnicon uunium *33. ursnium or high energy pretens:branch of the Government; , ame4ched :n the isotopec33 or in the iso- (4) A dose of 0.05 rad due to parecIssc (7) "Individuai"~ TMs any human 5 tope 235; and any other scenal which heavier than protons and wtta su".c:ent*

t, sing * * the Cemismian ;ursuant to the.pmt= ene."gy to reach the tens of the eye:) (3) "1.icensed material * means source {sions of sect:an 51 cf the act. determines If it is more convenient to =casure thematerial, special nuclear material. or by-ato be spec:al nuc! car material, bus does' ,
j

gproduct materts! received, possessed.anct include tource matenah or (11) any neutron fux, or equivalen! than to de-
ster:21 are4 entcM by any of ta==M'*e the neutren dcae in rada, as'

used, or transferred under a general or
=the foregoing but does not ischtda marce pmided in subpangnpa (3) d thisa specific license issued by the Ccmmunfan

I pursuant to the reguist:cas in this =atecah may, for purpmes M me asWahns in
pangraph. One tem of neutron ndistion

" chapter *

"bcense" means a license tssued7
. his art. De assumed to be equ17alent*

(9)
under the regulations in Part 30. 40. or$ an@s access m waten 's not ecumued by2 H mHMn neumns per s@are cemi-"UnnstMeted ana mens anyd

!

"O of his chapte ''Li the !!censee for purposes of protecton of ater incident upcn the Wy* or. 4.

i the hold.er of such dcensecensee'' means* !ndind.uals frca expmun a mensnate wnh nasonsW em 2e ap-
there extsts suz".cient infor=ation to esc =

! dm acuve matema. and any ma
of vid to used for rs'aideef al quarters. pmimate emnbueon a enmy a m.

reutrons. the incident number of neO=In a restncted area: or til) in the course.

of employment in which the individus1'sA" (13) ".M' Ministration'' means the En.g W one nm may be eWInsted from the
g pe cancmter Went

duties involve exposure to radiation:3 erry Research and Development Admin = f@ wing table
provided, that " occupational dose * saalin istration or its duly authorized repre-m

.N'sensom.FLes Does Z4cume'not be deemed to include any exposure $ sentatives.
8

of an individual to radiation for the pure g,

pose of medical diagnossa or medicalD hanar et awaas'

therapy of such individual M De2n.' cons of certain cther words Te," e,$r'Iee
i

and phrases as used in this part are ses mair rt(M mar swam a
~'(11) " Person" means (D any Indi. forth in other sec**cus,indcding* %TM Mp.,se a

-
aimment e am*

! vidus!. corporation, partnership, arm. (1) " Air.'' rne radioacurtty ares" de-4
wenaress9===Mation. trust, estate, pubile or pri. f.ned in i M. 03;

5 vate institution, group. Covernmeng (2) "Radiacon area'' ed high adt-
agency other than the Commie <f an or the acon arts" deaned h ! L,,"' y g g""7

IEs.
"

s.iancwAdmmtstrat!on (except that the Admin. (3) "Pmmmalammpfpent* riomo.1stration shall be ccustdered a person decned in I *0. 02: w y-

% within the meaning of the regulattm4:. (4) "Suney" deaned M I"D.201; $ @' E this part to the extent that its faa:m. u (5) Ubatsof - - ~ ~ -toidose (rad. g g g |

na :sw . . -

c and activities are sucject to the licening rem?daccedini*0.4:' * u. no irand related regulsto.7 authonty of the (6) Unitt of measurement at radio- '

S commisstan pursuant to section *02 of actMr dested fa l 3.5. g gi t

! the Energy Reorgsmntion Act of 1974 3 50.4 Unus of r- 38 h sleen. j
! (88 Stat.1*44)), any State, any foreign i

!.
government or nation or any political g,3 .'Dost" as used h this part. !: the . (d)- For determining exposures to Zor ;

p.ncty of ndiation absorbed, per umt gamma rays up to 311ev. the dose limitssubdirtston of any such government or .
,

of mass, by the bodyor by any portion of specifed !n H E01 to 204. Inho. |naticn. or other entity: and (11) say.

1egal successor. representative, agent, or- the W When the ng''Mm'* 13 'h may be sasumed to be equ1 valent to the*

agency of the foregoing. part specify a dose dur.a.y a penod of " air dose *. For the purpese of this part
E '' time, the dose means the total quantity " air dose mans that h he u mee-

.

!

"P*"aa" means any or all of by the body or by any portion of theof radiation absorDed. Der unit of Isaas.
UNU E E(12) inst >nentin'a'tr $or Wthe body m-.' the following: alpha rays, beta mys.I

I bodyduring mchper'odof c:24. Several face in the regson of htshest dosase nte.
g speed electrons, high-speed protons, and' gamma mys X-mys neumns, high" A d!Eerent tmits of dose are in curn.18 use.

. =

g other accmic parceles: but not sound Ceanitions af ur.its as used in this part 7 003 Units of radioscurity.
-

.

or radio waves. or vistble. Infrnred. or are set fg in paragraphs (b) and (cJ (a) Radioactivity is cornmonly, anda
" ultrattolet!!ght* of is secun. -for purposes of the regulattons in thise

(13) " Radioactive material" includes m Md. as M M M W. 3 a : par * shall be. measured in terms of dis-inteTmtionany such material whether or not subtact = essure of the dose of anytoninnt mdi- g one cune=s per umt ta=e or in cunes.3 "210* disinterrstions perto licensing control by the Commation ation to bcdy tisst:es m terms of the ",second (dps3 =0.".x10" disintegrations=
energy abst.rbed per untt ' mass of the I per :nmute (dpm). Commccly used suo-(14) " Restricted ares" means any tissus. One md is the dcse correspond-area access to which is controlled by the ingto theabsorptionof100 ergsper gram 'g muluples of the cuno are the """'curte!censee for purposes of protecton of and the =1c.ecune:

k" individuais from exposure to radiatierr of tbsue. (Ona m1111 rad (mrad)=0.001 (1) One mill!ct.rie tmC1) '=0.001 curta

f ares" shall not include any ansa used
' rad.)and radioacuve :natenals. "Restncted (C1) '=3.7210' dvs.

-

tc) na rem, as used in this part. !s () One microcurie (,C1) $=0.000001
as restdental quarters. although a sepa- a measure of the dose of any temsing cune=3.7x10* cos., e

" rate room or rooms in a residenttal ra.dlation to body tissue in terms of ita -.

estt'*.*ated biolog*. cal e!!ect relative to a ~

bu11 ding may be set apart as a restnc*nt .. (07 For purposes of the regulations in
area: doseof oneroentgen(r) ofI-cays. (Cne this part. it may be assumed that the

m1!!irem (mrem) =0.001 re=.) Os rela---

tics of the re::L to other cose umts de-'

ur ntur etortum ant o can - pcnds an ce WW. cal det mer go[a b 'Ne
..

tion thereof,in any p'ny::cs! or enemical censidan2n and mn ce cendMns M o*
2

1;mdiacon. For the pumse of the ng- cumsh" w "= cra marsh" ma m anem.form: or tip ores wtuen contain by atons saould nos de ussa.
,
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'I
I

daughtc activity cone-ntrations in the section. providJd:
followinf tahle are equivalent to an air #1) Durms any calendar quarter the cduss i cohuna s

! [ T. I ecceentration of 10 ' microcunes of dose to the whole body from radioacuve u,, 4 % ,43 1 Radon 222 per milunter of air in equinb. matecal and other secas of radiacca
taY,,,,,me in,,E,,,

*

. # * rium with the daughters RaA. RaB. RaC. in the Ucenseet p-- shan not ex. Part erbeer
,

e and RaC.. coed 3 rems; and c.arte - autm. (2) The dose to the whole body. when g gg Tg*
.uowmame,, added to the accumulated occupsconal Jan.1. tas

neunty nasctee per muu. dose to the whole body, shall act exceed
' ' ' ' ' ' " 3 'N-18) rems 'shere "N" eauals the m. wwe seer. , su iw- um %.muerme ame enem dividual*z asa inJessa ar.nsalast nz:tne. saave einemas

l'g'*8 day: and Ee*r"e.* "' '""'*a'*8 ' *""" *
%2 ermose uses per (3) The licensee has determined the

I =="', per ' individual's menmutated occupanonal (2) The licensee shall retaan and preserve"'a does to the who4e body on Forse NRC-4. oe recoras used in prepasung Form NRN.
* "" gy *** on a cisme and lepine socord contama* If calculation of the individual ** ac. .x ge, g 3,2i G re., ing all the information required in that ctunulated occupauenal dose for ai. ao

; i. n to* 10:9 form; and has otherwise complied with periods pnor tu January 1.1961 yteld.** *** the requirements of I 20.102. As used in a re uit higher than the applicaole acparagraph th) *Cose to the whole bcdy'* cumulated dose value for the individus
~

(c) ,
shan be deemed to incluos any dose to as of that date, as spected m paragraps' $ 20.6 laterpre:ations. the whole body sonada, acuve blood * tb) of I 20.101 the excess may oe disre-

i Escept as spectScally authorized by forMng organs head and trung, u !ans garded.
the Commission in wnting. no interpreta- Of '78-
tion of the meaning of the regulations in $ 20.102 Deter ==i=asi== of arc''==la''d

$ 20.103 Exposure of Individuale is
e ee. ,en of r.dio.eti,e ..this part by any oScer or employee of does. terial in restricted areas.the Com"nission other than a wntten in. (a) This sect!on Contains require. (a) No I!ccee shaU possess, use *ot

.*

terpretation by the General Counsel will ments which must be satisf.ed by tnnsfer !! censed matenalin sucn a man.be reccgnized to be binding upon the ucensees who prepose. pursuant to para * ner as to cause any mdiv* dual m s
? Commhon- graph (D) of 120.101, to pennst individ* Testricted area to be e3 posed to marcorne4
i uals in a restricted area to receive e2* radier.ctive matenal possessed by thet 8 20.,. Communicatione, post.re to radiacon in eacess of the limits licensee in an average concentranon tr' Except where otherwise specif.ed in., speeded in paragraph ias of I 20.101. excess of the limats specif.ed in Appendisi this part, all communications and M.g ib) Before perm 2tting any indivtdual 3. Table I of this part. " Expose" as, ports concerning the regulations in this 2 in a reatncted area to recesve exposure used in t!us section metns that ths in.E part should be addressed to the EXeCu.n to radiadon in e2 Cess of the hmits spec dividual is present in an atrtorne con-E

* N f clear Regulatory Commtuzon. Wastung.r$ ified in paragraph W of
"' tive Director for Operations. U.S. Nu. 120.101, escU

licensee shalt:
, I centration. No allowance shan be =ade~-

7 g ton, D.C. 20555. Communications. re. (I) Oi, casa a errincate on rc a NRC.4. or = .%r the use of ;;otective ciething orequipment, or particle size. except asports, and applications may be delivered os a dame ame sepose immt u

contaming au the information nouiredg" to paragraphauthonzed by " ' "cmmtwon pursuant
*

in person at the Commission's odices ag
,f this secnon.1717 H Sireet NW.. Washington. D.C.: or in that form, signed by the individual ,b) The 11n.: given in Appendix B,

at 7920 Z( orfolk. Avenue. Bethesda. Mary. show1ns each pened of time after the'

Iand. Individual attained the age of 18 in which Table I. of this part are based upon*

7, the individust received an occupanonal exposure to the ccmcentracons speedec
for forty hours in any period of severe e. resemenmaa onem. savana, we done of radiadon: and
consecutive days. In any such genecC""*""""*""

(2) Caaculase on Form NRC4 to accord.
i 'l 20.101 Espa ore of Individ le t r asse wuh the insouct ons appeae There the number of hours cf expcsun

distiosa in remarieted seens. ing theresa. or on a clear and legible is less *Mn fore the Ms NM-

(a) Except as provided in paragraph ncord containing zu the infonnadon M the table may M mm pnpm'
tionately. In any such penod where

(b) of this scution no licensee shall nquired in that fonn, the punously ac. the number of hours of exposure is
Q-m anaen use, or transfer licensed mate. * 'I *"

"Y'nal
' * * * * **

rial in such a manner as to cause any a,ual
d a .i

in the table s be decreasecindividust in a restrteted ares to receive aHowed that indindual under
proportionately.

In any panod of one calendar quarter If U,IDI'e preparadon ot Form NRC4.
'

(c)(1) Except as authorced by theg tA
i from raattoactive matertal and other+

or a clear and lept;te record con- Commtmon pursuant to this paragraph.
g sources cr' radiation in the 1!censee's pos. we su the mfor'nadon nquired in no allowance shall be made for parucle

| g session s dose m excess of the umits

; speeded in the fonowing tablet that form. the licensee th211 mate a rea. sue or the use of protecuve clothtnc
m.

sonable efort to cotain reports of the or equipment in determming whether an
2 sema per eatender quarter individual's previously accumulated oc. Individualis exposed to an airborne con..

1. whole oody: head and truna acuve cupations! dose. For each penod for C,e t.on ec f* 11 mats spec:.
nione.torm:ng orgsas: teos of which the licensee ootsins such reports. "

(2) The Ccmmtson may author =e aeyes: or senada...... - 1% the Ucensee shall use the dose shown in
3. Banda and forearma: rees and the report in preparing the form. In ee M mose an hdual in a m

anales _.. _ ... ls% any case where a I!censee is unsole to stnmed ana to airborne concentrauont
3. Sloa or waole boer M obtain reports of the individual's occu. in excess of the 12mits speeded m AD.-

I (b) A Ucensee may permit an indl. pauonal dose for a prevtous complete pendix 3. .able I. uptm menot of an
I vidus! in a restricted area to receive a. ealendar quarter it sha3 be assumed appi! cation de"onstratmg that the con.

: dnse to the whole body greater than that that the incividual has received the oc. centration :s composed in whole or :n

}f pai permitted under parastsprt ta) of this cupational dose specif.ed in hichever pa es su ! t5 ch
! of the following columns app y.

the individual wtil not inhale the con.
IIshed in Appendix 3. [Aable I.

*

es mansuremess anuums w umeiently annet cornoer.rs
*

* 'the cornissa et sassone Wmian and the .turstie
, Lacne

to tne time eetwee ewcuen sne measuremmt. .a not application under this suocaragraptyisneve v r unmcnns em one sne reuaa- shan melude an analysis of part:c:e saer!. ,0*J',d,3N |||f,- in the concentranons: and a ce:cnpuon.

*
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PART 20 * STANDARDS FOR PROTECTION AGAINST RADIATION -55-
'

of the methods used in determinmg the mission win approve me proposed u=uts amants ninsedimaatr."
| parttele stres, if the applicant demonstrates that the W A desenction of the anticipatedI (3) Thy Commission may authorize proposed Unuts are not likely to cause human cccupancy in the unnitncte"i j a licensee to expose an mdividual in a any individual to receive a dose to the area where the highest concentrations restrteted tres to alreorne concentra- whole body in any period of one calendar neoact1*e matertal fmn the eSuetrtions in excess of the umats spectned in ynrin excess of 0.3 rem. expected. sad. m the case of a nyerAppendix B. Table I. upon recetyt of (b) Except as suthonzed by the Com. e 'eam. a desenstaan ot wr.ter uses down.
i

| an application demonstrating that the mission pursuant to paragraph (aJ of st mm the pcint M Mlease of the
individual will wear appropriate pro * this section, no Ucensee shall possess,usei

tecuveequtomentand that theinoividualg or transfer !! censed matensi in such a j;
a the setcon.

1 i will not inhale, mgest or absoro cuanti g manner as to create in any unrestricted each n
ties of radioactive matenal in excess of u. area from radioactive matenal and other g g,,

those which might otherwise be permat *o sources of rartist2on in his possessioni concentracons averaged over a ped ofi

, a tad under this part for employees in (D Radiacon levels which. !! an indi- one year *' air at any poht of human oe-1 ; restncted arena durma a 40-hour wees. vidual were continuously dresent ut the (1) In
j t Each application under this subpara- arts. could result in has receivtag a does cupancy*or

(!1) In water at points of use down.graph shan contain the following in excess of two sulltrems in any' onei e

i 11.formationi hour,or stream froen the potut of rolesas of the
eSuent.i (1) A description of the protective (2) Radiation levels wttich, if an ind!- *

,

equipment to be employed meluding the vidual were concnuously present in the (3) The background concentratica of
edletency of the equipment for the ma- ares, could result in has recetytng a dose radionucaldes in the recetytag river or*

'

in esoses of 100 mmirems in any seyen strennt prter to the release of uguidtartal tavolved;
echiant( (11) Procedures for the Stting, main * consecutive days. (6) Adescripdanaf theenttraa==ntal* t= nance and cleaning of the protective -'

monnoring equipment. including senat.equipment; and
3 20.106 Radlosesivity la emesase so tivity of the systeta. and procedures andflu) Procedures governing the use of

the protective equipment tac!uding su- ,,,,,,,,,,g,,,,,, *"~ to determine concentradens
pervisory procedures and length of tune (a) A !!cenese shan not mammaan, use, of radionucUdes in the unrestricted ares
the equipment mn be used by the inda- or transfer ucensed matenal so as to re* and goestkle reconcentranens of rado.

Hdes.Tiduals in each wort weeir. n e pro- lease to an unrestrtesed area indJoacute nuc.7) A desciiption of the waste hposed periods for use of the equipment g

materisk in concentrations'which exceed *r ment fac13tus and procedures usM to* by any individual should not be of such the !!mJes speeded in Appendix
*3*. O reducetheconcentrationof radionuc!!deo

* duration as would discourage observance
Table Hof this part, escentasauthortsed 3 m eSumts pnor to theirreleanby the individual of the proposed pro * pursuant to ( 20.302 or paragraph (b) of :r*

. cedurest and (d) Por the purposes of this sectionthis section. For purposes of this ses*! (ivt ne average concentrations pres- tlw concentration Umiss M Appendix ''3*
* est in the areas occupied by 4.ployees, tion concentrations may beaveraged over c* Table E of this part al'au goly at Sa period not grenser than one year.
52 3 ::0.104 Expe==re of minors. N An application for a Ucense or boundary of the rettne'.ed area. ne> w

**

g (a) No !!censee shan possess use or amendment may include proposed unuta concentration of radioactive materta!.

,.

. transfer ucensed matenal in such higher than snose spectaed in pars * discharged through a stacle, ptoe or sim-

manner as tocause m *tdirtdualwithin graph (as of this secuon, no Commis- ilar conduit may be determined witLae
respect to the point where the enamnetal

', a restrteted area w , .;. under 18 years sten win approve the proposed unuts
leaves the condat. If the condant dis-,

of ase. to recette in any persod of one 11 the applicant demonstratas:
(1) was the appucam has made a charges within the restrteted area, the,

' calendar quarter from radioactive nes. reasonable egort to minimize the radio- concent.scon at the boundaty may be*

terial and other sources of radiation in detenDud by apptrms approonsteactirtty contained in eSuents to una
the !!censee's possession a dose in excssa restricted areas; and factors for dilution, disperstort or decay,

of 10 percent of the ilm:ts specided in (2) That it is not Hkely that radio * between the point of Ma*mese and the*

boundary.the table in paragraph (a) of I 00.101. g active materistdischargedin the eSuent.

(e) In addition to Umiting concen., 2 (b) No neensee shati possess, use or - would result in the erposure of an inal*
; ' transfer ucensed matertal m such a 3 vidual to concentrations of radioactive wations in ecuent streams. the m.

manner as to cause any individualit :nission may unut quanuttes of snojo.i

within a restricted area, who is ucder la % maternal in air or wasar arceeding sneactive matenals released m atr or waterumats spectaed in Appendir-B", Table
a not thas part. during a specised period of time if ityears of age to be exposed to astborne, .

radioactive matenal possessed by the (cs An appHeation for higher Unaus supears that the dady incalce of radjo-
ucensee m an average concentratton in pursuans te paragraph (bs of this see- acuve matartal from atr. water, or food'

excess of the 11m2:s specided in Append!z con shau incMde inMascon dema" by a suitabb sample of an exposed pop-
B Table II of this part. For purposes strating mas m appucant has made a ulation grimp averaged over a perfodi

of this parsgraph concentrations may masonante h 2 m W h not exceedu.s one year would otherwise'
.

acted the daily mtake resultmg ficabe averaged over periods not greater ac ty dishamed " "
e a nuous txp sure t str or water con-than a reek. stucted mas, sad as

(c) m. e provistens of paragraph (c) pertinent * taining one. third the concentration cf
of 1 *0.103. shall apply to exposures sun- (1) Information as to fow rates. total radioactive :nstenals spec: Sed in Ap-.

lect to paragraph (b) of t2us section, volume of ecuent. peak concentration of pendix "B"*[""able E of tilts part,(f) The 1 ovisions of this section doenen radionucude in the eduant, and con-
3 20.103 Perminible levels of radiation centranon of esca radionuclide in the not apply to disposal of radioactive ma-

in unrestricted arese. eSuent averapsi over a pened of one tenal into samtary sewerage systems,
fa) There may be included in any ap* * ear at the poustwhere the ecuentleaves ~which ia anverned by 1 ::0.303

plicatiota for a Itce::se or for amendment k stack. usbe. pspe, or sundar conauitt ~

$ 20.107 Medient dissneses and therspr.(2) A descripuon of the properties ofof a licmse proposed Umits upon levels
wnd*: Sing m usulamns in this can' W chende3, eguents,dccmposition: y shau be mterpreted as Hmitmg the m.

'

of radiation in unrestt:cted arena resutt-
Ing from the appucant's possession or
use of radioacttve matenal and othef (10 physical c.*taractenss;cs. M"ng tantional exposure of patients to radia-
sources of ractation. Such applicanons suspended souds content in !!4uld eSu tion for the pur::ose of medical diagnosts

ents. and nature of tas or aerosos for airI or medical Wrapy.
thould include mformation as to antze: etiuents: '

g $ *.0.108 Orders requirins furninhine epated average radiat: ort :evels and an- titu the h7drogen ioa concentrations bio.aeser cer* ices.ticipated occupancy tzmes for each (ps) of !! quid eduer;ts: sad
unrestncted arca myolved. The Com., t177 the stse range of particulates in Where necessary or dcJtrable m orde.

to sad in determm2ng the extent of an
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| PART 20 o STANDARDS FOR PROTECTION AGAINST RADIATION1

-56-
!ndividual's exposure to ccncentrations I fa) General (1) Except as otherwtse ' qmred. mth ph cen.rol m eachof radioactive m2terial, the Commuston suthorized by the Cor'"9'tt:en. sym- inhdcal entry.t
may incorporate appropr: ate prov:s2ons bois presented by this secuan sn211 use (33 ,*as controis required by subpars-*

- g. in any Ucense, d*:ecting the licensee to the conventtonal rsdtation caution colo s gnpa W of this paragraan shah H
c.
.I,/O t make availagte to the individual accro-

Lj. priate bio. assay services and to furnish (=agenta or purple on yello'r back- s s 3uc t ;ground). The symool presented by this , ent Mvmgof the reports of such services to
section is the conventional three.D!aded % radiation ares.
design., I4) In the case of a h2gh radiation

+

ParcAlrrIoNAST Pnoczntmas Rasurrow 3vusos. ares established for a pertad of 30 days
or Iess. direct survemance to prevent un-3 20.201 Survers. 1. case bascaes ares is m he manna o% authorized entry may be substituted for

| (a) As used in the regulations in this purpte-
" t

part. " survey'* mesna an evaluation of 2. Background :s to be puow. 3 (he controls required by subparsgrapa2) of this paragraph.
the radiation hazards incident to the pro- 8 ai

^#3' 0', *[g"37desaduction, use. retesse. disposal, or pres. [ 60 fu. ,,
27 Com n

ence of radioactive matenals or other g zor approv,al of methods not included inu
sources of radiation under a speedc set subparagraphs f:) and (4) of tha pars, ,

of conditions. When appropriate. such graph for :ontroning access to h:gn radt-
'

evaluation includes a physzcal survey of N c
, ation arsas. The Commz:ssion will,

tne location of materials and equipment. '- o approve the proposed alternatives if the, s
'

and znessurements of levels of raciat:en Heensee or appilcant demonstrates thas'

or concentrations of radioactive matenal4 the alternative methods of control wtH,

present. % ,,D.

prevent rnauthor*.r.ed entry into a highN
1 (b) Each Ucensee shall make or cause 6- ' g V'" # rsdation ares, and that the requirementt| to be made such surveys as may be neces- . of subparagraph (3) of this paragraph is

g *,'
Isary for him to comply with the regula- met.,

* ' .
8Cons in this part, =,

I (d) AL-borne radioacticity areas. (1)$ 20.202 ~3ersonnel rnonuoring.f
t As used m the regulations in this part,M (a) Each licensee shall supply appro- *
I " airborne radioactivity area means (1)

l priate Gersonnel ntorutonng equipment any room, enclosure, or operating area
e

I

to. and shall requ re the use of such g j
in which airborne radioactive matenals.

*

j equipment by: - *; j cmposed whoHy W partly of Ucensed;
(D Each individual who enters a re-

.

stncted area under such circumstances j "''. 8 matenal, exist in cencent:2t: ens in ex-,

| e

g that he receives: or is Ukely to receive. ' */ l cess of the amoun's tpded in Appen-
,

j , dix B. Table I. Column I of this part: or
e a dose in any calendar quarter in excess %

. _9g;8F 3 (ii) any room, enclosure. or operating- * "A ; area in which airborne radioactive r . ate-
paras ph a of I 01 C) In additica to the contents cf sfgns rial composed Tholly cr partly of Ucensed' ""

(2) Each individual under 18 years oj and labels prescnted m this secuen. H. matensi ersts b unemMc wh*%
sse who enters a restrteted area under census msy provide on e nur suc3 amaged per de nmnN d h 2~

such circumstances that he receives. or signs and Isbeis any additions! informa-
is ilkely to receive a dose in any calen. don which may be apprognate 2 aiding h ,w,Teet during which individuals

any"

a.e M M M W odar quarter in excess of 5 percent of Wduals M *nere exposure to rada- kino' - .:ecdedin Appendix 3. Table I.the applicable value spec 1 Sed in suon or to radioactive matenal. Colu=u 1 of this part.graph (as of 123.101 Ab) Radiation crecs. Each radiatica (2) Ea-h afroorne tsdicactinty sres#
(2) Eacf. individual who enters a high area shall be conspicuously posted with shall be etnspicuously posted with a signradiation area. a 31gn w signs beanns the radiation cau- or signs bming the radstion caution

.

%
(b) As used in this part, tion symboland the words: symbol and the wwds:
(U "Personnelmonitoringequipment" CA M ON8 CA " C#'

-

means dertces designed to be worn or RADIAENAREA AIR 3cRNE 3ADION AREA,j carried by an individual for the purpose (c) High radfation cress. (1) Each fe) Additionalrequ2rements. (1) Eachof measuring the dcse received (e. g., high radiation area shall be conspicu-S!m badges. pocket chamt.tts, pocket ously posted with a sign or stans bearing is used or stored and which contains 2ny
2rea or room in which licensed matenali dosimeters. S!n nngs, etc.) . the radiation caution symbol and the radioactive material (other than natur21'2) " Radiation area" means any area words:
uranium er thonum) in an amcunt ex-see.eathis to personnel. in which there C C '.

ceeding 13 times the quantity of suchexists radiation. originating in whole or - matenal @ ed m m @ C d 2!n part within !! censed material, at sr.ca (~~
i

(2) Each entrance or access point to part shal be conspicuously posted with8 levels that a major portion of Ce bod'
could receive in any one hour a dose in a high radiation area shall be: a sign of signs bear:ng the rac12 con-

caut:on ermbol and the words:(1) Equipped with a control device, . excess of 5 minfrem, or in any 5 con-
which shan cause the level of radiation e3t7:. og s

! secutive days a dose in excess of 100
21111 rems: to be reduced below that at which an 8# # A' " * ' .a;uttAus)

.

indittdual might rece2ve a dose of 100
"High r3dlation area * me2ns any Q m11Hrems M 1 hrar upon entry Mto the (2) Ea.:5 area or room in which nat.Q)1

. .

area accessible to personnel. in which 3 *#" " ural uranium of thontun is used or
5

there exists radiation or:gtnating in n (11) Equipped with a coittrol device stored in an amount exceeding one-

whole or in part within Scensed = ate $ hundred times the quanuty spec:hed in"
Ampendix C of th s ;2rt shah be con-rial at such levels that a major portion n e r be u uc a

of the body could receive in any one hour *nnrar that 112e individual entermt the spicuously posted with a sign or cgns,

'. a dose in excess of 100 m1Hirem. lu h raafstters area and the IIcensee or i beancs the radiat:on caution sy=0c1
} .|": a supervisor of the acuvtty are made L and the words:

9 aware of the entry; or -, e3;77:og,
(i!!) Maintained locked excect dunns'

3ADICAw--.s :fAMtAU31
3 20.003 Cautimi siens. !abels sicials.

U * ** * '" 3 '"*
\, and comarote. (f) Contciners. (1) Excet,c as pro-

.

g vided in subparagraph (3) ot mis para.
. Or mar.ger. ' graph. each containK d 3C8M M*m

*

,

. 20 5 April 30.1975
.
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PART 20 * STANDARDS FOR PROTECTION AGAINST RADIATION
,

I Ital shall bear a durs.ble. clearly visible I patients conntning byproduct matenal ' days sad a total quantity of no more |3 !abel identifying the tsdioacurs con- Q provided that there are personnel in St. than 100 m:1Heurtes.
'

tents.
. (2) A label requind pursusnt to s.b =3 tendance who win take the precautions The menitorhts shall be performed as

j

necessary to prevent the exposure of anY~

paragraph (1) of this paragraph shall w individual to radiation or r2dosctive soon as pracccable af ter receset. But -
bear the radiation caution symbol and q =atenal in excess of the timits estab- later than three hours after the pas

see is recetved at the Itce=see's facH, the words " CAUTION. MDICACTIVE {Hshed in the regulacons in this part. if received dunng the !!chs norm.MATERIAI." or " DANGER. RADICAC.*

| TIVE MATE 2IAI.". It shan aJso provide (c) Caution signs are not required tc worzing tours, or eighteen hours if re. '

i. suscient Information * to per.=.'It in- te posted at areas or rooms conM"4 ceived after scrmal working hours.
'' .

(2) If removable r2dosctve contam!= 1
dividuals handling or using the con- rad *osctive matenals for genods of less

nation in excese of 0.01 microcunes
' tainers, or workins in the vicinity there* '

j of, to take precautions to avoid or mini 2 than eight hours provided that (1) the
mize exposures. g matensis are constat.tly attended durinE (23,000 daintegragons per minate) 'per

100 square cent 2 meters of pactats sur-such periods by an individual who sh13
Notwithstanding the provisions of f take the precautions necessary to pre- ! ace is fourd on the external surfaces cf(3)

this paragraph, e vent the exposure of any individual to the packags, the !!censee shan immed1=subparagraph (1) of
.

labeHng is not required:
r* radiation or radioactive matensis in es* stely notifr . the anal deHvermg carrier |

(D Nr containers that do not con. and, by telephone 2nd telegraph. the ap. '

cess of the limita estanEshed in t1=e regu* propnste Nuclest Regulatory Commisson In- !tain Itcensed materials in quantities f attam in this part and: (2) such ares or
specuon snd Ent'orcement Reponal Officsgreater than the applicable quantities roorn is subject to the licensee's cont 19L shows in Appendix D.

.

ustodin Appendix C of this part. O Tma ac manar wa Trre A Qewrsnse(H) Foe containers contaming only @ A roons w othe ans is not n-
na Wal um or Mum M quanWas,

Yamncontrol is o reg Transeert smop 4 eena
,

- - 1-puc=b%ai
g quantitles 1!sted in Appendix C of this

stuna samis
t,,cce o, acce.s , oms to s ,oom or other - -
area which is a high radiation area solely

3 ,, ,,,'''

(11D For containers that do not con- because of e presence of rado&@ gt g1 gueE to:t !! censed materials in concentrations q Instenais prepared for transport and
tv t narenter than the appucaete concentra- packaged and labeled in accordance with 4 j gtions usted in Column 2. TaDie I. Ap- regulat.!ons of the Department of R vn-- :s. cme aospendx 3 of this part.

Transportation. 9 8"'"' # *"*""'""- ' "(17) For containers when they are at-'

* --

tended by an individual who takes the ~

$20205 Frocedores fee picking op, re. 5 q 'ancon o
8e 8 9 acun matenal m excess M the W A, an dus *.o t ort o'

radioact2Ve matens!s b excess of the (a)(1) Each Ucensee who expects to quantities specided in parscapa (b) cf
limits estabushed by the regulations in receive a package containing quantities this seccon. other than those transported

ithis part. of radioactive =ater:21 in excess of the by exclustre use vehicle, shan monitor% (v) For containers when they are in Type A quantities specided in paragraph the radiation levels external to the pat.h 3

-

transport and packaged and Isbeled in (b) of this sect!on shall* age. The pactste shall be monitored asaccordar*e with regulations of the (D If the package is to be delivered soon as practicable alter recezpt. but nc.
Depa; of Transportation * to the 11censee's facility by the carner. Inter than three hours after the pactage.

(vt) hr containers which are acces- make arrangement.s to receive the pack- is received at the Heensee's fac:Hty if :

o sible 8 only to incividuals authonzed to age when it is offered for denttry by *.he received during the 11censee's normal '

carriert or
handle or use them. or to wort in the working hours. or 18 hours if received
'1cinity thereof, provided that the cen* (iD If the package is to be picked up after normal working hours. j

,
i

tents are ident1 Sed to suen individus!s
by the Heensee at the carzter's termmal. (2) If ractation Ievels are found on the ;

by a readHy avaHable written record. make arrangements to receive not12ca- external str/ face of the : actsge in excess |

,

(vii) For manufacturing or process tion frotn the carrier of the arrival o! the of 200 uuni-em per hour, cr at three feet.

pactase. at the time of arrival frotn the external surface of the packaes !equipment, such as nuclear reactc-s. re. (2) Fach Heensee who pters up a in excess cf 10 minirem per hour, tne; actor components, piping, and tanks. |

O package of radioactive matertri frocn a licensee shan immedately notify. by
i

'

carrier's terminal shan ptet up the pack- telephone and telecsph. the anal de- I$20:04 Sarnes eteettiesw. g age expedittously upon receipt of noCS- liver:nr carner and the apprognate |a cation from the carrter of its arrtvaL Nuctest Regutatory Comnusnon InspecnonNotwithstanding the provtstons of e*

,1203 (b)(1) Each licensee. upon receipt cf and Enforcerr.ent Reponal Omce shown in 15.

2 (a) A room or area is not required to 'a-*2 package of rsoloactive matenal. shan Appendix D. Imonitor the extemal surfaces of the (d) Isch !!censee shsH establish ande be posted with a caut:en sign because of S package for radoscun con =i~"On 1

, tM presence of a sealed source provided maintain p:ocedures for safely openmg
cv the radiation level twelve inches from caused by leskage of the radioscuve con- packages 1: which licensed materi::1 is

the surface of the source container or
tents. exceptt received, and shsu assure that such pro.

housing does not exceed Sie *" em <D Psetages containing no more than
cedures are foHowed and that due con-

per hour. the exemps quantity speeded in the sideration 1s given to specisi :nstructions
table in this paragracht 1for the typt- Cf pachage bemg opened.(11) P2ctages contaming no niore """"(b) Rooms or other areas in hospitals

are not required to be posted with cau- than 10 unincuries of radioactive mate. 7 {

tion signs, and control of entrance or nal consisting solely of tntium, carcon. g i 204M Innmetion of personnel
14. sulfur.35, or tocine-125.access thereto pursuant to I E03(c) is Packages containing only radio 1 Instructions required for individuals i(iii)not required, because of the presence of . working :n er frequenting say portion of |active matenal sa gases or in special C 2 restncted ares are spectSed :n i 29.10 jfannt

Psck2ges containing only radio M of this chapter. ;
tiv) w

* As approf,rtate, the [nformation vt!] 13 active gnaterial in other Lt:an M4Uld for:s*
estase tantauon tevets, kaas et matertaL es. (twhM Mo-99/Tc.99m generators)

i
, tunate of scurttr. case :or vruca activity La and not exceeding the Type A quantity

I *=umates. mans easteament. etc. Umst spec: Sed in the taole in this pars-'For enamole, containers in tocations such
grscht and ;

as veter.cliens canada, storage vautta, or hot**"" ty) Pscusses containing only radio-
,,, g . f ,,,rt rman" sa$ " pus,

nt:clidea wtta half-lives of Iess than.00 :m m aresp-u asse n.** = cna p -*
Amended J4 FR 19546.

* April 30,1975
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! s PART 20 o STANDARDS FOR PROTECTION AGAINST RADIATION
. ca.
f 3:0.207 Steenge of licensed a n day does not exceed the larger of sub- I which =ust be =aintamed pursuant *s

~

>. parserscas (1) or (2) of this paragracht | the provtstons of parsgrsch (as of 21I.! censed matenals stond in an unre m* Oc quancty whica. if tilluted by 9 section and r*cc.-ds of bio-assavs. icefud
stricted ans shad be seemd asamst un-

1 (4 ' ,- the average daily quanuty of sewage re- s tes :-sults of wnole body couc;1sg exam-,

authorized utnoval from the place of leased into the sewer by the licensee. = instions, made Ittusuant tas 20108 phaij,' stwage,
wfIl result in an average ecncentration * te > reserved indefmtely or untti th

WAs:t Drs?osar. equal to the U=1ts r;ecided in Appendix A Commm on authonzas their disposal
*

| $ 20.301 Ceneral s. B. Table I Cof"-"' : of this part; or hd waien mu:t be mamamed.pur
(2) Ten times the quantity of such nant ts this pan Inay be mamai=ed a

f matedal spect ed in .4pendiz C of *.hisma .Al pt
F (a) By transfer to an authsrt:ed re. part* and 4 30.102 Repane at thefs ee Io of

cimient as provided in the regulacons in (c) De quantity of any Ucensed or liceweed mesen 4..
'

Part 30,40 or 70 of this enapter, watch. Other radioactive matertal released in
ever may be sppucable; or say one month,if diluted by the average (a) Lch Ucanzee shall rcon by tele-5

t (b) As a u & h o r12 e d pursuant to monthly quantity of water released by phone aatc u.u- ;h to the Director c:
;

I 20.302; or the !!censee, wtli not result in an average [hj,8{c"*', y, % ]"' !(c) As p ro vi d e d in I2020: cr concentration exceeding the umits spec * Omco usted120204, appitcable respectively to the 13ed in Appendix B. Table I. Column 2 7.n .topendix D. i= mediately after its oe-. , disposal of licensed matesd.a1 by release of this part; and currence becomes known to the licensee '.nto sanitary sewerage systems or buzial (d) The stess quantity of Ucensed and any Icss or theft of licensed matenalin soil, or in i 20.106 ( Radioacttytty in other radioactive meurtal released into such quanttias and under such circum.
g C".uents to Unrestricted Areas), the sewerage system by the I!censee does smaces 22: it appears to the Ucense,,

j s 5 20.302 3teshed for obs.inias appewe=1 not exceed one curie per year. i
th*: * Sub3:2nt121 *-"d may result

e of proposed disposal procedures. . persons in un:cstncted areas.
u. Excrets from !ndividuals underscing (b) ~* Ucensee who is required t.N, m a m s s d ra w M rad 2 = & a Whonm and taler.phic nmay app to e Co to active material shall be exempt from Ocrt pursuant to para raph (a) of thi.

* [ " "an r any limitations contained in this section shill. 'n2in 3 days after h*

. ears M 2.e Ms e h), 4e a .7pxUc ed m
i otherwise authort:ed in the regulations secem.
: in this chapter. Each application should

. . ta wnnng to the Director of Inspection and

{ include a desenstion of the licensed ma-
( 20.304 Disposal by barnet la soil- Enforcement. U.S. Nuclear RcTutatory Com.

terial and any other radioactive matertalh g gg aussion. Washangton. D.C. 20JJJ. wnh a
copy to the Director of the appropnate No.

involved. Including the quantities and- g ,g , , -r

kinds of such material and tse levels of C (a) ,. e total quanuty of Ucensed and clear Reptatory Commasion inspection and
Enforcement Reponal O((*ce listed m Appen,

radioactivity involved, and the proposedo ther radioactive matenals buried at any dix D,
* c

a de n exceedtnanner and conditions of disposal, ne * kan setting f:rth the fcuow =g information
app!! cation shculd also include an anal- A descr*.p t s d me 2:ense-

'7 ysis and evaluation of pettinent infonn* specif.ed in Appendix C of this part; and g =sterialinvo'ved. :cluding kind quan
-

g (b) Bur:a1 is at a minimum depth of ,
.- tion as to the nature of the environment. . four feet; and C .tn chemical.andphysm.lform:

in !uding topographical. gaolosteal, me. (c) Successive burials are separated by g C) A descripuca d me circu=%

st r- W which *.he oss.op thezteorological, and hydrological character- distances of atleast sixfeet and not more ,m
*

occi a!stics; usage of ground and surface than 12 burials are made in any year,j waters in the genersi area: the nature Nnd b1 20.305 Teenament or disposal by incia. pr eand location of other pote=tially afected eretion. ma*en d involad-
$g' ah No Ucensee shall treat or dispose of (4) ?.adisuon exposures to individ* 'n

Ucensed material by incineration except unis, c:rcu=su=ces under which the e:exposu m .* 'as spectfcally approved by the Commts- posures occurred. and the extent of pos,.-

'

[* (b) *Ite Commen will not approve ston pursuant to 44 :0.106(b) and 20.302. srb ha=ard to persons in u=restrtete

8 g any application for a license to receive surnene asroaTS. AarB 3foT2FfcAT2off (5) Actions which have been 'W c

f 90 on Ian nt ed , 5 20M1maaitocing. and du. sum. radI*tica
Rec =is * # H b* ' h 2 w N *a* m h

peemt. ande Federal government or by a Sta's-

(a) Each !!censee shall maintain rec. (6) Woceduras or messures whic"bgovernment.
ords showing the radiation exposures of have W w mil be adopted a prem

I (c) The Commtufen wi!! not approve all individuals for whom personnel mon- a recu3nce M 2e Icss W *. heft M Lcensed te.t!.M any application fcr a license for disposal itonsg is required under i"O *02 of the

M of licensed material at set unless the regulanons in this part. Such records shall (c) Msequent to $11:g -.e writte
! " appi! cant shows that ses disposal o(fers be kept on Form NRC 5. in accord. report te U ensee s' an also repon ans

N less harm to =an or the environment ance with the instructions contained in {' , g ], U8

g gg than other practical alternative methods : that form or on clear and legible rec.

(of disposal. ortis contaltung all the tnformation re- 3,

g, gg gg g,

quared by Form NRC.S. The dosee entered~

([- ] T, [.$ 20.303 Di posal by reienee into sani. on the forms or records shall be for*

,ency sewerage systems. penods of time not exceeding one calen.
so prepared that names of individuni2 No ucensee sha!! discharse Ucensed ,dar quarten who may have recetved exposure t

$ materialinto a sanitary reversgs system 7 --
He M mamtam rec. radiation are stated 21 a :parate . mar

N "$'h 1. mday soiubie or oapersib:eii ca' mn"S=* =22* "*** * *" v''*- " " ' * * " '! -* - showmg the results of surveys required e-.I S E *"I'U *Edj (b) The quanttiv of any licensed or*c: b7 1 *001tb). monitorms rectured by g 1 *0J03 N.dmhm of i=Mm=.
11 00 Sib) and *0 *05(c).and cisposats o sa Immediate nottacstto* . 7.ach :1

ne t_' mde unde H M2. 33, and WR $ cense)e saan unmedaW .6 24 3m by a He a y
Recortis of individual exposure to I rector of the acproonste Nuclear Regulatory.

% . (c) Commimon inspecuon .no Entorcement Re. -
asaamanaied 36 FR *313s. :ndiation and to radioactive =2atenal 7 ponal Of(ico=

23 7 April 30,1975
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PART 20 o STANDAHDG FOR PROTECTION AGAINST RADIATION --o9-snown in Appendiz D by telephone and
g talerrson of any accident in7olvine by. an unrastrttted area in er:sas of ten l

activttles covering the preceding calen.
g product. source or special nuclest mate = umas any stpolicaote limit set for'.h in dar yeart *

rtal possemed by htra and wnten .fis part Cr in the licensee's liccuse. (1) A nport of either (D - thS totalhave caused or threatens to esu:e. may Esch report noirad under number of individuals fo* whom per. j
(1) Esposure of the we.ote tody of any this paragraph shM1 describe t!!e exteng sonnd unitoring was MMd W I-

individust to 23 rems or mor: of raa,s. of ecosure of persons to radiatten or *4 H M.ma) w 343a) of this ]tion: exposure of the skm of the whole radioactive rr. ster' 1. including est!mstes Annt ms esimdar m of du ,pt ;body of any trictvidual of 150 rems or . .t M
) more of rsdisuon; or exposure of the of eac's individusta exposuro as required number of indindusts for whom person-

'

feet ankles, hands or forearms of any byparagraph (b) of this rection:le7els of nel unitonng us provided ourmt h:
radiacon and concentrations cf radfo* calendar year: Prorscred, that such totalj individt.41 to 3*5 rems or more of raci2*

n.
. uon: or $ sctive material involved: the cause of includes at least the number of individ.* e the e poure. reveis or concer.tr nons: unis reatnd to be nported eder para-(2) The release of radioact.tve mate * .

rialin concentrauons whsen. If avera:ea g and r.Orrecttre steps taken cr plannad to graph (b)(1)(D of this section. The re.~

over a period of 24 hours would exceed * assute against a recurrence,
$ (b) Any report aled with the Commis* port shall IMhte whether it !s sub.

ma tra op dix B at e : or sion pursuant to th23 section shall in- mitted in accurdance with paragraph
43) A loss of or.c, workinst veele or clude for es.ch individual expossd the (b)(1) (1) or(!D of thissection.

more of the opersuon of any facilities nazne, soc *a1 secunty number. and date (2) A statistesi summary report of
of tarth; angi an estimate Cf the indl* the perscxme! Inomtonna inform 2 con

.

asceted: or*

(4) Damace toHeo.000. -- . 7 property in excess of vidual's expcsure. The report shall be nemded by the licensee for individuals
for whom persocnel monitortag was.

prepared so that this infor.".'".at*on isp
Eaca !!censec

Ibn Twenty./our hour noti /testfoe. stated in a separate part of the report. in 1 0.407tb)(1). Indicating the number
either required or provided, as desenhedj sns!! witnin 24 hours

, g notify the Director of the approprtate " (8) i of individuals whose total whole body
!, Nuclear Regutstory Commissaan Inspecnon $ esposure recorded durmt the previousu.

g sed Enforcement Regional Office listed in pg 5 c.araMu. year was in each of the fodow=Appendix D ,

$ 20.407 Pereennel arposeew and nine-g W esmated w rupbr telephone and teteersch of any tact. isering repeets. E 3",'"8dent invo:ving licensed mater 121 pas. * #887 pg[sessed by him and which may have (s) nis section spplies to esch person li. (Nemals
,;

caused or threatens to cause: censed by the Caminassaos or the .uonue En. enea rence
ID Exocsureof the whole body of any ergy Commw. ion to: Iro measumate ewcom.,

Measurnote expo ure teos taan o.1
individual to 5 rema or more of radis. (1) Operste a, nuclear reactor de. 0.1 to 0.33
tion: exposure of the skin of the whole signed to produce efectrical or heat C 88 E3

; body of any individual to :o rems or enerTy pursuant to I 50.*Ith) or ! 50 *3 -

. more of radiation: or exposure of the of this chapter or a testing fac!!ity as f''3 *
' ** 0"I3

1~
j feet ankles. hands, or forearms to 75 def.ned 'n ! $0.2(r) of this chapter; . 2,.

2 .o srums or more of radtation; or (2) Posress or use bypteduct materialI
3 to 4

(2) The release of radioactive mat ** for purposes of 3dior:schy pursusst to 4 to s

C rial !n Cortcentratfoca which. If aver- Parts 30 and 34 of this cuspter; 3 to *
: seed over a period of 24 hours. *vould (3) Possess e use at any one uzne. 7 ,to 7,

e-

exceed 500 times the 11 mats spec: Sed for fe purposes of fuel processmg fabr cs*.

,

sucts matettals in Appendia B. Table II; tion, or reprocesst=g. spec:21 nue!aar ma- a to e
or 9 to toterialIn a quantity exceeding 5.000 grams(3) A loss of one day or rr. ore of the

of contained ursnium-235. t..2ntum-233. It to 12 -
to to 11 -.

operauon of any facilitle* afected: or p or plutoniuzr. or any combtnation therect 12.I--1 (4) Damage to propeur :n excess of g puralant to Part ~3 of this chaptert or .-

,,,, $1.000.- UJ6
(4) Possers or use at any one time, The loir exposure range data are re-.

1 g
for processtrg or manufacturtng for dis * quired in order to obtain bettar informs-,,,, u.

i g (c) Any report $!ed with the Com.g tribution pesuant to Part 30. 32 or 33 tion about the exposures actuauy re-3 misalon pursuant to this section shall be:

of this enapter. byproduct matertal in co@d. M see h at wm| prepared so that names of Individuale quanuties exceeding anyone of the fol. ,,,,,13BNd N*f who have recented exposure to radiacona low.ng quantittes:
will be erarma In a separate part of tae. es .

Aedsonnenda a quaessey a eme $ 20.408 Reports of personnel expo.cppm.t.
ca m ut '"#'*[**'"I"*'5""*I'"8'I'"*""it$ 20.404 * cocais.co _- _

t
,

oase-tes - ~ too When art individual ter..inates em.''8 :0.405 Reeeres of everespesieres anst Ionine tst -
ti ployment with a 11censee subject to

.

w,e 1 vele end eeeeenareuene. *natum-nos ..

to 1100.407 or an individual assigned to(a) In addition to any nottnestloa Premet uum5.7 E work in such a licensee's facility. but not
,

required by 5 :c.403, esca licensee attatt Tecaneuum-ot ta 1.000 *= etnoloyed by the licensee, completes hismake a report m rnung within 20 days
Each person described in para- 4 the ticmee thssi 6.mtn * :o the Execunvewt assagnment m the licensee s fac:11ty.to the Director of Inspect:ca ar.J Omorce- (b)

ment. U.1 Nuclest Reituistofv C2mma:n. csph (a) a this
U Waanisigten. D.t. 20333. wita a copy to the the Erst owtn os,secuen sn* W.L. ' .,uem tor Operses. E1 Nuclest ha-~

esca calendar year.2 appropnate Nue'est Regut.my Comeni son suemit to the Executive Director tor Opers- Intory Commission. Washington D.C. 20535,
imcrina .~i Enforcement Reponal Ottico 88*. U.1 Nu. lear Retutatory Commisson.

a report or the in-e
usted in Appen6.s D. Washington. D.C. 20335. the following re- dividual's exposure to radiation .tnd r2-.6

g of (D enen erposure of an Ind!vtdual to ports, app 11 cable to the desenbed !!cented dioactivo matertal. incurred during the
reatfan or concentrations of radioac.
ttve material in excess of any appilcaDle
limit 12 thLs part cr in the !!censee's

; A ;isensee wnose license espires or terms.License: (2) any tacadent for which noti. neses prior to or 9n the tast Jay of tne sat.Scation !J required by 100.403: and (3) endar year, sn, ail suomit retmrts at the vuoir.
I Ievels of radlation or concentrations of * m omnaton mar twmare. as a license arson or terminarson as the neense, coverine
*

radioscuve matertal (not involvtez ex. cocemon. e w two. museuon or oecer that part of the year Junns wnica the license
.j cessare exposure of any malvtduali in was .a errect.

@(Qi",'e*",e',$*C '!netetaual vazues esactar equaa to tue
tais usu. in quanuuse sue.czens so cause naun separnung zwam aanges snaa se

' ,, og, g, g,,3,, reportad in the afgcer range.: omtes as FR * :':o. t Deleted 33 FR :::20. Amended 3s F M :*:20.*

April 7,0.1975
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r

I period of employment or work asst:n-ment :n the Ascensee's fac:11ty, contain. APPfiNDIX A [Reservedli e

3 ; ing information recorded by tne licensee
* pursuant to iI *0.401(as and 20.10s. Such, s c.

report snall be furn:shed witnan 30 days
f after the exposure of the indavidual ass*

, been determantd by the tsceraee or 30
9 days after the date of termination of em.

ployment or wort a.satsument, vraicaever
,ts earlier.
-

$ 20.409 Noair.essione and evyeres te
ladividemia.

W *a-"heta for nouf!cauorr.,
and reports to individua&s of exposure to

y rad!ation or radioacuve matertal are,

spectfled in I 13.13 M t!us chaoter.c.
g (b) When a licensee la required pur.
, suant to is so.cos or 20.4os to report to

the Comnussion any esposure of an :n.w
.

g dividual to radiation or radioactive ma-.

terial. the !!consee shall also notify the *

Ladividual. Such notice shall be trans-
mitted at a time not later taan tae
transmittal to the Commisatort, and shall *

comply with the crovumas of i 19.13(a)
,0f this chapter.

EactrTtows Aars Ase Tzowas
*

RzeotisaaENTS

$23.501 Applicatione fee esemipisene.
The Commissten may. upon application

by any licensee or upon its own initiative.
Erant such exemptions from the require-

, ment.s of the resulat:ons in this part as

g wt2 not result in undue hazard to life or
tt determines are authorized by law and

= property.

g 120.502 Additiemal eequievements.
The Commisalon may. by rule. r**ulaa

tion. or order. Impose upon any licensee
suen re<ruzremen:s. in addition to taose*
establisaed in the regu!auons in this
part, as at deems approprtate or necessary
to protect health or to m=== canger

,to life c; property.

3:0.601 %I.sions.
An injtmetica or other court order

may be octained praaltating any viola-
tion of any provtsion of the Atomsc
Dsersy Act of 1954. as amenced or T tht ' -

II of the D.ersy Reorganization Act of *

1974. or any regulation or order issued
theretmder. A court order may be 00
tained for the psytr.ent of a c1711 penalty

X imposed pursuant to seccon 234 of the
3 Act for violation of section 53. SL 62,63.
g 81. 82.101.103.104.107. or 109 of the
* Act or section 206 of the Energy Reorts.
S nazacon Act of 1974. or any rule, reguia-

con or order issued thereunder or any
term, condit:en, or limitanon of any
license issued thereunder, or for any
violation for whics a 11 cense may be re-
voted under section 186 of the Act. Any
person who willfully violates any pro.
vision of the Act or any retu!auen or
order issued thereunder may se guilty of
a enme and, upon convicuen. may be
puntaned by .*.ne or :mprJ' onment or
both, as provided by !aw.

h More.-The reeerttne and resorte xaeetne
roquarements contained ta ta:a pars ante
been eserceve se tne Generna account:me
omne unser a-isos:s citooes). (Roo44), aan
anosee6.

.

M
20-9 May 20.1977
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r NOTE TO APPENDIX 8 -

were te aar me ww, ta e . .titm is ., o 3. If any W the c3nd".'one spectaed beloor -67'""*~
'a

weier w more taas one matenucude. tse ttstesce esaw.r= *** t3' cormp**8tne *= *o'etse* s'
for pursesse ed tea Appesaas assusd se cier usema as below may be *sseet la teu of taces specias4 ;* *8ellows: la parsgrapa 2 amove. & i1 18 th' W888* **8 * * ** *c 3* * a.18 the idsataty of each radtonuc!!de laende ta tae ist,s're ere''"une"w'*s.'"ts'e tisstrane eau"we'u :
assues se demed se redows! Determine. 'ar =ecn ca.i the masture le known but the concentration

<

2' *

Y esseusade es tne esiscure. tne ruta r.rewe-a tee **twtW mixture la notet one or zoore of the radicaue114ea la the
f.8 a

. mos ia a .spt .a :ne misture and rne unte erne *wtae erran.T umat fcr the s mure to the Ilm t2psirn the ccecontrst:cu
1 t-d ta A

u. .e. nata S for.th,.e S.cet.tfle P5daenue,o.de,d me_M 12 A9peBd1E "3'' for the radionuc11de la the
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t w AP1 a spectaed.n u e r aue .,e,m,e .e,u.as. o..m.e4 r ae. - === havi= tae low = co==tranon
.

a u,,m,,,r.us
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r - _ C C e. and . sa too n ae .
8 MPC's, are M PC tu,e le oo ,0 .. It a ono .,

=g=., and %tPCs sad MPCe retoeth pe.t oortata radiosuclides spec 1Aed la Ap.
tha, |;;':=, -a ~~ = = 2

da -3 = ut -t ta the meure.C. Ce ce the toecentrattom umit for the misture is t.
.

:

j . MPGs aiPCe1TMp the lowest coneestrataca limit soeelded ta 4

% . If eeker the kisatitt or the coneesenties or est
Appendia "3" for any rsdionuclide wnica la i2
not knows to be aesent tross the mixture-

6
8

restenuenkle ut LSe feisture is not unew% las Lt2 stung gy ,

vesnes ser papases et Acorndts D nand Det "
, g a. For purpense of Tanis I. Cab 1.-4 x 10 **

h. For purposes of Tante L col 2-4 x 10-'u,

g e. For purposes of Tante It. col 1-2 x 10-*
d. Per purposes of Tabas H. col -3 x 10-*

.

. .

t -
,

|Tahoe t Table II
a6 % (sammas samb.t and lessees .,
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PART 20 * STANDARDS FOd PROTECTION AGAINST RADIATION
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UNIT II RADIATION MONITORING SYSTEM

1. Alarm light operation:
,

A) G-M tube area monitors - series 855
i

1. Fail Alarm - Green button - indicator
Green (fail) light - off indicates

a) power not available to the module
b) module is in the off state
c) module failure

.. d) detector failure
.

2. Alert alarm - Amber button - indicator

a) Alert alarm on (lit) indicates alert alarm trip.
b) Alert alarm button pressed while function switch is in

ALARM postition, displays alert alarm setpoint.
c) Alert alarm pressed with.. function switch in OPER position,

resets the alert alarm if the displayed radiation level on the
meter is less than the alert alarm setpoint.

3. High alarm - Red button - indicator -

~

a) High alarm on (lit) indicates high radiation alarm trip.
b) High alarm button pressed while function switch is in ALARM

position, displays hgih alarm setpoint on meter.
c) High alarm button pressed with function switch in OPER position

resets high alarm if the displayed radiation is less than the
alarm setpoint.

B) Ion-chamber Area Monitor - Series 845 (HP-R-214 only)

1. Fail alarm - Green button - indicator

a) Fail alarm (green) 0FF (not lit) indicates:,

1. power supply failure ~

2. collector supply voltage. failure

b) Fail alarm ON (lit) indicates normal operation.
c) Fail alarm button pressed resets either or both radiation alarms.

| 2. Alert alarm - Amber button - indicator

,a) Alert alarm ON (lit) indicates alert radiation trip.
b) Alert alarm button pressed causes meter to indicate alert alarm

trip setpoint.

3. High alarm - Red button - indicator '

a) High alarm ON (lit) indicates high radiation trip.

.

|
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b) High alarm button pressed causes meter to indicate high alarm '

trip setpoint.

C) Process Monitors - Particulate, Iodine, Gas and Liquid, Monitors -
Series 842 -

1. Fail alam - Green button - Indicator

a) Fail alarm (Green) 0FF (not lit) indicates:
1. Power not available to ratemeter.
2. function switch is off
3. ratemeter failure

. 4. detector failure
- 5. green indicator light failure

b) Fail alarm ON (lit) indicates normal operation.
c) Fail alann button p*essed resets the radiatien alarms if the

displayed radiation level is below the alar-n setpoints.

2. Alert alarm - amber button - indicator .

a) Alert alarm ON (lit) indicates alert radiation trip.
b) Amber button pressec while function 3 witch is in the CAL posi-

tion causes the alert alarm setpoint~ to be displayed on the
module panel meter. .

CAUTION: The alarm setpoint is displayed only with the butt:
pressed in - CAL, otherwise CAL is indicated with tc

-
- button released.

3. High Alann - Red button - indication

a) High alann ON (lit) indicates high radiation trip and associated
interlock if applicable.

3- b) High alarm button pressed while function switch is at the CAL
position causes the high alarm setpoint to be displayad on the
meter.

j

CAUTION: The alann setpoint is displayed only with the button
pressed in - CAL atherwisa CAL is indicated on the button '

release.

Small pushbutton will only silence the local alarm on the atmospheric
monitors (series 842 monitors),

i

.
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RMS INFORMATION UNIT II

1. RMS interlock functions bypassed with keyswitch.

2. Particulate Monitors employ moveable filter capstan (Rotate) Solenoid /
Ratchet Drive of Capstan Normal 1"/hr Prog 4"/hr Advance (Tear) 7.5"/ min

Capstan activated every seven (7) minutes. Prog. mode moves clean-

filter paper in front of detector (:r4") once an hour. Advance (Tear) moves
clean paper in front of detector in 20 sec..

3. Iodine Channel GAMMA Scint, employes a NaI crystal.

4.
'

Off-line monitors (Liquid or Gas only) stainless steel .' liner removable for-

easy decon.

5. Failed fuel monitor sensitivity can be changed by use of lead collimater.

6. No delay coil prior to failed fuel monitor.

.
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AREA MONITORS i

LOCAL RAD. DETECTED, CllECK
H0tilTOR ID H0filTOR tlAME MONITOR LOCATI0ft READOUT DETECTOR SOURCE SETPOINTS (111G11) CODE

Cont. Bldg. (305)
IIP-R-201 Control Room (Column c48/cA) N0flE GAMMA /G-H CAN

1.4 mR/hr
i

C,ont. Bldg. (305)
llP-R-202 Cable Room (Column c47a/cC) H.IL,H GAHHA/G-H 1.4 mR/hr CARL

1

IIP-R-204 RB Emer. Cooling Aux. Bldg (280-6) H.IL,Il GAINA/G-H 2 HR/hr REALLYBooster Pun:p Area (Column AB/A61)

4

IIP-R-205 RC Evaporative Aux. Bldg (280-6) H. IL ,il GAFNA/G-H 2 HR/hr RAPEControl Panel (ColumnAG/A63) *

Area ;

llP-R-206 Hake-up Tank Aux. Bldg. (305) H,IL,Il GAHHA/G-H 20 HR/hr HOLLYArea (entrance to MUTl)
i

IIP-R-207 Intermedia te Aux. Bldg (305) H, IL ,ll GAHf1A/G-H 2 HR/hr IF
!

Cooling Pump Area (South of ICPIB)

;
-

IIP-R-209 Fuel llandling Rx. Bldg. (347-6) H,IL GAMMA /G-H 5 R/hr FREDBridge florth (Main F.ll. Bridge) 1 R/hr Mode 6

llP-R-210 Fuel llandling Rx. Bldg. (347-6) H,IL GAFNA/G-H 5 R/hr FONOLESBridge South (Aux. F.ll. Bridge) 1 R/hr Mode 6

H-Heter For InfonnationIL-Ind. Light on Setpoints Refer
ll-llorn to 2105-1.12

2 e
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AREA HONITORS-
y

LOCAL RAD. DETECTED / CilECK '

HONITOR ID MONITOR NAME MONITOR LOCATION READ 0UT DETECTOR SOURCE SETPOINTS (llIGH) CODE

IIP-R-211 Personnel Access Rx. Bldg (305) H,lL.ll GAMMA /G-H 50 HR/hr POLLY
'

flatch (On Elevator Wall

llP-R-212 Equipment llatch Rx. Bldg (305) H, lL ,Il GAMMA /G-H 50 HR/hr EN00Gil?
(ColumnR4)

IIP-R-213 Incore Inst. Rx. Bldg (347-6). H. IL ,Il GAMMA /G-H 50 HR/hr l'DPanel Area (NorthsideA
0-rinq)

IIP-R-214 Reactor Building Rx. Bldg ( ) NONE GAMMA / ION 8 R/hr RATilERDome ,

,

llP-R-215 fuel llandling F.ll. Bldg (347-6) H. IL ,ll GAMMA /G-H 20 mR/hr FONDLE 1Building (Fil Bridge)
. -

IIP-R-218. Waste Disposal H, IL ,ll GAWiA/G-H 50 HR/hr WANDAStorage Area

llP-R-231 Aux. Bldg Sump Aux. Bldg (280-6) H. IL ,ll GAMMA /G-H I R/hr ANDTank Filter Room (Column AQ/A6Zh)
i

.

IIP-R-232 Aux. Bldg Access Aux. Bldg (305) M. . ,il GAHHA/G-H 2 HR/hr REALLYCorridor (Column AT/A61)
i Radwaste Panel Area_

-

- _ _ - _ _ _ - _ _ _ _- _ - _ - _ . - _ _ _ _ _ _ - _ _ _ _ _ _ _ - . - _ - _ _ - - _ _ . - _ - _ _ _ _ . - _ _ _ - _ _ _ _ - _ _ _ . _ _ _ . _ _ _ _ _ _ - - _ _ - - - - _ _ - _ _ _ _ - _ _ _ - - - - - _ _ _ _ - . - - _ _ _ _ - . _ - - _ -
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g AREA MONITORS r

LOCAL RAD. DETECTED/ CllECK
N0filTOR ID MONITOR FLAME MONITOR LOCATI0fl READOUT DETECTOR SOURCE SETPOINTS (llIGil) CODE

!!P-R-233 Aux. Bldg Aux. Bldg (305 M,IL ,Il GAMMA /G-M 2 MR/hr SWEET
(Column AN/A63))Access Corridor
(S.F. Filter Area)_

llP-R-234 Cont. & Service Serv. Bldg (280-6) M,IL,ll GAMMA /G-M 2 MR/hr COOKS
Bldg Corridor (Column CE/c50a) IN Tile

(Cont.. Den Tk f.ru.)

llP-R-3236 Rx. Bldg Purge Aux. Bldg (328) M,IL,Il GAMMA /G-M 20 MR/hr R
Unit Area (Column AE/A64)

llP-R-3238 Aux. Bldg Exhaust Aux. Bldg (328) M, $ 1. ,Il GAMMA /G-M 20 HR/hr A
Unit Area (ColumnAJ/A63)

.

IIP-R-3240 F.ll. Bldg Exhaust Aux. Bldg (328) H,IL,ll GAMMA /G-H 20 MR/hr F
Unit Area (Column AL/A63)

'
.
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(PROCESS) i AT SPilERIC HONITORS
_

REhuiE CllECK'

M0filTOR !D MotlITOR NAME MONITOR 10 CATION ' READ 0UT DETECTOR S0llRCF SETPOINTS (llIGil) CODE

IIP-R-219 P Station Ver t Aux. Bldg (328) Monitor Deta Scint. CS-137 1.3E63 CPM VIC1 (Hear Column AB/Af 5) Gansna Scint. BA-133 .

G 1,5flE*5CPHBeta Scint. CS-137 IE*4 CPM

llP-R-220 P Control Room Cont. Bldg (351-6) NONE Deta Scint. CS-137
300 CPM CANI Intake Duct Near Column T35/Cil ) Ganma Scint. BA-133G 2E+5 CPM

, Beta Scint. CS-137 260 CPH

llP-R-221A P F.ll. Bldg Exhaust Aux. Bldg (328) NONE Deta Scint. CS-137
2Et3 CPH flyI Duct (Before Northwall Ganana Scint. BA-133G Filter) (ColumnAT/A63) Beta Scint. CS-137 2.5E+5CPH
4Et4 CPM

llP-R-221B P F.ll. Bldg Exhaust Aux. Bldg (328) NONE Deta Scint. CS-137
7E3 CPM FORI Duct (Af ter Filter: Northwall Ganina Scint. BA-133G (ColumnAT/A63) Beta Scint. CS-137 2E5 CPM
3E4 CPM

llP-R-222 P Aux. Bldg Purge Aux. Bldg (328) NONE Beta Scint. CS-137 AI Air Exhaust Northwall Ganuna Scint. BA-133 1 5 H
G (Before Filter) (Column AT/A63) Beta Scint. CS-137 2E4 CPM

IIP-R-223 P Moveable Monitor F.ll. Bldg (347-6) Honitor Deta Scint. CS-137 1*lE3 CPM HILEI Spent fuel Area Eastwall Gauma Scint. BA-133 CPH
'

G (Column All/A65) Deta Scint. CS-137 * b CPM

llP-R-224 P Moveable Monitor Aux. Bldg (280-6) Honitor Beta Scint. CS-137 'l.lE3 CPM HOREI Aux. Bldg Westwall Ganma Scint. BA-133 2.3E5 CPM thanG (ColumnAQ/A65) Deta Scint. CS-137 260 CPH

llP-R-225 P Rx. Bldg Purge Aux. Bldg (328) NONE Heta Scint. CS-137 1E4 CPM ROYI Air Exhaust Duct A West of Column Gansna Scint. BA-133 2E5 CPMG Alla/A64 Deta Sc.'nt. CS-137 BE4 CPH
-

:.

FOR HORE INFORMATION
ON SETPOINTS REFER
TO 2105-1.12 !
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(PROCESS) ATHOSPilERIC HONITORS Is-

REMOTE CllECK.

HONITOR ID N0filTOR NAME MONITOR LOCATION READOUT DETECTOR 50llRCE SETPOINTS (IllGil) CODE

ilP-R-226 P Rx. Bldg Purge Aux. Bldg (328) NotlE Beta Scint. CS-137 IE4 CPM R0GERS
1 Air Exhaust West of Column Gansna Scint. BA-133 2ES CPH
G Duct B ABa/A64 Beta Scint. CS-137 BE4 CPM

llP-R-227 P Rx. Air Sample Aux. Bldg (305) Monitor Beta Scint. CS-137 SE4 CPM RAN
1 Line Near Column Ganina Scint. BA-133 SE3 CPN
G ABa/A64 Beta Scint. CS-137 2E4 CPM

IIP-R-228 P Aux. Bldg Purge Aux. Bldg (328) NONE Beta Scint. CS-l'37 4E3 CPM AFTER
1 Air Exhaust Northwall Ganana Scint. BA-133 IES CPH
G (After Filter) Column AT/A626~ Beta Scint. CS-137 2E4 CPM

llP-R-229 P 112 Purge Duct Aux. Bldg (328) NONE Beta Scint. CS-137 1.6ES CPM it[s
1 Westwall Gansna Scint. BA-133 4ES CPM
G Column AE/A65 Beta Scint. CS-137 1.2ES CPM

WDG-R-1480 G Waste Gas Discliari e Aux. Bldg (328) Panel Beta Scint. CS-137 4ES CPH WIFE
West of Column 302 B

'AB/A62A

WDG-R-1485 G Decay Gas Tank Aux. Bldg (305) Panel Beta Sclat. CS-137 DALE'SA Discliarge (WDG-T-1A Valve 302B
-

'

Room) 3ES CPM

.

WDG-R-1486 G Decay Gas Tank Aux. Bldg (305) Pin 1 Beta Scint. CS-137 DIRTYB Discharge (WDG-T-18 Valve 3028 3ES CPM

Room)

.

VA-9-746 G Condensor Vacuum Turb. Bldg (281- NONE Beta Scint. CS-137 CLOTilESPump Exhaust 6) East of Columo 2E3 CPM

TG/T42
.

._

_ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _________ _ __ _ _ __ _ _ - - - _ _ _ _ _ _ _ _ _ _ _ - _ _ -
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(PROCESS) LIQUID MONITORS i
'

Rts.JTE CilECK -,

MONITOR II) MONITOR NAME MONITOR LOCATION- READ 0tlT DETECTOR S0llRCE SETPOINT CODE

MU-R-720lli Primary Coolant Aux. Bldg (305) NONE GAMMA Scint. BA-133 (GROSS) LOVELYletdown lli Outside North Wall SES CPM
Makeup Demin,

(MU-K-1A)

MU-R-720LO Primary Coolant Aux. Bldg (305) NG!iE GAMMA Scint. BA-133 (ANALYZE) LUCY
,

Letdown LO Outside North wall SES CPM
Makeup Demin
tutr_ia)

IC-R-1091 Intermed. Cooling Rx. Bldg (282-6) N0tlE GAMMA Scint. BA-133 5,000 CPM INVITED
Letdown Cooler B Outside RB Simip
(MU-C-18) Room

IC-R-1092 Intermed. Cooling Rx. Bldg (282-6) NONE GAMMA Scint. BA-133 5,000 CPM ILJES
Letdown Cooler A Outside RB Sump
(MU-C-1A) Room ,

IC-R-1093 Intensied. Cooling Aux. Bldg (305) NONE GAletA Scint. BA-133 2,000 CPM INTOCooler Outlet East of Column
AB/A63 *

-

NDL-R-Idll Plant Effluent Aux. Bldg (280-6) Panel GA41A Scint. BA-133 1800 CPM or Ell 00GliUnit 11 Column AN/A63 301 as calculated per
,

.

llPP 1621.2
,

DC-R-3399 Decay lleat Closed F.ll. Bldg (280-6) NONE GAMMA Scint. BA-133 2,000 CPM DIRTYA Loop Column AK/A67
2

| |
14

I)C-R-3400 Decay lleat Closed F.ll. Bldg (280-6) NONE GAMMA Scint. BA-133 2,000 CPM DEALS'

B Loop Column AK/A67
|

.

.

d

- _ - . - _ _ _ _ - - - - _ _ . _ - - -_ - -- ---- .-_. - --- _ . _ -



. _ _

. . .,

IIPenrFss) LI0lliD MONITORS
REH0TE CllECK -

,

MONITOR 10 HONITOR NAME MONITOR I.0 CATION REA000T DETECTOR SOURCE SETPOINT CODE

NS-R-3401 Huc. Serv. Closed Aux. Bldg (305) NONE gat #4A" Scint. BA-131 2,000 CPM NOW
'

Cooling (North of NS-T-2)

SF-R-3402 Spent Fuel Aux. Bldg (305) NONE GAMMA Scint. BA-133 SilE
Cooling (West of SF-P-1A) . 1E4 CPM

HT-R-3894 Water Treatment Turb. Bldg (281-6; LOCAL. GAMMA Scint. BA-133 2,000 CPM WANTS
& Condensate Southside Regen. ONLY

'

Polishing Station East wall

WT-R-3894 Water Treatment Turb. Bldg (281-6; LOCAL GAF9tA Scint. BA-133 1,500 CPH WEST
& Condensate Southside Regen. ONLY
Polishing Station East wall

.

.

9

esp ..e

r

.

4

%

k

_ - - - _ . - - - - - - - - - - -_ --- _--
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* *- .. ,: . . ;-.

4

.

UNIT 2 UNIT 1

from Evaporative 8 From various )Condetisate Pumps Unit 1 Sumps |

L101 V-93A WDLV-500
-

A* -

gilDLV-938 )
WDLV-501 RML-8 .

IlDL
FT 1311 To Hisc. Waste Storage Tk

From DQ-99 g WDLV-257
WDLfleuttal zer llDLV-100 t

Pumps RML-6 FT-84 WDLV-125
{ j

> N
| V from

Y V
Waste

hWTV-121 F 3Y 3 EvaporatorllIlt
3895 UNIT 2 UNIT 1 Cond. Pumps

HDCT HDCT

from Cond. 1 r i
Polisliing Sump L J 8

)To Hisc. Waste lloldup Tank, |( )
y y y .

'

STATION DISCllARGE PIT
li1R llTV-Il9 A FR-146 j

[tleutralizinhN Tank 'H--- V DISClit.RGE TO[, M k RIVERWTV-118

from Cond. Pollsliing,

Regeneration Skid

J

_ _ _ _ _ _ - _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ - _ _ _ _ _ - - - _ - _ _ _ _ _ _ _ _ _ _ _ _ _ - _ _ _ - - . - _ _ _ _ - _ _ _ _ _ - _ _ _ - _ _



_ ______ _ _ ________ _ _______ _ ___________ _

UNIT II RMS IN1-., LOCKS
.

IIPR-225 llPR-226 ilPR-222 IIPR-226 llPR-221A IIPR-2218 WDGR-1485 WDGR-1486

~

'.
, i

WDGR-1480
!

.

,r ir , r 1 r ir i f 1r i h 1r 1r

Open Open Close Stop Close Stop Ciose Close'

05129-D D5129-C 04020-A AllE7A/B D5683 AllE9A/B WDGV30A ilDGV30BClose Close Open Open
|05129-A 05129-G D40208/C D5671A/D g,

Stop Stop 040200/E s g D5684A/D n n , gAllE12A AllE120
'" ~~n a

; s
*

.

Unit IIIPR-219 WTR- 3894 UTR - 3895 WDLR-1311 RML-7

'

3 r 1r 1 r llPR-220ir 3 r 37'
Close Close Close

Stop WIV-118 WTV-ll5 WDLV100 Close
AllE23A/B Open Open WDLV93A/B WDLV-99

37

IITV-Il9 llTV-121 Stop Start
WDLP8A/B AllE-tT./8WDLPilA/B Control RM.

on Recirc.

|

b b b
. . . _ _ _ _ _ - _ _ - _ _ _ _ __ - _ _ - _ _ - - _ _ _. ._ ----- ---_
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.

_.

UN1( 2 RMS INTERLOCKS
p I- p_L. E p .}-- E l.

p p p1 1 1 1 1 _L* 1* *

- G G G --. G_ _7 G

U 1 *

5-J
KL KL KL KL KL KL KL KL KL KL KL

1 6 2 4 5 7 3 8 12 13 14

IIPR?20 llPR222 ilPR228 IIPR221A IIPR2218 WDIR1311 IIPR219

* = Keyswitch Bypass
KL1 - Start AllE4A KL KL KLKL6 - Start AllE4B 9 10 11
KL2 - Close 4020A; Open 40200/C/0/E (dampers)
KL4 - Stop AliF7A/B llPR225_ llPR226

*

KL5 - Close SF;3; Open 5671A/B, 5684A/B (dampers)
KL7 - Stop AllE9A/B P-- P-- *8 - l- WDGR1486KL3 - Close WDLV93A/8,WOLV100 [ 1 W T

Stop WDLP8A/8, WDLPilA/B * hI *hI I
KL8 - Close WDLV99 *h Y

1
WDGR1485KL9 - Close 5129A, Open 51290 (dampers) G~' G~~ jStop AllE12A

._LKLIO- Close 51298, Open 5129C (dampers) *
T- WDGR1480Stop AllE128 '

I
~

-

KLll- Close WDGV30A/B
KL12- Stop AllE7A/B

.KLl3- Stop AllE9A/B
tiote: Interlocks not shown for WTR3894 and WIR3895 since theseKLl4- Stop AllE23A/B '

monitors are not indicated in the control room.
1

I

'

.

_ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ . _ _ _ _ _ _ _ _ _ _ _ _ _ _________ __



ENCLOSURE 1
4

CATEGORY IV CR0 STUDY ASSIGN"ENT SHEET

NAME: START DATE:

COMPLETION DATE:

ASSIGNitENTS Sth CYCLE 2nd HALF

1. Read the following Procedures:
,

a. 1103-15 (2103-1.9) Reactivity Balance
;

b. 1103-16 (2103-1.10) Heat Balance
c. 1105-10 (2105-1.10) Computer -

|

2. Complete the following
!

a. Hand calculation of Heat B'alance
b. Computer Calculation of Heat Balance (explain the printout)

Computer Reactivity Balance (explain the printout)c. L

d. Reactivity Balance (SDM)
e. Reactivity Balance (ECP)
f. Reactivity Balance (change Baron)

i

3. Read second half of Environmental Tech Specs.

I
'

.

l

TOTAL POINTS TO DATE FROM ENCLOSURE 2

WRITTE!! TEST DATE RESULTS

ORAL TEST DATE RESULTS

ANSWERS MISSED, HAMDED IN CORRECTED

DATE:
SIGNATURE OF LICENSED TRAINING CCORD.

.

9

|

.

, , - - * ' ~ ' '



i

|

j EllCLOSURE 1
*

_ CATEGORY IV CR0 STUDY ASSIGNMEllT SHEET

.

NAME START DATE:
'

i

.- COMPLETI0ft DATE:
__

ASSIGilliENTS 6th CYCLE 2nd HALF

1. Review Procedures

a. Administrative
b. Emergency-

c. Abnormal '

- d. Operating

2. Review Tech Specs

3. Review Reacter Theory,
,,

,

4

.-

. t

.

I
TOTAL POIllTS TO DATE FR0f-1 ENCLOSURE 2

WRITTEli TEST DATE RESULTS

ORAL TEST DATE RESULTS
<<

AflSWERS filSSED, !!AllDED Ifl CORRECTED

'

DATE:
,.

SIGilATURE OF LICENSED TRAINING COORD.

L
'

'

.

L _ - - - _. >


