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PURPOSE:
1

. Provide guidelines for individual study, and to
w

realize the total training concept. Assignment
.

sheets have start and stop dates to indicate the

speed of progression required to complete the train-

ing program in nine (9) calendar months.
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TRAIfilflG DEPART!!Etli ADMIflISdTIVE MEf10RAllDUM e - CHANGE #2

METROPOl.1 TAN EDISON C O M P A N Y so... ,y o, c.o.,1, porn, u.a.,,,, co,oo,:,co

Subject CATEGORY IV CR0 TRAIflIflG PROGRAM Location TMI fluclear Station
Middletown, Pa.

Date October 8,1976,

To J.G. HERBEIfl
J.J. COLITZ
G.P. f1 ILLER
DEPT. HEADE

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

1. Ilhen an Auxiliary Operator is advanced to Category IV CR0,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 perfonning 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 incividual will fall immediately
into the Shift organization 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 Roon 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 (5 shift)bhich will detail studythe individual will be
provided with an assignment sheet (see Enclosure 1)
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,,the individual will take an oral examination covering
the assigned areas of study during the shift cycle specifically;and comprehensive
of the material covered to that date.

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

Weak areas on written and oral examinations will be covered with
the individual and his bargaining unit representative, if requested.
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.
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 complete a Practical
Evolutions Sheet (see Enclosure 2). This sheet will be completed either during
the individuals' daily training period cr during other times while on shift as
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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 written and oral tests will
be given,will come largely from items in Enclosure 2 with some assignments
specifically intended to obtain signatures on Enclosure 2.

7. Checkouts for items on Enclosure 2 which must be simulated will be conducted
in front of the 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 in the training assignment completion,
the 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 week
b. ICS Review 1 day - 1 week-

c. Simulator 1 week - 2 weeks-

d. Health Physics Review - 1 day - 1 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 this 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 approved by the
Supervisor cf 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 period the Category IV CR0 will be given a comprehensive
oral examination by an SR0 licensed individual designated by the Supervisor of
Operations. The Category IV CR0 will have the option 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 bargaininc unit representative. If the Category IV CR0 has successfully
completed the above outlined training program, within 9 months, including the
comprehensive written and oral examination,the individual may be advanced to
Category II CR0. 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

_ . _ . _ _ . . _ . . . ___ _ _ _ _
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returned to the position held prior to being advanced to Category TV 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

. CATEGORY IV CR0 STUDY ASSIGilMEi!T SHEET

NAME: START DATE:

COMPLETION DATE:'

ASSIGt!MEilTS CYCLE HALF

.

TOTAL POIf!TS TO DATE FROM ENCLOSURE 2

WRITTEtt TEST DATE RESULTS

ORAL TEST DATE RESULTS
'

ANSWERS filSSED, HANDED IN CORRECTED

DATE:
SIGilATURE OF LICENSED TRAINING COORD.

.
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ENCLOSURE I

l> CATEGORY IV ASSIGNMENT SHEET

,

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

completed during each two week period (h 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 (pumps, valves, motors, etc.) the

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

are kept in the Ttil 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 required to become
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.

5 - Simulate: The evolution has to be demonstrated, without actuallv 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 4 working days to satisfactorily complete the
program in the nine month period.

The evolutions are preceded by capital letters A,B,C,D,E,F or G to indicate which
category of an NRC exam they fall. Additionally, the capital letter N is used 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).

,
_
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EllCLOSURE~2

EVOLUT10fiS ACTI0fl' CODE _ SIGNATURE POINTS
,

AD!!IflISTRATIVE PROCEDURES

!! Document Control (1001) D 1 pt'

'

F Tagging (1002) P or S & D 2 pts

il Radiation Protection llanual (1003) SAD 2 nts

F/fl Radiation Emergency Plan (1004) (2 volumes) D 2 pts *
,

F Station Organization and Chain of Command (1009) D 1 pt *

F Technical Specification Surveillance Progran (1010) D 1 pt
,

F Shift Relief and Log Entires (1012) D 1 pt

F Bypass and Safety functions and Jumper Control (1013) D 1 pt

F Call of Standby Personnel to Plant (1014) D l pt*
_

I
D 1 pt iF Operator at the Controls (1028)

D 1 ptF Control of Access to Primary System Openings (1030)

El1ERGEllCY Afl0 ABil0Rf1AL PROCEDURES

F/fl Load Rejection (1203-1)(2203-2.1) P or S & D 2 pts

F 'lliqh Cation Cond. in Condensate (1203-5) _ . 0 1 pt.

F Iland Calc. for f}uad. Power Tilt & Core Power Im-
balance (1203-7) (2103-1.11) P or S A D 2 pts

Industrial Waste Treatment (1104-50A)
.

6



.

EllCLOSURE 2
.

EVOLUTI0rls ACT10tl ' CODE ' _ SIGNATURE P0lllTS

ponse to Penetration of Protected Area
_ D 1 pt

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

F/N Loss of Reactor Coolant Makeup (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/fl River llater Failure (1203-19)(1202-38) (2203-1.7) S&D 2 pts *

F/!1 IISCC System Failure (1203-20 (2203-1.6) S&D 2 ptsV

| F/fl SSCC System Failure (1203-21) (2203-2.4) S&D 2 pts *

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

F/fl Post Accident ||2 (Purge 1203-28)(Control 2203-2.6) D 1 pt

Class lE Electrical (2107-1.2)
,

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

F Vil3 ration and Loose parts (1203-40)(2203-1.8) D 1 pt

Substation (BOO kv).(2107-1.3)

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

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

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

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

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

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

EVOLUTIONS ' ACTI0fi'C0DE ' SIGNATURE POINIS

i

F/fl CRD Equipment Failures (1202-8) (2203-1,2) P or S & 3 3 pts
*

F/N CRD 11alfunction Action (2203-1.3) P or S & D 2 pts

F/N Loss of Boron (2203-1.1) P or S & D 2 pts

F/fl lli Activity in Reactor Coolant (1202-11){2202-1.6) S&D 2 pts *

F/N 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/fl 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 Removal (1202-35) (2202-1.8) S&D 2 pts #

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

3 pts *F/fl Cooldoun Outside Control Room (1202-37) (2202-1.10) S&D f'

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

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

F/N Earthquake (1202-30) (2202-3.3) D 1 pt"

F Alarm Responses S&D 5 pts

OPERATillG PROCEDURES

N 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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EflCLOSilRE 2

ENOLUTIONS ACTI0fl CODE- SIGNATURE P0lliTS

0C/F/N Plant.lleatup to 525 F (1102-1) (2102-1.1) P,S (X) 2 pts

C/F/fl PlantStartup(1st)(1102-2)(2102-1.3)' P. (X) 2 pts

C/F/ft 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/i/d Plant Shutdown (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 t, D 1 pt

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

C/fl lleat Balance Calculation (Computer)(1103-16)(2103-1.1 1)' P 2 pts *

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

C/fl Reactivity Balance (ECP) (1103-15) (2103-1.9) P 1 pt *

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

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

C/fl Reactivity Balance (SDM) (1103-15) (2103-1.9) P 1 pt *

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

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

. . . _ -
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EllCLOSURE 2

E70LUTI0llS ACTI0fl CODE ~ SIGNATilRE P0lflIS

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

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

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

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

B/F/fl Spent fuel Cooling (1104-6) (2104-1.5) P&D 2 pts **

.

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

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

'

B/F/fl fluclear Services Closed (1104-11) (2104-3.2) S&D 2 pts *

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

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

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

B/F/fl 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/fl Reactor Bldg. Emerg. Cooling River Water (1104-38) P&D 2 pts *

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

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

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

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

EVOLUTI0tlS ACTI0ti ' CODE ' SIGflATURE P0li1TS

E/fl Fire Prot (ction (1104-45) (2104-6.1) S&D 3 pts
*

B/F/G/fl Radwaste (1104-27,28,29 A/B/C/0/E/I/P/S) (Unit I) D 6 pts
#

B/F/G/fl Radwaste (2104-4.1/2/3/4/5/6) (Unit II) D 6 pts

D/fl fluclear 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/fl Safeguards Actuation (1105-3) (2105-1.3) S&D 2 pts

D/fl Incore 11onitoring (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/ft Control Rod Drive (1105-9) (2105-1.9) P&D 3 pts

D/fl Computer (1105-10) (2105-1.10) D 1 pt

R/F/f' Turbine Generator (1106-1) (2106-3.1) P&D 3 pts

B/F liydrogen Seal Oil (1106-8) (2106-3.3) D 1 pt"

B/F Turbine Lube Oil (1106-9) (2106-3.2) D 1 pti

B/F Stator Cooling (1106-7) D 1 pt*

B/F EllC (1106-17) (2106-3.4) D 1 pt

80P Electrical (2107-1,1) D 1 pt
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EllCLOSURE 2

EVOLUTI0tlS ACTI0tl CODE' SIGtlATilRE P0ltJTS

| #

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*

D/F Fee <hiater (1106-3) (2106-2.4) P&D 3 pts

B/F OTSG Fill, Drain, Layup (1106-16)(2106-2.5) 0 1 pt

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

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

B/F Extraction Steam,lleater Vents & Drains (1106-12) D , ,

1 pt

(2106-1.2)

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

B/F Turbine Bypass (1106-5) (2106-1.5) SAD 2 pts

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

B flormal Electr ical System (1107-1) D 1 pti

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

B Emergency Electrical (1807-2) 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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EllCLOSURE 2

EVOLUTIONS ~ACTI0rl CODE' SIGNATURE POINTS

Unit Ventilation (Misc. Procedures) D 1 pt

Chlorination (Chem Treatment)

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

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

llater Chemistry Control (2103-1.7) D 1 pt

Envirornnental Barrier System (2104-1.8) D 1 pt

CO2 Fire System (1104-56) D 1 pt

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

Control Tower Vent (1104-19) (2104-5.4) D 1 pt

Fluid Block (1104-20) D 1 pt

Penetration Pressurization (1104-21) D 1 pt

R$actorBuildingPurge(1102-14)(2102-4.1) P or S & D 2 pts

1:2 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,D 2 pts

llEALTil PilYSICS

G/fl Radiation Dose Survey (1602) D 1 pt

G/N Neutron Survey (1603) D
_

1 pt

G/fl Alplia Survey (1604) D 1 pt

,

__ _ . _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _
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ENCLOSURE 2

EVOLUTIONS ACTION CODE' _ SIGNATURE POINTS

G/N Surface Contamination (1609) D 1 pt

G/N Est. and Posting Areas (1610) 0 1 pt

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

G/N lise of Respiratory Protection Devices (1616) D 1 pt

G/N Radiation Emergency Procedure (Emergency Plan) D 1 pt

(1670.1)(1670.2)(1670.3)
G/N Control of Contaminated Spills (1681) D 1 pt

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

Industrial Waste Treatment (1104-50A)

Release of Radioactive Liquid (1621)(1621.1)

Release of Radioactive Gas (1622)(1622.2)
__

OT|lER
1

B/F Technical Specification Test P 19 pts *
__

A Reactor Theory Test P 10 pts *

G Radiation Control Test P 10 pts *

F Refueling Test P 10 pts *

Startup Certification P(X) 10 pts *

______ _ - _ _ _ _
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Use of 90 Day Probationary Rating Sheet

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

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 specific information to the Supervisor completing

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 performing
evolutions under supervision.

4.) MARG - Marginal - this denotes that the Cat. IV CR0 is progressing but
slowly, is weak in understanding of area of evaluation, has some
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 paper
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 Supervisor of Operations,
Shift Supervisor and the Training Dept. Head of components on areas of evaluation

.

O

. - ,



-- -
. _ _ -

Cat. IV 90 Day Probat iary Rating Sheet )

llame:
,

Area of Evaluation First 11onth Second Month Third Month OVERALL
I Console Operations

,

a. Manual Dexterity

b. Control Location

c. Instrument Interpretation

d. Alarm Response

e. Basic Operation ICS

f. Basic Operation Diamond

g. Basic Operation PI Panel
II. Leadership

C0fVIENTS:

a. Directing Aux. Operators

b. Planning Work

c. Interface with SF 1 SS

d.' Decision Making

III. Ilealth Physics
C0tt4ENTS:

a. Basic ilP Concepts

b.. Basic IIP Inst. Concepts

c. Basic RMS Knowledge



)

Cat. IV CR0 90 Day Probationary Rating Sheet,

Area of Evaluation First Month Second Month Third flonth OVERALL

IV. Operating Awareness
C0f1MEllTS:

a. Standing Orders

b. Operations Memos

c. Revision Review 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

C0lif1ENTS:*a. Ist cycle 1st half

*b. Ist cycle 2nd half

*c. 2nd cycle 1st half

*d,. 2nd cycle 2nd half

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

COMMENTS:

a. Tech Spec.

b. Other

4
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Cat. IV CR0 90 Day Prot 'onary Rating Sheet i

.

Area of Evaluation First Month Second Month Third Itonth OVERALL

VII. Computer Operation
C0fflEllTS:

a. Dispicys
.

h. Functions

c. Groups

d. Calculations Performed
VIII. Integrated Plant Operation

C0f tf1EllTS:
a. Effects on Plant

!

(Primary - Secondary)

b. Location of Equipment

IX. Other: COMMEllTS:

a. Flow Prints
b. Elementary Electrical

.

_ . _ _ _ _ _ . _ _ _ _ _ _ _ _ . __ _ _ _ _ _ _ _ _
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90 Gay Probation Reconenendation Sheet
I I

I do do not reconenend individual to continue with Cat IV CR0I_ ~

Training
Shift Supervisor

Consnents :

[ do do not approve raconsnendation of Shift Supervisor.
.

Supervisor of Operations

Consnents:
.

.



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

I. Console Ooerations
a) itanual Oexterity

-Capabl 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 and setpoint adjustment,
4 Toggle switch for ICS control)

-Capable of changing paper 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 CR0's ability to interpret source,
intermediate, power range, and R!!S Indications).

d) Alam Response

-For common alams knows the required actions
(e.g. I:eutralizing tank pH Hi/Lo is a common alam)

-Also knows required actions for such things as turb. trip, RX trip
-For uncommon alams knows where to find required actions
(e.g. Generator ground is not a common alam)
(i.e. How to use alam responses)

e) Basic Operation of ICS
-Knows whether or not plant will increase 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 capable of,
-Imbalance correction, single rod or group movement
-Can perfom startup under supervision
-Con talk through lights on diamond panel

g) Basic Operation of PI Panel
-Knows difference between the two indications available
-Knows how to reset RPI
-Knows what red, white, green and amber lights-imoly

|
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II. Leadership
-

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

? -Can get AO's to accomplish necessary jobs
-Uses tact in deal'ng with A0's

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

c) Interface with SF & SS:
-Compatibility 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 withi rationality

III. Health Physics
a) Basic HP Concepts:

-Knowledge of radiation
-Radiation areas
-Requirement for RWP's
-Use of protective clothing, effects of radiation (particulate & gas)
Beta, Gamma, Alpha, Neutron)

b) Easic HP Instrument ConceDts:
-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:
-Knows locations of Radiation Monitors and i.ypes (liquid, area, gamma)
-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 Awareness
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 and 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 startup, 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
Kaows the areas covered in this section

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

V. Cat. IV CR0 Training
a) ist Cycle 1st Half

-Completes required assigned material and completes test

b) ist Cycle 2nd Half
-Completes required assigned material and test

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

d) 2nd Cycle 2nd Half
Completes required assigned material .nd tests

e) Cat IV CR0 Program Enclosure 2
-Obtains 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 should 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

d) Calucations Performed
-Capable of using computer for calculations of. leak rate, heat balance,
Reactivity Dalance, etc.

,
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ENCLOSURE 1

UNIT II CATEGORY IV STUDY ASSIGNMENT SHEET

CYCLE 1-1

NAf!E START DATE

C0fiPLETION DATE

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

2. Read Systen Description #15- Circulating Water

3. Read System Description #14- CW and RW Chemical Treatment
'

4 Trace the CW System

5. Read OD 2104-3.6 - Circulating Water

6. Complete 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. 00 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. Read the following proc;dures:
a. OP 2104-1.7 NR System
b. EP 2203-1.7 NR Water Failure

13. Complete the River !!ater Systems Questionnaire
i

14 Read Sy: tem Descriptions #58 and #59- Class IE and BOP Electrical

15. Review B&R Dwg. 3001-3017 - Distribution !
!

16. Locate Unit II Busses, Unit Substations, and Motor'2 Control Centers
|
|

'
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CYCI.E 1-1 STUDY ASSICiMEtiT SHEET (continued)-

17. Read the following procedures:
a. OP 2107-1.1 B0P Electrical
b. OP 2107-1.2 Class IE Electrical
c. EP 2202-2.1 Blackout
d. EP 2202-2.5 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 POIllTS TO DATE FORM ENCLOSURE 2

WRITTEN TEST DATE RESULTS

ORAL TEST DATE RESULTS

AflSWERS MISSED, HANDED IN CORRECTED

DATE
SIGi1ATURE OF.LICEtiSED TRtiG. C00RD.

(

.

O
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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 B & R Dwg. #2023
5 Amertap Handout - Enclosed
6 CW Pump Tech Manual
7 CW Procedure - OP 2104-3.6
8 CW Chem Treatment Procedure - OP 2104-3.10
9 Secondary River Water System Description #16
10 SR Procedure - OP 2104-3.4
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-#3017 (Distribution)
18 System Description #58 - BOP Electrical
19 B0P 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 Both 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 ISLAt(D tiUCLEAR STATI0t1,

'd UtlIT !2
,

ADMIllISTRATIVE PROCEDURES '

1001 Document Control ..

1003 . Radiation Protection Manual
1004 Volume I. Three Mile Island Emergency Plans and Procedures
1004 Volua:e II, .Three Mile' Island Emergency Plans and Procedures
100g : Station Organtiation and Chain of Ccmmand
1012 '. Shift Relief and Log Entries
1013 . Bypass of Safety Functions and Jumper Control
1014 m Recallr f Standby Personnel to Plant

,

o

HEALTH PHYSICS PROCEDURES
1609 Surface Contamination Surveys
1610 W Establishing and Posting Areas

' Radiation Work Permits
.

1613 -

1640 EPersonnel Dosimetry, Issuance, Administration and Record Keeping
1641 -"Self-Reading Dosimeter Usage and Record Keeping
1681.2 0: Control of Contaminated Spills,

OPERATI0 tis" PROCEDURES

2101-1.1 tiuclear Plant Limits and Precautions
y- 2101-2.1' 'liuclear Plant Setpoints

' s@
2102-1.1 . Unit Heatup '

2102-1.2 ' Approach to Criticality"

2102-1.3 . Unit Startup
'

2102-2.1 Power Operations'.
2102-3.1 Unit! Shutdown

~ '

2102-3.2 IUrif 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 Power 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 tiuclear Plant Chemical Addition
2104-2.2 Demineralized Service Water -

t 2104-2.3 Instrument Air System
.

!

U 2104-2.6 Main Generator Hydrogen Gas System !

.
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_0PERATI0'15 PROCEDURES (cont'd)
2104-2.10 Service 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 Leakage Recovery System -

2104-5.1 RX Building Normal and Emergency Ventilation and Cooling
2104-6.1 Fire Protection System
2104-6.2 Emergenc.y 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 Steam
2106-1.2 Extraction Steam and Feedwater Heater Vents and Drains
2105-1.4 Gland Steam
2106-1.5 Turbine Bypass
2106-2.1 Condensate System

a 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

EMERGENCY PROCEDURES
2202-1.1 RX 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 Failure4

2202-1.6 High Activity in Reactor Coolant -

- j 2202-1.7 Excess Radiation Levels

,

e
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_EliERGEflCY PROCEDURES (cont'd)
2202-1.8 Loss of Decay Heat Removal
2202-1.9 Loss of Intermediate Closed Cooling Water
2202-1.10 Shutdown from Outside the Control Room
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 Tubs. Rupture
2202-3.1 Fire
2202-3.2 Flood *

2202-3.3 Earthquake
'

ADNORMAL PROCEDURES

2203-1.1 Loss of Boron (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

.2203-1.6 Nuclear Service Closed Cooling Water Failure
2203-1.7 Nuclear r arvice River Water Failure
2203-1.8 Vibration and Loose Parts Monitoring System

4 2203-2.1 Load Rejectiony,
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
2203-2.6 Post Accident Hydrogen Control

FUEL HANDLING PROCEDURES
2501-1.1 Fueling Control Docudent
2501-3.5 Head Service Line Disconnecting
2501-3.8 Closure Head Stud Detensioning
2501-3.11 Closure Head Removal
2501-3.12 Reactor Internals Removal and Installation
2501-4.01 Core Assembly
2501-4.C2 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 Closuie Head Stud Tensioning
2501-5.7 Head Service Line Connecting
2501-6.1 Receipt, Inspection, Fit-up and Storage of flew Fuel & Control Components
2502-1.3 Main Fuel Handling' Bridge
2502-1.4 Aux F.21 Handling Bridge
2502-1.5 Spent Fuel Handling Bridge
2502-1.6 New Fuel Elevator
2502-1.7 Fuel Transfer Syttem ~

.
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UNIT II CIRCULATING WATER OUEUIONNAI_RE_
.-

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 how 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
CH Pump House. (Ref. #7)

9. During a CW start-up, explain how and when we direct flow frem the fCCT
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.iT[

l' 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. #5) .

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

,
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14. What chemicals are added to the CW System? Why? :nere do these
chemicals enter the CW System? (Ref. #2)-

15. What function does Domestic Water perform 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 WATER SYSTEMS OUESTIONNAIRE
-

CATEGORY IV CR0

1-1

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

2. Describa 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)
5. Describe the function and operation of the interlock between a SR Pump

and its discharge valve. (Ref. #9)

6. Describe the normal flow path through the MDCT. (Ref. #9)

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? (Ref. #12)

11. Ilow 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 c .ur when starting a NSRW Pump from 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

1. Draw a simplified diagram of the B0P Electrical Distribution System.
Include the following: (Ref. #17)

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

,

2. Describe how the 80P 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 be
placed in. (Ref.#18)

5. Draw a simplified diagram of the Class IE 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

DO NOT INCLUDE:
a. t1CC'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)

.
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AffERTAP SYSTEM,

:

.

t

I. OBJECTIVES
:

,/ 1 To know the purpose of the Amertap 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. GEllERAL SYSTEM DESCRIPTI0ft ~. . . ' ' . , . ,7'
"'

.

t, j. ,

. ;. = 7.: q. . .- : .- .u.
..

<

_ .~ .: - - . w , . . :. .. . .3. :... ;. _ __ .
"The 'Af!ERTAP ICo ldenser 'Iube Cleaning System operatcc on a closed
cyclp and is basically arranged as chcwn in Fig. 1.

,
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* Clar. tic sponge rubber balls or abrasive balls with oversiv.e in

evn:parison to the inner tube diameter are injected' into the
- cooli5g water flow and are forced through the condenser tubes

by the Tatural differential pressure between inlet and discharge
of the condenser. A special screening devico, the " Strainer
Section " installed in the discharge line routes the balls
tesother wi th a small quantity of cooling water through the
rec irculating unit to the condenser inlet pipe thus completing
the cyci c. - '

.

The recircui.ating unit consists of a non-clogging centrifugal
pump, required to cvercome the pressure loss acrocs the~ con-
denser and the interconnecting ball transport piping, and the
collector, a device for trapping the balls for purposes of
checking the numbcr and oversize of the bclls, backvashing the

' screens or removing the unit f. rom operation.

To' achieve good distribution of the balls over the condenser
tube shoct, the balls are inj ected into the cooling water
inlet pipe counter flow to the main cooling water flow. With
larger diameter inlet pipes, several injection nozzles are
required. By means of distributors the balls are directed
to the individual injection nozzles.

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
of every 5 minutes.

I

For cleaning heavily fouled, scaled or pitted conden de' ,-

abrasive balls are used which are sponge rubber balls with an
adherent surface coating of abrasive material.

!

Worn balls with no ove'rsize are singled out by means of a ball
sizing gage and are discarded weekl .

The pressure drop across the strainer section does not' exceed
6" WC at. normal flow velocities with clean screens. On increased
d.ifferential across the screens due to debris build-up, bach -
washing is possible by' turning the screens against the cooling
water flow. For purpose of backwash control, differential pressure
manometers are provided..

.

. . -. . - . . . . . .

The correct operatEon p[sition of the screens is indicated by *

means of position indicators which actuate limit switches. '

|
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DESCRI? TION OF THE EQUI??. EXT

STRAINE'R SECTION

The strainer sec. tion, as shown in Fig. 2, is divided into cuad-
rants, with two upper channels and two lower ones. The upstream
portion consists of eight upper screens. These upper screens
direct the balls into the lower or downstream portion of the
strainer pipe. The downstream portion of the pipe contains
eight rectangular screens which funnel the balls to the ball
extraction tubes. Balls which are extracted from the lower
sector pass through the collectors and are then injected into '
the inlet pipe.

'

An airfoil secti.on is installed above and a throttle flap
below the lower channc_ of each sector to improve and control -

the flow conditions within.the strainer section. To obcain
optimum ball circulation adjustments to the throttle flaps
must be made when the system is first placed in operation.
Once established, the proper position for the throttle flaps
is fixed by means of the locking handles.

At the inlet of the lower channels, shut-off flaps are installed.
Operation of these flaps allows the return of balls trapped on
the lower screens by debris and removal 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 from
entering the. lower channels. As the main cooling water pumps
maintain suction, the flow of water through the lower screen is
reversed, rcleasing 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
automatic control purposes.
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7ne recirculating pump as shown on Fig. 3 is used for trans-porting the balls from the ball extraction tube of the strainer
section to the condenser inlet line. .

.

7ac pump is a non-clogging type centrifugal pump with wide
clearance between impeller and housing to prevent damage to
..ne on.,s. Tne head or. .ne pump s .. .n gn enoug.n to overcome ..ne

.
.

2

pressure loss across the condenser and the interconnecting. .

p p ng.

7..e same type of pump is used for extracting the balls from the
top portion of the horizontc1 strainer section for reinjection
into the bottom portion ahead of the upper screen,s. ':'he head of
the reinjection pump is icwcr than the head of the recircu12. ting
pump as this pump has only no overccme the pressure 1cc;; acrcss
the in:crconnecting piping.
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'sightglass cover which can be recovsd for purposes cf rccharging
and checking the balls. The upper p.rt of the collcc or column 1

w o u 4 . s , p c.. : t__C.1.www - ,s.s. c'~ c' .".w~' "'.'.a '

- w" .' - C E ' ''.'. .# .^.C .# .' < ,s - ai
''.. . - . . -w . - . ,

threO wCV VElv e. i

l
.

2 -

i

.

.

.

b. b | _11

-,

7 d ,.
** N.--

, c
.. . 1_y,.7 _t - 4 Q m. [P f S.

1 ,)Y;m. .: yI. .gr.
L' -.". o . ; -

^.~ .ms t t,
- :9, 3'

<. -
-

.
- - . ..,W s Q =

i! : t,
.

. ..

|: _,,-
.

f , ,"~'t" o. - e /
*

i

. T',
. - - , \ .y , -e : @,'

//.f 4
* d1

,';,
.

,

'. ,

m / ' i sc ! . - t; : u9h F
, D. |

- ,

. . . .

5.h .N~'i'. $-
.- _.h-

-

g i u.,,, . .. rgs.m.
o r75 .,I . f--===,,, -7

,

O. -p ;. yE.] 8
.

*
. r\ %. g*/

k D--.O:.]s" ik,,

!r DDR ORIGINALr
-

.

gi 6-

|.
. .

_,

l. - .. .'
. , .,.

. .:.G . .-

-
.

. .

1. Casine 5. 2

.

Inlet Valve-

2. Cover with Sightgicss 6. Discharge Vcive
3. Basket - - -

4. Ball Cat' chin "Elap '
7. Vent' valve
S. Drain Valve

.

. . . . . . .

.

.

By closing the ball catching flap the b lls are trapped in the.
perforated basket while the water flo ts through the perforations
and the side part of the catching flap back into the condenser
inlet. The ball valves at the inlet and discharge of the
concetor are provided for interruption of the water fiow through
the collector for checking and r charging the balls.

.

During normal ball circulation,w tcr and balls are put. ped straight
.

through t..a collector with the h:.11 c :ching, flap cs well as the,

anle and discharge ball valvec in the opsn position.t

! ?cr venting and drainine o the collector,esived connections
-

cre provided. .
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DISTRIBUTOR
.

The distributor as shown in Fig. 6 is used to combine the ball
cxtraction lines from the strainer scetion into a single line which

I
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1. Sightglass .

2.. Adjustable Vane
3. Illumination-

feeds the recirculating pump. The distributor is also used to
divide the ball injection line to obtain better ball distribution

*

at the condenser inlet.

An adjustable vane is provided to equalize the ball flow through
.the individual lines. The ball flow may be observed through the
distributor sightglass which is illuminated by a lamp.

*

r.AuL GAGI

The ball gage, shown in Fig. 7; is used for checking the balls.
Balls which are worn down 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 tubes.
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IVo OPERAT10i1AL DESCRIPTION
.-- . .,

*

..- -.
. ,j., ,

GENEI'AL DESCRIPTION OF AUTOMATIC CONTROL SYSTE.i'

s

Tne MIERTAP Electric Control System consists of a combined -

MIERTAP Control and Mimic Panel with push button stations -

for automatic operation of the AMERTAP Condenser Tube Clean-
ing System. Integrated automatic control of all electrical
system components is provided for by the selector switch
located on the mimic panel. Manual control of each component
is possible from the AMERTAP Mimic Panel by means of push but-
tons. Tne AMERTAP Control and Mimic Panel contains motor start-
ers, fuses, relays, timers, push buttons and indicating lamps.

.
, . , __ ., , . . .

, . . - - - - -

AUTOMATIC OPERATION OF THE MiERTAP SYSTEM
.

~

Refer to Appendix "A" for Graphical Sequences of Operation
and Appendix "B" for Suggested Timer Settings.

3.1 System Start-up ith Selector Switch

Prior to startin_g.,,,the equipment, a5certain that the proper
ball charge, approxv-2500,. has been placed in each collector and that the
interconnect'ng piping and collectors are ful.1 of water with drain and
vent valves clos' d'.' 'n'e " green "Out of Service" lamps one

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
and,off, and the pumps will start with green " Pump" lamps
being extinguished and red " Pump" lamps being illum.inated.
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 fisps
with green lamps being extinguished and red lamps being il-
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 proceed through the prescribed
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. Tne horn may be silenced 'by depressihg the
" Failure Reset" button located on the AMERTAP Mimic Panel.
Placing the Scle,ctor Switch in the " Manual" position clears
the "Failurc" indication and allows the malfunct. ton tcr be
traced and corrected with the system under manual control.

as outlined in 4, below.
.-
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NOTE: TD:ER NO. 5 MUST EE ADJUSTED TO PROVIDE A TIME
- DELAY LONGER IN DURATION THAN THE TDIE REQUIRD |

FOR ANY ONE MOTOR OPERATE COMPONENT TO COMPLETE
ITS CYCLE.

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

turned to automatic control by means of the Selector Switch.

Shut-Down System with Selector Switch

Shut-down of the system can be accomplished by placing the
Selector Switch in the "off" position. The rcd "In'Bervice"
lamp will be extinguished and the green "Out of Service"

, 1-t
lamp will blink on and off. The ball collecting ~ flaps will

* lq . - - - - - - -- -- ..-- . ~ = ~ - - - -e--e---.-~ - - . -
_ ,_

~
, ~ ' = * = '

,

close with indicatibn~ch'anging from red to green. Follow-
|0")d
.'

ing a timed interval (Timer No. 1) of 3 to 120 minutes,
the . shut .off flaps close with indication changing
frcm red to green for a timed interval (Timer No. 2), of
1/2 to 3 minutes. Following timeout of Timer No. 2, s, hut-
off' : flaps open with the indication changing from green
to red. Timer No. 3 provides 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 of Ser .
vice" lamps on AMERTAP Mimic Panel remaining on.

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

the " Failure" lamp to be illuminated and the horn to alarm.
Norma 1 Dackwash '-'-~~"' - ' - A ' h Q w,. l .' U-.

,

--
. ;..

Provisio.:s are made for automatic bac' washing of the strainer2
section screens, should a debris build-up on the ' screens
result in a pressure differential across the screens of 10"
water column. At 10" water column differential across the
strainer section with the system in service, the red
" Normal Backwash" lamps on the AMERTAP Mimic Panel will
start to blink on and off and the red "In Service" lamps
will be extinguished. The system completes sue shut-dcwn
scquence of 3.2 above, through time-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. The red " Normal Backwash" lamps on the
AMERTAP Mimic Control Panel remain en continuously from!

. , .. . . . ,

,

- P00R ORIGINAL.
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cipening of the . screens and throughout the timed bacheash
~

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

out of Timer No. 4, upper anc lower c:creens close with-

corresponding lamps being extinguished. The system now
restarts with sequential opening of the ball coll.ecting. flaps
per 3.1above. During actual backwashing of screens, the
pumps remain on and the collector inlet valves remain open.-

. .
- . .

.:. s ~ ~ . .1.: ~ . -
-

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

- - " y ---. ~.p .. y y ,- - .. m. 4-f~
~' ~

.e. ,:,m; w A* --.. -
_

_.

-
- _ , esp

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 sequence
is initiated with sounding of the alarm horn located at
the AMERTAP Mimic Panel and illumination of the red "Emer-7negency Bacheash" 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 screens open i= mediately with correspond-
ing screen. position lamo 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.
4. Following time-ten minutes as determined by Timer No.

out of Timer No. 4, the screens close, the screen position
indication changes from green to red, and the " Emergency
Backwash" lamps are extinguished. The system remains out
of service with the red "Blocied" lamp illuminated on the j

AMERTAP Mimic Panel. To restart the system, it is first |

necessary to check the supply of balls in the collectors,
'

:

and ascertain that the system is ready for start-up per
The " Blocked Reset" button is then depressed

3.1 above.
allowing the system to start. Emergency backwash pro-
taction is also afforded when the system is out of service
or under manual control. In both cases, the upper and

lower screens open immediately with closing of the screens
; effected by Timer No. 4. Restart of the system follows

:

the sequence outlined above.
-~...,..--..-,...o . . - - ~ , ..

.
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C7sUTIO:: AS DIERGENCY BAC:CTASF. IS possI3LE t;IIgg 7373
S'_*STD1 IS OFF ca U;czn ;g; UAL CONTROL, CARE
MUST BE D ERCISE3 BY :GI;;TE:rANCE PERSOS::EL

YlIIEN 17GRKING ON GR NEAR MOTOR OPERATED COMPONENTS.
:.. . s.,..-..,.

.- .?
'

. . . -: h,. . - . ...;.
.

M.M!UAL CO:! TROL

For purposes of maintenance or testing, manual control of each
system component is possible from the AMERTAP Mimic Padel.
Mimic Panel Control is selected and the Selector 9 ditch is
placed in " Manual" position. Control of the recirculators,
upper screens, 1cwer screens, shut-off flaps, collector
inlet valves and ball collecting flaps is now accomplished by
means of the individual push buttons on the AMERTAP Mim'ic Panel.

''

~ i:.Q., e.:..--. 3 .w_ . .y.--
'~"

.
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.

o
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APPEllDIX 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 Sectica for collection to recire pp.
,

-

5. Reinjection pump head les; than that of recirculation pump.

.

f

.

.

O
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APPENDIX B

INTERLOCYS

1. Timer settings applicable.

2. 10" H2O setpoint for Normal Backwash.

3. 20" H2O setpoint for Emergency Backwash.

i

,,
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APPENDIX C

IMPORTANT PARAMETERS
1

'

l

; 1.
.,

10" H2O DP initiates Nonnal Backwash.
l 2. 20" H2O DP initiates Emergency Backwash.
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Discussion: As a result of test conducted at the TMI-site by GPU.
./ start-Up personnel on the vital supply equipment, three-

ite=s of concern were identified, two of which were then
judged to be reportable incidents. These items became - -

the subject of field questionnaires 1337 and 1647. *

The subject of this meeting was to discuss these items .
'

with SCI, the equipment manufacturer, and establish the
required line of action to ake towards the resolution
of these three problems: . _ . . .

-
.- ,.

.

Problem 1
.

- During tests conducted at the site, the static switch did
not transfer back to the inzerter 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 purpose _y reduced so ,that a tran'sfei
frem the inverter to the al:ernate supply would take place..

ESR Spec. 2555-35, page TS-2, requires that: .

., . . .A 15 kva sincie pole static switch shall Se" - -

s) furnished with each inverter to a=:omatically -
o

transfer the vital power bus to a regulated
voltage bus in the event of invertar failure or

,,

any other malfunction which causes its output
voltage to drop below or its output frequency

- to drop below or exceed the pre-se: values
,,,

.

within the limits specified in 3.3. . . "
.

Paragraph 3.3 states:

"The inverter steady state output voltage shall
be held within a band cf plus or minus 3% of the set
value. Transient response for a step change
in load of 1001 shall not exceed -24% + 10%
for 8 milliseconds.

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

,

-
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? ,1 The test conducted at the rite indicates that the out-v put voltage of the inverter has to be decreased well

beyond the 31 limit (down to 38 volts) before a trans-
fer from the inverter to the alternate source can take

.

place.
.

P.r. 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 large load is connected on the
inverter. He explained tha the high transient generated,,

at the time, will cause the output voltage to temporarily
fall below the 3% limit, at which time , the static switch
will transfer the load to the alternate supply. Sincethis is undesirable, the transfer voltage setting was set'

quite icw. He also explained that during the normal
operation of the system and due to inverter design, it
is virtually impossible for the output voltage to de'--

-

crease down.to any value other than zero for an internal
malfunction, since the internal resonant circuit can only
be either in resonance (full output) or out of resonance
- (no output) . It was agreed, however, that a sensing board *

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

. cause a transfer-to the alternate s'upply. The static *

| ; switch would remain on the alternate supply unless the
- inverter output is restored back to nor=a'1, at-which time,

i
the transfer back to the inverter would take place. A
time delay feature will be incorporated in en13 new'.

!

|
board to override transients that might temporari'ly drop*

the voltage output below the 3t value. *

-

:In order to avoid the possibility of a transder to the
alternate supply due to very high transients, the setting
of the existing V107A board wi21 remain low ( ?O% of the

i normal voltage) .
.

!

!
This modification will bring the equipment in line with
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
modifications, to increase the transfer voltage setting,

to +3% and cause a transfer as required by the specifi , 'cations. However, a transfer would also take place during
temporary dips in voltage due to transients.

-
.

9
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Problem 2-

' )
At the test conducted 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. Aftet awhile, the voltage was then restored
to its normal level, but a transfer back frcm the alter-
na e supply to the inverter did not take place.

B&R specifications state that:
. . .

"...Upon restoration of the inverter output
voltage and frequency to its preset values for

~
an adjastable period of time, the static switch
shall automatically retransfer the vital power !
bus to the inverter." '

It further states that:-
i

.

.

"The length of time during which the inverter !
output voltage and frequency must remain steady '

,

at preset values af ter recovering from a power
outage or an abnormal condition before trans- l.

ferring back to the ir.verter shall be adjustable
over a time period of 2 to 10 seconds.".

,

. .
,

j () Mr. Eratton explained that the' retransfer fror the alter- |
nate supply back to the inverter did not take place i
because the built-in timer had long since timed out. )

~ As presently designed, whenever a trans fer frcm the 1
-

inverter to the alternate supply takes place, the timer .

will automatically start running. One attempt will be -

made by the static switch to go back to the* inverter :
within the time setting of the timer. If due to per-
sistent' abnormal conditions at the inverter output the
retransfer to the inverter does not take place within
the set time, the static switch will stay on the alter-

I nate supply until it is manually reset.
:

.j Mr. Bratton further explained that for reasons explained
't ab ve 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 output of the
inverter but that in case a malfunction did occur, this. I
malfunction would be of such a nature (i.e.; blown fuse, I

burnt components, etc.) that it would'not fix itself
within the few seconds that the timer is allowed to run.

. .
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It would be thus preferable to make only one attedpt
to retransfer to the inverter and that if the retrans-

-

fer did not take pl, ace wichin the set time, then the
static swtich would remain permanently on the alter- .

na e supply. Since this is'en acceptable mode ofoperation, and since it would be extremely difficult
and very disruptive at this time to make the necessar..
modifications to rake the equipment to strictly con y

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

s .
.

Problem 3 (F. Q . 1337) .
,

f

The vital power supplies have a circuit which causes
the inverter and output to stay "in sync" with thealternate power source. The inverter will stay
"in sync" even when the frequency drops on the alter-i nate source,

The inverter will stay'in sync with the alternatesuch as during diesel generator loading.i

. source until the frequency dips below 59.3 H:. .

59.3 Hz, the inverter oscillator is allowed to freeBelow '

run at GO E' -

.

2 .

cd- '
.

The power supplies also have a circuit which causes the
:

()
load 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 .

de, lay, 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 the vital power to
bc interrupted during the following sequence of events:

i

.

During a loss of offsite power without an SFASsignal, the diesel would go on the E.S. bus andstart taking loads in sequence.
dip of the diesel generator power during loading,Due to frequency.'

the vital power could transfer to the alternatesource. Th e vital power loads would stay on the '

-

alternate source until af ter the time delay for
.

retransfer. If an~SFAS signal occurred during the
'

time the vital loads were on the alternate source,; . -

the vital power would be interrupted until the
auto-retransfer time delay was cc=pleted.

.

.

.

.T
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it),r In order to avoid such a possibility, it was agreed

(=3
that the frequency transfer function will be deleted

j but it will be used to previde an "out of synchronism"
alarm. This alarm will be uired to other existing.

alarns to avoid the running of new cables. In the
~

event of a frequency decay at the alternate supply,
the inverter output would auncmatically disassociate,

itself from the alternate supply and the vital supply
output frequency and voltage would be solely determined
by the internal circuit of the inverter.

At an alternate supply ' frequency of 59. 4 H: aNalarm
will sound and at 59.3 E:, the inverter will revert to, ,

its original free-running frequency (60H:) and continue. -

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

synchrer.ization will again take place.
.

*
.

The solutions arrived at, for problems 1 and 3 will
require both hardware and drawing changes. The solution

-
.

.for problem 2 requires specification changes.,

'

Mr. Bratton indicated that since this equipment is . .

already out of warranty, additional charges would be
necessary to implement the required modifications.

,
.

( I , b CcC:4x ||2~g,j Prepared by_ e -sv - -

-
. Luis Dag:, t

,
,

Approved by / / @/8-
* '

" Jonn P. Cady,,Jr.
*

JPC/LD/fap '

,

.

cc: R.W. Heward, Jr., GPU (2) -

R.C. Arnold, Met Ed -

J. Herbein, Met Ed Site (2)
.

E.C. Nagle, UEEC, (2)
W.T. Gunn, GPU Site (2)
R.L. Wayne, GPU
J.A. Smith, GPU
J. Kunkel, GPU -

*
*

S. Levin, CPU
G. Steuerwald, GPU
R. Toole, GPU
I. Porter, GPU
R. Struther, GPU

_

J.E. Wright, GPU QA Site
s. M. Stromberg, GPU QA Site

.

D. Bratton, SCI '-

\/ N. Metzger, SCI,',
*. .
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', (from 2A, 2B or Unit #1)
'

-

,

(8) 3 feeder breakers open (2A, 2B or Unit #1).

b. Manual
.

(1) tiust be racked in

(2) flo 86 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) tieutral 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. !1anual

(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 RPil or 6

PSIG oil pressure.)
,

5, 86 lock out on bus

fl0TE: All these trips are in effect even during E.S. Actuation. These trips
3.0
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DIESEL GEi!ERATORS ~
- -

'
.

.

I. OBJECTIVES

A. Know the purpose of the Emergency Diesel Generators.

B. Know the location of components.

C. De able to discuss diesel generator operation, control, interlocks and

,
tech specs.

. .

II. SYSTEl1 FilflCTIOff

A. To provide a source of emergency electrical power to safely shut down

the plant and cool it down.

III. DASIC DESCRIpTI0ft
,

.A. Super turbocharged 12 cylinder opposed piston engine.,

1. Engine driven positive displacement blower.

2. Exhaust gas turbine driven centrifugal blower.
.

.

3. fio engine valves.

4. Two crank shafts connected by vertical drive unit.,

B. Generator: 4160 V 3 phase 60 Hz'

1. 3000 mi continuous

2. 3330 K!! for 30 minutes-

1 C. Emergency Diesel Governor

1. EG governor consists of three separate parts, a control box, a speed setting

potenticmeter and a hydraulic actuatcr.

a. Control box is used to control the hydraulic actuator. The control box

is programmed to preset speed and load sharing levels in proportien

to engine capacity. It has speed and load sensing sections.

b. Speed. setting potentiometer - A DC driven potenticcater is used to

1

_ _
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,, , (from 2Ao 2B or Unit #1)

(8) 3 feeder breakers open (2A, 2B or Unit #1),

.

b. lianual

(1) 11ust be racked in

(2) tio 86 lock out ,on generator breaker

(3) Energize sync selector

(4) Sync check satisfied

(5) No 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.) -

d
b. itanual

(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 (crankin0 time of seven seconds and not at a 250 RPil or 6
PSIG oil pressure.)

,

5. 85 lock out on bus

NOTE: 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 no:zle 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 radidlly ,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 rotation.

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 temperature control valve, and a full flow straine

Also included is a prelube pump.

2. Lube Oil Filter - A pressure gauge with a 3-way gauge cock _is provided on th



'

. centrifugal pump circulates jacket coolant through a 15 KH h:ater and tha'-
.

', engine cylinder liner jackets. A branch circuit supplies heated water

to the air cooler system to keep it warm as an aid to quick starting..

The pumps run continuously whenever the engine is shut down and heater

0'

cycles to maintain 90-II0 F. There is a low temperature alarm switch
0at 90 F.

F. Starting Air System

1. Starting air is supplied by motor driven air compressor and a dual drive

compressor consisting of an electric motor or diesel engine drive. A
.

presd ure switch starts and stops the lead ccmpressor at 225 PSI and 250

PSI the back up compressor at 200 PSI and 250 PSI, respectively.

2. Air receivers - Two 24" x 84" air receivers - Each reservoir supplied

enough air for approximately three starts. (Diesel needs approximately

50 ft.3 of air per start). Relief valve on receiver set at 255 PSI. *

There are two solenoid start air valves to admit starting air to engine.

There is an alarm if manual upstream air valve is shut. Two low pressur

air s(sitches are provided.

G. Jacket Cooling System '

1. The' engine is cooled by a closed circulating water systedt.

2. Flow path

a. A shaft driven centrifugal pump circulates water into both sides of the

engine at the exhaust belts. The flow is up through the exhaust belts

and into'and up through the engine cylinder liner jacket. Flow frca the

top of the cylinder liner jacket is directed to a temperature control

bypass valve and through heat exchanger and back to pump. .

3. Controls and Alarms

a. A 3-way temperature control valve maintains jacket coolant out at

170-1850F. -

b. System shares an expansion tank with the air cooler coolant system

9
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'. APPENDIX A

SYSTEf1 FACT SHEET

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.
.

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

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

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. 86 lock out on bus. -

i

.

11.

.
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APPENDIX C .

_

TECHNICAL SPECIFICATIONS
.

'

1. The reactor shall not be made critical unless all of the following

requirements are satisfied:

All engineered safety features ' buses, engineered safety featuresa.

switchgear, and engineered safety features load shedding systems

are operable..

b. One 6900 volt bus is energized.

c. Two 230 kv power sources are in service.

d. One 230 kv bus is in service.

e. Emergency diesel generators are operable and at least 38,640'

gallons of fuel oil are available in the storage tanks.

f. Unit batteries are charged.and in service. Two battery chargers

per battery are in service.

2. The reactor shall not remain critical unless all of the following

requirements are satisfied:
.

a. Two 230 kv power sources are in service and capable of carrying

auxiliary power to Unit 2, except as specified in Specification

3.7.2e below,

b. Both 230/4.16 kv unit auxiliary transformers shall be in operation except

that within a period not to exceed eight hours in duration from and after

the time one Unit 2 auxiliary transformer is made or found inoperable,

two diesel generators shall be operable, and one of the operable diesel

generators will be started and run continuously until both unit auxiliary

transformers are in operation. This mode of operation may continue

for a period not exceeding 8 hours. Iniieuofrunningadiesel

generator, a 4160 volt tie from Unit 1 can be placed'in service,

thus supplying the second of two feeds to the engineered safety features

,,
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APPENDIX F ;

Unit I - Unit II Comparison

System: Diesel Generators

UtlIT I UtlIT II

1. Diesels are controlled from 1. Each diesel has a separate control panel
console in the control room. in the control room.

2. Diesel has mechanical 2. Diesel has electronic hydraulic governor
hydraulic governor (Fly ball (senses speed frcm a point on generator
governor) output)

. 3. D.G. Exciter - must be manually 3. D.G. Exciter - will automatically return to

set control reheostat on console proper voltage setpoint when engine is
CR. shutdown. Special cams and limit switches

with indicating lights are provided for
this purpose.

4. Governor setpoint must be 4. Governor setpoint will autcmatically return
manually set a 900 RPM when D.G. to 900 RPM when the D.G. is shutdown.
is being shutdown.

5. Uses radiator and large fan for 5. Uses heat exchangers cooled by NR system 'o
removing heat frca air and fluid remove heat from air and fluid systems.
systems.-

.

6. Use lube oil frca 55 gal, drums 6. Lube oil day tank for oil storage for nake-
for make-up to sump, up to sump.

.

O
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ENCLOSURE 1

UtlIT II CATEGORY IV CR0 ASSIGNMENT SHEET

CYCLE l-2
.

flAftE START DATE

C0fiPLETION DATE

1.
,

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

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

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 -

c. 0P 2106-2.3 - Condenser Air Removal

d. 2204-17 - Applicable Alarm Responses ,

6. Complete the' Condensate Questionnaire.

7. Read the Feedwater Handout.

8. Trace the Fil and EFW Systems.

9. Read the following procedures:

a. OP 2106-2.4 - Feedwatar

b. OP 2104-6.3 - Emergency Feedwater

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

d. EP 2202-2.3 - Steam Supply System Rupture

e. 2207-14 - Applicable Alarm Responses

10. Complete the Feedwater Questionnaire. -

11. Road System Description #1 - Main and Reheat Steam.

12. Trace the liain and Reheat Steam System.



13. Read the following procedures:
'

Main and Reheat Steam - OP 2106-1.1a.

b. Turbine Bypass - OP 2106-1.5

c. 2207-14 - Applicable Alarm Responses

14. Complete the Main and Reheat Steam Questionnaire.

85. 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 22D3 '2.2 - Turbine Trip -

21. Trace the following systems:

a. Main *,urbine

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
~

WRITTEN TEST DATE RESULTS

ORAL TEST DATE __, RESULTS

ANSWERS MISSED, HANDED IN CORRECTEC

DATE:
SIGNATURE OF LICENSED TRAINING COORDINATOR



_

CYCLE l-2

REFERENCE MATERIAL FOR OUESTIONNAIRES

REF. # TITLE -

1 Concensate and Feedwater System Description #4A

2 Condensate Polishing System Description #4B

3 Cr.ndenser Air Removal Procedure OP 2106-2.3

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 - OP 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 Manual Vol I&II
|

21 Turbine and Auxiliaries Handout - Provided

| 22 Turbine Trip Procedure EP 2203-2.2
,

1
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UNIT II FEEDWATER OUESTIONNAIRE

l-2

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

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 anc' why a Main Steam Rupture from the A OTSG (upstream of MS-V4 and 7A)
. will affect the Jeed 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 emergency feed connection.to the OTSG. (Ref #1, #11)

.

+

#
. O

G

G



. _ - - - -

UNIT II CONDENSATE SYSTEM OUESTIONNAIRE

l-2

1. Tech Spec 3.7.1.3 requires a minimum of 220,000 gallons of water in the Cond.
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 "B"
out of service? Explain. (Ref #'l)

5. Outline the basic steps require.d 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? (Ref #3)

.

e
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UNIT II MAIN Afl0 REHEAT STEAM OVESTI0t1NAIRE

l-2

1. When reduce power from 100% to 15%, explain what v:riations, 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 conditions will cause the atmospheric dump ' valves to operate instead
of the turbine bypass valves? (Ref #13)

-
.

S
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UNIT II EXTRACTION STEAM AND HEATER DRAINS OUESTI0flNAIRE

1-2

1. List all the stages from which steam is extracted from 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 tne 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 10D% 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)

-
.

b

.
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UNIT II MAlti TURBINE GEftERATOR AtlD AUXILIARIES OUESTI0flNAIRE

1-2

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

a. Generator
b. Exciter '

c. flain 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 steam as it enters the unit until it exhausts to the

condenser (Ref #21) .

3. List the valves that should automatically close or open following a Turbine Trip
Signal. Indicate why each valve cycles. (Ref #22)

4. List the automatic turbine trip devices located in the " trip block". Indicate
the setpoints end reason for each trip in terms of what we are being protected
against. (Ref #21)

5. What are the sources of "airside" seal oil in order of preference? (Ref #21)

6. Explain how the H2 Seal Oil System will operated without "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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Section 1 General De.:cription s

Pararrach Pace

1.1 Gen wel Data . . . . . . . . .'. . . . . . 1-1.

1.2 Introduction . . . . . . . . . . . . . . . . 1-3

1-313 Description .......... . . . . . .

1-41.4 Design Specifications ..... . . . . . .
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.
.

Section 2 Principles of Operation

Pararrath

2-12.1 Nor=al Operation - Steady State . . . . . . .

2.2 Normal Operatics - Transients. 2-4. . . . . .

. ..
.

2.3 Automatic Control Principles 2-4. .. . . . . . .

4
.

2-5# 2.4 Iow Load Operation ...... . . . . . .

2-52.5 Fouling ................

2.6 BTU Availab47 4 ty control . . . . . . . . . . 2-6
'

2.7 Stability - Adjustable Orifice . . . . . . . 2-7

2.8 AW14of Feedwater Operatics 2-7. . . . . . .

.

*

Section 3 Instrumentation
*
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Once Through Steam Generatdr.
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GHIERAL DISCHPTION -
.

-

1.1 Gener_1 Date"

Di- ensions ,

.

Height:
>

Bottom of Support Ski t to Top of Inlet Nozzle 73ft,2hin.

Weichts: '-~ - -

. Shipping 570 tons
Flooded 740 tons'

Operating (15% load) 621 tons
'

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

Pressu-es (esia) Design Full Load Otere. tine Hydrotest

Prima:7 2500 2200 - 3125
Steam Outlet 1050

'

910 1315. -
..

Feedwater 1100 - -- -

j Prkary Drop 32
_

' Tenperatures (OF) Max. Full Load Overatine Hydrotest (mini

(Shell Tenp.)
, Primary 650 602.8 Inlet

~

Secondary 600 570 110
'

'

Feedwater 455 455
. .

,

~

Operatine Li=its end Precautions.

~

Min. Pressuri=ation Tenperature 100 F
. Max. Heatup/Cooldown Rate 100 F/hr

Min. Annulus Water Te=p. 10 F below saturation
Pressure (nax.) hydrotest pressuresm

Note: Prior to operating this unit, consult Babcock and Wilcox Draft
Procedures prepared by Field Service and Tra4ning Section,
Lynchburg, Virginia, for specific limitntions accounting for
interfaces with other conponents and systems.

Oceratine Conditions (Full Load)

Heat Transfer * 4.211 x 10 BTU /hrg Pri=ary Fluid Flow 65.66 x 10 lb/hr, 602.8 F
Steam Flow 5.298 x 10 lb/hr ,

..

1-1
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Heat T- msfer Tubes

Mu=ber 1 5,531
'

Material Inconel *
~

Size 0.625 0.D., 0.034 vall, 56 ft,.

3-t in long, with 52 ft. heating
' length

2Total Heating Area 132,407 ft

Ocenines. Noe:1es and Penetrations (See Fig. 8 - 1)

Pr4 av Inlet Nozzle (1) .

Prwa y Outlet Nozzles (2)
' Steam Outlet Nozzles (2)

~

Feedvater Inlet Noz=les (32)
AM 4ary Feedvater Nozzles (7).

Shell Drains
4 at lover tubesheet itin.
2 at handholes above feedvater
header, 90 apart itin.0

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

Upper: between W-Z Axes, 44 .:t 7 in, above bottc= of support skirt flan-

kver: 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 bottom of

support skirt flange.,

Iover: in line with all other sensors,12 ft, 3 ir, above botte:r of.
support skirt flange.

'

0Tenperature Sensing Connection,1t in. I.D., 28 toward I axis from W
axis,12 ft. 9 in. above bottom of skirt flange.

,

Vent and Level Sensing, li in. I.D. in upper tubesheet transition bevel,
'

between I and I axes.

Pr4-avy Manuays (2) 16 in. I.D.,,in top and bottom heads on X axis

Secondary Manways (2) 16 in. I.D'. on I axis near the tubesheets

Primary Inspection Openings (2) 5 in. I.D. Z axis of top head; I axis ;

bottom head near center. . .
. |

|-

Secor.lary handholes (15) 5 in. I.D. upper 8, 44 ft.10 in, above skirt <

!

,

flange, lover 7,13 ft.11 in, above skirt flange
l

Pr4-a 7 Drain (1) 1 in. I.D., dead center lower head.
.

.

~J *Incor.cl is. the trade' name of a lii-Cr-Fe alloy =anufactured by- the Internationc1
Nickel Co. cnd used as a generic ter= throughout the industry to denote si=ilar alls
instead of a specific manufacturar.

.
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1.2 Introduction

The stean generator transfers heat from the pr %7 coolant (from the,3 reactor) to the seconda7 fluid. This heat transfer converts feedwat
cntaring at 455 F to dry suppheated steem to drive the generating
turbines.

Pr %7 vater ente'rs through the inlet no: lo in the top head, flows
downward transferring heat to the feedwater, collects in the bottes'

head, and out through two outlet no: les to return to the reactor.

Feedwater enters through the header and 32 nos=les, flows downward
in the annulus between the baffle and she n , enters the tub tendle
at the lower tubesheet and upward through the bundle. In its upward
flow it is converted into dry superheated stea=, exiting through the

.
out.let no: les to the turbines.

-

.

1.3 Descrintion (See Fig.1-1) -

'

The once-through steam gene stor (OTSG) is a vertical shell-and-tube i

heat exchanger. The inner surfaces of the heads and tubes, and outer
surfaces of the tubesheets, co= prise the pri=ary side.

The secondary side consists of the inner surfaces of the tubesheets
and shell and outer surfaces of the tubes.

Tubes are stabilized in support plates ;rith tri-lobed holes which
anow upward flow.d '

[V-

f TUBE SUPPORT PL!
'

BROACED OPENIIK j\

Z 1,h X >

[ X TUBE
I

A tio-section cylindrical baffle, upper and lower, surrounds the
tube bundle. It directs flov of feedvater downward and acts as a
containment to enclose the tube bundle and feedvater during the
heating and conversion process.

|
1

1
*

'

i

.

J -

.

-
.,

.
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~

1.4 Desien Seecifiestions
.

1. The American Society of Mechanical Engineers, Boiler and. Pressure
Vessel Code, Section II, "Faterials Specifications", le65.

2._ The American Society of Mechanical Engineers, Boiler and Fressure
Vessel Code, Section III, " Rules for Construction of Nuclear
Vessels", including Addenda through Sc=ner 1967, and applicable
Code Cases as of June 30, 1967, for Class A Vessels.

3. The American Society of Mechanical Engineers, Boiler and Pressure
~ Vessel Code, Section II, " Welding (bmH ficatiens",1965.

The Babcock & Wilcox Co=pany,) Functional Specification for4.
Steam Generators Number CS (F -3 33.

5. The Babcock & Wilcox Co=pany, General Functional Specification
for Reactor Coolant System Components Number CS (F)-3-92

6. The Babcock & Wilecx Company, Power Generation Division, Standard
Equipment Specification for Once-Through Steam Generator Number
CS-3-33. .

,

,

j 7. The Babcock & Wilec:( Co=pany, General Specification for C eanlines-
of Nuclear Reactor Systens and Components Number 05-5-95.

- 8. The Babcock & Wilcox Company, Power Generation Divisian, Standard
Equip = ant Specification for Feedvater Header Nu=ber CS-3-150.

9. The Babcock & Wilco: Co=pany Quality Contiol Depart =ent Specification
covering Welding, Non-Destructive Testinii, Her t Treatment, Fabricatio
Assembly and Testing.

10. The Babcock & Wilcox Cc=pany Water Chemistry Manual, No. Brv7-1332.;

.

O

e

9

!

I
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-
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.
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1.5 Clannine (Prior to enerntion or after insonction)

Safe operatics and maintent_nce of the steam generator is directly
.

q related to proper c1cand=g of its surfaces. I= proper mechanical'F
or che=ical cleaning of surfaces =ay result in excessive local
corrosion. The re sultant corrosion products taken into colution in'

the primary coolant could becc=e highly radioactive, thus complicatins
the =sintenance of any co=ponent due to the ha::ards of high levels
of radioactivity. In addition, extre=e en:a s%'1 be observed to.

prevent dirt, foreign particles, etc., from lodging between seel
surfaces of the generator or entering the pr4 7 coolant systen
and causing excessive veer or sei::ure of valves.

. NOTE ---

The following are pertinent c= tracts from BW Specifications for
Cleanliness. Cons tit E&W Spscification CS-5-95 for detailed clean-
ing procedures 'and requirements.

1. Componentn shall be cleaned to the extent that no contamination
is visible to a person with normal visual acuity, natural or
corrected, under a lighting level of at least 50 foot-candles.
Areas which cannot be visually inspected due to inaccessibility
or geometry shall be evaluated by wiping the surface with a vet
or dry, lint free cloth until all traces of foreign materials
are recoved and the cloth remains clead after use. ,

.
..

,

2. Iridescent te=per f4'~s resulting from heat treatment and9 tightly adherent black oxide fil s that occur on the backJ
, side of welds need not be recoved.

. 3. Rast of any type or amount shan not be allowed. If rusting does
occur, the surface shall be cleaned to remove the rust or rust-
producing condition and any visible surface contanination.

.

4. Cleanliness shan be n=4"tained by packaging conponents or sub-
assemblies in polyethylene bags if they are to be stored.

5. In event cleaning the pr %7 side of tubes is required, consult.

Babcock and Wilcox Field Service Dept., Lynchburg, Va.
t

To establish or restore proper cleanliness:
.

I
1. Clean all netal surfaces necessary by swabbing with clean,

lint free cloths, saturated with acetone, followed b:,-
swabbing with clean, lint free cloths saturated with distilled
water. Dry with clean, lint free cloths. The cleaning nust
leave no foreign matter after cleaning, particularly in the
zoot areas of threads.,

il

2. Pressure sensitive tape may be used occasionally on components.
Any tine the pres::ure sensitive tape is removed from a cenponent
use acetone to remove any residue. Then clean the area asdescribed in Step 1.

.

1-5
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3 No sandblasting of internal surfaces is pe=itted. (
4. Degreasing solvents cont =4rd g chlorinated co= pounds shall

not be usel. ~ -
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. SECTIC' 2-

.

IRINCIPLES OF OPERATION

. .

2.1 Nornal Operation - Steady State

NCG

Nuclear steam syste=s are supplied with two idsntical stean
generators. Tney are designated Units No.1 or 2, as shown on the

_

nansplates. Tnis n=-1 refers to a single unit for simplicity
and applies to both vessels.

.

-
*

Pressurized vater fro = the reactor (primary water or reactor
coolant) enters the steam generator through the inlet no=zle
in the upper head at 602.8 F,100% load, flows through the
tubes into the lover head and out through two outlet nozzles
to the raactor.

Secondary feedvater enters through the feedvater header, the
32 spray nozzles, down the sanulus between the circular baffle.

..

(surrounding the tube bundle) and the shell.

As feedvater is sprayed into the lover annulus, it is heated to
caturation temperature by "Mng with and condensing steam from
the bleed port between the upper and lover baffles. This prevents
a ther--C shock in the vessel shell,and excessive tube-to-shell
tecperature differentials.

.

.

Water at saturati,n temperature' flows through the adjustable orifice
plate, through poet,s at the lover end of the vertical baffle and
into the tubo bundle at the lover tubesheet. Boiling begins
innediately upon contact with the hot (555 F) generating tubes.

and inc: cases in quality * as it flows upward through three distinct !

heating enes shown in Fig. 2-1. i

Noeloate Boiline is the conversion from liquid to valt.- state, in
a zone where the tubes are vetted by secondary water, characterised
by very high heat transfer rates. -

1

* Quality: Percent of water by voight converted to steem.

J
|

|*
'
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Deo-rtee from "ucleate Eofline is that point at which the
tubes are no longer vetted by the secondary water.

] Film Boilinz is the cenversion of water to stes= in that zone
where the tube is dry but not all of the wate has evaporated.
It is characterized by greatly reduced rates of Ieat transfer.

Sucerheatine is elevation of steam te=perature by continuous
addition of heat. The end output to the turbines is superheated
stea=. See Figure 2-2 for fluid te=perature curves.

2.2 Nomal Ooeration - Trancients

The boiler length requbed to reach 100% quclitf is approxi=ately
'

a direct linear function of load (steam generation rate). This
is a natural consequence of constant average pr4-ef temperature
and essentially constant pressr e operation. Since boiling length
varies with load, secondary side water inventor / is also approhtely
a direct linear function of load. Therefore, during a transient,
steam generator water inventory must change and feedvater flow should
lead steam flow by appro W ately 30 seconds. That is, on a load
increase, overfeeding is required, and on a load decrease, underfecAd"g
is necessary. The a=ount of overfeeM4 g and underfeeding'is a direct
function of the speed of the transient. For instance, a 10%/cin.
ra:p requires overfeeding of alcut 55 of full load feedvater flow.
The Integrated Control Systes automatically provides the required
overfeeding and underfceding. However, if feedvater is on manual

J control, steam flow can be expected to lag feedvater flow by about
30 seconds.

2.3 Automatic Control princioles -

Turhig normal operation above 15% load, the I'ntegrated control system
(ICS) provides constcnt average primary tenperatu e. The ICS does this-

by calculating the average of reactor outlet and ateas generator outlet
temperature, and using the error between the calculated average and
the desired average temperatures as a control signal to nake ninor
adjustments of control rod pos'. tion until the desired average temper-
ature is obtained.

During normal operation above 15T load (except during transients), the
ICS alro 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 flow and steem flow until the desired pressure is obtained.
Since constant pressure ic =aintained at the turbi=o throttle valve,

' as load is changed, there vill be all variations (25 psi) in steam
generator pressure due to varying pressure drop in the steam piping. ;

I
'

During nomal operation, pressure (in addition to feedvator demand
and measured feedwater fle) is the most critical control signal

. relating to the steam generator. However, during several " abnormal"
- conditions, other variables which are continuously tonitored becone {^

active in the control systes. These are discussed in the follovi.g b-
;

t cections. .

.

- .-



2.4 Lov *oed Onm e. tion (below 15f of full load steam flow)
i

Ensn pres:ure and average pr'-= y terperatu o are constant,
seconde.ry side veter inventog is approxi=ately a direct.g

. linear function of steam flow. Therefore, at zero steam
flow the water inventory would tend to be zero. Since it

is essentici to have a reserve of water available for
emergencies such as te=pora:-e loss of feedvater pu=ps, the
ICS prevents the wate'r invente y fres dropping below the
iuventory corresponding to 15% icad. The ICS acco=plishes
this by measuring the prc=sure drop across the " boiler sectic '
of the steam generctor (upper and lover lov level connections).
Vnen this pressure drop or " water level" decreases to about
25 in. E2 , control of feedvater flow automatically switches to0.

the lov vater level control, and controls feedvater flow to
maintain the pressure drop (" vater level") at not less than'

.
25 inches.

Steam flow from the steam generator can now'be reduced only by
reduction of reactor power and average primary te=perature If
reactor power is n=intained, and steam flow to the turbine must,

be reduced,. excess steam flow is bypassed directly to the condenser.

2.5 Foulinz

. CAUTION: TJhen steaming at load, it is essential that the water
_

level in the feedvater hecting chamber remain below the elevation
of the feedvater no::les. If the feedvater nozzles become flooded,

.O)
feedvater hecting vill be in= aired and the result could be excessive
tuba-to-chell te=perature differentials, and excessive tubesheet
temperature differentials. Load must be reduced 4mmediately.

I

'

The boiler section pressure drop, plus the adjustable orifice pres-
sure drop, vol be balanced by the momentum recovered from the
feedvater sprey plus the vater level in the feedvater heatine chamber. |

*

Therefore, any con.11 tion of operation which increases the boiler |
section pressure drop or adjustable orifice pressure drop vill result '

in an increase in water lovel.
*

i
'

During norec1 operation there is sufficient margin to assure that the
feedwater noz-J.es are not flooded. However, two conditions vill
increase boiler section pressure drop and, conseo,uently, water level

*

in the feedvater heating cha ber and could, in the. extreme case,
cause ficoding of feeduster,nez:les. .

'

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

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

and tube support plates.

The ICS prevents the water level from becosi'ig high enough to flood*

the feedwater no::les. It does this by measuring the water level
(precsura drop) in the feef. vater heating chamber using pressure tcps

,

J. 'in the fecdwater heating ch-ber just above the cdjustable orifice
(upper lov level sencing co:nection) and in the tube bundle just*

above 'the bloed steam elevation (upper high lovel sensing connection).

2-5
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When and if the water level reaches an elevation about 3 feet
below the feedvater no::les, control cf feedvater flev auto =atic=7'y
switches to the high level centrol circuit. This circuit '4 'ts

'] steam generator load and prevents water level fro: increasing high
enough to flood the no==les.,

An increase in feedvater heating cb-bar vate. level due to fouling
vill be gradual, and vill probably not be noticeable from daily
changes. A record should be kept of water level as a function of
time. A careful record of rate of increase of water level vill
per=it prediction of the time when lead v471 be li=ited due to
excessive pressure drop and vill per=it scheduling of che=ical
cleaning. Since the water level is also a function of load,
co=parisons of water levels (or pressure drops) must be made at the sa
load.

'

- Any adjustment in the position of the adjustable orifice v4'1 change
the curve of water level as a function of lead. This v'11 not changs
the rate of increase of pressure drop with ti=s, but ==y affect the
the time between chemical cleanings.

.

The ICS has other control loops for protection of the reactor, steam
generator and turbine. However, if operating conditions deviato from
nor=al, the high water level control nay take control of the feedvater
and reduce load even though the steam generator is not excessively
fouled.

.
,

.

An alam, independent of the ICS, varns when te=perature in the feed ,
water heating cb-ber is 10 F below saturation tencerature. This

d reduction in te=perature indicates that the feedvater no==les are
flooded. Load on the steam renerator must be reduced i medintely
when this alar = is activated.

.

2.6 BTU Availability Control *

The stead generator vill produce steam with at least 35 F superheat
when all conditions are nor al:

665.66 x 101b/hr (~44-n-)Pri=ary Flov

Average Pri=ary Temperature = 578.9 F (m %4 - )
,

Steam Pressure = 925 psia (=axi==)

Feedvater Temperature = 455 F at full load (thW==-

However, if these conditions deviate from nor=al, steam temperature
may decrease and, if the deviation is great enough, vet steam will-

be produced. (An excessive a=ount of moisture in the steam could
damage the turbine). Therefore, it is essential that load be li 4ted
as a function of a=ount of deviation of operating conditions from nor:

To assure that vet stec= will not be produced, a " BTU Availability"bd control loop is incorporated in the ICS. This circuit continuously
conitors prinary flow (reactor coolant flow), primary inlet (reacter
outlet) te=perature, feedvr.ter te=perature and steam pressure at tha

| stec.t generator.
,

oA
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These signals are used to calculate the m M m m load that can
be safely carried under the existing co=bination of conditions. .
If the feedvater flow de=anded fro = the steam pnerator exceeds
the eniculated per=issible load, control of fee.dwater flow
auto:stically switches to the "DTU Availability" ci- cuit and
limits the load to assure that vet steam vi" not be carried
to the turbine.

.

An ninem, independent of the ICS, varns when stea= discharge
temperature approaches saturation te=peratu e, indicating that
carryover of vet steam is likely. Ioad =ust be reduced irrediately
when the alarm is activated. ?

_._ .

2.7 Stability - Adiustable Orifice

' Under certain co=binations of conditions, any steam generator can
be unstable. Instab4'4ty as used in this discussion is defined as
periodic variations or osc417ations in any of the variables in the
nuclear stea= system. These oscillations are usually =ost evident
in steam pressure, steam flew, boiler section pressure drop or

~

pri=a:y outlet temperature. Primary outlat te=perature is the
most reliable indication of instab nity. Osc4'7=tions,1f present,
can be expected to have a period of 4 to 6 seconds.

r

This steam generator has installed an orifice near the bottom of,

the feedvater heating cha=ber which has been adjusted for stable,
osc4'7 ation-free cperation. However, should ont471ations de,elop,) it may be necessary to increase the pressure drop across this orifice.j

The syste= must be shut dev to =ake adjustments. The Baccock &
Wilcox Co=pany Field Service Depart =ent =ust be consulted when
conditions indicate an adjustment v n' be required to correct a
malfunction.

- Operating experience =ay shcu that the pre'ssure drop as installed is
higher than required, in which case the Babcoc' & Wilco:: Company rr.:st
again be consulted.

.

In general, the orifice adjust =ent provides the =inicum pressure drop '

required for stable operation.. This is because increased pressure
drop increases the water level in the feedvater heating chamber and,
therefore, increases the possibility of feeduater noz:12 floeding and

.

reduces the ti=e between chemi' cal cleanings of the steam generator.

.

|

| 2.8 Auxilia v Feedvater Oceration

The auxiliary feedwater assenbly consists of a ring header and 7 no:n:
which penetrate the shc11 and upper vertical cylindrical baffle near*

upper end of the baffle. The am-47 4 n' y feedvater system includes a p-
a storage tank, plus associated valves and piping. Its function is t.

promote natural circulation of pri=ary fluid through the reactor an.1
! stea= generator en 1 css of reactor coolant pu=ps. It does this by

| 3 ad itting vater to the upper secti6n of the steam generator thereby
WiP . cooling the tubes and pri ry water near the top of the steam generat'

This pro =otes natural circulation by providing a longer " cold leg" th
is possible when water is infected through the nor=21 feedvator hende

'

!
*

|

2-7
.. . . ._ . _ .



7
The auxiliarf feedvater system is not intender to cool en the tubes {."
The outer few rows, a'mut 10 rows cut of appraimately 70 vi.H be
cooled. 'Increfore, there may be so=a secondary circulation through
the center tubes of the tube bundle, but tho net effect vill be to
induce circulation through the entire pWarf syste=.

This system also serves as an emergency fill system in the highly-
unlikely event the stes: generator loses nor=al feedvater and
becomes hot and d. .v

.

e

e a
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SECTIO!! 3

INSTF.UME"TATION, DR_QI AND V32!T C0'mECTIONS (See Fig. 8-1)
"

3.1 Instr =:entation Connections-

Among the va lous tater level and te=perature sensi.g connections
'are:

Upper high level sensing Prevent feedvater noccic
Upper lov level sensing flooding and 1 %4t load to

avoid carryover of wet stean
(Sect. 2.4)

Upper high level sensing Maintain a niU S = vater level
.

Lower lov level sensing for low-load operation

Upper vent and ievel sensing Senses full level for hydrotest
or chemical cleaning and vents
air when f4174"g

Temperature sensing (4) Measures downcomer water te:peratu
Ther=ovell connection Measures saturation temperature a.t

secondary side of lover tubasheet
,

-
- Note: Additional instrumentation. connections are incorporated in

Unit #2 for certain test equipment. Refer to Figure 8-2 for

3) identifications ' nd locations.a

Ther=occuple pads at various locations on the shell permit.=easuring
shell te=peratures.-

,

.

~

.

.

The ther=ovell connection, measuring saturation temperature, also va ==
(by alarm) of feedwater nozzle flo'oding when temperature falls 10 degret
below saturation.-

Sensings are converted to signals in the Integrated Control Systes
and co= pared with known values (or desired settings) to effect an
automatic adjustment.

,
.

Each pressure or te=perature sensing connection attaches to several
different circuits, so arranEed that if one circuit becomes inoperative,
another one vill automatically perform its function. Detailed
descriptions and functions are given in other publicationa by the
nanufacturer of the Integrated Control System.

3.2 Feeduater Sa.nline Connections
.

Although feedvater sampling connections are not an integral part of the
@ steam generator, they are included here due to the critical importance

of feedvater chemistry maintenance.
.

#

3-1
. - - --



Cleanliness and purity of feedvater canno' be overenphasized.
] Within one year of no mal full-load operation, the total amount gof solids in feedvater containing inpurties of only 50 parts per (billion vill anount to a full *wn.

Although it is expected that a significant portf.on of sclids vill
carry through the stean generator either in solution in the stean
or as a fine dust, so=e i=purties (especially corrosion products)
will renain in the unit.

Excessive deposits vill event =717 result in reduced load
capacity.

3.3 Drain Connections (See Figures 8-1 or 8-2)

Six li inch drain connections pemit draining the secondary side.

Four are 900 apart at the lower tubesheet.

Two are 1800 apart, /.4 ft. 7 in. above the skirt flange to drain
tha " trap" area between the upper and lower baffle sections.

Two one inch drains, 90 apart,15 ft.10 in. above the skirt ~ flange
drain the orifice section in th,e feedwater heating annulus area.

Drains are located to drain all water for dry layup, or all
42 chenical cleaning solutions.

.

3.4 Vent
.

, One upper level sensing and vent connection attaches to a drilled
passage in the upper tubesheet to detemine co=plete filling for
hydrotest or chenical cleaning, and a vent when d m%g.

.

.

.

e

.
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_ FEEDUATER SYSTEM

LECTURE OUTLINE

OBJECTIVES '
..

A. To know the purpose of the system.

B. To be able draw a one line diagran 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 SYSTEi! DESCRIPTION

The feedwater system, in conjunction with the condensate system is designed to- i

transfer condensate from the condenser hotwell to the steam generators at 110%

rated 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

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 15,500 gpm each.
,

The emergency feedwater r,ystem is designed to provide a l'nited amount of feedwater

to the steam generators in the event of a loss of power or a feedwater pump trip.

A turbine driven 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 pumps are each designed to provide 2% 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 flow through the pumps.

.

IV. OPERATIONAL DESCRIPTION

Startup

When starting up the Condensate and Feedwater System, the system valves are first

positioned to permit condensate and feedwater to flow through the system from the

condenserhotwell to the outlet of the 3rd stage feedwater heaters RI-J-6A and 6B

and recirculate back to the condenser. To assure that manually operated block'

valves have not been inadvertently closed, these valves incoporate a locked open

device. Initially, flow is bypassed around the condensate polishing plant by

operating the bypass valve, CO-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 B train inlet isolation valves, CO-V38B and 38A
'

and outlet isolation valves, C0-V508 and 50A,are open. Low pressure feedwater

heater train bypass valve C0-V55 is shut. Steam generator feedpump discharge valves,

Rl-V8A and 88, are open, 3rd stage feedwater heater RI-J-6A, 6B inlet isolation

valves, al-V98 and 9A are open and outlet isolation valves, RI-V13B and 13A are shut.

The startup recirculation valves, RI-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, Ri-V128 and 12A, and the flow

control orifices in the recirculation lines. The Circulating klater System is

put into operation to establish flow through the condenser and auxiliary steam

2
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is then supplied to the Gland Steam System. The condenser vacuum pumps are started
.

and the air extraction system is put into operation. The air extraction system will

function so as to 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 No. 4B. 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 equal to the startup level (refer to section 3.4.5 if startup

level is not established) feeding the steam generators is commenced. The startup

feedwater control valve inlet and outlet block valves,FW-V26A and 268, and FW-V-19A

and 19B, are opened. The main feedwater control valve inlet and outlet isolation

valves, FW-V14A and 14B, and FU-V-17A and 17B, are opened. The 3rd stage feedwater

heater outlet valves FW-V13A and 13B are also opened. The feedwater latching system

is bypassed, the recirculation valves, FW-V12A and 12B, are shut and, the startup

level in the steam generator is maintained by feeding through the startup control

valves, FW-V25A and 25B. The feedwater line and the steam generator lower downcomer
0differentia 1 temperature must remain below 442 F during the heatup.

|,

The operating set of condensate / condensate booster pumps supply feedwater to the

steam 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 prior to startup of a main feedpump the turbine driven emergency
|

| feedpump remains tripped and the motor oriven emergency feedpumps control switches
i

~

are placed in " PULL-TO-LOCK". After the main feedpump is started the turbine

driven emergency feedpump turbine is reset and the pump placed in " STANDBY" and the
1
'

motor driven emergency feedpump control switches are placed in " NORMAL-AFTER-STOP".

3
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Refer to applicable operating procedures for steam generator feedwater temperature
_

requirements and method of plant load increase during startup. {
flormal Ooeration

During normal operation, two sets' of condensate / condensate booster pumps are in

operation and the third set is in standby. The two condensate pumps take suction

from the condenser hotwell and discharge the condensate through the Condensate

Polishing System. Hydrazine 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 condensate passing through the gland steam condenser,
'

GS-C-1. The discharge from the condensate booster pumps passes through two low

pressure, parallel flow, feedwater heater trains consisting of the 14th stage

external. heater drain coolers, Rl-C-1A and 1B; 14 th stage feedwater heaters,

RI-J-1A and 18; 13th stage feedwater heaters, RJ-J-2A and 2B; lith stage feedwater

heaters, R)-J-3A and 3B; 10th stage feedwater heaters, Rl-J-4A and 4B; 8th stage

feedwater heaters, RI-J-SA and 58, then recombines and goes to the suction of two SG

feed pumps, RI-p-1A and 1B, which are both in operation. The discharge of the SG

feed pumps passes through the 3rd stage feedwater heaters, RJ-J-6A and 6B, which

are high pressure heaters arranged for parallel flow. The feedwater passes

through the main feedwater control valves, RI-V30A and 308 and startup control

valves RI-V25A and 25B, 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 acr'oss the valves. The ICS then
s

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 utilized. However, the SG feed pump

speed must be maintained 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 steant 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. '

....:~....u -.. , . - . . ,.

.. r
- - - y-- .. _ ,aLa .. .

The feedwater flow rate is autcmatically controlled by the I
l

.

main feedwater control, valves from 50% to 15% plant load.

' At 15% plant load, feedwater flow control is automatically'

chang'ed by the Ics from the main feedwater control valves

I Lo the sunrtup feedwatar contr:1 valvcc , 'n7-v2 5.5 and n?-V253,
"and control is maintained by the ICS from 15% to 'U% plant

,

-

|load. - -

.
'

.

-
.
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- When the reactor has been shutdown, cooldown of the reactor

; plant begins. One set of condensate / condensate booster
pumps and one steam generator feed pump continue to operate.

The feedwater latching system is bypassed in order to prevent

the feedwater control valves from 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

shutdown and the steam generators ar'e fed by the operating
,

condensate / condensate booster pump pair and cooldown is
-. . . . . - . - .. _n n-

,

continued through the turbine bypass valve. Before shutting down the second main

feedpump the turbi'ne driven emergency feedpump 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 tenperature,

(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.
~ [~ '

~ ~ ~ - ~ . . ._

-
..

Special or Infrecu' nt Ope' ration *

e
.

Loss of Feeduater Heater
a

'

The Feedwater and Condensate System may be operated with a low

pressure heater train removed from service. During this mode

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-6A or 6B removed

from service by opening bypass valve FW-V15 and isolating the

:

.- . -.
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inoperative heater (s).
'

'4

- . , . - . . . . - -

Condensate / Condensate Booster Pumo Set Tric with Standbv Set
.

Available
,

.

If two condensate / condensate booster pump sets are operating

in conjunction with the two main feedwater pumps and a

condensate / condensate booster pump set trips, the trip signal

initiates the starting of the standby condensate / condensate

booster pump set. Time delay releys prevent SG feed. pumps
_ . . .. . . .

-

____ _

FW-P-1A, 13 from tripping immediately on'lew suction pressure
Iand allows time for the spare condensate / condensate boos.ter

,

'pump to develop sufficient SG feed pump suction pressure. If

sufficient SG feed pump suction pressure is not developed
,

in time, one feed pump will trip.
-m _;-- .

.

,
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i , APPENDIX A

SYSTB1 FACT SHEET;

''
is . MAlf! FEED Puf1PS:
!

Speed 5400 RPf1

Capacity 15,S00 gpm,

Total Dynamic Head 2240 feet
i

,
Min. Flow Requirements ~ 1000 gpm

!

!

i

I

..

!

!
"

.

!
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APPENDIX B
_

'

INTERLOCKS

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 energency fehd pdmp and controls

S/G level 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. (FW 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. FW takes Tave Control if in automatic and Diamond or Rx Demand stations are in

manual.

8. Both FW Demand H/A Stations in manual reverts ICS to tracking mode.
.

9. FW Latching System Interlock.

10. ICS 6 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.
|

.

O
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APPEllDIX C

-

IMPORTA?lT PARAfETERS

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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CONDEllSATE SYSTEM
P

4

System Function _
,

Primary function of condensate system is to supply water to the feedwater system.
In addition,~ the system deaerates, purifies, and raises the temperature of the
water. Deaeration and purification is imoortant in order to prevent corrosion
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 efficiency.

4 :

i- Summary Descriotion

-

Two of three operating motor driven condensate pumps take suction from the
condenser hotwells via two lines to a commen suction header. The pumps discharge'

to a common header and the condensate flows through a 100f, condensate polishing
unit and gland steam condenser to the suction header of the condensate booster
pumps. Since full condensate flow 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 bypass is provided around the polishing unit. The motor driven
condensate booster pumps (3) discharge to a common header which splits into two
parallel trains of closed low pressure feedwater heaters. Each low pressuret

heater train (A and B) consists of a 14th stage external heater drain cooler |

'

Bl-C-1 A and 18, a 14th stage heater FW-J-1 A and 1B, a 13th stage heater FW-J-2A
, and 2B, and lith stage heater FW-J-3A and 38, a 10th stage heater FW-J-4A and 4B,
! and an 8th stage heater W-J-5A and 5B. Each heater train can be isolated from

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, condensate>

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 incorporated into.the system to supply makeup,

: water to the condenser, to provide condensate storage capacity during system surges
and supply feedwater to the emergency S/G feed pumps. The Demineralized Service
Water System and the 1,000,000 gallon, TMI Unit I, tank are the supply sources
for the condensate storage tanks. Demineralized water used to supply the condensate
storage tanks is dumped into the condenser hotwell then transferred to the tank

i

by the condensate pumps via the Condensate Polishing System.
{
|
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System Desian Recuirements

The FW and C0 Systems are designed to transfer condensate from the condenser
hotwells to the steam generator at 110% rated flow. Each condensate /cond. booster
pump pair is designed for approximately 55% of the rated cond. flow, and each ;

main feedwater pump is designed for approximately 60% rated flow. The pumps !

have a capaci".y 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
trains may be bypassed and isolated. The 3rd stage heaters downstream of the i

feedwater pumps may also be isolated and bypassed. 705 system flow is available r,

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.

Condenser Makeup and Level Control

The Feedwater & Condensate System, as stated previously, is a closed system
with the condenser hotwell, condensate storage tanks, and S/G's acting as water
storage areas. Water surges will occur between these three areas with 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 levei mark within the condenser should not exceed 30" as measured
from the bottom of the hotwell. The level may rise to 33" before 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 change in S/G
loading.

,

Condensate / Condensate Booster Pump Control

'Electrically, the condensate and condensate booster pumps are wired in pairs or
sets for normal operation. Condensate pump CO-P-1A and condensate booster pumo 1

CO-P-2A are the 1A-2A set, pumps 18, 2B are the 19-2B set, and pumps 1C, 2C
are the Lc-2C sets. The six pumps can also be controlled individually by placing
a single auto / manual selector switch in the manual position. For normal paired

,

operation, the selector switch is placed in the auto position. 1

In normal operation, a pair of pumos is started by placing the condensate pump I

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 (1,20f
-and 2,8f respectively), the condensate booster pump will automatically start.

-

.

,
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Two pairs of condensate / condensate booster cumps are normally in operation and
one pair is in the standby mode. The standby mode is accomplished by turning
the condensate pump control switch to the "0FF" position and allowing it to
return by internal spring action to the "fiOPJML-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 pumps are only used when the
,

auto / manual selector s.dtch is in the "MAfiUAL" position. When a condensate
booster pump is started individually, its control switch is placed in the
"0PEft" position. When proper oil pressure (s8!) and suction pressure (420#)
conditions are satisfied, the booster pump will start.

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 oil pressere (<d!)

D. Minimum recirculating valves open on booster pump start and close at > 4000 gpm
flow through 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 st odby 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. I'f the C pump set is running and it trips on low bus undervoltage,
it must be manually started an its alternate power supply.

System Alarms ~

See Table 1.

Tech Specs

Refer to Section 3.7.1.3
,
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TABLE 1

Panel 17 Annunciators Identification Source Setpoint

A-8 Ilotwell Level 111 C0-LAll-092 CO-LS-092-1 33" t

A-9 Condensate Pump Suction CO-DPAll-ll 72 C0-DPS-ll72-1,2,3 2" 11 0 t2Strainer Diff. Press.111 ,

3-10 Condensate Booster Pump C0-PAL-4651 C0-PS-4428,4431 & 7# 4

Bearing Oil Press. Lo 4434

a-ll Condensate Booster Pump C0-EA-4657 N/A N/A
Shift Driven Oil Pumps
Failure

.

B-8 Ilotwell Level to C0-LAL-092 C0-LS-092-2 20.5" 4

B-9 2A Condensate Pump CO-PAL-066 C0-PS-066 100# , 4

Discharge Press. Lo
i

e E-30 Gland Steam Condenser C0-LAll-1138 C0-LS-ll38 8" below t
i Level 111 center line

C-30 Exhaust flood Water C0-Pall-3944 C0-PS-3944 30# t
-

Sprays On C0-PS-3946

' E-8 Condensate Pump Trip Co-EA-4649 30TA & 30TB N/A

F-9 Condensate Booster CO-EA-4652 30T N/A
Pump Trip

E-10 2B Cond. Booster Pump C0-DPAll-4432 C0-DPS-4432 20# t
Oil Filter Diff. Press.111

E-ll Gland Steam Condensate C0-LAll-7094 C0-LSil-7094 35" t
Drain Tank Level lli

F-8 Condensate Pump Overload C0-EA-4650 74 N/A

.

_ _ _ _ _ _ _ __________s. . _ _ _ _ _ - - - _
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TABLE 1 (cont'd)
.

Panel 17 Annunciators Identification Source Setpaint

F-9 Condensate Booster Pump CO-EA-4654 74 N/A
Overload

F-10 2C Cond. Booster Pump C0-DPAH-4435 CO-OPS-4435 20f f-

011 Filter Diff. Press. Hi

F-ll Gland Steam Condensate Drain CO-LAL-7095 C0-LSL-7095 16" 4

Tank Level Lo

C-8 2A Condensate Storage C0-LA-105 C0-LS-106 & 31'-9" t

Tank Level lii/Lo C0-LS-105 21'-0" 4

C-9 28 Condensate Pump Disch. CO-PAL-065 CO-PS-065 100# 6

Press. Lo
e

e C-11 Condensate Booster Pump & C0-EA-4664 N/A N/A
Aux. Oil Pump Not Runningm

.
D-8 2B Condensate Storage C0-LA-107 C0-LS-107 & 31'-9" t

Tank Level lii/Lo CO-LS-108 20'-0" 4
,

D-9 2C Condensate Pump CO-PAL-064' C0-PS-064 100f 4

Disch. Press. Lo,

D-10 2A Cond. Booster Pump C0-DPAll-4429 CO-DPS-4429 20f f

Oil Filter Diff. Press.111

D-11 Condensate Booster Pump Aux. C0-EA-4656 OLX A, B, C N/A
Oil Pump Overload Trip

.

.

k
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MAIN TURBINE LUBE OIL, AUTO STOP, AND.
.

PROTECTIVE TRIP DEVICES LECTURE CUTLINE |

1. 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 'obricating oil to the main turbine bearings.

B. 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 harmful condition exists.

III. GENERAL SYSTEM DESCRIP^t03

A. Main Shaft Oriven 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.

2. To provide an oil supply for thrust bearing trip devices.

3. To provide a seal back-up system to the H2 Seal Oil System.

.

-2-
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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 supply 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 emergency 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 pumps 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.

2. Normal Operation

The shaf t driven oil pump normally supplies oil at 320-380 psig to the !

wMeh
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

-3-
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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 three-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 must be backed-off, and the lever thrown to point

at the inoperative cooler.
'

Each cooler also has a normally open interchange valve to insure the

inoparative 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
1

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 Indicator*

.

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 shaft in such a position

as to allow the equally spaced holes drilled near its periphery to pass

between sending noztles and receivers. Two pressure switches are connected
[
: -

|

*
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to the receivers. When the rotor and disc reach zero speed, one

sending nozzle 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 pennit 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 cn accentric 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 positirn by the compression of a spring. 'When thes

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

trip valve and releases the auto-stop oil and operating fluid to drain. After |
|

! the mechanism has tripped, it must be reset manually by moving the manual

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.

.

'
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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 diaphragm 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

-6-
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vacuum is low. The latch automatically 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.

Testing: This trip may be tested by bleeding air under the diaphram, and
~

noting at what pressure tne dump relay actuates.

J. Thrust Bearing Trip

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 turbine 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

protective block relay. Should excessive thrust bearing wear occur, the

thrust bearing collar will move toward one of the nozzles and the pressure
|

in the line will increase. When this pressure rises to 35 psig, a pressure

switch will close and sound an alarm. Should wear in the same direction
;

continue, the pressure will continue to increast tnd 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 I

down the turbine.
|

Testing: This trip may be tested by admitting high pressure oil under
'

the diaphram and noting at what pressure the dump relay actuates.

|
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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

from draining and releasing the EHC fluid to drain. This lever must be held

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 pern.its tripping the unit from some remote point,

(control room) or by means of protective relays in the generator 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 Neutral Grd. Overvoltage (Low Freq.) (3071 Sheet 4) 86I

4. Generator Neutron Grd. Overcurrent (3071 Sheet 4) SIN

5. Generator Negative Phase Sequence (3071 Sheet 4) 46NS

6. Main Transformer 2A or 28 OC Differential (3071 Sheet 5 and 58) 86/2A

and 86/2B

7. Main Transformer 2A or 2B Neutral Overcurrent (3071 Sheet 5 and 5B)

86/2A-2 and 86/28-2

8. Main Transformer 2A and 2B Sudden Pressure (3071 Sheet 5 and 5B) 86/2A-1

and 86/28-1 -

-8-
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9. 500 KV line fault (GAI dwg. C-229-068 and C-229-103) 86TT13

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. Trip of both main feed pumps
'

14. IEOPS overspeed
'

15. Turbine overspeed 0 1998 rpm *

16. Manual pushbutton actuation on control panel

IV. ASSOCIATED SYSTEMS

1. Secondary Services closed Cooling Water cools the lube oil coolers.

2. Lube Oil Purification and Transfer System fills the Main Turbine L0 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 allowing. the turbine

steam valves to open. '
~

5. Condenser Vacuum pressure provides the input to the low vacuum protective

trip device.

1

i
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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 from 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 inoperative cooler

6. Oil reservoir supplied with vapor exhauster to eliminate oil fumes in 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,

i

d. Test gages measuring the pressures at the following:

1. Vacuum Trip Pressure

2. Thrust Bearing Trip Pressure

3. Bearing 011 Trip Pressure

4. Overspeed Oil Test Pressure
-

|

*

-10-



APPEllDIX B

IfiTERLOCKS

,

There are no interlocks associated with this system

.
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APPENDIX C

IMPORTANT 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. Hermal AC Turning Gear Oil P' ump discharge pressure is 25 psig

4. Do not operate the lube oil pumps if the oil temperature is below 500F_

5. Do not put the unit on turning gear if the L0 temperature ic 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 50P 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 d'ecreases to 5-7 psig
,

1. 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. The unit should trip at 1998 rpm
.

14. The main turbine LO reservoir volume is 10,000 gals.

|

|

|
|

l
1

.
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APPEllDIX D

TECHilICAL SPECIFICATI0tlS

,

tio Tech. Specs. are associated with this system.

.

6
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APPEtiDIX E

REFEREllCES

.

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 Oil System

Lecture Outline

I. OBJECTIVES

A. To know the purposes of the Generator Hydrogen Seal Oil System

B. 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 contain hydrogen within the confines

of the main generator for all modes of operation from turning gear

to full power

B. Lubricate the seals

III. GENERAL SYSTEM DESCRIPTION

A. Generator Gland Seals

Seals are provided at each end of the generator shaft to maintain

a gas tight enclosure. There is a double seal arrangement at each

end of the generator fed with seal oil from two essentially independent

oil systers (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 clearance between the

shaft and the inner diameter of the seal rings. Seal oil pressure is

.

2.
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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 15h7n 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 side drain regulator and receiver- tank. It pumps pa'rt

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 + 2 inches H 0). A manually throttled bypass line return excess2

pump discharge oil to the suction side of the pump.

F. Seal Oil Backup Pumps

1. Air Side 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 operating in this mode, hydrogen purity

in the generator should be reduced to reduce hydrogen consumption

as hydrogen out leakage and air in leakage will be greater. .

G. Generator Bearing 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 o.f 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

. , atmosphere is provided on the upstream or inle.t. 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.
t

Since this loop seal presents an obstruction to the uninterrupted flow

in the bearing drain system, the vauor 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 consisting 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 10G% power

operations. These backup systems are:
.

a. Shaft mounted Main LO Pump

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 system provided

machine gas purity is reduced to conserve hydrogen.

1

.
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ApPEtiDIX C

imp 0RTAtti SYSTEM PAPAMETERS

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 main 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

pressure, the air side seal oil pump, (50-P2) mounted on the seal oil Unit

will provide seal oil.

|

|
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APPENDIX E
i

REFERENCES

1. Westinghouse Instruction Manual 20792- Seal Oil System

2. Westinghouse Drawing 614F177-5 (B&R File ?!o. 10-00-0504)
~~ ~

3. Operating Procedure 2106-3.3 -

4. Westinghouse Drawing 721J843 (B&R File No. 1-00-0210)
.

O
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GLAnt 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.

.

fl. puroose of the System:

A. prevents air leakage into or steam from the main and feed pump tarbine
cylinders along the rotor.

IZI. General System Description:
.

' ' '
4 Two Sucolies

1. Gland Steam can be supplied by the Auxilary Steam System during
startup or by Main Steam after approximately 40% power.

B. Inlet Reoulating Valve

The inlet regulating valve (air operated MS-V267), 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 Regulating Stations

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 I

i

1. Main Turbine .

a. The throttle valve high pressure stem leak-offs are connected

Page 1 of 9
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.

IV. Other Systems Associated with the Gland Steam System.

1. Condensate System which desuperheats the steam and removes heat from
the Gland Steam condenser. -

2. Auxiliary Steam System supplies steam during startup.

3. Main Steam System is the normal steam supply.

. - - . .

.

.

.

1

.

.
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Appendix B

INTERLOCK 5

There are no interlocks associated with the system.

.

.

.

1
-

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 Flow Diagram 2634, Gland Steam Seal System.

.
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MAIN TURBINE LECTURE OUTLINE

I. OBJECTIVES

A. To know the flow path of the steam, the basic parts of the turbine,

the function of the Supervisory Instruments, and the basic operational

parameters.

B. To be able to draw a sketch of the steam flow path.

C. To be able to trace and identify supporting sys.tems and canponents out

in the plant.

D. To be able to discuss operation, control, trips, and interlocks
,

associated with the main turbine.

II. P,URPOSES OF THE SYSTEMS

A. The turbine changes the high temperature and pressure steam energy from

the NSSS system, into rotational energy which the generator then converts

into electrical energy.

B. The Moisture 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 t rbine 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 alarm on panel 16.

III. GEHERAL DESCRIPTION
.

A. Basic Information

The turbine is a 926 MW, three casing, tandem compound, four flow, condensir

-2-.
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.

Westinghouse flSSS turbine. It operates at 1800 rpm with inlet

0conditions of 885 psig and 570 F, 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 flow 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 W numbering of the valves, and the opening sequence of the

governor valves. Figure 3 shows a cut away of the throttle valves, and

Figure 4 shows a cut away of the control valves.

C. Hiah 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,&S.

The first row of HP blading is made of"P.ateau 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 Glades", and get their

energy from the expansion and turning of the steam.

There are 8 stages in the HP turbine. Extraction steam for P.':

heating is taken_off at the 3rd stage, and from the HP turbine exhaust,

which is 8th stage.

D. Moisture Secarator 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 chevron 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 Stop 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 supplies the second stage reheater. The MSR 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 Separator Reheater Temnerature-Control

The first stage reheat valves (supply, vent, and drain) are opened
4

before steam is admitted 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.

.

-4-
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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 distortien of the LP turbine

stationary parts, maximum instantaneous temperature change

of steam to the LP turbine inlet (reheater outlet temperaturei

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 temperature be

limited to a maximum of 4000F for continuous operation below

10% load.

Modes of Ooeration 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 below 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 minutes after reaching 10% load.

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.

0Hot Start-When the LP turbine inlet metal temperature is 300 F and

above, push the " Hot Start" button. When the unit load output reaches
- 35%, push the " Ramp" button which will ramp the reheat control valves

0to full open from the 400 F 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 "flanual" button and then position the valves with the

" Valve Positioner" knob.

E. Low Pressure Turbines

The reheated steam from the ilSR'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 from the MSR's to the low pressure turbines

after a load rejection.

The steam enters the LP turbine from the top and flows into 2 semi-circular

blocks. From there, it expands in both directions through 8 rows

-6-
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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 from ovarpressurization

by a low vacuum turbine trip, and by rupture diaphrams which will rupture

at 5 psig.
_ _

F. Bearings

- The 9 turbine-generator journal bearings are numbered from the governor

to the generator end. Lubricating oil is introduced to the bearings

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 FiO.16, consists of self leveling shoes

located on either side of a collar machined on the shaft.

G. Turning 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.
.

With the control switch for turning gear in Auto,as the rotor speed

-7-.
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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 (5 psi) pressure

exists, the motor will then start. If the gear teeth were not fully

engaged, they will slip and then engage.

During startup, 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.

H. Exhaust Hood Sorays

The exhaust hood sprays are designed to cool the LP turbine exhaust

hoods at low flow or low vacuum conditions.
.

.

They are controlled by a local pushbutton, or automatically
0

by an exhaust hood temperature controller set at 160 F.

Condensate is supplied from the condensate pump discharge header,

and flows through a ring of spray nozzles around each LP turbine exhaust.

I. Turbine Supervisory Instruments

1. Startup Temperature Recc ' der, Panel 16

This records turbire metal and steam temperature. From this recorder

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 Position Recorder

As a unit is taken from its cold condition to its hot and

loaded state, the ther' mal 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 contractiori 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 conditions, 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, stea.n 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 pressure against the thrust

f shoes, which are locatec on both sides of the thrust collar. A small

axial displacement of the rotor occurs as the electrical load on the

f
.g.

,

n=_.



unit changes. Lear 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
i

temperature to the turbine can then again be changed.
|

This instrument measures differential 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.
i
I
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4. Turbo-Graf Rotor Eccentricity Recorder with Phase Angle
Indication

Rotor eccentricity is monitored continuously from turning

gear speed to approximately 600 rpm. 'dhen the unit attains a

speed of approximately 600 rpm the recorder is automatically

switched from eccentricity to vibration. Bowing of_the rotor

will appear as vibration above that 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 instrument 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 abnomal and possible hazardous conditio .s 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

relationship between the "High Spot"-on a particular bearing

-11-
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and the turbine rotor reference, namely the fio.1 balance-hole.

A 9-position selector switch located on the front face of

the vibration power' drawer controls the selection of the phase

angle of a particular bearing.

6. Turbo-Graf Speed and Valve Position Recorder

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 Changes

A change in blade-path steam 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. Such a

difference exists during and immediately following a rapid change in

tha surface temperature because oi- 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 e,qualized.

-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 estimate the first stage temperture change between

two power levels. Then we can use that a T, 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 temperature change of 80 F or less can be made

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 of

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 SYSTEMS ASSOCIATED WITH MAlti TURBIflE

1. Main Steam

Supplies steam to the steam chests, and to the second stage reheaters.

2. Turbine Lube Oil,

. -

! Lubricate the bearings.

'
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3. Turbine Electro Hydraulic Control (EHC) System

Controls tne 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.

.

5
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APPEllDfX 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)

(Cortrol Valves).
._ .

.
Transfer from Throttle Valve Control to Governor Valve Control at.1700 rpm2.

3. Steam flows from the center of the HP turbine, in both directions, and

out 2 outlet pipes at cach end.
,

4. Four Moisture Separator Reheaters (MSR's) separate moisture from HP

turbine exhaust, and have two stages of reheat, 3rd stage extraction,

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,
.
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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.

13. 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 loadic; 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
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19. Both vibration and eccentricity read out a phase angle.
;

20 Speed and valve position recorder measures the turbine speed until'

the generator breakers close, and then switches to control valve position.
;
.
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APPENDIX B If!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.

(See List of Turbine' Trips).
.
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APPENDIX C IfiPORTANT SYSTEM PAP /4tETERS

1. Any of the following ' conditions should automatically trip the

turbine:

1.1 Generator main transformer overall differential protection relay

1.2 Generator differential & neutral overvoltage - - -

1.3 Generator neutral ground overvoltage (low frequency)

1.4 Generator neutral ground overcurrent

1.5 Generator negative phase sequence

1.6 fiain trans. 2A overcurrent differential
'

1.7 Main trans. 2B overcurrent differential

1.8 Main trans. 2A neutral overcurrent

1.9 flain 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 Overspeed IEOPS (1998 rpm)

1.18 Overspeed EHC (1998 rpm)
i

1.19 Auto stop solenoid limit switch tripped

1.20 flanual push button

1.21 Vacuum low (8-12" Hg abs) l

|
*

.

1

1 of 3 1

.



.

1.22 Thrust bearing gross wear or failure

1.23 Low bearing oil pressure (5-7 psig)

1.24 Lots 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:

, 2.4 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 recorded on Rotor Eccentricity &

Vibration Recorder, pts.1-9. Normal 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 L0 coolers.

.
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4. A minimum of 700F oil discharge temp. from the bearings
i

f is necessary before turning gear operat'on.
.

1

S' 5. Critical Speeds:

f High Pressure Rotor 1955 rpm
i

I. Low Pressure Rotors 1652 rpm - '

,

;

I Generator Rotor 970 rpm
~

1

!
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APPE!! DIX D REFEPEf CES

.

1. Westinghouse Instruction flanual, Vol. I and 2, Spec. 1.00

.

e
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APPEt! DIX E FIGURES
.

Figure 1 Steam Chest '

Figure 2 Steam Chest - flozzle/ 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 Nozzle Block

Figure 8 HP Turbine flozzle Block ~

e

Figure 9 Moisture Separator Reheater

Figure 10 tiSR 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 20 Control Panel

Figure 21 Load Changing Diagrams

Figure 22 Load Changing Diagrams
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( Westinghouse Electric Corporation. gzqp ?
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INSTRUCTION TURBINE CONTROL SETTINGS -* 2
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ENCLOSilRE I

UrlIT II CATEGORY IV CR0 STUDY ASSIGilMEllT SHEET

C,YCLE 2-1

flAfT START DATE

C0!iPLETIO!! 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 Questionnairc.

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. Complete the Chemistry Questionnaire.

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
e. EP 2203-1.5 - Loss of Makeup

i f. EP . 2203-1.1 - Loss of Doron
j g. Tech Specs - Section 2
!
'

TOTAL POIllTS TO DATE FROM ENCLOSURE 2 -

WRITTEll TEST DATE RESULTS

ORAL TEST DATE REST!LTS

AflSilERS f1ISSED, HAf!DED IN CORRECTED _.

SIG!!STURE OF LICEf! SED TRAlllING COORD. DATE
-



CYCLE 2-1

REFERENCE MATERIAL FOR QUESTI0ftflAIRES

.

REFERENCE A TITLE

I Makeup and Purification System Description #17,

2 Makeup OP 2104-1.2.

3 B&R Drawing #2024.

- 4 Decay Heat Removal System Description f20. *

,

5 Decay Heat Removal OP 2104-1.3.

6 B&R Drawing #2026.
'

7 Unit II Standard Tech Specs.

8 Chemical Addition System Description #18.

9 OP 2104-1.12 - Nuclear Plant Chenical Addition.

10 OP 2103-1.2 - Soluble Poison Concentration Control.

.
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DECAY HEAT REMOVAL QUESTIONNAIRE

2-1

.

1. During a cooldosn, at what pressure 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 removal. (Ref #4)

- 3. What factors detemine the amount of decay heat to be removed following a
Reactor S/D? (Ref #4)

4. Concerning the BWST during Mode 1:

a. What is the minimum allowable volume of water? (Ref #7)
b. 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)

5. Explain the function and operation of tne 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,B

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 removal / refueling, what variable can we
control to avoid a vortex and subsequent loss of DHR suction? How do we control
these 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?

.

L

I

t



%KEUP AND PURIFICATION SYSTEM QUESTIONNAIRE

2-1

.

1. What gases are used to pressurize the Makeup Tank? When is each used? What function
does each perfom? (Ref #1)

2. Concerning RCS Letdown, how do we control: (Ref #1)

a. Flow Rate
b. Temperature
c. Pressure

.

3. Describe the functions and operation of the interlock associated with MU-V376. (Ref #2:
1

4. When is RCP seal injection required? (Ref #2)

5. What is the minimum RCS makeup flow rate when RCS > 2500 F? 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 #2)

9. Which MU-P is normally running? Which MU-P is the normal standby jump? How is this
pump placed in Standby? Which nonnal operating pump trips will s;. art the standby
pump? (Ref#2)

!10. Assuming nor'al operating line-up, explain the consequences of moving the Backup |
m

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) i

3

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 is
3a 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. What 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)

.

i
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.



Till - 2 MU-P-1A/1C STARTING SE00ENCE

7[ . : 0THER PUMP ON BUS NOT RUNNING*NON ES

"CR FROM MU-V-16
MU-P-1A/lc TD0 5 SEC.
HU-P-1B IllSTANTANEOUS PUMP NOT IN TRIPPED STATE

'~ (ANY AUTO TRIP)

.

-- LOCAL CONTROL STATION IN REMOTE POSITION

STANDBY START
IF SELECTED

I -- RX -- CONTROL ROOM SWITCH IN STARTLLNP --

T ST BY --
LOSS OF
NORMAL POWER

ES :: __

- 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) |

D

I

MU-P-1B START SEQUENCE

SAME AS 1A/lC EXCEPT TIMER SETTING IS 3.0 SECONDS
. !

!

|
i

NOTE: LUBE OIL PUMP (AUX) RUNS 2 MINUTES AFTER SHUTDOWN
.

e

i



. . - _ - _

,

TMI - 2 MU-P-1A/lC BACKUP START

:_ CONTROL POWER VOLTAGE AVAILABLE
.

*fl0N ES ;; ,_ OTHER PUMP FROM BUS NOT RUNNING
CR

PUMP NOT IN TRIPPED STATE
*CR FROM MU-V-16
'HU-P-1A/lC 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

22 TRI'P CONTACT OFF TRIPPED PUMP (AUTO START)

_~ : NUCLEAR SERVICES CLOSED COOLING FLOW
(STARTS MAIN OIL PUMP)

.

'~

-- LUBE OIL PRESSURE > 4 PSIG

[ 2.5 SEC. TIMER (STARTS ON MAIN OIL PUMP START)

.

MU-P-10 BACKUP START

CHANGE 2.5 SEC. TITTER TO 3.0 SECONDS

l.

I i

l
i
,
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ENCLOSURE 1

UtlIT II CATEGORY IV ASSIGNMENT SHEET

CYCLE 2-2

NAME START DATE i

COMPLETION DATE

- 1. Read the following System Descriptions:
.

-A. #50 - SFAS
B. #288 - Core Flood System
C. #28A - R.B. Spray System
D. #45B - R.B. Emergency Cooling

2. Read the following Procedures:

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 21C2-2.1
D. Plant Shutdown - OP 2102-3.1
E. Plant Cooldown - 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 POINTS TO DATE FROM ENCLOSURE 2

WRITTEN TEST DATE RESULTS

ORAL TEST DATE RESULTS

AflSWERS HISSED,ilANDED IN CORRECTED

DATE:
SIGNATURE OF LICENSED TRAINING C00RD.

_ _ - _ -'r____- _ _ _ _ _ _ _ _ - - -
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REFERENCE MATERIAL FOR OUESTIONNAIRES

2-2.

,

REFEREllCE # TITLE

1 System Description #288 - Core Flood

2. Standard Tech Specs

3 OP 2104-1.1 - Core Flood System

- 4 SFAS Handout - provided
.

4

@

4

h

@

$

_ _ _ _ . _ _ _ _ _ __
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SFAS, CORE FLOOD AND BUILDING SPRAY OUESTIONNAIRE

2-2

1. Und.$r normal operatina conditions; what provides isolation between the CFT and the
RC;i Is this same method suitable when the RCS is open for refueling? Explain.
(Ref #1)

f. When operating at power, what indications do we have of leakage through CF-V4A, 5A?
(Ref #1)

3. During Mode 1 operation, what are the core flood system limiting conditions?
How often must each of these condi.tions 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 actuatioti? (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 #4)

a. Make Up Pumps
b. DH Pumps
c. BS Pumps

9. What will cause the emergency diesel generators to start? Gutline the starting
logic assuming a station blackout has occurred. (Ref #4)

10. Following the conditions in question #9, will all previously running loads immediately
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 Permit"
d. " Bypass"
e. " Defeat Permit"

,
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12. When performing a test of Safety Injection manual actuation "A", why must the
" Holding 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.

.

e

G

&

O



- - . - . - . _ --

'

. y r. )..

. -
,, ,

s g . ,, ; - [ ] . .
.

. . -1.(
4 -

, --

- ,. .ge .

. .. ._z . . . .
>. ,., . . . . ,. :,

s .,
,e .'.y , .. . . . . 7., .,

J ,s. y . ,- --

o
_

. y; _ . .
. -.

, .

-
,

, o.-
. a.

.. - .

h
,

.

.

.

.

.

<
.

.. -e... -

..

:: -
m. g 1...

- ,

.

1

-

.
.

.,

SAFETY FEATURES $
'

-
i*t

.t
. . , .

:
-

-- ,..
.

.

~e ., ACTUATION SYSTEM . .

-

,

. -: -

; . c .

- .,

'
e

l '
'

THREE MILE ISLAND UNIT 2 '-

.

.

9

Y s s

.

%

.

.
Y

4 - - ' e

.

85 . 4 - *

-

9

-

9

e *

O.

,-

5

<..

.

& .

O

o
.

-

D

S .

ee

h

.

O

k
.

.



_ . . _ .

-
. . -

., ,

.

,

.

INDEX

SECTI0tl PAGE
.

I. OBJECTIVES 1
.

II. RINCTIONS 1

III. GENERAL DESCRIPTION 2 ~~.

IV. DETAILED SYSTEM DESCRIPTION 3,4,5,6,7,8,9,10,11
,, ;

V. SYSTB1 FACT SHEET. -- 11,12,13
,

VI. It!TERLOCKS 13

VII. MAJOR PARAMETERS 13

VIII. TECHNICAL SPECIFICATIONS 13-29

IX. DRAWINGS AND TABLES 30-72
~

1. R.B. Pressure - Post LOCA - 30
'

2. R.B. Temperature-PdstLOCA 31

3. SFAS' Cabinets (Signal Flowpath) 32

~ 4. ECCS Composite 33

5. Control Room Panel 3 Status Indication 34
and Manual Actuation

6. Environmental Barrier Configurations 35,36,37,38

7. Environmental Barrier Table 39

8. R.B. Emergency Cooling 40

9. R.B. Spray
, 4I .

10. Core Flood 42

11. Decay Heat Closed Cooling Water 43

12. Nuclear Services closed Cooling Water 44

13. Safety Injection Block Diagram - 45

14. R.B. Cooling and Isolation Glock Diagram 46

15. R.B. Spray Block Diagram' , 47.

.- .- -



-. ._ .... . . .

; , . .
- .

. .i, ' a ;, .' . . .:
. .. ; - . -

1-
. : ... .r .

.- . -

_ , - .
e - . . - ,

_

~
. . -

SECTION
.

.. . ~ _ . .
.

-

PAGE-

-

w-.

16. Safety Injection - Channel RCIA 48

17. Safety Injection - Actuation 49

18. Safety Injection - Test and Manual Actuation 50

19. R.B. Isolation and Cooling - Channel RBlA 51
~

,

20. R.B. Isolation and. Cooling Test 52

21. .R.B. Isolation and Cool'ing Manual Actsation 53
.and Test ~

, . ... ,

22. 'R.B. Spray Actuation and Test 54 .

23. "A" Diesel Generator Load Sequence 55,56,57,58,59,60,61

24. "B" Diesel Generator Load Sequence 62,63,64,65,66,67,68

25. ES Actuat6d Components 69,70,71,72

X. REFERENCES - ; 73_
,

,

XI. UtilT I/ UNIT II C0ftPARISON 74 --

.

, .-.

.

.

a

+

9

~

.
e

4

.

e

.



.

.io : '

.

.

t'
' '

s.

.,
*

>

SAFETY FEATURES ACTUATION SYSTEM

(SFAS),

THREE MILE ISLAND UNIT 2
*

, ?

. -
,

-

.

~ ~

I. OBJECTIVES --

# A. To know the functions of the SFAS. .

. .
.,

_

.

_ B. To know what signals will actuate the SFAS (including setpoints).
_

,

:. ,
.

C. To be able to discuss normal and emergency operation of'the SFAS

and its associated systems.

TobeabfetodiscusstheinterlocksandTechnicalSpecificationsD. -

i "| associated with the SFAS.
.

:.

.II. FUNCTIONS
~

-

A. $,To detect a Loss of Coolant Accident (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).

ReactorbuildingIsolationandCooling.
~

2.
|

3. Removal of fission products from the R. B. Atmosphere.

4. Availability of emergency on site electric power supplies.
_ ? ?.*

5. Control Room Emergency ~ Ventilation ~
|

,

C. The Engineer'ed Safety Features (ESF) will:
,

1. Prevent core melt down.
1

22 Maintain the integrity of containment.
,

3. Ensure that the exposure of the public to, radiation will be

. below the limits of 10 CFR 100.,

-1-,
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' , ' III. GENERAL DESCRIPTION ,,

A. The SFAS consists of 3 sections:

1. Reactor Building Spray Actuation
'

2. Reactor Coolant Safety Injection Actuation

(Emergency Core Cooling)

3. Reactor Building Cooling and Isolation Actuation

B. Each section consists of two redundant independent actuations.
'

1. Actuation A--color coded Red,
.

1

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 system actuates
.

- 1. Safety Injection using the M U system for high pressure

injection (HPI) and the D H system for low pressure

injection (LPI).
{

2. R. B. Isolation--Containment Isolation' Valves and the

Environmental Barrier System. ~

3. R. B. Cooling using the B S System and R R System.

4. Removal of fission products in Reactor Building atmosphere I

by B. S. System.

5. Auto start of diesel generator to ensure availability

of electrical power supplies.

-2-
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'IV. DETAILED SYSTEM DESCRIPTION
'

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 bistable.

' Cabinets 124 and 126 contain a 320 psig bistable. .
.g.

-
.

. .-

for DH-V1,171 and 2 interlock. - if)
42. Containment Pressure--High High (Building Spray)
]
.-

a. BS-PS-3253, 4, 5, 6, 7 and 8.
.

B. Wired direct to Relay Cabinets (no bistables).-

3. Containment Pressure--High (Reactor Building Isolation and
,

'

.

Cooling). -

s.
j.

'S-PS-3259, 3260, 3261, 3987, 3988 and 3989 -Ba.

,
b. Wired direct to Relay Cabinets (no bistables).
'

_
B. Actuation Logic

1. 'Four cabinets for each actuation logic

.

Three' cabinets receive output from Bistable Cabinetsd.

for Safety Injection and from Containment Pressure-High

. 3+ 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. .

''

a. Identical relays in 2 of the 3 cabinets must be tripped to

-satisfy contact matrices and actuate a particular component.

b. All relays are deener'gizec to actuate.
.

-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
::. .;;

,

2. Bistable Cabinets '

-

3. Actuation cabinets --"

4. ESF components for HPI and LPI and associL'.ed
i

- 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

~e. MU-V16's

f. RCS cold legs

g. Reactor Vessel

2. FlowRate(MU-P's)
. _ _ _ . . . . . -,

,

500 gpm each at 1080 ps_ig discharge head /a.
, .

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
'~

.a. Piggy Back operation--DH-P discharge may be sent to
'

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
'

1

Nuclear Services River Water System (NR) !
e.

.

- 1. Flow Path
1

a. River Water Pumps House Intake
:

1Following components through parallel paths '.

\
.

.

. 1. RWPH HVAC |,, ,

2. DdClosedCoolers. . . . '_t .,

3. Suction Reactor Building Emergency Cooler Booster
| ,e
| <

. Pumps '.-
,: . . .

I 4. Control Building Booster Pumps

5. NS Closed Coolers

6. Diesel Generator Coolers
!

. . . . .

!| 7. Return to river through MDC7 and Rad. Monitor Pit. '

_
I

| .

-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

3. 4 psig Reactor Building Pressure
.

(ContainmentPressure--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--same as above - '
-

f b. LPI--same as above
~

' .'~~:

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. Funct ons to completely isolate valve's stem -

when valve is closed. Y

2. Used for the following CIV's

CA-V8, CF-V144, CA-V9, WDL-V1125, CF-V145, CA-V10,,

MU-V376, MU-V377, WDG-Vl99, WDL-V1126
1

-6-
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-? b. Injecting water into bonnets of CIV's
,

1. Creates water seal between valve stem and bonnet

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-

. 3. Used for the following CIV's:

NS-V72, NS-V81, IC-V5, IC-V4. IC-V3

c. Additional check valve in the process line
i

. 1. Check valve has all joints seal welded '

a. Reduces direct environmental leakage to zero

_ 2. Used in the following process ifnes:
~

[N2 and fill to core flooding tanks
..g,

'' 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
:.

.

2. System is completely passive

3. MS and FW are not pressured
.

,

, Personnel access air locks, equipment access door, the4.

i flanges of the 2 fuel transfer tubes and the incore
;' .

| instrument replacement cable penetrations.are not pressurized |
'

|

I

1
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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-Vil's maintain back pressure to prevent out leakage from

R.B.
.

6. AH-E-11's start in fast
.

e. R.B. Spray - *

'

1. BS-Vl's
_

open to establish flow path
~

' NOTE: BS-V3's are locked open.
..

f. Control Room Emergency Ventilation.

1. System switches to recirc mode of operation

AH-E-4A/Bstart:andairpassesthroughfilters.a.

b. Dampers D 4092A,B,D, and ED4098 are positioned for
.

recirculation

Starts C.B. RW Booster Pump, chilled water pump andc.

liquid chiller unit.
.

4. 30psigR.B. Pressure (ContainmentPressureHigh-High)

Actuation logic (2/3) established in BS-P start circuita.

1. BS-P-1A'from BS-PS-3253,4,5
.

2. BS-P-1B from BS-PS-3256,7,8

-8-
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b. BS-P's start.,

, c. Flowrate: 1500 gpm each loop 6150 psig.

. ' . D. ESF Electrical

;, 1. Diesel Generators

a. ES (1600 psig or 4 psig) - Diesel Generator will start but not load

.' .- 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

, .,

Li'' 2. Controls located on Panel 3
:
'

.

, , ...
2 pushbuttons for each ESF. actuationa.

-k ,' 1. PB1/RCA and PB1/RCB initiates safety injection

-.
PB1/RBA and PB1/RBB initiates RB Isolation and Cooling and. 2.

c . Safety Injection
" ' ' '- b. Only PB1/RBA and PB1/RBB need to be depressed for complete ESF
'

actuation-

4'.
.

F. SFAS Te' sting

1. Manual. Actuation System

- a. Controls to allow testing are located on Panel 3

1. PB 8
.

Must be kept depressed during testinga.
,

b. Energizes holding coils for manual reset pushbuttons
' PB-2,3, and 4

2. PB-2, 3, and 4/RC (Manual actuation reset pushbuttons)
.

,

a. Allow separation of components required for safety

,

injection -

'

b. Each component group may be tested individually, thereby
'

ensuring operability of all components without actually

-9- 1

*
i

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



' '

. .

. .

; -

-

,
initiating core injection

c.. When PB1/RC (Safety Injection manual actuation pushbutton)

is depressed, only the groups of components 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 coolfng

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

; ddepressed and held in by the holding coils of PB 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 1

h' -10-
c.
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'. 2. Group Test Pushbuttons (TS1, TS2 and TS3) |
t

Separates componetns into groups such that safetya.
1

injection will out occur during testing
'

R.B. Isolation and Coolingc.

1. 4 position test switch (TS4/RBA(B))

a. Establishes test channel logic as in 2.b.1.a above l

2. Group Test Pushbuttons (TS1, TS2 and TS3)
. a. Separates. components into groups such that R.B.

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 PERMIT LIGHT on

panel 3
,

.

2. Between 1820 and 1600 psig the Bypass (PBl/RC) pushbutton (Amber

Light) for each channel must be depressed to prevent actuation..,

3. Safety injection channels automatically reset at 1820 psig increasing
RCS. pressure

V. SYSTEM FACT SHEET
.

A. Electrical ~. Power: Supplies - - l '.

1. 120 VAC Vital Power Supply 2-lV

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 imediately
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 Bkr. 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. CEllTER 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. Teils operator test will
,

;

auto-terminate in 120 seconds.
3. Test will stop:

a. Automatically 4 minutes after depressing PB1/RC- or PB1/RB- ( manual
actuation PB'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

e
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G. LOADING SEQUENCE

1. Blackout 'with ES (UV and ES)
..

a. No time delay~

.

1. D.G. Room, H&V
~'

-

2. R.B. cooling valves, R.B. Isol . valves, MU & DH valves, .
NS-P1 A/B & valves, MU-P lube oil pumps, DH-P1 A/B,
Rectifiers (Battery chargers) .

. .

3. DG auxiliaries
4. '. Control Building lighting

_

,

5. ; Radiation Monitoring., . . ,

s.,J.. 1.
. . . .

. . .

rI b. Follcwing T.D. 7,. f
E"

..c : a.
"' 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 Room .

AH-E4A/B /
AH-C16A/B'

5. 10sec. - NR-P1A/B/C/D (One per loop)
,

6. 14 sec. - BS-PlA/B- .

... AH-C17A/B (Cable Room) ' ~ .

,
'

AH-C19A/B ~ (Mech. Equip. Room),
*''
. r.

AH-C20A/B (Screen House)
1 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-

; ,

.- ,. .

4' 2. Blackout without ES (UV ONLY)

a. No time delay
_

1. H&V - EDG Bldg.
2. EDG auxiliaries
3. - Battery Rectifiers

,

4. Rad. Monitoring
5. . Control B1dg. lighting
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-Pl A/B ' *

3. 11 sec. - NS-Plc (if A/B not started)
4. 12 se'c. - H&V Control Rcom (AH-C16A/B)

EF-P2A/B .

5. 16 sec. - NR-PIA /B/C/D (one per loop)
6. 20 sec. - H&V Cable Room

~

H&V Mech. Equip. Room ;

.H&V Screen House
e

.

9
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2. 120 VAC Vital Power Supply 2-2V,

'
Bistable Cabinet Channel 2 (Cabinet 125)a.

b. Actuation / Relay Cabinets
1

'

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
!

2. Actuation B Cabinet 203 !

:

4. 125 VDC Panel DCC-1A l

,
!

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 bistable will not automatically 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
_

t
spraying i

t- - - - ,

$. . . -

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
1

C. Electrical interlocks prevent components 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 1n the BWST is interlocked to automatically switch
*W 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 (increasing)
j

B. Safety Injection Bypass Bistables (BT-4,5&6) will trip at 1820 psig
L-

1
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 loop at 55 psig RB pressure

VIII. TECHNICAL SPECIFICATIONS

1

a

-13-
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TABLE 1 -

' SAFETY' FEATURES ACTUATION SYSTEM INSTRUMENTATION

'

HINIMUM
TOTAL NO. CHANNELS CHANNELS APPLICABLE

FUNCTIONAL UNIT OF CilANNELS TO TRIP '0PERABLE H0 DES

1. Safety Injection
(HPI&LPI)
a. Manual Actuation 2(l) 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 2 2 1,2,3

and Cooling Actuation -

Relay
~ .

2. Containment Spray
a. Ilannal Initiation 2(2) 2 2 1,2,3,4
b. Containment Isolation ,

and Cooling Manual
Initiation 2(3) 2 2 1,2,3,4

c. Containment Pressure - 3 per 2 per 2 per 1,2,3
High-High Apgation .b uation Actuation

d. Actuation Logic 3 2 2 1,2,3
e. Contoinment'Is61ation*and 2h'2 2 2 1,2,3

Cooling Actuation Logic

3. Containment Isoaltion
and cooling
a. Ihnual 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 Emergency Sump Suction later

6. Feedwater Isolation .

1 per OTSG 2 per OTSG 1,2,3a. Steam Generator Pressure- 2 per OTSG
~

Low
,

. .

9
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TABLE 1 NOTATION

1. Each ' channel actuates one HPI and.one LPI system.

2. Each channe1 actuates one 3 pray Pump.

3. Each channel actuates flow path values for one spray pump.
!

. . .
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TABLE 2... .
_

M
~

_ ENGINEERED SAFETY FEATURE ACTUATION SYSTEMS INSTRUMENTATION TRIP SETPOINTS
* '

.

s - -.

n .
...

'~
-

..

FUNCTIONALUNITI TRIP SETPOINT 1.LLOWA8tE VALUES
*

.

,

1. SAFETY. INJECTION .

(HighPressureandLow '

PressureInject! ion) ~

.

.. . '
. -.

a. Manual Initiatfori Not Applicable - Not Applicable-

*.' . .

b. RCS Pressure-Low t(1600)psig 1( )psig
.

'

c. Actuation. Logic Not Applicable Not Applicable.
-

1
. .-

j

d. Containment Isolation '' '

and Cooling Actuation
, . *

w Relay Not Appitcable Not Applicable
''

*

2 .
. . -

w 2.- CONTAINHENT' SPRAY *- - * *
.'

., -.

" a. Manual Initiation 'Not Appitcable * Not Applicable ~
''

.'

', .

**

b. Co'ntainment Isolation - '

.

* '

and Cooling Manual - -

* - -
, -

Initiation Not Applicable .Not Applicable *

,
,

un c. Containment Pressure-- '5 |
*

8 High-High- .., 1 3,0 psig 1( )psig.
,

g .
, -

E- d. Actuatica logic Not Applicable Not Applicable
1 *

. .y .* -

.. . :.
.

.

e. Containment Isolation *
* -

and Cooling Actuation '.

Logic Not Applicable Not Applicable
'-

*
\

.a ..

v. : .. . .

|
* -
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TABLE 6.2-23
.i.

CONTATNMENT PIPING PENETRATIOf*S INCOPPORATING ENVIRONMENTAI. E W YERS

Isolation hviron.
FSAR Line Ya. Arrg't. hviron. Barrier *

Penetrrtion Fig. Size Isolation (See Fig. Isolation Barrier Initiation
Nur ber * Process Systes Ntsabe r (Inches) Valve No. 6.2-31) ' Va. Type FIA. No, Method

R-526 steam cenerator semple Line 9.3-5 1/2 ** 3 .slobe 6.2-39A AtnD.

*

Ra52T Core Flooding Tank Bleed and sample 6.2-27 1 ** 4- clobe 6.2-39A AIMO
,

R-528 steam Generator sample Line 9.3-5 1/2 ** 3 Globe 6.2-39A AlHO
,

R-529 Beactor Coolant Drain Pump Disebarge 11.2-1 % ee 3 01obe 6.2-39A AtnD

R-537 N and Fill .to Core Flooding Tank 6.2-27 1 CF-V11%B&CF-V1378 7 01obe 6.2-39C&D AtMO &2
N.C. Manuale*

R-538 Pressuriser Steam and Vater Space
Sample Line 9.3-2 1/2 ee 8 01obe 6.2-39A ALMO

R-5%1 Letdovo Line to Purification Demin. 9 3-6 2-1/2 ee 9 Clobe 6.2-39A. AtHD

R-5bb N2 and Fill to Core Flooding Tank 6.2-27 1 CF-Y11%A&CF-V137A 7 Globe 6.2-39C&D AinD &
N.C. Manuals

os
*

y R-545D R.C. Pump Beal Water Return 9.3-6 2 ** 12 01obe 6.2-39A AtNO
5 .R-5f6 Pressuriser, steam Generator and6

Core Flooding Tank Vents 11.3-1 % ee 3 Globe 6.2-39A AtMO

R-5h7 Reactor Bldg. Sump Ppsp Discharge 11.2-2 % ** 3 Globe 6.2-39A AtRO

oR-557 N.S. Closed Cooling Water to R.C.
Pump 011 & Motor Coolers 9 2-5 8 & 1/2 XS-VT2&NS-V210 18 Cate & Globe .6.2-398&D . Manuni &

N.C. Manuale
+ R-558 N.S. Closed Cooling Water From.

R.C. Pump 011 & Motor Coolers 9 2-5 8 NS-V81 3 Cate 6.2-39B Manual

,R-559 I.C. Cooling water to Roller Nut
Drive Cooling Colls 9.2-7 3 IC-V5 18 Cate 6.2-398 Hanual.

+ R-563 I.C. Closed Cooling system 9 2-7 6 & 1/2 IC-Cn&IC-V207 13 case & olobe 6.2-398&D Manual &
*

N.C. Manuale *.

+ R-567 1.C. Closed Cooling System 9.2-7 6 IC-Y3 3 Cate 6.2-398 Hanual
.

R-573 thru R.C. Pump Seal Water Supply 9.3-6 2 1%,3/4 "&MU-Y330 & 21 Globe 6.'2-39A&D AIMO &
R-576 MU-V36% N.C. Manuals

k
g e The N.C. Manual Barriers are employed on Isolation Yalve Test Connections and Drain Lines

*

The Isolation Valves for these penetrations mill be served by a common, locs1 seal water storage tank.*.

Y es
The Isolation Yalve Tag. No. will be supplied after the valves, which contain the environmental barrier, are Purchased,w

'
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' . NU:.'.%CE.CL.CCOL.WTR.
~ '

*
'

-
. .

NS.P.tA R IT RUN{t/S) RUN (2/SI 83.00 2 11EB S075-06 '

NS-P 10 R/" 22 RUNgt/3) RUN(2|g) 211Eg22tEB SO75-89. -

MAKE.vPt PumstCATcN J I
-

- - RUN(1/3) RUN(:/3J 270 2- tE .5073 -48uu-PatA . R 15 15.5 E- 5-

Aux 02AA W9E OLPP R 15 16 RUN RUN O.oS
. ' 2 -1t EA. -11EA - SOTS -19G'

2 SC75 -1M
Was& BAG wee 0rLPP R 15 11 RUN RuN OA 2. .--

Aux Bas Lupe etW R 15 'st -

- RUN 0/4 RuNQ/3) .CA2,RUN RUN 2 -it EA SCTS -l97 iRA* 217 14MU P-tB 5 270 2-1E SOT 3 -49 ~ . i. -.

- RuNimN Rus/Rus O.as - . 2-tirA/z:s sC75-192 - - ;exonaRwecou.pp Rm i7 is -

rum'RuN RUN/RUN . Q.42 . . 1-11EApM S075-1935%N SAG WSECLPP RN. 17 11 - -

AUXBA3 LUBEckPP R/G 17, it . - RUN/RUN RLWRUN 04Z ~ 2-11EAptA BOTS-194
*--

-

. ENGINEERED SAFETY FEATURES [iM
. |NUCLEAR ' SAFETY RELATED- - -

s

whl - ... ..
'..

CONTINUED ON SH.GOS ---
**

'. FOR NOTES SEE SH. GOO'
.

'
- '. "rp/>' . .

-
. -

.
,

. - BURNS AND ROE INC.-
~ '

ORADELL.N J NEksp'STE AD. N v. LOS ANSELES. CAL 1,.
''

Apenovao a7 cuSMT 4.lG KV SWGR ESF BUS 2-1E EMERG.
POWER LOAD SEQUENCE

JERSEY CENTRAL POWER & UGHT CO. I

--- g---hg----.

. , , ' TuREE witE istAno sTarion-unir 2 !... _ . . . . . >

~. .c .s p./g.7t" c- >.c
e . - =.

~.:: =' * = = . - =a"
.....,.n" " ^ ' - M n " * *4T- a c. o gE 4 ,

-

:.;g....a m h - o% cA 4 2

,

, , , .

. ' . . - . . . __ . , . , . 'I-

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

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

. .

ES & LOP

, .

t SWGR 8E S F' OUS O-1E
I v.tO AVE v-t*V.Y PC .*/ER t.OA3 SEQUENCE

, , . , . . . . .. . . - .. - ' . * ~ r .
,

~ *. - - - - - - - - - -
,

.. ;, . . . . .
. ,. : (...

.. , ,
. .

* ~ ' ' ' ' OPERATING CONDsys Ew O
. ESCUnCE@M3 . @ @ Nie

. --
- - - *

.

W-TAENT CC:.CR **O T g NORMAL LC:".A ' 'KW SUPP Y ELECT.ELEM.
HvAC C:mari, au - t-

A* E 4A It 17 17We G ST7# RUN(1/2) 33.20 2 * 12 E S074 57 d.

' ' ' , AM-D4091A R SMUT CPEN O.c 3 2 12C 3074- 67 .
'

. j'. '.: '. AM vt24A .R EG3V.i . DE-ENER C. C S 2-12E S074 37 *

0 Arac 1GA R 17 171c lO Cs 2N RJN 12.40 2 12E S074 30, .

O t'.* AM*."MC%A * A CPEN OPEN ' O.05 2 12E 3074 56 's .-
.

*
*0'*N A M-v132A R -*,

" -
CPEN CPEN O 05 2 - 12E 307+ 30 '* f AM-ESS - R R.JN RJN G.20 2 12E SO74 40*

.8 An-Dec923 ' R .* ' , , , * * * - - * SegT SMUT c.os 2 12E S074 - 40 :
* *

,
,

.
.. . -

. .Hvec Asut Ru - - - -
.

@ AM : 7A R . . r.s 'ITKzo 1 44 a.m (v2) RUN (V2) 24.00 - 2 - 1|1E 9074 * $$ A *
- Aa-04C74A R - CAEN OGYN O.03 2 * 12E. 3074 - 36 A t* A #26A R

'

Ru% RUN .12.40 2 - 12E '5074-40 :
08EN CPE.N C.C S 2-12E 907i.-CS A*".

AM-E. 20 2 258 * -
.

A4 D4073 R SMUT SHu7 C.03 2 -125 9 074 - 4o. .,
I.

-
,

'n.*AC WECM EQuP RhL .

2.5 ITit7 19 RON (1.'2) rum 0/2) 1G.G3 2 12E SC74 eO
.f- i

*s
|

6 AM-C-19A R
A* 34C'6A R 11 CPEN .OPYN O.03 2-IZE S074 -60-

*

. ,
R 11 CPEN CFEN C.03 2 * 12E .3074 *o0 |#

* NR *'o5A
. -

...
* * *

M/ DSL GEN SQG ** * . - -

. AH E 244 .R. 11. .AU7D Auro 4.20 2 -11EC S075 -115 ' i-- - *

A**-D5017A R amC>J1. McDut. 005 2 - 11 EC 307th-115._ .

[ An D S:2*S R MCD L' MCDut. C.D S , . 2 * llEC _. 5075-115-
,

,
*

,

**

. IRZAC BLD3 SPRAY
~ '

BSMA R 11 CLCSE OPEN 2.1G 2- 11EA 3C75 G4 '-

M*V4A A 11 C'.CSE OPEN C.28 2 - 11EA ' 3075-7*-
.

i..

NJL" LEAR SWPUNG .

'[ CA v 4A' R 11 OPEN CLOSE O.11 ' 2 -11EA ' B075.-G7 P5 -

. . . .
* *

*!*' *~ ' O2E C'.':cOtrG - *. C -

CF-VIA A ll .* CPEN OPEN 0.70- 2-11EB . 3C75- 502* -

'
EVEM CS*. GEN

. 11 .- AU"O
;

AUTO (*/4
0.4ZDF A-1A R AUTC 2 11EC 9075 -97 '

*
.-- DF-V7A R 11 AUTO O.CS 2 11EC 3075 57

AU"D AUTC(t/4 0. 4 2. . 2 11EC 3075 57CC A-19 84 11
* -

DF-V75 4. It AUTO , AUTO . 0.c3 - '2 - 11EC . ~S075 37 :
II.'.E23 05' GEN AUX e 11 *- 2 * 21EO' f' )- -' .13.70

ON N
SD- P- ICA/S .R 11 AJ"D ~70 8.40 ' 2 - 11 EC SO7S -!*G-.

DE P-2A/B R 11 A /"O AUTO* ~
O.40 2 -11 EC 3075 47 1-

t
. , _ . .

'

.,
*

DECAY MEAT REW2N4. '

*
~

Sui 07EN lo.GO 2 - 11EA SO75*G5 .ow v4A R *1: -

ow v5A A . 51 S%~ OPEN 4.40 2 - 11EA 5075 G9* -

A 11 .- fr*V" OPEN O.27 2 - IlEA 3075 159
~DH -veA .

A If .- SW" SMUT" i. SS 2 * 117 A 3075-142 p .-DH -/100A
O PE ** ODEN 2. ; b 2 11EA 5075 159DM /102A R 11 -

),

HW RNER WT'A P-h5Z.
. . ~ AM - C * 2.0 A R .2T 3TM6 M RuN Rutt 12.."lo -l. :m T. ..

L

esas. am e ame ==e esm a=e .e,.
. ae,eoaeae, , , , .

ca. mamas er /4EF#'d i t 00a 3 CusNT E -OsSPOSITION. IS'JU E D GCE CON 6*RUC"*lON
DC E. CD INSi"'RUMCN-|" AtR -It--P-tA E, * A-CI-l. MINOS%,. e $. S s.70 ,

"l- PCP PCN * 7 IIG- SuPP L. 2.. . . ...- ~\ 2' ,, , /1/bW M /pd7 7 od.4 r
r

; . .- .. - - - ~ -- -- - . - - .
'

: - -.n ..

.
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- . - .- .. -

g ..
.

e.
.c.

2
*

3 ES & LOP

Y 4.10 KV SWGA ESP Bus 2-IE
Eume-rNC.Y PO NER 1 OAD SEQvENCE"

1
1 .- :.

I . .
. .,

,3 . . .-.. -

y..
. , .

. . . -
.

! !T IO N & KW' LOA DS h ' Y . ' ' '.. .
. .. . . .-

.

"''' ' '
'

*

{
. .

- : -dya . r.M / ( ES/CtJAil0N TfANG ~
RELAYE AORMA@.

3. PonERCOMPONENT"DCCLOR
..

; .
, LOCA KW, SUDD Y E.ECT E EM.*

INTuo CL , col wra - * * ' ,

; IC V.I .R. 11
.

CPEN SMU" C60 . 2 - MEA 30 5 4''~n.
-

u xE.vP g puric
* .

' *
*..

.
.

-

S HO-v1GA(IGB) R 11 .

. SHUT cptv 2.G4 .(2 1 TEA) 50 75 -GS -

*.

* -sa.vss R- . 11 VAsut4 . swuT C.2.S 2 IlEA- 30 5 71 - -
* . .. .

.wo-v r.A 4 ts -' re n 2;.4 wi . r :. _. ...+o rtM .. ..'snor .t.zo . t -sttA n so15 . .,- ' ~'
.

ONUC SVCE RIVER WTR - '*'
- .

*
*

. *
.

NR P-u 'R tt
*- * *

RUN(1/2) RUN $/2'. 332.co 2-5E 9073 -75..Nn P-46 R RUN. RUN 2.50 2- Si1 - 50*4 "Ct.'. NR vio4A R
.

-

* - OPEN OPEN C 33 MP2 3!E 3079 2G
. *

! 1 NA vioGA R . - . SHUT 5-v? .cc5 u s2 3:E SO79 2G .- -
'

NE * V2A R . * CPEN . CPEN C SS .
2 5E * $ CTS 75

.
*

2 31E SC?4 GI*
4 NR PIB *

R 28 RuN D/+) Rf*ft/2) 332 00-

NR A4B R. -
. RUN R,N 2.53 2-5:E SO74 *Q*,.

. NQ V134B R . OPEN CEM C.03 VP2-StE. . EO79 2G
,

NR V1MB 'R - ..
C2EN CSEN 'O.55 ' 2 SIE 3 ~4. G1 . .

. Swu"' .S-u" Q.0 3 WP2- S!E SC7'e 2r.
.

NR*V2B R . * .

NR av4CA R 11 Sauf. CPEN C.55 2 11EA : 5c75-94
.- .

. NR-VS1A R 11 CPEN b.suT 0.11 2 11EA 3.'.'. 5 * 2G
-

NR-$-1A ' R 11 ,AU*O ' AUTO C OS 2 St~r '( )
---. * 11 , ..NR v153A. R. CDEN 03EN .(--

.
'

,
) I. )

.

..

* - -CCNT20L BLOG LTG . *.' . .
.ON CN 2 H2E SO*4-37A-

. . .

11
'

.
* *

..
*

PDP-1E R .- -

LPC -t AE R 11 - . . CN .~ CN
.

e

* ***3 . 2 * 12 E
30"'4"* 8 7A *LPC SAE R 11

s- aCN CN-*

C4 CN
. -- 2 12E - BO74 *17 ALPC.5AE R 11 -

Z.12 E SC7 ~r .'l A .
DAf7ERY SUPPLY .

- ** ~

RECT 2-1A -21D R II '
.

. .. - . . CN CN 2 *2E Sotoe NAT DWT CXL TWR *

| LTG A R 'l 'CN ON 2 - 12E . 300b
.-

MT DRA8T COOT. TWA , e
LTG S i- R 11 .

. -

**

~ MISC PWR PNL 'CN ', CN ' >% COO 2 12E SCCS
-

+ *

MP2 31E R 11
+ ..

.
*

2 3*E 3017..
. .CM CN-

-

. .

NUCLEAk SAFETk REL ATED
. .

~
'

i[r*Eg.
-

i
ENGINEERED SAFETY FEATURES

.
. . - - . . . - -

.
.

. .
-. .. .. ..

.
... . . .. . . . -. .

FOR CONTINUA *!CN AND NOTES SEE SH goc. . .
. *

,

BURNS AND ROE. INC.
-

-
,

O. ADELL. N J. NtaspSTEAD N Y LOS ANGELES. CALIF. ~'

Ape.ovso er cuswr 4.1G KV SWGR E5F Bus 2-1E
EVme-FNC.Y POWER LOAD SEQUENCE

JERSEY CENTRAL POWER & UGHT CO.
-

_fgg7.gfd, THREE MILE ISLAND STATION-UNIT 2
*

...- - ..p'..,.. .. .r.m
. , . . .::::.. - ,v.d :'-M W ~

* *
.. .... . ... . .

.!"'Ou e W o5 M A=e We Wr/*! a v.. se=ev..cri.=
, W.O.2555RtviS M

., ...h
,t . .,, c.t.3.W?..p.N.. . '

- -
M S SC. DJ M%-

1 SOTa ""
r,n.. .

. D%G5s a .

,.

;
. . . . .

|
.. . . ... . -
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__ . _ _ . .-

ES & LOP
- .

A.*O AV SWGR ESF- BUS 2-tE
EVN~-EP+C.Y PO NF,.R 1.OAD SEQUENCE

* '
1.*

' ~~
^

~ ~ -

~. -
- -

. -

:
., : .

-_ ,
.

. - . ,
.

.

' ' '
. . ~ . -

. -. . . 1 . .
,

' '

OPPRATING CONO
.

_

."*STD.I / g ESACTUATCN .TMNG' ' O Potif.R ..

CCVPCNENT CCLOR RELAF NOWAL LOCA - KW SUPPLY ELECT. ELEM,
w.,c7 n++ .

CSCC.)RAD pcNi7ea:No ''
pua % m.a-eA R 11

* e= oN - 12.5 2 -1154 3c17. 3- -
*% v.sc cwa m. -

- . wrz.nEs R - 11. - e..cN cM , 11. SO , 2 11EB 3087. S.
--

a EWE'?G D$. GEN CG '.
. ,". *l P% L.P *llEO R 11 " - *- CN ON 11."T5 2- 11Ec Scl7. 3-: Wes ment Ac '

-

~ , WP2-stCC ~ .R , 11 4 - f - CH ON , 3.00 ,- 2,-IIEC ' 5017. 5
*

.
,

.
.'

REAc'B@ EWER 3 CDOL. * * .' . $ .
- '

Am W5A 84 - 11 WAMuAt CPEN * O.53 . 2 = 11EA * S076 -$6- a'-
-Ra -v53 - . 'R 11 WAhvAw ca:N c.BS 2- IIEA 5075-54 *- -

.Ra V5C R 11
.

MA%Aa. CDEN ' O.83 2 * IlEA S075 54-.

- RR -V A R II . . - Sw.JT CDEmo C 55 2 - 11~r.A 3075-97
. 22 *V25 R 11 - - Mu? 09.N CSS. 2-11EA 5075 97, , ,

. MJC. S.CE. C4.C3CN.*r"EL -
-

.

t s ts-P-t A R ll

-

RUN(2/5) RusJ C2) 85.00' Z 1!Ee 5075-69-
,- - 2 'IfEB . 2075- 66

| NS.P-SC R I 4.
*

R W g.|3) Ruts (U3) .- -

surt.t,p t cua - . . . . .
'. . * . . .

,

bev.s tA R' 13.5 *

2.5 80N(t/5) . RuN (24) '270.00 2 - te - 3073 do. . .-
Aux M.AA 0,45 OL pp R et RuN nun CA3 WCC2 1IEA 9075 195- -

Mue 913 i;se Cat. Po R ~.11 RUN RUN G.'. 2. MCO2-11FA 307S.19G. -*
Act EM 11EE CL PP R ll

RJ' N (tts) Ruw (2.9) 270.00 . 21E/2 2E SOTS 104
RUN G42 NCO2* tif.A SOTS 197 2- -

Mu.2 $9 R/G~ 14 3 auw
. - . Air GEA|t u,st's Po R .tt St!N RJN RUN/ R.N - G.8 3 WCO211EM'1EA S075 192- -

. . mm B4 3, vim:u P* R tl ' - RuWpune 20N/8%JN O.42. heCC211"A/21EA 3075 1*)3.-
. Aus tas u.aisapp- R : 77 .,,,, - RW/Rw'* RuN/RUN .c 41 bCC211 A/2fEA 3075199

.

.

CE*AY H7 C.CcCL W7R
'*

._,, ,OC P 1A 4 17 77M9 (, ST0p&',.'d RuN . G2.co 2 11ES 3075-87
. .pE m m R e,w.

'

a .. . .

2- 1E S073-53

'

..

D>+ P- % R st i-
*

. .,,. CFF' RL.Ft 290.00-

~ REA: s! *3 SPfurf * *

#5-P.m . R '15 ' ITK11 54 S7:33 RLN 207.00 2-15 3073-51
-

'

.

.
.

,f

3tDC BLDG WJ7(P.ReE
A.4 11 P. R A". 27 f7Mf2 tra R.,p. fyy,) 2.ps 21tg/221E 3074-455
Aw 5-ti A R 2.5 rTK13 I9 R.in-(as) R.N 02.90 2. ItE 5,c74 45;

. . AN.E.IIS
,

ITMie l(o RuN(S"U RJN 82.90 2 itE ' SOM*45A
* . ,

j R 2|1, '
,

HVA.* C:r'7ECI RM -
.R to ITK'5 SS. MANUAL . Ruu . 6. SC 2 - 12 7 3074 53 I

~ '

A,+-9 !A
-

Na-VM4A
*

,R ' 1CD ' !TKE SS MANA., RUN 11''J.03 ' 2 .125 307/ 4
R OptN o.oS 2 - 12E 8074 65krc CA

;
94.JC' *.v."i ."t.vgR w?R '

. . ..
*

R. t|C f7K:7 e5 R.N(1/2) RW(Zld 55.10 - 2 *2" , 3C74 81
* . |wa-a-2A '

-
. '

REAC 5.DG East.as Cook '
*

iRA-e-tA R ice f*F.:8 ?S **D* RUS (24 le S.CC 2 -ItE S074- 72 )| .am.e 3 R soa r7x19 es 57CP RW g,,,4) nC.,co 2 11E , 3074. t
| 'FDWT,Pt % CoMDENSMTE. s. - e- 2.R m.r a tr 'siws c stee num an.co . 2. ir,. . r-- !.

-p_ , . - , ......-..
ca ,<.m, e 4 v . . .,,,a e. :. . . .m 2, e p. r . . . c m. ,. n.,s n s. L

: : U- | - --.m

M'.~ _NA MY u'/W/f f-M.9*- \
'

# _

F CF. l''J.C VI A-G 84CVa 'uiCN b '/.f*C fd A C C A R O S
_ . - - - . - g...... - . . . . . . -

%... .. ii,
, |

-

.
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ES & LOP

.

4.10. KV SWGA ESF BUS O-1E
EU:W.''-t NC.Y PO.*/ER LO AO SEQUENCE

.

.. .

, _ _ _ , . . . . . - . . . . -- .- - - - - . - m--.. - - .<..

. ,. . . ,
. . .. -

-

NUCLEAR SAFETY RELATED .

- -

-
-

DlTION & KW LOADS ~
ENGINEERED SAFETY FEATURES

-

-. -

- .

_ .. .. - -. .
.

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

.
,

. .

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

,.
,

NOTESf'
'*

.
- *

.
..

,

.. .
1. SYSTEM SUSCon 00NEvts g1gTEc .N Ea = . . . - . .

* *

. *
. .. *

". ~ ~ * * . . ;
. MAIN SY'!TEu CMPomfSTS ARE .N E2.CC43

*.* . . -

.

TO CPERATE Wr7H Th E VAtN svS?iv
-

. *
..

COMporeENT g. . %2. p. 49 STAa,*S 19.EN
* *

. .

. . , ' ..
*' SIGNAL

,
.

*
. -

LTMER h4. Del OA f6 8tECE.v S A S*A2T - .* . * *

e .. s
*

.
* *

. .. . .

Z. ES ACTUATsCN!- - =
** * * *

'. t. 89'Ga 3AESSu2E INJECT:ON- :f,CC ES*DEAC OOC-. PCESS . **
,

2. 2 SAC 8' DG iso 6A9CN F. Cocw.4 po E- ECA % s ntss
. , ..

'

.
*

* *.

3. AtAc!ca Swi.2% G 2Av- "- S: c s* ESS
-

NUMBERS UNOEA ONE OR wore CF-l=ESE,' REA; R.04 P:
.* * * . *'

. CCLuwNS INOCATES TiWE fN SEccNOS Ar Ta
'

*
. A LOCA AT Wm.C.e Tt'it ASSOC ATE 3 CouDONENT *

.

* '
.

RECENES AN ES AO".:AT.ON Sa&NAL
.

>. .. .
..

^ .'

.
-

- . 3.THE FAACTCv *C'.6OW NG WE CFE2A N3 -
~*

*
- STATUS .ND.CA ES -On inNv . :wp.,NEN 5

-

CUT CF 'll-E TOTAL N wSEE cr CvocNE% 5.s . .

*
. IN TWE STS ru Apt at v 2E3 c, c E= ATE

-

C. ***. NE J-1 A * awn l.4 MEA.NS 0%.4 ONE -
.. . ..'* , MP 13 RE39tRED FCA NoavA_-

,

. CEERATich
.

.

4.THE NOV"3C2 :CLECC.%G TWC OPER ATeNG
STATUS IS Tb*E -"wE IN SECoh OS Ar*EE A* .

' LOP AT WH:CM THE ASSOCLA-E3 CowR3NEA;TE * -
. .

*

AECEtvE AN ACTLw 'ON FROv *n*E LOP ~
,

;' ''
LCADreu~., SEQUENCE

'

j.
,

*
. , .

: .. ,.
-

-

,

.. . . .

.5. LOADING C2 WE9E COVDCNEN'T5 Dumpaa .
*

'

LOCA iS NOT CRITICAL AND WEY A'AY ef
* * .

'
*

A'.TL'ATED LATER s.N WE LOA'ANG SEOUEJd:E / =*"***%OCL MANUALLY ACTt\A'EO AS MAY BE k. ..

.. orrEawNro sY rustusa stuc7
, [ g g, , .

. - - _o .. .

.

CCNTDJUED F99CN4 GW.Gos
. -

N : :t .
.

-

.
.

. .
.

.

BURNS AND ROE INC.
.

*

oeaorto = s wraes.sTTao se v Los assortes. cAur.
Ars.noven ey cuswr 4.1C W V S w G R E5: bus Z-iE

-
ruras acwra tcma se. usuct.

JERSET CENTRAL POWER & U;MT CO..id *g 7- THREE IRLE t$ LAND *.TATION-U*t1T 2
'

---- -

..-..,.....e . ., _.

u.ss.e . . n -. 2.a r a. .l. t.=- :: .. , , .

= - _ . e v , ,,..4 , s c. e e.>cn -

NYkbB.'.%- ..
w.o. :SSS

, -

. . . . w acis ----m.,=,,,-m x,oc .:. ,;
_. ,

. .
. .. t.

_

'

.

( 61 ,

:
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,, .. . _ - ._ _. -- - --- - ... - - . -

L.O.P.
-

4.!G KV SWGR ESP BUS 2-2E
Euta:'. A3WIR I. CAD SEOJENCE

.
.

X =
. .

, .,. . ,.A..y: y -
- 2 . ..; g|-

-
-

... .

OPENATIN'G COf,

$YSTEM . ES ACThX:N @ @ TIMtNG FGVER ".

- COMPONENT C"*.rR .- . . .KW NORVAL LOP RELM SUPPuY ELECT. ELEM.
* 3 stTT%fa -HvaC CCM"et RW

.

.23 . [2.40 RUN(t/$ RUN (%/4 2TK4A e 2 - 22E S074 - so
. se* >AM-C-lG 5 * G*

, .. AM D*CAGB. G 0.03 oped OprN 2 - 22E S07+ - So.j. ' . AH VJZB .. ,_ G- 70.03 CPEN CPEN ' * 2 - 2:E ' 3074. SS*
,.s,.

. , - *
HVAC CA" E RW ' ''

., AM.C etS
. .G . '31 - 24.a0 RUN (1/2)-

s.
_*'

; An D40748 G
.

0.03 C92N -
RUN' (1/2) 1TML I4 ' '2'- 22E 3074 - 36 A '
OPEN - 2 22E 8074- So A.. i

. AH V2SS. - 6 - 0.03 CDEN OPEN , . | 2 .22E * 30F+ * SSA.- -

.
'

'' ' . , ,.

-

.-64VA: uttH E3UIP RW - -
-

- ' -

AH C 195 G 31 ff GC RUN(f/2) F'UN (1/2) ZTES M 2- 22E 3074 - 80- AH 04ctSS G . 0.03 08EN ' 'U P2N 2* 22E 307+-80'4 - .NR V65B '- .G . Clos CPEN CPEN

Mhv DSL GEN BLDG * f^
,

2 - 21E . 3074 - 60
*

'- *- - '-- s- AH-E 246 G II . 4.ZS AUTD AU70 - - 2 21EC S075 -119. AM C503tA G O.03 M00VL , MODUL- 2 21EC So75 - !!D.~ ~ '!
,

AH-D50313 G Q.03 .MCoub MODUL - 2 * 2tEC S075 115
.

'

,

EMERG DSL GEN . . .s
5. DF P IC

_'G
11 4.10 JUTO Auro (t/y) --. '

2 - 21EC ' ' 5075 - 97A-
; 03-V7|". E 11 3.03 AUTD AUTO 2 - 21EC 3C75- 37A.

*
. .,cg p-13 G !! 4.20 AUTO AUTO 0/2). 4 2 - 21EC 3075 87\

-

; DFY7D G !! - %C3 AUTO AUTD' ' 2 - 21EG . 3075 -37AEMstG DS. GEN AUX G 11 13.70 CN ON 2 2tEC *(
3075 - 12G )'

.

*

SD-P-1CC/D G 11
. _S.40 AI.#3 AUTO 2 - 2 12 :- -DF-P 2C23 G !!

. FOWTR 4CcNut%5671.
,

.5.00 AU D 'ALno 2 - 21=C Sc75. 47
,

-- n a m -- c- ,3 - m.co ._ sTor ..: _iwa . 2.m .e,_. 2.-z.s ; u- .

_

'.,
.

.
*

. .

@Nuc sscE Rina wra *- '

:. asi-p Ic .......G . z7 . 322.00 RUN (U4) RUN,(1/4) - 2- 4E SOTS 77. -

'NA-V184C 'G CLD3 OPEN (CPEN) ! .MP2-41E 5079 - 2G
..

. ..-

NR 7105C . G D.03 SHUT (SH 'MP2-41E S079 ZGN4v2 G - 0.55 OPEN (CPE 2- 41E ' S07+ - G1NR.P-!D
.

'
G 7.7 531.00 RUN (1/+)

(RUN) /4)-
RUN .- 2 4E S078 77 -

NR P-4A C 17 2.50. AUN .-

2 4fE 3074 - 10$NR-V!S40 G 17 0.03 OPEN (OPEN)
*

MP2 41E BO79 2G |NA ViSGO G 17 D.03 SM C5HJU MP2-41E 3079 - 2G jNR-V2D G 17 C.55 ODEJ (OPEN) . 2- 4fE 3074 G1- NR s t3 *G 11 0.83 AUTD AUTO -
'

2- +1E )- -
'WA V!535 G 11

HVAc :1tWER v4TR.P-est.
.

. O,05 CPEN ' CPEN .- - (2-4t |E ) ).
- , |

-
,

.
. . .

'

M4-C-toe Gi 31 . J tZ. "10 RuN . _ rum' '2.tr$ 14 7.- 4 W . ..
J

,

'
,

I

e. *

lm i. ..
, .; .........

~- oc. c i 4 mn-., .m ~..wa.uweumt.n mmsm %:
,

$ 3. N/*#/j f | -

I

**TW

| ""'' *'. , f A A X fw' /;"'df 9 tf 15- . u. . . . . J

!
1

,

1e
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.

.L,0.P.
...

4.1G KV SWGR ESF St.i5 2-2E
EVER7i FOWER LfAD SE IVINCE

.

.

"' ,.

NDITION & KW LOADS ' '.-

- . -

SYSTEM / @ ES ACIUATc, @ @ TIMING POWER'
.

~

COMPCNENT CCLOR KW NORMAL L'.O P RELAY SUPPLY ELE'7. . ELEM.3

! .g. eme,
6 - BATTERY SUPPLY

-

' - MW . - ,'

RECT 2 2A 2 2D G- 11 - ON ON
l" MISC PWR PNL 2- 22E SO10 ~--

MP2 41E -'G' ilM:sc PwR pNL
. 14.00 ON ON " . - - . 2-4tE .30:7-

-

(EhW PNLS) II, , ON! , ON-
. .

.

' '

i
, G ,

2 225 .3005--
,

~

, -

i RAo monm:RiNa : : .4 - .
, -

' '

. .- PWR PNL. RMP*ES G. *i" M:50 PWR PNL *
11' (2.5 ON ON_ '-- -

_
' 2 11FA 3dl7-3 '

.,

MP2 21EB 'G 'II .11.9 0 .CN .ON
, .

.'* 2-2|EB Sol 7-S '
* '

--
.EMED: DSL GEN

L73 PNL LPZ 2tE:f' G ..
.

MtS- PWR PNL ~
. It* ' 1113 ON'-- CN.

.

'
- - 2-El EC ~3:17-3 -

-

WP-2tEC G - 11 .12.5 5 ON. ON .- - 2- 2!EC 3417- 3.
.

-

, .

"
,

.

.
.

.
-

-CONTROL SLDG L1*.- .

i1 '
' .PDF.ZE G ON 08 ' - - 2 22 E so74 2cA -

-

LPc-2EE G if.. .
LPC 4B". G 11 ' 37 00 CH OH - - 2.ZZ E .5077 -ZJA.

ON CH * - - 2-225 =~ Jc74 -20A; LPC GBL .G . 11 .ON CH , - - 2 17.E.' 3074 ZoA -

'
HUC SVCE CL C00LWTR

.

'

.

MS P-is - G t7 83.00 ' RUN (2/3) RUM (2/3 2 2iES 3475 90''. HS- P l c ING tt 8s.co ' PA'N f,2/3) rum (2/3)) - 2-1tES/2-2*ES 3075-89

--

Maga.up 4 Pia?' -

-
'NU-P 3B *R$ 14 773.00 RUM ( 3) RUN (1/3) .' 3 2 !E/22E 3373. f oA .

'

AUX GEARLUEE OLPF IVQ gg 0.83 . RUN RUN/RUN - - MO 2 MA/28A Sc75-19Z* HALN FR5 LLT* 0!L PP P/G :: 0.41 RvH H RUN/RUN - ft:0 2 fl2A/2fEA 3575-193Aux BRCi tutE0!LPP RfG || 042 . RUN N RUN/RUN - MCO 2 flea /CZA 3075-194tiU-P 10. 4 13.5 170.00 RUN t/3) MDM D/B) - 2.5 2 Z1 3o73-66
-

AUXGEARLUE10tLPF G tt 0.63 RuN RuH McC 2 ZISA 5075-195-

MAIN BR's LUSI Cit PP G st DA7. RUh RUH ' ~- MCOZ2 TEA Sc75 IS6NABf6 LL33 c:LPP ' 4 tt , OA7. ^ . RON RUN - Plce 2 212A , 3- |5-137 - *

, , . NUCLEAR SAFETY RELATED f%.o=%
-

'2
.

: ENGINEERED SAFETY FEATURES,
NOT:S: ' Q_ -

..
-

-
-

,

. .

'gy;g",,5"JC BURNS AND ROE, INC.
.

''; '

. O R AD ELL. N. J. HEMP 5TE AD. M. Y. LOS ANCELES. CAUF.
Apestovso ev cuaNT 4*tG KV SWGR EGF BUS 2-2E

*

EUERG POWER LCAD SEGVENCE
JZRSEY CENTe,AL PCWER di LIGHT CO.

. /.70.d...r.C.s.u.././".d... THREE MILI ISLAND STATION-UNIT 2
p

,,_

e": .". ~= ,, k, ,, 2-/4 Y "
,,,, _

, , . ,
'' * " " * - ' ' ' - **",ur..

3: nc (9 w2.se a 48PAOTED Pen ComeTadCTsess.w. 5 * . t -

W.O. 2555-
... . W.? ..

gwa*SM'73 A 4
SM * " -

Mcmite tNerc. utau :=semaan
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1

- - - - -
ES & LOS

. 1

i

4.tG KV SWGR ESF BUS 2-25 1

Eu!Ri~e R|nv5R tcAD SECUENCC

.

*

:|.. .. .
-

'7...
.

* .

OPERATING CON [i .

'

,

@ESACTUATCN@ @ @ 7mm smM POWERSYSTEM*
s

' Coupon =_NT COLOR KW NORNIAL LOCA 'MT' '5@ SUPPLY ELECT. ELEM.
-

kvAC cos acl nu* - * * - ' - ' -

(o 2- 22E* SC74- 37

' * * '-i-'. * '
AH E-45 G- 2o 83.20 STOD RUN (!/2) "ITW.

. .. - AH 34cgG . G' O.03 Shui opEN 2 - 22E 3074- 37
O I 'Aw-V1245 - G. O.03 Erd.RG DE ENEA", 1241.M tJSTI 3074- ST .

~

2 '.AH-C-lGB
- G 17 12.40 - RuN(1/2) RuN (1/q) retvao (o 2 22E 3074 - 58 -

" ' p2) Aw V!325 G
'

0.03 CSIN CPEN ' 2 - 22E - 3074 - So:. - .- Aw-D409GS G
*

0.03 'ODEN CPIN . 2 - 22 E 3074- 58.

.c -
s,.

. . -*- -

,

. . ' ~

PsvAC CABLE RM
'

"G- 25 24.8 0 RUN(1/2) . RUN(1/3 2 tr.to I4 2 - 22E 3074- SSA
. .. .'

@AH C-873 'AH D40749 G O.03 CPEN CPEN 2- 22E 3074- 56A-- *

AH-v288 G 0.03 OPEN OPEN 2 - 22E ' S074 - 38 A
@AH-C-195 G . 16.60 RUN (1/2) RUN (t/2) TIK7 @ 2 - 22E 5074 - 8025

J'1 D40SSS 'G O.03 CPEN 09EN 2- 22E 5074 - 80. . '
, . A.-v655 G C O,} .CPEN OPEN '2 * 225 30M - 80 .

-
. - ,

.

' A; .- v oSL oEN stDG- - -
.

...

- AH E 24a G 11 4.20 Au'O Aufo 2 - 2 REC S075 -115-

..
''* AH-DSCSIA G 0.03 MO%IL MODUL 2 - 2tEC 3075 *115

; ,', ,e . AH 05C3!S . -G 0.03 MC uL .JMODUL 2 - 21EC 5075 - 115-

-
-

-
.

* ~

ILA. BL*|G VEN7I,PUAGE
.

'

;. AH-vec G - II 0.to ^ CLCSE CLOSE 2,= 21EA 3075 -170-

~ -
- . - .

,,t,, m y--

.; . . . .

~ BS-ViB G ,,.it 2.fG CLOSE OPEN (M1muE 2- 21EA S075 -G+.

BS V48 G II 0.28 CLOSE OPEN 7Mt.ot9LE) 2 - 21EA 5075 -72.,
"'

"
- , NUCLEAR SAWDuNG

'
- # * .

- CA-V1 G 11 Of0 - CLOSE CLOSE 2 - 2 TEA 5075 - G8-

CA-V! G 11 Ofo CLOS!! CLDSE 2 - 2 TEA So75- G5
- ~- . CA vre " G 11 C.f0 CLOSE CLOSE 2 - 21EA 3075- Go

. "y . CA-V49
_

. G 11 0.10 CLOSE 'CLOSE 2- 21EA 9075 + G7-

, , , . -
.

' Cone FtoosiNG .

11 & 70 OPEN OPEN ..2 21E3 9075- So
- -

CF-vs 'G. -
'

CF v115
- " G 11 0.10 cLo ,s *CLOSE .2 21EA 3075 -156

,
- > -

... ,'
g EWERG DS' GEN

'2.22W.c ' S075 - 37ADF-P-tc G 11 0.42 - Att:0 AUTO 0/2) -

. . .

Gog Auto Auto t-2.s te. .Dr.vr: G

I D r.:.y 4=A nEuovAL . .
- -

- Dw-v4 B G 18 f0.6 SM'E CPEN 2- 2f!A 3075- 65* -

: -CH-/5B G 18 ,4 40 SH'M OPEN 2 - 215A 3075 - G4
! D+VSS G !! c.33 SH ',.;7 CPEN 2 - 21EA 3075 159'

D*VCCS G II f.33 S*4:.If SHUT 2 - 215A . 3075 142*

o.-vio2a . G 1: 2.46 CPEN OPEN 2 ,21EA 3075 -139
.

j
t fcrRoccu eda -

-

: t r Eta 1.Rscaasfr .

j N V WO4(f 3 7 NtT47 G 11 d.fo o*EN Shur 2- 21EB SOTS- 65-

* river WTe. F-Hsr tav at,
_ M - C-7.o te . C. _-' 2.s . \t. lo Run e.uN 2:Two 14 1-411E ~- ---

j -. -

s=s oss sa.ec.ame u mese one sevii. sas. 'es, ano e a y e e e o se e

cus*ss e, 4,/v/? 1 t.DDED CLIENT'S OtSGCSITION. ISSUEO FOR CONSTAUCTIC.

{ ears 3 31. 7.$~ .

,,,

2'**. Mt4% *Awr 7. ,sau-
* -

!
i

| :
!: ,

t'

:
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. _ _. _.

ES & LOP

4.tG KV SWGR ESF BUS 2-2E
EuERG FOWER LcAD SE .UENCE

.

. ,
' '

. -

iTION 'dND KM/ L'O D ' j
.

' ' ''

#'"

.g
'

CO O COLO KW NORMAL LOCA E Y '

. ELE C M.
. *

..' -RADM57E DISPOSALGe
. -

,
. . ,

* *. *
* ' ~ - .' *

.
WDG V2 G,

11 'O.28 f OPEN ~ SHUT Y' . , ' ,
.

; . . . ' .r. -

2-21EA , 3075-1SG. t *

s

. }. ~

. , ' ' ! '

. . , *;
, ' . - .-.

-
- ;

..

.
- . . ||-

. .. . t . .-u g g.u? PuRs . *- * ~;- I, - -
.,

@MUVlo (1GD' G- Il 2,70 SMUT CPEN *-
' -

~ ~
'MU V(t -

(2- 21EA) 3075 '-G 9' ' !
-

G 31 CLOS , MANUAL SHUT
*

, 1 itsy tic CAB iM 3079 -G- .. -. -.

. - -t s. - uuvs7 .c - Il c.274 OPEN SHUT
. 2 - 2TfA 3075 71

,

(.- -
.

yy.V25 ' ' * G . f " '-11 ' l,o CPEN SHUT -

2 -21EA } 3375-105

-- .: *
-

I
?. ^

*t.

;- @NUC SVCE RIVER Wm .
-

*
- *

" "'NR-P-1C . :G , 2\ -
332.00 * RuN(1/4) R IN (1/4)NR-P-4A

.

- C 2-4E -3073 - 77' -

,
.

' T, NR-Y184C ,
-G 2.50 NN RUN 2- 4;E S074 -108

'- -
. ... G 0.03 OPEN OPEN '

UP2-4fE . 2079 "ZG

*
*

' " ' . * " - NR-V1SGC G - C.d 3 SHUR Sauf ~ '.
6 '.

i-- W WP2*41E 3079 2GNR V2C G C.$$ CPEN ' CPEN 2- 41E ' ?07+ G1
.

'q. N4 P.to G 21.. 332.co RUN (t/4) RuN (1/4)
.

-
. NR-P-4A G- 11 2 50 rum Ru" 2 43E 9074 106

.
2-4E -3379-77.s -

NR V164D .G tt 0 03 OPEN OP N WP2 41E S079- 2re
"

'
NR-Vl6GD .G ti. 0 05 sajT suc- . pp2 41E S079 2re

*

;- NR V2D G ll d55 OPEN ODEN 2-4E 307+ G1
-

'

NR-V40B G 11 c.55 cpr.M OPEN
.

2 - 21EA 3075 - 9+
---NRVS15 G 11 d.11 OPEN SHUT

'

i N . 2 - 2!EA ' 5075 - 2G' ' R-S 18 G ll 0.83 A TfD AUTD '- - 2- 41E C l'
.

-

NR-VIS38 G
, 11 d.103. OPEN OPENNS-V100 - G 11 0.70 OGJN SHUT

Z-41f ( )- '-

2- 21EA 3075 -161 '-
'

CONTM3L SLDG LTG'' .

11 'h
G OM CN .- 1 ZZE Jf74 -20APDP-2E .

.GLPC.25E 11 37,g0 ' ON ON 2 22E 3074 20A,

L.PC 48E
- T4 11 , 'ON Oli

OM OH 2 ZIE. 3dT+-20AG 41
- * *

LPC-(sSE e 2225 3074 2dA *

..,,
* . . .se ong

*
. N '

* c~~;. 7 : ~.- " .:. : : , v. . ~ . ~ . . - - . -- ':.

D
. 5 Al ' -

1. C D CH SM.71C - *

f *'D~
*' EAR.' 'SAi ETY REi ATEDi'-'3 V%':: -

.N" - : -- - -h~CZ. NOTES ONSM.hC -
..NUCL .

?
-

_ .

-

.

-

.. m . .w BURNS- AND ROE. INC. ._ -

~
. . . . . . _ . . . .

,

m ORADELL. N J. NrterSTEAO.sey LOS A NGELES. CAMP.

APPeoveo er cutwr 4.10e MV SWGR ESP BUS 2-2E
EMERG POWER t. CAD SEGLUENCE,

j ~ JERSEY CENTRAL POWER & UGHT CO.
d

,

...M..O.............. THREE MILE ISLAND STATION-UNIT 2
,,, _ ,, ,, , , , _

-Rin.*ix--r f% 2-AC K ~
, .,

D [ W.o.'2555
' ~ " * " " * * * * * ' * * * " '

>w. pe,4 3 ,, o s urr
S[VAedhswo(

'

f.T...a ga;;M Mhu.g,- D**ss na 1
sc73 a

-
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. _ . . . - ..

.

ES & LOP
.

4.tG KV SWGR ESF SUS 2-2E
Ebl5t". RnVER LCAD SEOVENCE

|
-

I.

i

. . . . ..

..
. 1 1~~ 9'. ,, ...

- -

;, - - - '

.'' OPF RATING CONDr j

SYSTEM / ESACTUATCN @ LOC @ wo, gY paygg
'

i

CCM.DONENT - COLCR KW FCRMAL
,

A (sec.) SUPPLY ELECT. ELD.I.-

Str7:V SucP'Y
su: r. z-:A - 2.:p a- si

,

.oN CN 2- 22E Solo- -

utsc cwa sw. '.
CN ' 'CN -- 2- 41E SO17.

-

--

? Wsc P.G DNL -
' ' ri. up2-41E G- *

140
,

. ). ..(3%W PN.s) G . 11 ; .CN .ON , ,c-
,

2- 22E 9005
,

' *

W -
.

RAO uCNTTORING -
.

*
.T .*

-*

,. CN ON:
.

-

PWR DNL Rup-ra G n.
.uscswnPuu .

- 2-ZlEA - 3017-3 -
- -

.

: wP2-2:Ea G 1: 11.3 o on oN '- - * 2-21EB sol 7- 3 '

- EMERG DSL GEN .

U' 1i75 ON * CN
.

2-11 EC 30l7-3- - -

'

,.
' '

.f IT3 PW t.P2-2ID. G- '
- -

uec cwn as
. .n

. ,.
MP2-2tEc 6 11.55 ON os .-

-
. ...

,.
. 2 ZIEC 3 017 - 3 .

-

-

; * f.s - e.
'

RDC lik.DG EMER3 CDCL '
.

.

Ra-v2 .G 11 . 0.55 shur o:EN ' -~
-

ga.v2D G 11 CLS5 Shur OPEN ' '
- 2 ~ 21cA 3075-97-

., e. ,.
2 - 21EA 5075- 97- -

R>vGC G 11 0.85 MA*c.:AL CAEN . 2 - 2 TEA 3075 189-

R&vso G 81* 0.89- ML%3AL 'ODEN J . -- 2- 2fEA 3075-189
. - R&vGE , GL 11 0 83 MA.NUAL OPEN 2-2EA 3075-169.- -

~
'

RACW6TE DSPDSAL t.1Q -
-

- ' ~

,
,

W:k. V-271 . G' il 41 CPEN ' SHU1" 2 - 21EA , 30754135- -

'--. NUC SVCE CL CDOL WTR~ NS-P-3 G ll 89.cd RUN (2G) RUN (2/3) ; 2-1tE3 3075 40- -

.

,, . t.s-P-t . R/o is 83.00 RJN W3) RUN ($13) 2-71Eiy-23E3 . 3C75 69- -

. , .

~~~ MA&E UP % P.JAlt-

..
. .-

;

M u P-to R/G 14 27000 RUN(t/?) RUN (29) 's 2-T./2 2E B375 - tcA
.

AUX GEAR LUSC CsLPMP Jt/r. In d.E5 RA/RUN RUN/RUN SCO24t!A/2-2*.ZA' BC72>* 192- -

- MAN EMG Lunc cab *wP R/G ll d.42 RUN/AUN RUN/RUN MCC2 l!EA/2-212A 3075 - 193AUX SRS LUSC C36 PMP g/4 gg g4g pggfgys pygfggy _ gggg.llEAl2*Z2KA 3075- 18'--

u u-p tc G 13.5 170.00 R !N(24iG RUNy25) - 2.5 2 2E 5073 - Go
Aur AR LueE Ott PmP G. Il d.SS RUN RUN WC"2 21EA 3075 -195- -

MAIN bra LUEC .L PMP G tl 04Z RUN RUN .MCC2 2.1EA . SC75- 1%- -

Act ERG LUSE CIL PHP.G - H 042 RUN RUN MC 2117.A 3075-197- -

cec-.ect c:eLwm
DC913 G 17 . 42.50 57DP RLN(t/2)2TK9 (. 2 - 21ES S075- 87

DECAY M* REMOYM.
.

D , P-3 G l) EPd.Cd OSF RUN(t/2) - 2-2E 3073 - S O ' _
~-

REAC BO3 SFRAY -

. 2TK11 14 2- 2E Sc?3 - 51

*

S.w-3 G. 25 207.co 57DP RUN

:" frbwTR. h (.onov u s ATE ,
.

(. 2 - 2.E , _ . . . _ . .

* EF-P-15 c. O 7 313.co SToP RuH l TK5 ..
. . .

, , , , _ .i . . . .........
.m gy Q f*/Af 74.EmL EE'el O C " 'J'ai,CR C.T.A C7U/ "1OM- 8 & 11M8 N O R E L.=AY E ETT'85O l!-4

r- s :e : ::: w = *--s us....seca peu me =cv 5v: -r- a us-e-ic =e. ars.4v sc==. e 3 2/</S ! e . n.u- e o.t. ..- ov. e. t.um 2.

*" ".'. inn !A14 : GAc1 2-is- C-

.

67
.. -.

, . _ - _ . - - . w -- -r--- e ~-



- -__- _ _ _ _ _ _ _ _ _ _ _

l

|

. ES & LOP

+.tG KV SWGA ESF BUS 2 25
suEna PenyIR t.cAo SEcu!Ncet

.

~
-

. .

flONS A' KW LOADS - - - 4 . . , .
.

SYSTEM / . ESACTLETCN '.
@ LOCAh k- ECWER ;

*

. COMPONIENT | COLOR KW ., NORMAL Nc. (5E:.) $UPELY ELECT ELEM {
REA". BW VENT 1; PURGE

- AH-E-ItC R/G Z7 52.90 ' RUN(3 RUN(2/ 2"Kf2 i (. 2-f:E/2-211 ScT4 -46 CAH E IID G. 25 82 90 RUNf3 RUN(U 2TKt3 14 2- 21E . SO74 - 4G A.

M-E l!E G E7 82 90 , RUN(3/5) RUN(1/5 2T434 i re 2* ZIE S074 - 4 9 i

. .

. -
.-

* HvAC CONTRO1. RM.
.. - :

- *-
-

. .' '

AH P-1B - G 10 0 8 30 , MANUAL RUN (1/2)27,CS . 89 2 22E '30T+-SS~ . NR V1448 G d.dS OPEN - - 2 22E 3d74- 53
| . AH-C 88 - , G 102- 110.0d * MAWAL ,RUN()/2)2TK'G 89 '

suc S,= R:hR wrR . '. - -
~

2-ZZE. 90T7- 4.

|NR-P 2s e ioo .c.2d , RUN(1/2) RUN(l/2)2MT 69 2 -225 ' SOT 4- 8) !
.. - ,

. REAC stos Eur.,a cxx.
.

- ,

RMit *G 10 0 166 00 STOP RUN(t /4)2TK18 89 2 2tE -. ~ 9074- T3
. .

- Ri+Pr1D .G 10 0 ju.00 , STDP RUN(1/4)2TK19 89 2 21E ,, SGT4 -T3 jNOTES: '-

.1)5YSTEM SUSCOMPONENTS LISTED UNDER MAIM SYGTEM COMPONENTS ARE INTERLCCKED
- *

-*

TD CPERATE WITH THE MAN SYSTEM COMPONENT e.g NR-P-48 STARTS WHEN
EITHER NR-P-1A OR IB RECEIVES A START SIGNAL, .

2)ES ACTu%110Ns 1.HIGH PRESSURE INJECTION _ _ _ _ REAC COOL FRESSU2E. Z REAC BLOG ISOLATACN & f*OnLING .,. _4 REAC BLOG PRESSURE - .-. -
. . S.REAC BLD3 SPRAY _ _ _. _ S REAC SLOG PRESSURE *. NUMBERS UNDER ONE OR MORE OF THESE C*..UMNS tNotCA1T E IN SECONDS AFTER

A LOCA AT WHiCH THE ASSOCIATED COMPONENT RECEIVES AN ES ACTUATION SIGNAL.
3)T4E FRACTION FOLLOWING THE OPERATING STATUS INDICATES HOW MANY COMPCNENTS
IN THE SYSTEM ARE REGulRED TO OPERATE Q NR-P-1A-RUN 1/4 MEANG ONLY ONE| PUMP IS REcutRED FOR NO2 MAL OPERATION. ..*

4) THE NUMBER PRECEDING THE OPERATING STATUS IS THE TINE IN SECONDS AFTER A
LOP AT WH:CH 7HE ASSOCIATED COMPONENTS RECE1VES AN ACTUATION FROM THE; LOP LOADING SEQUENCE. ,

. i

4
.

-
.

, 5) LOADING OF THESE COMPONENTS QURING LOCA IS NOT CRITICAL AND 'THEY MAY
BE ACTUATED LATER N THE LCADING SEGUENCE OR MANUALLY ACTUATED AS MAY BE <

DETERMINED BY FURTHER STUDY. - 1,

: . ENGINEERED SAFETY FEATURES - w.\ \
:

NUCLEAR SAFETY RELATED
. s 1*
: _- 1

-

md.,

. . .
.

\-
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'
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SAFETY INJECTION "A"

.

GP3 43 GPl

DH-P-1A Main Bearing Lube Oil NS-P-1A
T31E-41E-2 NR-V9A MU-P-1A (Main Brg Oil 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 T11 E-21E-2
NS-V21 DF-X-1A

DF-X-1A
G2-12
DF-X-1A
DF-X-1A
DF-X-1A

.

9

e eOa'

.

e e n%

e

O

e

e

I

O
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R.B. ISO & CLG "A"

GPl Gp2 GP3

FB-FYV-3740-1 BS-VlA 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-Vil26 AH-E-llB-

RR-V2A WDL-V22 IC-V5(AC)
. SV-V55 AH-E-ll A' IC-V5(DC)

RR-VSA EDG-V199 NS-V81(DC)
RR-V5B AH-V125A NS-V81(AC)
RR-V5C AH-E-4A NR-P-2A
AH-V101,2,5,7 AH-E-4A NS-V72(DC)AH-V81 WDL-P-2A NS-V72(AC)
WDL-V1095 WDL-P-2B RR-V25A
DC-Vil4 AH-D-4073,AH-EP-5246B RR-V258
AH-V60,62,5,22,1A,lB,4A, 2-lV Shunt Trip RR-P-1A

48, AH-E-12A&B,19A&B 2-3V Shunt Trip
AH-P-1A RR-V25C-51

- MU-V2B
.

b

e

S

O

!

.
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SAFETY INJECTION "B"

GP3 GP2 sp1

DH-P-1B MU-P-1C NS-P-1B
T41E-31E-2 T22E-12E-2 DC-V96B
NR-P-l D NR-V98 MU-P-1B (Mn Brg 011 PU)
MU-V37 NR-V40B P8 Annun D33
MU-V16C NS-P-lC Auto Loading
MU-V16D 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-VBB NR .P-1C
NS-V67(DC) Auto Loading-
NS-V21 T2E-1E-2
NS V83A 6323C/RCB DF-X-1B
NS-V83Bs DF-X-1B
NS-V216 G22-12
NR-V42 DF-X-1B

DF-X-1B
DF-X-1B

-
.

O O

$sW

.

O

e

i

- :

I

.
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R.B. ISO & GLC "B"

8

GP1 GP2 GP3
'

FB-FYV-3742-1 BS-V1B MU-V25
NR-V51B

. NR-P-2B
CF-V115 CA-V4B IC-P-1B
DH-V2 RR-P-10 MU-V376
NM-V104 CA-V8 AH-P-1B.

RR-V2C CA-V1 NS-V100
RR-V2D CA-V3 RR-P-lC

- 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-V25D
AH-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,2B AH-E-4B
- AH-E-12A,128,19A,19B RR-V2SC-52

AH-E-11E AH-V125B
_. MU-V18

|

.

.

.

i
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ENCLOSURE 1 |

l
UNIT II CATEGORY IV STUDY ASSIGNMENT SHEET !

CYCLE 3-1

|

NAf1E 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. Complete the Turbine Generator Controls Questionnaire.

5. Read Section 4 Tech Specs (Surveillance)

TOTAL POINTS TO DATE FROM ENCLOSURE 2

WRITTEN TEST DATE RESULTS

ORAL TEST DATE ,RESULTS

ANSUERS HISSED, HANDED IN CORRECTED

DATE:
SIGNATURE OF LICENSED TRAINING COORD.

.

~ - + , - - + -

, ,. _, _
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CYCLE 3-1

REFERENLE MATERIAL FOR OUESTIONNAIRE

.

!

REF.# TITLE |

1 Handout (provided)
-

2 Westinghouse Turbine Tech Manual (SRec #1) .

3 OP 2106-3.1 Turbine Generator
,

I
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 DRAINS

.

I

!

I
1.

,

__ __ __
- .
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- TURBIflE GENERATOR CONTROL QUESTIONNAIRE

3-1

,

1. How is EHC fluid temperature controlled? What are the (a) minimum,
(b) normal, (c) maximum fluid temperatures? (Ref. #1)

2. How many 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)

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 CONTROL":
a. What signal controls the GV's? Why?
b. Describe two (2) methods of changing GV position in this condition. (Ref.#1)

8. How", by design, does the AEH Controller prevent valve movement when
changing from "0PER AUT0" to " TURBINE MANUAL" control? (Ref.#1)

9. What 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 Pressure Controller.
(Ref. #1)

12. At what speed do we normally 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
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 MSR's. Include:
a. sources of steam -

b. drain
(Ref. #1) paths

i
- ._. . . . . . . .
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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 extraction steam stop-check
valves in the following situations: (Ref. #1)
a. turbine reset for operation
b. turbine trip ,

i

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
voltage. (Ref. #1)

22. Briefly explain how the generator is sync h onized in the " manual" and I
" auto" modes. (Puaf. #1)

.

6
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UNIT II TURBINE GENERATOR CONTROLS
' ~~

TilRBIt!E 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.
1 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. Systen 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

tenperature is 110 -1300 F as maintained of SC-V-161. Maximum temp-

erature should not exceed 1400 F.

C. Reservoir

1. A 200 callon 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.

--
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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-i.ock", " Auto", and "Run".

5. The pump selected to " Auto" will start when EH pressure drops to 1350 psio

6. Both pump share a common suction strainer within the reservoir.

. E. Discharge Filters
.

1. Two replaceable cartridges 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 psia. 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 pre:sure from both pumps in the event of a

single unloader failure.
,

2. A relief valve down stream of both unloaders acts as a backup in the event

of an unloader failure in the high pressure 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"

c. Lo - Lo level alann at 115/8"

d. , low level trip at 7 5/8"

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 gpm. 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 psig 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. accumulators are installed on the L.P. return line to the

reservoir. Each consists of a steel cylinder and separating bladder.
-

The 30 psin 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 oump is running continuously.

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 psig, 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 pumo discharge pressure drops to

1900 psic where it is maintained. When accumlators discharge to less

than 1900 osin, the unloader will direct pump fluid to the header to re-
charge them to 2100 psio. '

i

2.
The EHC system provides static holding pressure for the Reheat step,

!

interceptor, thottle, and governor valves. Additionally, the fluid pro-|
1

I

, - -
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Page 4. (K. Continued)
.

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 line

(pressurized) at all times.

L. Throttle valve actuator (Refer to fig. 2)

1. This actuator provides position control as well as emergency tripping

<or t.he valve.

2. When the turbine is reset, the emergency trip fluid line is blocked and

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.

Ilhen 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 annature 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
i

move the operating piston up, opening the TV. As the valve opens,

the linear variable differential transformer (LVDT) will send an
j electrical signal opposing the controller signal. When the valve has

opened enough to cause the LVDT output to equal the controller
;

output. The servo motor loses its signal and the feed back spring

. - - . _ .
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'

(fig 3A) will center tha spool. With thg spool centered'', a hydraulic

lockwil[holdtheTVinplace.ForTVmovementintheshutdirection,

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 from 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 stops valves will trip. A discussion

of these valves be included in subsequent sections.

M. Governor valve Actuator

1. The governor valves operate identically to the throttle valves with one

exception: They have an additional trip 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 interceptor 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 Valve 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 valvo 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 emeroency triosolenoid valve

(closes all valves),

b. Dumping fluid via the OPCsolenoid Trip valves (class only inter-

ceptor & governor valves as previously mentioned).

c. Dumping fluid via the testsolenoid . 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

parallel with the interface valve and simply acts as a redundant

method of dumping all emergency trip fluid.

c. Overspeed protection controll trip valves (OPC) - These valves receive

a signal from the aux. speed channel to open at 1037. 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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2. All valves may ba 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

. c. automatic synchronizing

2. The E-H controller also provides for manual operation as a backup, pro-

tective 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-60 for this section.

C. Figure 6A - This diagram depicts the basis for our contro11 scheme. By com-
'

paring our "desirca 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 TV & 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.
.

-,
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Page 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 maintain 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 add'ed. With this device,
~

the operator can set the maximum (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. Ficure 6 0 - We have now added the remaining sections of major equipment to

our controller. A discussion of each section follows:

1. Dinital 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),

and runback circuits. To understand how the circuit operator, we will

outline a normal 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 & 7B:
.

_,, e,- me-
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Paga 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 & Governor Valve position" indicator
-

(T1-T4 and G l-G4 read 0%

" Throttle, Governor, Reheat Stop & I.iterceptor"

valve position lights indicate closed.

STEP #1 - Select "Oper Auto". This button will light and Turbine

Manual" and associated valve positioning buttons will go
. dark. In addition the " Hold, d ,7 , G0" buttons will light

indicating they are in the circuit.

As can be seen from fig. 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 "v41ve position limit" until it indicates

0%. Notice on figurc 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".
j

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

j valve actuatorswill shut, allowing EHC fluid to position
( v :
| the valves. We should now see all interceptor and reheat j'

L
!

- . .. -,

i



Page 10. (Step #3 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 freedom 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

valvcs open etc. Raise the " valve position limit" to 100%.

,

Select " operator 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, adjust.ing 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
i
! controller will position the TV servo actuator to allow the

TV to begin opening. As the TV 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

,



Page 11. (STEP #6 Continued)

two are equal, the TV auto controller will maintain a con-

stant output to the TV servo. As the LVDT output equals the i

TV auto controller output, the TV'sstop opening. We have |

now accelenated 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 trantition 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

i TV's opening. Once the transfer is complete, the " GOV VALVE

CONTROL" light will be on. All subsequent comands will be

directed to the "GV Auto + Control" unless a trip occurs.

STEP #8 - Assuming all 'upervisory instruments are satisfactory, wes

cr the turbine to synchronom speed (1800 RPM). Once

at .600 RPM, we lower the " VALVE POSITION LIMIT" to just
,

- 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 breakers 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

will be indicated on the MW meter. The system is now in the

" LOAD CONTROL" mode and will respond to commands 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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Page 12. (Continued)
'

STEP #10 - Bsfore we go on, we should discuss some relationships.

_
Westinghouse has proven the Impulse Pressure (1st stage

turbine shell) is proportional to MW and steam flow. With

this in mind, they felt tnat 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
6

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 pr oport-

ional to MW. In other words, if ye lose some vacuut on a

hot day, our impulse pressure (and therefore our riference

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 e ;d-point
i

in the setter, close a load rate, and push "G0"
,

O

e



Paga 13. (F.Ccntinued)
.

2 ThrottlePressureController(TPC)

a. This device has been installed to prevent water induction into the

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 Syne

a. This mode is used to automatically synchronize the generator with

the line. Once the breakers close, the controller will revert to :

Operator Auto.
1

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

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 actuation when 2 out of 3 sensors indicate

1998 RPM. Each channel is capable of a full trip.
t

3.
| -

'

.

I



Page 14 (B. 3 Ccntinued)
*

<
. .

. ..

. .

,

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:

(1) IOPS (1998) (Channel A)

(2) Ellcontroller(1998)

(3) Manual Button

. (4) Various supervisory trips
- c. Auto-Stop 011 Solenoid Dump 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

-
.

1

6
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, _ GENERATOR EXCITATI0ft Afl0 CONTROL
.

I. Introduction

The Westinghouse "Brushless Excitation" system begins with a Permanent Magnet
,

-

Generator (Pf1G) mounted on the end of the main generator shaft. The PfiG 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 PfiG. 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 PitG consists of a permanent magnet field which rotates within the station-
,

ary armature. The annature is wound for high frequency output. The Pf1G is rated at

36 KW at 1800 RPli,120V, 30 , 420 HZ AC. PMG output is fed u N 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 early 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 Trinistat

Firing Circuits 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 liain 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 liain Generator output 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 de. y angle to keep the Main 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

vice versa. To accomplish this, either the Volts Adjust or Base Adjust control on the

console (whichever is not in service) should be used to zero the Re. 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 of the multi-phase, high frequency input to the Trinistat Power

Amplifier (Pi1G output =30,420HZ), the regulated, rectified output of the amplifier is

relatively smooth and does not require additional filtering. Instead, the Amplifier

cutput 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 !! heel.

~

, ,

{
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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 de output is

smooth enough to eliminate the 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

' terminal 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 portier. af 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 oatput 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.

|

I

.-
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IV. Protective 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 rea::tive 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 pulser. 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 exceeded, the WTA voltage regulator will auto-

matically 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 fieter).

If, however, the over excitation condition continues after the regulator

has switched to manual the entire excitation system (by breaker 41 - figure 1)

and generator will trip.

.

|
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.

V. Generator Operation

A. Startup

1. Before rolling the turbine with steam:
,

a. Check generator field for ground by placing ground detection switch

in TEST.

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 & POIflT SELECT lights are lit for that set*

of disconnects.

(3.) Place appropriate disconnect control switch to CLOSE and

| release.
t

d. Repeat c. for the other set of disconnects.

2. Ilhen 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.

c. Slowly raise the Base Adjust control until the generator terminal

voltage is 22KV.

( d. Place the automatic regulator in service

| (1.) Place the Voltage Regulator / Cutoff 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.
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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 metheds are outlined

here, the manual procedure ' ill most often be used.w

2. Manual

a. Place the appropriate SYNCH. Switch 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 oper-

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 PB 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 time span. To allow the operator to trim the generator with

the bus, the CANCEL pushbutton is now depressed. This will cancel
i
'

the relaying scheme, but leave the SYNC SCOPE and VOLTMETERS

energized.
.

O

i

|

- .
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d. Verify the VALID DATA light is energized

(1.) This indicates the synchroscope, synch lights and "Runr.ing"

and " Incoming", bus volt meters are displaying valid information

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 Jecs., 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 secpnd generator breaker in MANUAL.

i. Depress & release CLOSE-SELECT PB for this breaker.

J. Verify synchronization.

'k. Close the second generator breaker.

3. Automatic

a. Select OP AUTO SYNCH mode on the turbine control panel.

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-

1ected 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.).
,

|

.
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C. flormal Operation

1. till load will be determined by varying turbine speed.

2. MVAR loading will be controlled by varying the Voltage Adjuster control

setting.

3. The Regulator Balance fieter should be periodically zerced using the Ba::e

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 ph'ase 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 necessary to vary tne 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 tripped.

| The generator and exciter will trip if over excitation continues.
| .

It MUST be remembered that the Base Adjuster WILL NOT automatically
.

a.

compensate for fluctuations in load or, system voltage. The generator

must be continuously monitored to maintain the proper output voltage and
I

the proper 11W/tiVAR relationship for a 0.9 power factor (MVAR := 0.5xMW)

when operating in this mode.



(9)

D. Shutdown

1. Ilhen unit load is 5% trip the generator breders.

a. Depress OPEN SELECT PB for the first breaker.

b. Verify OPEN SELECT A POINT SELECT lights. l

Ic. 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 automaticall'y 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 contro11e

This output is sent directly through a shaft mounted rectifier to the mair,

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,

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 tnit is operating under load.

Improper excitation is prevented in the automatic mode by a number of protective

circuits. Under excitation is guarded against by imposing a minimum excitation

linit..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.
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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.

.

e.

i .
.

.

4
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1. REACTIVE CllRREtlT C0f1PEllSATOR: Add current to voltage - makes voltage look less than it actually "

is to the Voltage Error Detector - thereby reducing excitation if reactive load increases. A
2. VOLTAGE ERROR DETECTOR: Compares voltage to setting of Voltage Adjuster and sends error signal E

to Signal flixer. Output is normally zero. 5-
3. Illfilflult EXCITATI0fl LIf1 ITER: Senses voltage and current and provides a proportional siqnal to the d

Siqnal flixer. Output is normally positive. m"
4. VOLTS /IIERTZ LI!! ITER: flaintains generator voltage and frequency within certain limits to prevent y$

iron saturation (overheatinq) of g'sitive signal from 2 or 3 and provides a (-) signal to the firing
enerator and main transformer. Output is normally zero. mn

5. SIGilAL f1IXER: Selects the most po "*

circuits. A (-) signal from 4 will override signals frora 2 and 3 to provide a (+) signal to the "y
firing' circuits. o

$
.



.

AUXILIARY EQUIPMENT CONTROL

I. Mcisture 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 the

unit. From here, it gravity drains via a level control valve to the Heater

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 drain path

to the main condenser. This alternate path is very fast due to the high

DP between MSR and condenser.

3. MSR lst stage reheating steam is supplier. from the H.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 steam

enters the tube bundle, it immediately loses heat to the H.P. turbine

exhaust. At some point in the U-tube, the 1st stage reheating steam 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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Paga 2. (BContinued)

4. MSR 2nd stage reheating steam is supplied from the main steam system.
~

A flow control valve is adjusted manually or automatically 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. 2)

D. MSR Control System

1. The MSR control system has the following control / indications in the

control room. (Refer to fig. 2).
- " Power 0N/ 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 F)

.

-
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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).

8. 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 level 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 20%

power.

B. Description

1. This system is composed of several low-poirit drain connections on the

various turbine steam supply lines.

.-- - . . - -- ___- _ _ _ _ _ _ - - - _ __ _ __
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Pagg 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 ASSIGilMENT SHEET

CYCLE 3-2

flN1E START DATE

C0f1PLETION DATE

.

- .

1. Read the RPS/NI Handout

2. Read the following 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 NI Questionnaire ~

5. Read OP 2105-1.6 - NNI

6. Review the Unit II P&ID's and the NilI 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)

TOTAL POIllTS TO DATE FR0ft ENCLOSURE 2

URITTEll TEST DATE RESULTS

ORAL TEST DATE RESULTS ,

AflSUERS MISSED, HANDED Ill CORRECTED -

; OATE
SIGilATURE OF LICEilSED TRAltlIflG COORD.

,

_.
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REF. # TITLE

i 1 RPS/NI Handotit Provided
2 STS

! 3 Unit II P&ID's
'

4 NNI Tech Manual"

j . 5 2.* 05-1.1 - NI
. 6 2105-1.2 - RPS

! 7 2105-1.6 - NNI
|

I

i

i

!
r

i
.

-

I
,|

.
,

.

4

t

i

t

!
:

,

1

i

.

$''

- - .- # -. , , , . . . . 4...,r. - 4., . . . . . .- ., . - . . . . - _ . . . . . , . , , _ _ _ . . _ , - . . . _ , _ _ .,



RPS OUESTIONNAIRE

3-2

.

1. List all automatic reactor trips and setpoints. What is each trip
providing protection against? (Ref.#2)

2. What is the prupose of the " Shutdown Bypass" ? What limits apply to
its use? (Ref.#2)

3. Is it possible to initiate." Shutdown Bypass" without tripping the
-

reactor? Explain. (Ref.#2) ,

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. List 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 prote'ctive 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 reactor. (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.#4)

^

2. Sketch the signal flow path form the detectors to the console indication
for Loop A, Loop 8, 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 TEf1PERATURE

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 no. -nuclear instrumentation. (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. ATc
c. Tave

!
RCS PPESSURE

1. Describe the type and ranges of the detectors used to monitor RCS pressure.
(Ref. #3,4)

2. Where are the detectors located? (Ref. #3,4)

1.
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3. Sketch the signal flowpath from the detector to the console recor.'er 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. lihat type of detectors are used? (Ref. #3,4)

2. What are the clarms snd interlocks associated with pressuizer level? (Ref. #3,4)

3. Can we pull out the pressurizer level recorder while operating at power?
Explain. (Ref.#7)

OTSG LEVEL IflDICATION

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 temperature detectors.
Include penetration locations for each ser.;cr.- (Ref. #3,4)

3. Describe the operation of the OTSG level detectors. (Ref#3,4)

4. Which OTSG level indications are temperature compensated? Why? 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 they
used? (Ref.#3,4)

6. List the alarms associated with OTSG Level. Include setpoints. (Ref.23,4)

FEED FL0ll

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 Rt Latching systen.

6. Explain the operation the FW Rupture detection system.

.
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HI QUESTIONNAIRE,

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 intemediate reange channel showing all modules.
List setpoints where applicable and ranges of indication (Ref. #1)

4. When 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 compensating voltage. Superimpose a trace you would
expect to see for a grossly under compensated and gross'.' over compensated
detector. Breifly explain t!ie reasons for the difference. (Ref #1)

a. How would gross over compensation affect indicat .o serlap.

between source and intermediate range channels?

b. How would gross under compensation affect this overlap?

7. How inuch overlap are we reouired 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 w'1ere 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)
;

i 11. At what power level is source range high voltage de-energized? Draw the
|

logic for this interlock. (Ref. #1)
| 12. Why is gamma compensation not reguired in the power range dete: tors? (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 SYSTE:i }
.

1. Introduction'

The purpose of the 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

i 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 accosphere.

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 a derived ratio combination, when two or more of the re-,,

-- '-- -

actor protective systen channels recognize that a hazardcus condition .. ~..s
exists, to trip the reactor.

2. Functional Description

'

| The reactor protective system channels are identical to each other

and whenever two of the four channels indicate any of the following
conditions, the reactor will be automatically tripped:

1. When the reactor power, as measured by the neutron
flux, exceeds a preset maximum limit.

2. When the reactor power, as measured by the neutron
l

flux xceeds a variable maximum limit determined
by a inction of reactor coolant flow measurement
and .acron flux inbalance.

| ~. When the reactor power, as measured by the neutron3
| flux, exceeds a variable caxi=um limit determined

by the number of reactor coolant pumps operating.

4. When the reactor coolant te=perature ex'ceeds a
preset maxi =um limit.

,

u 5. When the reactor coolant pressure exceeds a pre-
,

set maximum limit.
-

g,

abcock M c aRPS-1



*

.

6. When the reactor coolant pressure falls below a
,

preset minimum limit.'

'7. When the reactor e,colant pressure falls below a
variable minimum limit, determined by reactor

*
coolant temperature. .

8. When the reactor building pressure exceeds a |*

; reset maximum limit.
|

3. System Modules (See Figure RPS-1),

The basic reactor protection, system is constructed from functional
.

blocks. 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 measurements that are required
by the system. These sensors make the measurement and provide an elec-
trical signal proportional to the measured quantity.

Ampl.fiers are electrical devices that enlarge electrical signals

and prevent them from going in the wrong direction. An amplifier that
is used-tenprevent a signal from going in the wrong direction or effect- _. . ::

'

ing other circuits, is called a Buffer Amplif4.er. An amplifier that

is used'to add two or more signals to get the sus signal is called a

summing amplifier.

Functi6n 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 gener.stors

are also possible.

Bistables are electrical devices that have two stable conditions',

! similar to the on and off modes of a light switch. B1 stables are set
i

j to change from one condition to another when the input incresses or
decreases about a preset valve. Examples are: (1) the high pressure
bistable trips when pressure exceeds the set point; (2) the low pres-

| sure bistable trips only when pressure drops below its set point.

B1 stables reset automatically when the signal returns to " normal."

4. System Ooeration ~

!. -

[;. A simplified RPS channel is shown in Figure RPS-2. There are four
,

|{ identical channels, and we wil.1 consider a para =eter only when it exceeds
|s
' E
y gggg Babcock & Wilcox
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.

its trip point. Then it causes a RPS' channel trip condition that will
cause all control rods to be insertad except for GR8 rods.

'

_4.1. O'verpower 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 neutron flux signal exceeds the trip point of the bistab's, the

.
bistable trips and de-energizes the associated reactor protection chan-
nel trip relay. --

4.2. Reactor Outlet Temperature Trio (See Figure RPS-4)

The reactor outlet tenperature is measured by resistance
temperature detection (RID) elements. The resultant reactor outlet
temperature signal is monitored by a bistable which trips when the

.

setpoint is exceeded, de-energizing the reactor protection channel
| trip relay.
,

-

' 4.3. " Reactor Pressure Trip (See Figure RPS-4-)- -

. . .

. The reactor coolant pressure signal originating from the pres-
sure transmitter is sent to a buffer module which' acts as a signal con-
ditioner.and signal isolation unit. Pressure signals are then sent

i 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.

14.4. Reactor Building Pressure Trip '

, The reactor building pressure is also monitored by the reactor
|protection system. When the reactor building pressure exceeds the set

point, the bistable trips and de-energi:es the protection channel's-. -
trip' relay.

|
4.5. Pressure -- Temperature Trio .

.

Figure RPS-3 shows the Nor=al Operating Envelope in relation
to the allowable max 1=um pressure line A-3, maximum temperature line

.

RPS-3 Babcock & \Vilc0X j
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.

B-C, variable temperature pressure line C-D, and minimum pressure D-E. y

When.the reactor temperature and pressure goes outside of the ABCDE

curve, the system will trip. The. circuits which do this are shown in

Figure RFS-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-5, with the high temperature

trip ensuring that the' temperature remains less than B-C. To stay to

- the lef t of line C-D requires a combination of pressure and temperature.
'

.This is solved by the circuit which ends with the press-temp trip. The

signal converter converts the temperature signal to the form (aT-b),

where a and b are preset constants already set into the equipment.
-

The value (aT-b) is then compared signal, as a variable set point

w'ithin the bistable. When the variable set point value is greater than
the pressure signal, a trip occurs.

4.6. Power / Imbalance / Flow-Trip

'

To ensure the safety of the reactor core,the minimum power -

imbalance between the top and bottom of the cdre is required in order
to opera'te. Also, it is necessary to restrict the maximum 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 0 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 imbalanca (i.e.,
moves it away from tha O line) . The resultant modified signal is
then comoared with the power signal in order to determine if a trip
is to occur.

4.7. Power-pt:mos Trip (See Figures RPS-5A and SB)-

The reactor coolant pump motors are monitored by the pump
monitor logic which counts the number of operating reactor coolant

pumps and identifies the coolant loop in which the pu=ps are operating.
The pump monitor logic output controls the trip point of a power-pumps

[ RPS-4 Babcock s.Wilcox
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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. i--

.
,

5. Reactor Trio Circuit .

,

The reactor is tripped by the removal of electrical power to the ". ,
' control rod drives mechanisms. When electrical power is removed from

I'

a control rod drive mechanism, its control rod is released, and it falls '.

to the fully inserted position with the exception of group 8, which
I

comprises the axial ' power shaping group (this group does not trip on |

- pcwer removal) .. The removal of electrical power from the . control rod |
^

drives is accomplished by opening the circuit breakers that supply
.

power to the controd rod drive system (CRDS). Each of these breakers
have an undervoltage coil which, when the input voltage is above a

minimum va'lue, allows the breaker to be closed thereby completing the

| circuit. If the voltage is removed from 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

~

breaker as..shown in.Eigurc "."S-6. When a channel trips, the output-

s
relay, opens one of the four circuit breakers and, if one other chan-

nel trips, all power will be removed from the CRDS.

Each . channel of the protection system functions to de-energize its
breaker when two out of four channels are tripped. Figure RPS-7 shows

4

a simplified el ctrical 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, B, C, and D and the contacts KA, KB, KC, and KD are the K,

relay contacts, in each channel previously described, and open when
the K relay de-energizes. For example, when A and B channel trip, the
KA and KB 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 simplified channel is shown in Figure RPS-8. Each indi-
|

vidual channel has a bypass circuit that can be energi::ed. This bypass

N;p circuit would be used if there was a circuit failure in the channel and

RPs-3 Babcock 8.Wilcox
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-

it was not working properly or periodic maintenance was being performed
~

on it. The bypass switch, when shut, energizes the B/P relay and this
supplies current to the KA relay through contacts B/P, thereby allowing
relay "KA" to remain energized independent of its associated series
channel trip contacts. In the B/P relay circuit there are contacts

f rom the other three reactor protection system channels. These other
B/P relays must be de-energited (the respective channel not in bypass)

'

in order to put the desired reactor protection system channel into
bypass. When a reactor protection system channel is in bypass, it takes
two of the remaining three reactor protection system channels to cause .

i

1

a reactor trip.

The channel trip relay performs its function by supplying power
through contacts in the KAl, KA2, KA3 and KA4 relays which are located
in channel A, B, C, and D respectfully. The de-energizing of relays
KAl, KA2, KA3, and KA4, when combined with another channel trip relay,
function to trip the power supply brea.srs.

In order to get a trip on channel A, two of the four relays KAl,

KB1, kcl or KDi - se be de-energized at the same tine. f.

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 =odule are capable of being individually tes' ted. When

a module is placed into the test mode it causes the Test Trip Relay to
open the "TT" contact and thereby 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. Svstem Design Features
|

The reactor protection system performs the most important of i

all protective functions in the plant; that of protecting the nuclear
,

reactor from damage. Th._afore, the design criteria applied are the qq.;
II

! most extensive and restrictive of any that are applied to a plant system

i

1

i RFS-6 Babcock & \Vilcox
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designed to gn.rantee reliable operation. The entire systen'is designed

to meet, or exceed, the requirements of the IEEE Criteria for Nuclear ,

Pcwer Plant Protection Systens dated August, 1968, more commonly known

as IEEE 279.

.
Single Failure - No single failure will prevent a protectiva

systen from fulfilling its protective functions, when action is required.

In addition, although not required by IEEE 279, the system must meet the
plant reliability criteria that no single failure will initiate unnec-

essary protective system action.wherever implementation does not con-
flict with the single-failure criteria of IEEE 279. .

Redundancy -- The reactor protective system functions are in-

plemented with redundant sensors, instrument 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-

.... . nel wi1L.not. affect the redundant' channels in any way.

Separation -- Separation of protection and control is provided
for by'having only one string of redundant instrumentation connected at
any one tine 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-
'

actor protective systen in order to allow for operational testing nec-

essary to assure that the system will fulfill its protective functions

as designed. Also, it allows on-line testing, f.or proof 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-
tection system will cause the affected reactor protection system chan-
nel to trip. -

,

,

RPS-7 Babcock & Vlilcox
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Ecutement Removal - The removal of a reactor protection system
module from its system cabinet will initiate a trip in the affected chan-
nel.

,

Seismic Requirements - The reactor protection system is de-
signed to fulfill its required protective functions during and after a
maximum hypothetical earthquake.

7.2. System Monitoring

,
The modules, logic and analog equipment, associated with a

single reactor protection system channel are contained sholly within '

two reactor protection system gabinets. These cabinets contain a meter

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 times, 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; (O channel bypass has been ini- pdE,

tinted; (4) shutdown 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 sequence-
monitored in the plant computer, permitting the operator,to readily
identify the channel trip actions.

.

.

!
~

@
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Figures RPS-1 and RPS-2
.

.

'
.

t

.

.

Figure RPS-2. React'or Protection Trip
.

.

,

' RC PRESSURE LOW T
FLUX / DELTA FLUX / FLOW 4

~'

-

n -

'

POWER / PUMPS ,

!
PRESSURE / TEMPERATURE ,.

SHUTDOWN
SHUTDOWN 7t

: PRESS,

i SD BIST-
.

| A o-<

HIGH POWER SD
_

RC PRESSURE HIGH . ,
'

- RC TEMPERATURE HIGH
I

REACTOR Bull 0 LNG HIGH j ., _

o
TRIP , TEST ,

;d
I

i I K
_J o 5_,

1 * ~'

TRIP RESET 9
! L-

|

TRIP RELAY i d

i =

.

.

Babcock & Wilcox
.

. _ - . _ . . - _ _ . . _ . _ ..



-. .:

Figuras RPS-6 and RPS-7 '

.

<

.

Figure RPS-8. Reactor Protection Channel
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Figure RPS-9. Reactor Protection System
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INTRODUCTIONi 1. 'y
The subj ect of this description is the Bailey Meter

Company 880 Nuclear Instrumentation and Protection System.
It is a part of the prant Reactor Protective System. !

Figure 1 is a basic block diagram of the ReactorThe 880 Nuclear Instrumentation andi
'

Protection System. Protection System monitors selected variable associated .

,

with the nuclear reactor plant and automatically initiates fcorrective action should any. of the monitored variables i
It is used to

approach unsafe pre-established values. provide protection for and to prevent accidents to the
i

reactor core and the reactor coolant systems.-

The protection function performed by the ReactorA rodProtection System is a reactor trip function.
withdrawal 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\ 1.
measure of reactor power. .4

*

.

Reactor startup rate, derived from the above2.
measurement.

.

The non nuclear sensors are used to monitor the
fol.owing reactor parameters:

.

1. Reactor outlet temperature.

2. Reactor coolant pressure.
.-

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

.
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2. SYSTEM ORGANIZATION AND FUNCTION
-e

j (Reference Drawings: D8047801, D8047802 and Figure 2.1)

The Bailey 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 complete monitoring of the entire - .' s
operating range from source strength to full power output.,

.,.:. ,

To cover the above requirement, overall coverage is*

obtained by using multiple detectors with overlapping
ranges. Figure 2.1 is a diagram showing PLgi;qal measuring
ranges of the detectors in terms 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 Channcis 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.'

.

i

e

.

., , ~. - . - . . , . _ . , , - - , , ~ ,



.

2-2
.

The reactor startup control is generated by the Ecd.e
'

Withdrawal Inhibit logic explained below..

:

The primary purpose of the Power Range Channels is |
i

-
monitor the flux level while operating in the power 1.

'

'ange and to generate a Reactor Trip if predetermined !See a descriptionsafe operating limits are exceeded.
|

- - - -

of the Reactor Trip function telow.
t
1

2.2 Non Nuclear Sensors ,
3

- - -. . . _ . _ _ _ _ . . _

-- The non-nuclear sensors are required to protect {_ _ .

;

the plant against varicus excursions detectable from nonThe essential parameters monitored are: |~ nuclear parameters.

Reactor Coolant System Phessure(1)
.

(2) Reactor Coolant System Temperature

(3) Reactor Coolant System Flow

(4) Reactor Building Pressure
'

(5) Reactor Coolant Pump Power Monitors .
-

.

X As shown in drawing D8047801, there are a total of'

20 non-nuclear instrumentation channels.
Each subassembly

contains 5 non-nuclear in::rumentation channels and are
.

*

in each of the four subassemblies . See the
-redundantReactor Trip function discussion below for a description
of the logic associated with these channels.

.

.

23 Rod Withdrawal Inhibit Logic

Dwg. D8047801 shows the relay logic use6 in the Rod'
Withdrawal Inhibit Function. The two Source Range

Channels (NI-l and NI-2) and the two Intermediate Range
Channels ("I-3 and NI-4) monitor the startup rate of the

If anyone of the above four channels exceeds<
reactor. (Roda predetermined Startup Rate a Rod Withdrawal Inhibit ThisHold) Signal is sent to the Control Rod Drive system.
signal prevents the operator from removing the control
rods any further.

function ofThe Startup Rate Rod Withdrawal Inhibit
the two Source Range Channels NI-1 and NI-2 is inhibited
by the Source Range High Voltage Cutoff and Sta'rtup Rate
Inhibit logic described below. This is accomplished when

Shuttingthe Source Range Detector Power Supply is cutoff.
off the power supply inhibits the normal operating of the
Source Range Startup Rate bistable and places it in an

condition.
- untripped state regardless of the input

|

|
!

. - . -
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The complete Rod Withdrawal Inhibit logic (Rod Hold)
i is bypassed by the ?cwer Range channels. Once the reactors

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 Inhibit function. From
Dwg. D8047801, the following circuit can be obtained. The
" Rod Hold" signal.is an open Contact state.

9, (Inhibited by' Source Range High Voltage
Bad Withdrawal

'

Cutoff & Startup Rate Inhibit Logic)-

-Inhibit

NI-6 NI-5- - __ ,

[ .[4
_ Rod NI-1 NI-2 NI-3 NI-
Hold, /T } * - - + - - - - e L 'j y. -

I-19V ' '

2-38 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 a' cove remain open. 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 '4ctor to insure that the power,

\#
range level has been snrsly reached and that the
instrumentation is functioning in that range.

2.4 Source Range H1'gh Voltage Cutoff & Start Up 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 must 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
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 frca che Source Range to the Intermediate
Range monitoring activity.

Since there are twc independent source range channels,
-

each is independently provided with'its own hign voltage
cutoff circuit . The relay logic for this function is shcun

L
_ _ _ - _ _ _ _ _ _ _ - _ _ _ _ - - _ _ _ - - _ - _ - _ - _ - _ _ _ _ _ - - _ _ _
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~_
on Dwg. D8047801 and is redrawn for clarity below. The

circuit is identical for each of the Source Range
channels.

.

NI NI-5 NI-6' /s
s io

v5T- 757-
-

-
N NI-4Det. s

"C
Fwr. NI-8 NI-7
Supply

' Note that both' Intermediate Range Channels (NI-3
-

and NI-4) must be active before the N.C. Contacts can-

open to shut off the high voltage. The power range
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 NI-8 be

With theactive in order to sh'ut off the high voltage.
conditions just described, the Source Range Channel is

- protected from damage when its input exceeds the
monitoring range of the chann,el. Thus. the criteria of
overrange protection or "foldover" is clearly represented

-

*

\;/ in terms of he source range high voltage cutoff circuits.

2.5 Reactor Trio 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 power
circuit of the control rod drive system. This single

failure criteria is important in the performance of the
reactor protection system.

From Dug. D8047802 which shows the vital parts of the
reactor trip module, it can be seen that a cower failure

the mainin one of the four trip modules will drop outthis trip relay
trip relay. Upon restoration of the power,

| .

*

1 -

'
|

1
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cannot he reencrnised unlecs the reset switch is depressed.'7,
The relay is in its " trip" condition until the reset action--

Y is taken by the operator. Thus, a power failure will
indicate a " trip" condition anc requires operator attention
to respond and re::to,re the system to normal operation.
Thin criterla of " trip" indication upon power failure,
can be clearly seen on Dwg. D8047802.

The reactor trip module is designed to respond to
several conditions aside from power. failure which warrants
a " tripped'' state. The circuitry within the trip module
is trig.n.ered by the following conditions in the
instrumentation:

"

A) Critical value of a field input.

B) Withdrawal of a vital module.

C) Placing a test module 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

, following 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) Abnormal power / imbalance / flow condition.

- 6) Abnormal pressure / temperature condition.
7) Abnormal flux /pumpa operating condition.
8) Coolant pressure too low.

If the reactor is in its shutdown mode, conditions
5 thru 8 above can be bypassed by a single condition of
coolant pressure dropping below the " bypass" set point
within the " bypass" bistable 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 energise 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 module in the
instrumentation except for certain test modules wnich
do not play an active role during normal monitoring of
field conditions. The modules which are vital to the
operatf.or of the system are coded on the Dug. D8047801

s- s
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(see the legend at the bot tom o t* the drawing). If any~.' _3 of these modules are removed from the system, the continuityF of the module-int'erlock circuit is broken, each modulehas an internal j umper which is in series with the
internal jumper of the next module in the module-interlock
string. When all vital mcdules are plugged in, the circuitwill be completed froa 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 -
ranSe test, temperature test, flow test, pressure test,
and the high building pressure contact buffer. The test
switch of each of these test modules is wired in parallel
with the test / interlock trip relay coil. In the test mode,
the switch 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 the
voltage 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_,

', to manually bypass the trip strings, module interlocks
'

'
,

and test trip circuitry. An indicator light shownadjacent to the manual bypass relay will be lit once the
' 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.O. 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 module has
four N.O. contacts used to energine the four output relays.
As long as the main trip relay remains energized, its
four N.O. contacts remain closed to keep the output relays
energized. Howe m', test switches are provided to de-
energine any or all of the four output relays. By switchingoff certain combinations of output relays, the contact

! logic of the output. relays may be checked. Tnis cor.pletes
the discussion of the system organication. The next
section will cover each of the nuclear instrumentations_ cnannels indivicually.

. - _ _ _ _ _ . - - - - - _ _ _ _ -
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3 NUCLEAR __plSTRUMENT1 TION 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 intermediate range is~

-over two decades.

The Intermediate Range provide two independent loga-
rithmic siinalTof 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 Rance provides four independent 'inear signals

of neutron power over the span from 15 to 125% vf full power*-; using .four uncompensated icn chambers.
,,

3 2. System Design Criteria ,

Because of the essential nature of the neutron flux
information derived from the nuclear instrumentation, two
major design criteria have been applied to guarantee the
reliability and operability of the system.

Redundancy: All nuclear instrumentation system channels
are r6dUdEa'nY w,ith a minimum of four identical independent
channels where inputs to the reactor protection system are:

provided and two identical independent channels where no.-
reactor protection system inputs are provided.

Independence: Redundant channels shall be both elec-
trically and physically independent, so that electrical
or mechanical faults in one channel cannot affect 'he
redundant channels in any way.

Three important criteria apply to guarantee that the
safety of the plant is never compromised by absence of
correct neutron flux information:

1

.

.
.
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~ < ~ , Availability: At least one range of nuclear
G instrtIm'e'n't'at' ion' "6 hall 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 shall exist between successive ranges of nuclear
instrumentation.

Foldover: Each range of nuclear instrumentation shall
be de61'6ned to withstand overload without foldover.

One additional criteria to guarantee plant availability
is:

'

~

Serviceabil_itg: 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 Funct_ional,Descr1 tion2

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. -

'

e .

The nuclear instrumentation system includes all instru-4
'

ments associated with the measurement of reactor leakage
neutron flux with out-of-core neutron detectors, and the
processing and display of leakage flux measurements as
a direct measura 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

.

w%
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overlapping information ic provided between succescively_

/ O higher ranr.ec of instrumentation. The relationchip between
instrument ranges is nhown in Figure 2.1.

The Source Ranrc instrumentation has two redundant
count rate channels which provide neutron flux informgtion
over a counting range of neven decades from 0.1 to 10
counts por accond. The cignals originate in two high-
sensitivity proportional counters on opposite side of the
core. Preamplifiers in the Reactor Building are used to
shape and amplify the low level pulses from the detectors,
and to provide impedance matching.

Linear amplifierc amplify the voltage pulses to al uccable level for the Discriminatorc , where background and
noice pulces are diccarded. The Log Count Rate Amplifier
converts the neutron pulses to a signal cuitable.for
displaying the Log Count Rate Level to the operator. Rate
computerc calculate the rate of change of the Log Count
Rate for display to the operator. The channels measure the
rate from -1 to +10 decadec per minute and display the
information to the operator on meters ccaled from -0.5 to
+5.0 decadoc per minuto. No protective functions are
associated with the Source range. However, one interlock
is provided; a control rod withdrawal inhibit function.

~

. The Intermediate Range Instrumentation has two loga-
s,1 rithmic channels which provide eight decades of flux

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 chamber signal output range.

is'from 10-11 to 10-3 amperes.

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,

i decad'es per minute. Rate interlock action in both the
Jour.cc range and intermedlate range is locked out at approx-

i imately 100 full power.
i
i

e
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3 The Power Range instrumentation har four linear level
channels originating in four 12-fcot-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 recctor power level to
the operator and for use in the reactor control and

' protection systems. Each channel includes provisions fori

calibrating the signals against the plant heat balance
calculations.

.
.

~

3.4. Sy_ stem Descrintion - --

Eculement Loc,ations3.4.1 -

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.

-

_. .

f The two S~ource Range Detectors , Proportional Counters ,-
s_, are placed on opposite sides of the core. Each detector

'

is surrounded by lead which provides shielding against
,

Fission - product Gamma Radiation.

- The two Intermediate Range Detec' tors are also installed
on opposite sides of the core, but they are rotated 90 degrees

i
from the source range detectors,

i
Pr_e,am,p_lifiers - 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 them*

reasonably accessible for replacement or maintenance.<

System Cabinets - The nuclear instrumentation system
|

|
amolifiers, test and calibration equipment are housed in
efght ' cabinets defined as Nuclear Instrumentation and .

I

Reactor Protection System cabinets. These are located in
the centrol room. .Each redundant nuclear instrumentation

|
channel occupies a different system cabinet or two-cabines
subassembly to provide maximum electrical and physical'

separation, and each subassembly is powered from a different
-

vital bus.

\-

* .

G
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} Oyer,at,o_r ,R, cad,ou,t,s, - The reacter power level and rate
meters and recorders, which provide signals to the operatora

from the nuclear instrumentation channels are mounted on the
console.

,

System Cabinets and Modules - The nuclear instrumentation
(aloni; with t'he Fe"a~ctor"~p'roteitifon system) is housed in

~~ -~ -

eight standard, free-standing system cabinets made of 1/8
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 rce cabinet. Up to ten of
these mountin6 boxes or terminal panels, each measuring
7 inches high by 17.5 inches vide by 11.5 inches deep, can-
be mounted 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 minimize 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 for each
of the four pairs of system cabinets. These suppl ~ies are
operated from an 118 volt 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 boxes are
divided into 15-unit widths. Two sites of module.s are
used in the system: 2 units wide and 3 units wide. The
equipment inside a module is mounted on a number of plug-
in cards mounted vertically. All switches, adjustments

,

. .- . - . _
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- ~. and indicatinn device:s intended for routine maintenance
jf 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 mountlnq boxes via 32 pin
connectors. A two unit-un.c wide module has space for
two connectors, and n three-unit wide module has space
for three.

3.4.2 Source Range Channels

The two source range channels (NI-l and NI-2) are
identical. They are shown functionally 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
6. Rate Interlocks (Bistable)
7. Source Range Test Module
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 1.7x10S neutrons /cm ,/ second.2 These

, detectors are multi-element counter assemblies.

The der ctors consist of Proportional Counter Units,u

in a hermecically sealed aluminum outer core permitting
operation in high-humidity environments. The materials
used in those detectors have been selected for low
activation properties. The terminal ngutron sensitivityis approximately 50 counts / neutron j/cm . Each 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.

Preagplifier - The source range preamplifier is the
only diicTeaY~ ins't'rumentation module mounted outside the
system cabinet. The preamplifier is packaged in a double-
box arrangement to minimise difficulties from continued
operations in a high-humidity environment. The inner box
contains the electronics and is insulted from the outer
box. The power supply and signal connectors are mounted
on the outer box. Because of the low signal levels triaxial
cable is used for the signal lines .

m
.

.
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,

-c) The preamplifier is of the type known as " charge
Sensitive"; that is, its output voltage is proportional
to the amount of charge appearing at its input. This
approach provides compatibility 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 Range Proportional
Counters operate at a hign voltage and consequently require
a source of well-re6ulated high DC voltage. This comes from
the Detector Power Supply Modules provided in each source-

range channel and counted 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 vetg '.j ,

channel power supply. An oscillator and power amplifie-
. provide a sinusoidal input to a voltage step-up transformer. ,

The high voltage AC output of the transformer is rectified-

and further stepped up in a voltage multiplier. A fraction
of 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 1,n a 3-unit 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 voltage divided by 1.000. Refer to -

#
Product Instruction Manual E92-332 for the operating
characteristics of the detector power supply.

- Count Rate Amolifier Module - The count rate amplifier
provices a a-c output id Ehe fid6e of 0 to 10 volts , proportior.

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 amplifier, pulse height discriminator, log count rate
circuit, and output isolation buffer amplifiers. The input

i \

.

.
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N-) pulses, with typical amplitudes of a fraction of a volt, are'

,
applied to the pulse amplifier, which has an input impedance

| to match the input triaxial cable. The gain of the pulse
amplifier is continuously adjustable from 4 to 10.t

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 magnitude 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 a=plifiers. The Log Count Rate circuit consists of
five classic diode (commonly called a Cooke-
Yarborough circuit) pump circuits

'

whose outputs are summed in an opera-
tional amplifier. This combination produces a DC voltage
output proportional to the logarithm of the average. input
pulse repetition rate. Standard Buffer Amplifiers at the

,

! output furnish isolation between the various output signal
paths.

,

l

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 sero 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-O_f_-Chan_qe_ ,A,m,p1,1,f_i_er Modu,le, - During reactor start-
,

up, the rate of -increase of Neutron Flux is an important
parameter for operator monitoring. The Rate-of-Change Ampli-

'

fier 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-

| Change amplifier tends to be a linear ramp when neutron flux
is changing. The Rate-of-Change amplifier output is 0 to
+1'O 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 frequencies, a low-pass filter is incorpcrated in
the circuitry.

I

The Rate-of-Chance amplifier is packaged in a standard

3-unit-wide module. On the front plate are a .eter calibrated
in decades per minute, zero and range adjustment potentio-'

meters, and an output test jac c uced for on-line testing

._ , - - -
-
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and calibration. Refer to Product Instruction Manual E92-313
7" - for the important operating characteristics of the rate-of-

_) 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 yolts DC, one from an external signal source
and the other from either an external source or an internal
variable trip point power supply. The B1 stable can be
connected to trip on either an increasing or decreasing

| signal. .

An adjustable deadband, or hysteresis, is included to
ensure positive switching action at the trip set point

' even with 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
module. On the front plate are lights to indicate the trip
state of the Bistable and the state of the Bistable Memory. .

There are two momentary-toggle switche's for resetting the
| state and also the memory. There are two potentiometers

,

Nr with turncounting dials which are usec Tc- adjusting the
set point of the 31 stable and the Deado nd. Test Jacks
are provided for measuring the input, Set Point voltage

t and the Deadband voltages. Refer to product Instruction
Manual E92-341 for the operating characteristics of the
bistable module.

Source Range Test Module - This module generates
,

simu1Et'e'6 inpfsfgnals f~ r on-line testing of- the Counto
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 durin6 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 Hz, 4 K Hz, and,

,

| 1 Hz. The use of signals at three points of the range also l
'

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 bistables connected to the Count ;

Rate amplifier output. l
.

- |

1
-
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The test signals applied to the Rate-of-Change ampli-
fler 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 Distables , connected to'its outp'ut for checking Bistable
Set Points and functional operation.

The Source Range test module 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, a
calibration 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 Instruction
Manual E92-321 for the details of the Source Range Test
module operation.

3.4 3 Intermediate Ran_ge Channels

Functionally, the Intermediate Range is more si' ole
than the Source Range channels because of the analog '.ther
than the digital-nature of the intermediate range Neutron
Detectors. As shown in.Fi'gure 3 3, the two intermediate
range channel (NI-3 and NI-4) are identical, and each'

consists of the Oc11owing components: ,g ,

- 1. Compensated Ion Chamber
2. Logarithmic Amplifier

.3 Rate of Change Amplifier
- 4. Output Metering

5. Rate Interlock (B1 stable)6. Intermediate Range Test Module
7 Detector & Auxiliary Power Supplies

Comoensated Ion Chambers - The compensated ionization
chamber ~i's d'66 fin ~6d'E6 ~cet6cY thermal neutrons in the range
from approximately 2x10-ll to 2x10-2 neutrons em 2/.secondin the presence of large gamma fields . ,

The detector incorporated both guard-ring construction
j (to minimise insulator leakage) and continuously variable,

i electrical compensation. Th neutron sensitivity / thechamber is approximately 10 ga 2|
Gamma sensitivity is less than 2.3x10-{geutren/cm /sec.amperes

amperes /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. .

.
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Each compensated ion chamber is mounted in a housing-

~'A assembly which nerves to electrically insulate the detector
(,) caso from ground and to provide a convenient and rugged

means for handling the detectors during installation and
removal from its thimble.,

.

D_ete_ct,cr_Po,wer_S,up,pp,- 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.

'

pux1,1,la_r,y, Power S_uyy
provides the necessary nel_y, - The Auxiliary Power Supply

.

'

gative voltage to the compensating
electrode in the compensated' ion chamber. 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 nanoamperes.

The basic regulator and auxiliary circuits of the
Auxiliary Power Supply Module are identical to those of the.

Detector Power Sv; ply Module described in section 3.4.2.
The Auxiliary Power Supply Module is packaged in a 3-unit-

, wide module. The module front plate has a meter to indicate
(- i ve . .Ge, a voltage adjustment potentiometer, an ON-OFFj

switch, a limit reset switch, and a test jack for measuring
the output voltage divided by 100. Refer to product
instruction manual E92-333 for the operating characteristics
of the Auxiliary Power Supply Module.

Logarithmic Amplifier Module . This module provides
an ouiiput T1Y6s1 radsie of 0 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 Circuft uses an Opera-
tional Amplifier with a transistor feedback clement. Thefeedback transistor used follows very closely the theoretical
expoential relationship of collector current to base-,

emitter voltage over the reouired eight decades. 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

.

g

.
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'sj.I Buffer Amplifiers on the output furnish isolation between
the various output signal paths.

The logarithmic Kmplifier 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 manual .E92-314. . .
for the operating characteristics of the Logarithmic
Amplifier Module.

" Rate-of-Change Amo11fier Module - This module in
each of the intermediate range channels if identical to
the Rate-of-Change Amplifier in each of the source range
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 Fate-of-Change Amplifier output is 0 to
+10 volts, corresponding to a rate of change of -1 to
+10 decades per minute..

Bistable Module - The Bistable Modules in the intermed-'

late range channels are identical to those described for the~

source range 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 Bistable at the output of-

each Logarithmic Amplifier to initiate Source Range Detector
Power Supply Cutoff automatically to prevent exceeding the
maximum operating flux limits cn the proportional counter

idetectors.
i

Intermediate Rance Test Module - The Intermediate Range
Test Module generatee sIm61ated 15Fut signals for on-line -

testing 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
reactor power operation or during reactor shutdown, but not

Aduring reactor startup when the channel is active.4

stable voltage source and precision resistors are used to
generate simulated current input signals to the Logarithrde
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
to inject a variable DC voltage near the Logarithmic
Amplifier output to check the set points and the correct
functioning of bistables connected 'to the Logarithmic

j ( Amplifier output.
|

| -

|-
|

!
>

. . - - . _ - ..- . _ _ - - - . .
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The test signalc availabio to the Rate-of-Change
(~ . , Amplifiers are a ZERO rate input for checking amplifier' ,; zero and a 0.025 Hz sawtooth wave with a slope of 10 decadesN" ' 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 Tect circuit is packaged in
a standard 3-unit-wide module. On the front plate are
an "on-test" indicator li ht, a multiposition rotary testG
switch, a calibration output potentiometer for the variable
DC voltage, a reset switch for control of the sawtooth
generator, and test jacks for the ramp (sawtooth) output
and its sync pulce and for +10 volt reference. Refer to

, Product-Instruction Manual E92-322 for d.etails of operation.
-

13.4.4. Power Rance Channels I

The Power Range Channels are functionally less complex
than either of the other instrument ranges. The two
detectors that make up the long Ion Chamber in each channel'

shown in Fi ure 1.4 are summed by the Summing AmplifierC
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 ta raise the signal:

to a useful level. Basically, each power range channel
-

,
,

\~- l

consists of the following components :,

.

1. Uncompensated Ion Chambers
2. Linear Amplifiers
3 A Summing Amplifier: -

|4. A Difference Amplifier '

5. A Function Generator
6. Output Metering
7 Power Supply
8. Detector Power Range Test Module
9. Bistables -

Uncomp,ensated Ion Chambers The Uncompensated Ionica-
tion Chambers are designed to de 0et thermal n0utrons atflux levels from lx100 to 2~.5x10 neutrons /en -cecond.
Each detector assembly concists of two 70 inch. long neutron-
sensitive sections. The bottom section will cover the bottom
section of the core and the top section will cover the
top half of the core.

The thermal Neutron Sensitivity of each section of the
detector is approximately 1.3 x 10-3 amperes / neutron <cm second.2

The uncompensgted gamma sensitivity _ of each section is approxi-mately 1x10-1 amperec/R/HR.
E,

.

k
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Detector Power Su
chambiir's' Tn 'tlid 'pdwdr'~pp1,y Module - Th'c uncompensated ion'- rangV w'il'1"he operated at a voltage

~$ which, depends on the exact fall power Neutron Flux.' As.

a result the uncompensated Ion Chamber Dctector Power Supply
Modules will be identical to those in the source and
intermediate ranges d'escribed in sections 3.4.2 and 3.4.3
One power range Detector Power Supply Module in ~each system
cabinet is directly connected by triaxial cable to the high-
Volta 6e connections on the detector.

Linear Amp _lifier Modules - The Linear Amplifier pro-
vides a 0 to 11.5 volt d-c output signal proportional to
reactor power from 0 to 7. 5 as determined by current signalsfrom the power range uncompen, sated ion chambers. There

- are two Linear Amplifiers on each channel, one for the top
lon chamber and one for the bottom ion chamber The amplifiers
accept currents with a full-scale range of 10-6 amperes to
10-5 amperes. The Linear Amplifier consists of two 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 guarantee isolation between
the various outputs going to protection, control, indication
and recording devices.

The Linear Amplifi r is packaged in a standard 3-unit-,

gge wide module. On the front plate are: a meter calibrated
from 0-72.5% of 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 adjustment, and
a potentiometer with a 10-turn counting dial for extra fine
gain adjustment, plus a sero adjustment potentiometer and an
output test jack. See Product Instruction Manual E92-315
for a detail discussion of the module.

Sum / Difference Amplifier - There are two Sum / Difference
AmpliridrT TH 6EEii F6wdr~ dame 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 bet een 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. -

,

Function Generator - The Function Generator has two.

inputiirid "one'~o~ TIE;itIC One input to tne Function Generator
is the output of the Difference Amplifier (40) . The
second input is from the flow channal.

\
]

|
,

!
-
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Refer to fic,ure 4.4 The signal f(a 9) denoted in.

figure 4.4 is a piece-wise linear function of the input_

] (a 0).
The breakpoints denoted as B1, B2, B3 and B4 on the

curve, are adjuutabla at the module frontplate. The two
slopes (mi and m2) are also adjustable from the frontplate.

of the module.

The output of the Function Generator is used as the set
point si nal for the power imbalance / flow bistable.8 ,

See Product Instruction Manual E92-358 for a detailed
description of the Function Generator Module.

"

- Power Range Test Module - The function of the Power
Range 7eiit Module is to provide 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 Anplifier.

Other functions include the following:

1. A test operate switch position to allow on-line
troubleshooting of the channel. -

2. Zero and rance switch positions to allow complete
(;; 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.

- 1

Refer to Product Instruction Manual E92-323 for a
detailed description of the module operation.

I

Averazinz-Auctioneering Modules I

Refer to fig. 3 5 and functional description 4. 8
The average module is on application of the sum /dif-

ference amplifier 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 its two inputs. The |,

output of the auctioneer module is an average power signal
|to the ICS which equals the greater.of its two inputa; either |the average of power channels NI-5 and NI-6 or the average
!- of power channels NI-7 and NI-8. '

.

See Product Instruction Manual E92-359 for a detaileddescription of the auctioneer module.
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,-/[,, 4. REACTOR PROTECTION SYSTEM

i 1
; 4.1 Introduction
.

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 Stste,m Design Criteria i

The Reactor Protection System performs the most important ,.

of all protection functions in the plant. - that of protecting i-

the Nuclear Reactor 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 Reactor Protection System must
- meet the single-failure criterion of IEEE 279, which states
A. that .no single failure .shall . prevent a protection systen

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.
,

Redundancy - IEEE 279 requires that the reactor pro-
~

tection system channels and their associated 1-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.

,,

Secaration - 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
independance shall be assured through the use of isolation
amplifiers.

.

E o
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e
Manual Trip - IEEE 279 recuires that manual trio

\*Jj switches , independent of the automatic trip instrumentaticn,
shall be provided.

Availabilit'( - Manual testing facilities shall be built
into the reactor protection system and its inputs and out-
puts to provide for preoperational testing to give assurance
that the system can fulfill its required protective functions
end on-line testing te 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.

Removal - The removal of a Reactor FrotectionEquipment
System hiodule from its system cabinet shall initiate a
trip in the affected channel.

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 follow..ng
-

>

condi'tions :'

t ,-

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 limit.

-6 .- The Reactor Coolant Pressure falls below a preset
minimum limit.
The Reactor Coolant Pressure falls below a7 variable minimum limit set by reactor coolant
temperature.

-

8. The reactor building pressure exceeds a preset
maximum limit. ,

.

W

.

-
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9r4.4. System Descri 7.on
,

4.4.1. Syotem Logic
.

The ' stem, as shown in the analog logic block diagram,
E30402' somprises four identical protection channels',
identified as channels A, B , C, and D, each of which termi-
nates in a channel trip relay within a Reactor Trip Module.
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
functions as an AND gate , passing current to the terninating

- channel trip relay and holding it energized as long as all
channel inputs are in the normal, energized (untripped)
state. Should any one or more inputs to a channel become
de-energized (tripped), the terminating channel trip relay
in that channel de-energizes (trips). Thus , for trip

signals, each channel becomes an OR gate..

A normally energized, closed interlocking contact in
series w'ith 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 nelay has four contacts, each of which.

controls a Logic Relay in one reactor trip module. There-
v

fore, each Reactor Trip Module has four logic - lays controlleds

by the four protection channels.
The Reactor Trip Modules are given the same designation

as the protection channel whose Trip Relay the,y 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 ~1n each Reactor Trip
Module controls one or more breakers in the Control Rod'

Drive Power System.

The coincidence logic in the Reactor Protection System#

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 modulo controls -

'

breakers C and E; and channel D reactor trip module controls
breakers D and F.

4.4.2. System Monitoring ,

The modules, Logic, and Analog equipment associated
with a single protection channe1 are contained wholly with-
in two reactor protection system cabinets. Within these

cabinets, there is a meter for every Analog signal employed ,

J

l
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'
by the protection channel and a visual indication of theo

( f) state of every logic clument. At the top of one cabinet,
and easily visible at all simes, is a channel indicating
panel. Lamps on this panel give a quick visual indication
of the trip status of'the particular channel.

In addition to the visual indications and readouts
within the channal cabinets, each trip function, power
supply, analog signal, and interlock is monitored by
external indicatin5 devices.

4.4.3. Reactor Tric Summary

"

The abnormal conditions that initiate a reactor trip.

are summarised in Table 4.1.
'

TABLE h.1 REACTOR TRIP SUW4ARY

Trip Variable No. of Sensors Condition for Trip

Neutron Flux 4 Flux Sensors High flux.

Neutron Flux / 4 Flux Sensors F. lux / number reactor coolant <

Reactor Coolant 32 Pump Monitor pumps operating comparisen
Pump Comparison contacts (2 per pump)

D./cf Reactor Outlet' 4 Temperature High - erature
Temperature Sensors

~

Pressure 4 Pressure High. pressure
Censors Low pressure

Pressure / 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 function
Flow Comparison dependent on delt'a flux

and reactor coolant flow.

Reactor Building 4 Pressure Reactor Building Pressure
Pressure Sensors

|

4.4.4 Description of Channel Trip

: The protective functions of the Reactor Protecticn
I System described below apply to each of the four channels.

1. Overpower - The nuclear instrudentation provides
a Linear Neutron Flux signal in the pcwer rance

'- 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 tr's point of the bistable, the b1 stable

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 protectivesa :
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 trip point of a.

power / pump comparator, and initiates a channel trip.

3 Reactor Outlet Temperature Trip - The reactor outlet
temperature is measured by 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 *

Bistable Module. When the temperature exceeds the trip
of the bistable, the bistable trips, de-energising
the channel trip relay. -

g7 4. Reactor Pressure Trip - The Reactor Coc
. Pressure

,signal from one pressure transmitter is .eceived
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 B1 stable Module and a Low-Pressure
Bistable Module. When the pressure exceeds the Trip
point of the High-Pressure Bistable, the bistable
trips, de-energizing the Channel Trip Relay. The
Low-Pressure Bistable trips when the pressure falls
below the trip point, tripping 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-Tem
Comparator trips when the relation KT - b)peratureP is reached
by a combination of rising temperature or falling
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.

.

A

e
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6. Power Imbalance / Flow Trin - A power imbalance / flow-
_

^
(9/o 9/F) comparator is included in each protection
channel. Each comparator receives 0 and a 0 inputs
from a different power range channel. The comparator,
bistable, trips de-energizing the channel trip relay, .

-

when 0 ?> f(F) + f( A 0) . f(F) and f(A 0) are illus-
trated in fi ures 4.3 and 4.4. f(F) = KF where K6
1a the power / flow tri? ratio and F is the total
reactor coolant flow in per cent full flow. The
constant K is an adjus tment and has a minimum range
adj us tment o f 1. 00 to .* . 20.

7 Reactor Building Pressure - Each protection channel
. continuously monitors the 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 hiSh 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 ovaluating system performance, it is
\' aroitrarily assumed that " failure" e.n 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 1nput 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 uithin 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 Trip 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 module or in its interconnections can produce only the
! following effects . -

\

!
i

I
,

|
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J Trip the break ~er associated with the module.
-

1.

2. Place the system in a 2-out-of-3 mode , as if
the associated channel had suffered a "cannot-

- trip failure. ,-

Place the system in a 1-out-of-3 mode,'as if the3 associated channel had tripped.

The combination of Reactor Trip Modules and Control*

i At thisRod Drive Ereakers forms a 1-out-of-2 X 2 loS c.
" level the system will tolerate a "cannot-trip" type of

, failure of one Reactor Trip Module, or of the breakers
associated with one Reactor Trip Module without degrading

Thethe. system's ability to : rip 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 variable 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.g/
slectrical Independence and Separation - 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 Digital
signals). The effect of this isolation is to. prevent faults
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 also
assures that two or more protection channels cannot ,

interact through the cross-coupling of faulting of related
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
410 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
_s' that power supply faults can effect only one channel at a

time,
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Physical Indeoendence and Separation - The need for
physical isolation has been met in tne pnysical arrangement' "

of each channel within separate cabinets and wiring within
the cabinets separating power 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 f ailures . Power for the Control Rod Drive Power
Breakers ' undervoltage Coils comes from the Reactor Trip
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 op'eratrien without interferring with normal plant
\ll operation Jr trip functions, as discussed in section 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 of Power _ - The primary source of 120-volt AC power
for the Reactor 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-energised state to initiate trip
action. Loss of power thus automatically forces the B1 stables
into the Tripped state. Failure of a vital bus or a Channel
Power Supply causes the affected channel to trip.

Equipment Removal - The removal of any module from the
vital sections of the reactor protection system initiates
the trip normally associated with that portion of the system.
For example, removal of a Bistable Module trips the associated
Channel Trip Relay, while removal of a Reactor Trip Module
trips the associated Control Rod Drive Breaker. In the

,

first case, removing a bistable not only breaks the contact
chain leading to the Channel trip Module, but it also breaks

I

|
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the contact chain leading to the Module Test Interlock
Relay, both of which result in a trip of the Channelq,
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 same
time , a 1-out-of-3 trip input appears in the other three
reactor trip modules.

4.5. ' 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 comparative measurements between like
variables in the four ch,annels, and the substitution of
externally introduced Digital and Analog signals as

''j required, together with measurements of actual protective
'

function trip points. A Digital voltmeter is provided
for making accurate measurements of trip point and Analog
Signal Voltages . The Test circuits allow the operator to
test th) system channels from the input of any Bistable up
to the final actuating device at any time during reactor
operation. The B1 stable 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- I

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.

|
I

During the test, satisfactory operation of the Bistable
can be observed by watching the " trip-status" light in the,

'

Reactor Trip Module.
1

The Reactor Trip Module 2-cut-of-4 logic and the |

associated control rod drive breaker are tested by pressing. )
various combinations of two logic test switches in the
Reacter Trip Module to simulate the six combinations of!

t |
,

|
-

; 1

h |

.

,,< e - r n -
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trips inherent in a 2-out-of-4 cdincidence logic. Duringt ,,
v the test, satisfactory performance of tne Trip Logic Relays

can be observed by watching the " Trip-logic-relay" lights
and the "breakcr-trip" 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 term 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 switch g electric loads of up to 10 amperes
and more than 10 operations.

3 The system test scheme includes frequent visual
(;) checks and comparisons within the system on a regular

schedule in which all channels are checked at one time,
t6gether with less-frequent electrical tests conducted on a
rotational plan in which the tests are conducted on different
channeln at different times.

4.6. Bypassing

4.6.1 Shutdown Bypass - A switch is provided in each protective
enannel to bypass 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 Bypass
has been astablished increasing the pressure above a
predetermined high pressure setpoint trips the channel.

;

1

The low and high pressure setpoints are the Reset and
Trip points of a bistable. Initiation of the bypass requires
the following:

1

1) Pressure must be below set point of the bistable. !
|
'

2) Bistable must be manually reset.

3) Shutdown bypass switch must be placed in bypass
( position.

|
'
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4.6.2 Selectable 2/3 Coincidence - A key switch is provided in
'' eacn protection enannel for changing the system logic from,

1 2/4 to 2/3 coincidence. Operation of the key switch:(y
1) blocks the trip action of the associated

protection thannel.

2) renders the remaining key switches ineffective
in blocking trip action of their respective
protection channel.

Thus, one and only one protection 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 (NI-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
Inter.tediate ranges the Rod Withdrawal Inhibit logic is in
effect. Cnce the level enters the Power Range this function
is bypassed.

3 The system will generate a Rod Withdrawal Inhibit
.

\e9' 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 j
shows a high startup rate. |

l

When the react";r power level enters the Intermediate range
the startup rate Fad Withdrawal Inhibit functions of the
Source Ranges are bypassed when both Intermediate Ranges

.

i
reach a predeteemined power level. This may also be i

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 bypassed by two identical (functionally)
but are independent logic strings. At the time the function
is cypassed the Source Rance Detector Power Supplies are
also de-energized to prohibit dEexse to the Proportional
Counter Assemolies.

The entire Rod Withdrawal Inhibit function is bypassed
by a modified.2-out-of-4 logic determined by the Power

*Range Channels.
'

As indicated in the section 2-3 sketch, tha entire
logic for rod withdrawal la " inverted" throyh an auxi-
liary relay such that une final " rod hold" signal is an
cpen contact state. Removal of this auxiliary relay
module would simulate a roc hcid state.
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4.8 Auctioneered Power Function.o

\s. Refer to figure 3 5 The function of the auctioneered
power scheme is to provide an average power signal output to
the ICS and allow testing of a power range channel without
essentially affecting the output signal to the ICS.

The output of the auctioneer module is an average power
signal which equals the greater of its two inputs; either
the average 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 modules and the input to the
auctioneer module 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" mode), 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 mode.

.
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NUCLEAR INSTRUMENTATION SYSTEM
'

1. Introduction
.

,
The nuclear instrumentation system monitors the reactor neutron power

from source level to 125% full power and 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 information, so that three ranges of nuclear instrumentation are

required:-

Source range instrumentation 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 e:cter. The overlap.
,

with the intermediate range is over two decades.

Intermediate 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 a compensated ion chamber.
The overlap with the power range is crer two decades.

Power range instrumentation provides four linear dignals of neutron
power, each covering the span from 0 to 125% full power and derived from
a detector assembly consisting of two uncompensated ion chambers. In

addition, four linear signals of reactor imbalance, each covering a span
from -62.5 to +62.5% full power, are provided.

2. System Design Criteria

Because of the essential nature of the neutron flux information de-
rived from the nuclear instrumentation, two =ajor design criteria have

| been applied to guarantee the reliability and operability of the system:s

Redundancv - All nuclear instrumentation system channels shall be
redundant with a minimum of four identical independent channels where

*
|

NI-1 Babcock & Wi!Cox
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1.

.

inputs to the reactor protective system are provided, and two identical-

independent channels where no reactor protective system inputs are pro-
vided.

Indenandence -- Redundant channels shall be both electrically and
~

physically independent, so that electrical or mechanica1 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 comprobised by the absence of correct neutron flux infor-

, mation:
..

1. Availability -- At least one range of nuclear instrumenta-

tion shall be on scale at all times as long as an operating core is loaded
in the reactor.

2. Overlao -- An absolute minimum of one decade of overlap shall
exist between successive ranges of nuclear instrumentation.

3. Foldover - Each range of nuclear instrumentation shall be
designed to withstand overload without foldover.

,

.

One additional criterion applies-to gucr: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 Description

The nuclear instrumentation is shown in Figure NI-1. The design empha-
sizes accuracy, stability, and reliability. Instruments are redundant
in every range.

The nuclear instrumentation system includes all instruments associa-
ted with the measurement of reactor 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. Ilhere necessary,
the system incorporates provisions to compensate for the presence of l

gamma radiation which is not directly related to reactor power. l.

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 f*

approximately 10 decades, so that the nuclear instrumentation must '

NI-2 Babcock a Wilcox
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Figure NI-2. Nuclear Instru:sentation Detector
Locations, Plan View
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provida a minimum of 12 decades, and preferably 13 decades, of neutron
7 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 re-

actor power from below source level to over 125% full power, a full 13

decades of information. A minimum of one decade 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 inscrementation consists of two redundant counc rate

channels designated NI-l and NI-2, each providing neutron flux 1: forma-

tion over a counting range of seven decades from 0.1 to 106 counts per

second. The neutron sources in the reactor core are sized to provide a
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 above. Decay of the sources, however, will change

^
this as much as a decade or more. ' The signals originate in two high-.

sensitivity- BR proportional counters on opposite sides of the core.
''

3

Preamplifiers 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 dispir. 'ng the log count rate level to the operator. Rate-c

of-change amplifiers calculate the rate of change of the log count rate.
for display to the opera' tor. 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 intermediate. range instrumentation consists of two log-N channels
designated NI-3 and MI-4, each providing eight deca /as of flux level infor-

mation in ter=s of log ion chamber current. The signals originate in two
identical, electrically gamma-compensated ion chambers on opposite sides

|
.

NI-3 Babcock & \Vilcox
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''
of the core. The ion chamber output range is from 10-11 to 10-3
ampere.

Logarithmic a=plifiers convert the detector output currents to sig-
nals suitable for displaying log-N level to the operator. Different1ator

amplifiers calculate the rate of change of the log-N si~gnal for displ.sy
to the operators and for use in the rod withdrawal hold interlocks. A

high startup rate in either channel will initiate a control rod with-

drawal hold interlock.and alarm. The startup rate range is from -1 to

+10 decades per minute. The operating console meters are scaled from
.

-0.5 to +5.0 decades per minute. Rate interlock action in both the source -
range and inter =ediate range channels is locked out above 10% full power. i

The power range instrumentation 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 amplifiers. The sum of the top
and bottom is the total reactor power. The difference between the top
and bottom. neutron signals is the power 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 !

Ifor calibrating the output against a reactor heat balance. Auctioneered '

NI channel outputs also supply power level information to the integrated
control system (ICS) . I

4. System Descri: tion

4.1. Eouipment Locations |
l

4.1.1. Neutron Detectors

The neutren 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 00 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.

.

NI-4 Babcock L \Vilcox
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Figure'NI-3. Nuclear Instrumentation Detector
.

Locations, Elevation View
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The two source range proportional counters are placed
on opposite sides of the core. Each detector is surrounded by 2 inches -

of lead, which provides shielding against ga=ma radiation. The two in-

termediate range compensated io'n chambers are also installed on opposite
sides of the core, but they are located about 90 degrees from thIe source
range detectors. . These detectors are surrounded by 4 inches of lead for
shielding for protection against gamma radiation.

4.1.2. preacolifiers

The source ra'ge preamplifiers are installed insiden.

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 ga==a flux and to make ~

them reasonably accessible for replacement or repair.

4.1.3. System 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. Operator Readout

Meters and recorders on the console provide the operator
with nuclear instrumeatation signals. The channel indicators, as shown
in Figure NI-4, are arranged in ascending order from lef t to right.- Flux
level recorders are located immediately above the indicators. There!

t

are no other nuclear instrumentation readouts for the plant on the opera-
tor's console or panel. All other readouts for system calibration, etc.,
are in the system cabinets.

4.2. Source Range Channels

The two source range channels, NI-1 and NI-2 are identical;
'

l they are shown functionally in Figure 1. Each channel consists of the
'

following components:

NI-5 Babcock 8 Wilcox
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' " '

l. 3F3 proportional counter.
.

2. Preamplifier.

3. Log count rate amplifier.
,

4. Race-of-change amplifier.

5. Bistables.

6. Calibration test module.
-

7. Power supplies. '

The components required to implement these functions are described fur-
- ther in section 5 of this chapter.

-
-

4.2.1. Source Range Detectors

The source range detectors monitor the suberitical re-

actor core in its shutdown state. The subcritical neutron leakage is
much smaller than that attained during pcwer operation-typicaI values
are above 10"1 nv. The source range detectors, therefore, must be very
sensitive devices capable of detecting a neutron flux of about 1.25 x

10-2 nv. BF3 proportional counters are used for this purpose.
.

4.2.2 Source. Range Instruments..
. . .

The proportional counter output is a pulse for every
detected event. The pulse amplitude or pulse height is proportional

- to the endrgy of the detected event. Therefore, the output is a series
of random pulses of varying magnitude representing both neutron and gam-
ma events. The amplitude of the pulses may be only a few millivolts,
a level too low to be directly usable without amplification. The charge-
sensitive prea=plifier 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 amplifies
all input pulses by a factor of less than 10 to raise the pulse amplitude
to-a maximum of 4 volts.

The discriminator in the log count rate amplifier is

basically a threshold device which can be set to exclude the passage of
pulses of less than some desired magnitude. The discriminator excludes

noise and gamma pulses that have lower magnitudes than the neutron pulses.
The output of the log count rate amplifier is a signal w.

which varies directly with the log of the input pulse race. The log

.
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count rate signal is displayed on an analog. meter with a logarithmic
scale. The source range channels have a logarithmic scale for two basic
reasons: (1) a logarithmic scale provides equal readout accuracy over

'

a wide span of input information, and (2) the reactor power level nor-
'

mally responds to control rod motions logarithmically (exponentially),
especially during startup, when this range is in use.

The log count rate signal is next differentiated to

measure the rate of change of the flux. The startup rate (SUR) of a ~

reactor is defined as d(log 10$)/dt and measured in decades per minute
'

(DPM). The period of a reactor (T) is defined as 1/d(loge))/dt and "-

measured in seconds. Since the output of the different1ator is directly
proportional to SUR and SUR information is more useful to the power re-
actor operator than period information, 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 a measure of the reactor
power level, and the other is the startup rate in decades per minute as

_

a measure-of the-rate-of change of reactor power. A startup rate signal -'

*

from 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. Intermediate Range Channels

| As shown in Figure NI-1, the two intermediate 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. Rate-of-change amplifier.
4. Bistables.

.

5. Calibration test module.
6. Power supplies.

The components are described in detail in sectio ~n 5 of this chapter.

l
,
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|
1

|
,

|-

''

4.3.1. Inter =ediate Range Detector

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-
mined by the maximum dynamic range of the source range and the lowest
usable output of the inter =ediate ranga. 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, technical'
~

.
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 ionization

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 4--

gamma radiation.

Again, there are limitations. Compensation is not

perfect. A conservative approach is to assume that 5% of the gamma sig-
nal will always appear in the detector output. The limitations of in-

sulation leakage, instrument stability, and imperfect compensation com-
bine to establish the starting point for the intermediate range of 10-11
ampere.

I

j 4.3.2. Intermediate Range Instruments
|
|

The output of the compencated 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
1

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 rate of change of reactor power or startup rate (SUR). The

operator is given two signals from these channels: log ion chamber cur- ir4e
rent and startup race. One is a measure of reactor power, and the other

is the rate of change of power.

Babcock & 'NilcoxNI-8
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Figure 'il-5. Nuclear Instrumentation Flux Ranges
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Startup rate infor=ation 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 proportiotal counter. A startup rate sig-
nal from the intermediate range goes to a histable to halt rod with-
drawal when the startup rate exceeds three decades per minute.

4.4. Power Range 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 separate signal connections.
The outputs of the two sections are su=med 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 derived 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 calitedtion facilities provide a ~u

means for reading 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 uncompensated ion chambers as the
power range detectors is based on the relative range of neutron flux
compared to the gamma field that will be present. Approximately 1% of
the detector's full power output is due to the gamma field. Since the '

.

_
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major portion of the gamma 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 Instruments

The dependence of the plant on this equipment from
'

both safety and operational standpoints imposes very str'ict operational
requirements. The power range channels are calibrated ' gainst a planta

'

heat 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 power. Adjusting the gain of the

linear amplifiers raises the nuclear indication to 100% full power;

thus, the channels are calibrated 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. Furthermore, the

p. absolute accuracy of the nuclear measurement loses -any meaning at the
. g,

'

point of calibration te the heat balcacc. ~
-

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 decernina 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-

lowing 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.

The outputs from the linear power range channels are
displayed to the operator as a direct indication of the reactor power

level and power imbalance (Figure NI-4).

5. System and Comoonent Data

,

This section provides specific data and details about the ccaponents )

in the nuclear instrumentation system.
|

|
|

|

|
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' 5.1. System Cabinets and Modules

Figure NI-6 shows a typical nuclear instrumentation system cabinet.

The cabinet pictured was assembled for prototype testing of a complete 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 steel. The cabinets measure 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

terminal panels, each measuring 7 inches high by 17.5 inches wide by

11.5 inches deep, can be mo'unted in a single cabinet.

All external wiring to the equipment is terminated at terminal

panels in the bottom of the cabinets. 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 through shielded coaxial or triaxial cables are connected directly,

into che 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 minimize the shock hazard potential.
'

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 efficient

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 instrumen-

tation equipment. The module mounting 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 {

l

\.

-
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plug-in cards mounted vertically, as shown in Figure NI-6. All suitches, .

adjustments, and indicating devices intended for routine maintenance,
test, and calibration are mounted on, or are accessible frem, 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-unit-wide module
has space for two of these connectors, and a three-unit-wide module has
space for three.

.-

5.2. Source Range Channels
.

Figure NI-7 shows the components required to implement the source
-

1

range channel (NI-l and NI-2) functions described in section 4.2. Ex- |
1cept for the detectors, preamplifiers, and operator readouts, all com- l

1ponents are mounted as modules in the system cabinets. !
1

5.2.1. Procortional Counters i

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 neutrone/cm -second. -

{
2

'

The; are multi-unit, rugged counters designed to operate in any position. r"<

Each detector is a BF3 proportional counter unit sur-
rounded by a heavy-walled, hermetically sealed aluminum outer case,
permitting operation in high-humidity environments. The materials used ;

1in these detectors have been selected for low activation properties, !

thereby facilitating handling after exposure to neutron fluxes. Their

thermal neutron sensitivity is approximately 35 counts / neutron-cm2 at

an operating voltage of 2000 V. Table NI-l su=nari=es the operating char-
acteristics of the source range detectors.

Each detector is mounted in a housing assembly 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-
sisting 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 thimble. 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 atmosphere to

prevent entry of moisture.

5.2.2. Preamplifier 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 minimize difficulties

from continued operation in a high-humidity environment. The inner box

contains the electronics and is insulaced from the outer box. The power

supply and signal connectors are mounted on the outer box. Because of

the low signal levels, triaxial cable is.used for the signal lines.

The-preamplifier.is of the type known as charge sen- |
- -

. , .

sitive: that is, its output voltage is proportional to the amount of

charge appearing at its input. This approach provides compatibility with

the output of the proportional counters, which transmit an impulse of
charge for each radiation event. Table 1 summarizes the operating char- j

'

acceristics of the preamplifier.

Table NI-1. Preamplifier Module Design Data
|

Input 0.1 to los randomly distr 1buted pulses per
second with 0.5 to 10 picocoulombs average
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
|

Paired pulse resolution 150 ns minimum

Input cable length 100 ft maximum -

.

Output cable length 500 ft maximum
;

i

i
'

. .
i
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-

5.2.3. Detector Power Suoply 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 medules 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 regulation 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-
off, current limiting, and outputs for remote indication of voltage and
annunciation of voltage ON-OFF.

The detector power supply is a regulated d-c to d-c
converter operating frem 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-
former 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)

,

s

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

Meterials

Body Aluminum
Electrode Tungsten

iElectrode insulation - Aluminum oxide l

Sensitive nacerial
SF3 dgr |~

Gas pressure, cm Hg 55 aL ~
1

.
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Table NI-2. (Cont'd) ,

Minimum resistance, ohms 1011
Approximate capacitance, pF 70

Maximum Ratings

Voltage between electrodes, V 2500
Operating temperature, F 250
External prsssure, psi ,180
Thermal neutron flux, nv

Operating 1.25 10 4

Nonoperating 1 x 1010
Nonoperating gamma flux, R/h - 1 x 105 ,,

Typical Operation

Voltage, V 2000
Thermal neutron flux range (conventional circuitry)

1

Lower limit, nv 2.85 x 10-2 |
Upper limit, av 2.85 x 103 |Thermal neutron flux range (special circuitry) '

Lower limit, nv 1.25 x 10-2
Upper limit, av 1.25 x 104' ,

Sensitivity, cps /nv . 35 - !Minimum plateau length, V 200 j
.

> Maximum plateau slope, %/V 4.0 !
...

Output pulse
)Approximate unloaded amplitude, mV 50 l

Average inherent rise time, s 10 7
Inherent background, cps 0.20

._ .

As shown in Figure NI- 8, the detector power supply is
packaged in a 3-unit-wide module. The module front plate contains a meter
to indicate output voltage, a voltage adjustment potentiometer, an ON-OFF
switch, a limit reset pushbutton, and a test jack for measuring the out-
put voltage divided by 1000. Table NI-3 sum =ari=es the operating char-
acteristics of the detector power supol" module.

5.2.4. Count Rate Amplifier Module *

The count rate 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 ta 106 pulses per second. The amplifier con-

sists of four basic sections: a pulse amplifier, pulse height discrimi-

nator, log count race circuit, aitd output isolation buffer amplifiers.
1

.
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, The input pulses, with typical amplitudes of a fraction of a volt, are

applied to the pulse amplifier, 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 time (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

.

te reject gamma and noise pulses of smaller magnitude than the (neutron)
signal pulses, thus discriminating between signal, gamma, and noise. -

Standardized magnitude signal output puls:s 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 i:ombination produces a d-c voltage output proportional
to the logarithm of the average input pulse repetition rate. Standard

,

buffer amplifiers-at-the output-furnish isolation between the various "* --'
'

output signal paths.

Table NI-3. Detector Power Supply Module
Design Data

Supply voltage, V de 1200-2400
Maximum output ripple, mV 100

Output setting resolution, % 0.05
Test jack output accuracy, % of
output voltage + 1000 0.1

Load regulation, mA

2% 0-5
1% 0-4
0.1% 0-1

.

As shown in Figure NI-9, the count rate amplifier is
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
.

on the front of the module, along with adjustments for pulse amplifier

gain, discriminator threshold level, and output zero and range. Test

jacks are providad for signals used during on-line testing. Table NI-4

summarizes the operating characteristics of the count rate amplifier
'

module.

'

.

,
Table NI-4. Count Rate Amplifier 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'

6range from 0.1 to 10 pulses per sacond.

~
Response time Variable - from 400 seconds at 0.1 pulses

6per second to 1,second at 10 pulses per
second.

" ~

X5 curacy 1% of full scale at referenca cmditions, 2% -, , ,

of full scale over design r.aau.
'

Pulse resolution 107 (less than 100 ns rise time) pulses per
second.

Linearity (independent) Output voltage vers'us log count rate; 1% of
full scale.

Repeatability 0.1% of full scale.

Discriminator level 1%.
accuracy .

5.2.5. Rate-of-Change Amplifier Module

During reactor startup, the rate of increase of neu-

tron flux is an important parameter for operator monitoring. The rate-

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

level. Since changes in neutron flux during startup tend to be expo-
nential, the input to the rate-of-change amplifier tends to be a linear

.
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ramp when neutron flux is changing. The race-of-change amplifier out-
put is O to 10 volts, corresponding to a rate of change of minus 1-to

plus 10 decades per minute. ,Since differentiator amplifiers tend tc
be extremely sensitive to high frequencies, a low-pass filter is in-

corporated in the circuitry.

As shown in Figure NI-10, the rate-of-change amplifier
is pa ;kaged in a standard 3-unit-wide module. On the front plate are a
metr e calibrated in decades per minute, zero and range adjustment potent-

.

iom .ters, and an output test jack used for on-line testing and calibra-

tira. Table NI-5 summari=es the important operating characteristics of .

tF 4 rate-of-change amplifier.

Table NI-5. Rate-of-Change Amplifier Design Data

Input range O te 10 V corresponding to the logarithm of
0.1 to 106 counts.per second.

Output voltage O to 10 V corresponding to -1 to +10 dec-
ades per minute.

- -s
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 0.1%.
conditions

Accuracy over design 2%.
| range.

!

| 5.2.6. Bistable Module

Bistables are used to convert analog input signals to

digital output signals ir. the form of relay contacts whenever a setpoint
,

value is reached. The bistable module compares 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 & kVilCOX |
._



'W ,

,1 -Og v44*Ce ; 4; ,*/q , 4
04 O Vg1
9 g4 *P c

A 44 p bS=, : . _ _ 0g q
N fr *cp Op fo e

q n z
O 01 ep *O

'~

%. **p'e #de * e,E eyE

#*t, 4~%, * og "% t' *4y%, #%, N1 .or
%,f , ,h N 04 ,& */, ?- ,

*g by , Do, e 4&
.N Z i . ~ ,o Je t e4 m ee

$$f?$ i- ' '.
og p 0 *p'

*0'q, 84 4I #4.i.d''.$, 1, ' th, %
' .- r o c4o,% e.

47'j , f
*b e

'4 ,og
y 0 eO

C'eq9 %g
g y o*

b,4c
; . .| ' C ev

V,t og' o Aog *> l Ob * g4e o'

6 g nop.
04, % o g 0*

''

d
f s #1, %c 1= . . , # #

*%,%
-.v.- - . 4

%g ,*oo
oe m blO

- % eg COf eptde
*

O l No, *

;.: ,
,%q

b 4
0, C4, f e*W , 1y.

-3%&& : */ p A 6 %
4 4 4 +**P4

. . , .:h ,?*
q 6\g Co9 eo, n q

E &
? tg Cy 0,4p

Ee g, *&q 4%,#CJ
+eg #d

C D>,G,>

k,_ f. . . .
>b b %,y#

.~~%p ep. ' eg*b e* y e
n le Oe,

*e4 #ep po. ,i Mfi * o *1,N, es,.tr*.-|c 9e
| V n

e n
E %, p
n 0 E'

* 2,> V g4

*V6 *e '

4 0 +44
%

%qg 4c; *! %g,o
*! Se %,.

4in
04Aoy %

A %g %#

by%
.

dj *t 'Esg
%q O

4
.,

4qJ i
% , ,O typg,

: u.' 96l ,o % *l,4 .gSg g
E0 OE

p ,'*l~ e s.: . 7,.h.
*F ,%

e 0g p
n *! ,e: -:2

E0g, lg
,

, *

% #g
3,

47

s.
#e

.

_

- - . '. ' - __
_

'.7 :. % , -
- .

_

<



_.

5.2.7. Source Range Test Module

This module generates simulated input signals for on-
line testing of the count ra,te amplifier, rate-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 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 pulses (whose am-

. plitude may be adjusted) with selected' repetition rates of 100 kHz,
- 4kHz, and 1 Hz. The use of signals at three points' of the range also -

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 f citoning of the bistables connected'to
the CR amplifier output.

The test signals applied to the rate-of-change ampli-
fier 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
range, In additierr, a variable -d-c voltage is -fed by way of the rat"
of-change amplifier to bistables connected to its output for checking
bistable setpoints and functional operation.

-
As shown in Figure NI-12, the SR test circuit is pack-

,aged f.n a standard three-unic-wide module. On the front plate are an

"on tes t" indicator light, a multiposition rotary test switch, a cali- l

|bration output potentiometer for the variable d-c voltage, a pulse am-
plitude 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 +10 V reference and the pulse am-
plitude output. -

5.3. Intermediate Range Channels

Figure NI-13 shows the components required to implement the
intermediate range channel NI-3 and N1-4 functions described in section
4.3 of this chapter. Except for the detectors and operator readouts,
all components are mounted as modules in system cabinets.

h,. \

|
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Figure NI-13. Diagram of Intermeiliate Range Channel
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5.3.1. Compensated Ion Chambers

The WL-23635 compensated ionization chamber detects

thermal neutrons in the range f[ rom 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 F.

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

2 '10-l'' amperes / neutron /cm -second. Gamma sensitivity is less than 2.3 x
,

--

10-11 amperes /R-h when operated uncompensated, but is reduced to approxi-
mately 2.3 x 10-13 amperes /R-h in compeacated operation, thus exteriding
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 alumina.

Each compensate.d ion chamber is counted in a housing.

"'

assembly whfch serves to electrically insulate the detector ca*e from -

_

ground and provide a convenient and rugged'means for handlin .4e detec-

tor during 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 inorganic-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, which 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 as 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 Pov.ar Supoly Module

|

The compensated ion chambers in the intermediate range )
!will be operated at 600 V dc. The detector power supply modules for the-

' compensated ion chamber will be nearly identical to those in the source

range described in section 5.2, but the voltage range will be 300 to

NI-21 Babcock & Wilcox |
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_ 800 V dc. However, these modules will be mounted in intermediate range
cabinets and connected directly to the high-voltage connections on the
detectors rather than to the preamplifiers.

5.3.3. Auxiliary Power Supply Module

The auxiliary power supply provides the necessary neg-
ative voltage to the compensating electrode in the compensated ion cham-
ber. A range of regulated voltage from -15 to -300 V de is available.

As indicated in Table' NI-7, the normal range of compensating voltage re-
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 plate of the

module has a meter to indicate voltage, a voltage adjustment potentio-
meter, an ON-OFF switch, a limit r_eset pushbutton, and a test jack for

.. measuring the output voltage divided by 100. Table NI-8 summarizes *be * '' j
operating characteristics of the auxiliary power supply module.

5.3.4. Logarithmic Amplifier Module

- This ' module provides an output signal range of 0 to
10 V de, proportional to the logarith= of the input signal current range ;
of 10-11 to 10-3 amperes dc. The resultant output slope is 1.25 volts I

per decade of input current. The logarithmic anplifier comprises three

sections: a logarithmic circuit, a temperature compensation circuit,
and output isolation buffer amplifiers. The logarithmic circuit uses

1an 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 .

|

! l
,

decades. The result of using the transistor as a feedback element in
I

the operational amplifier is a logarithmic conversion of input ' current
to output voltage. A second operational 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 5;7 |
various output signal paths.

|
.
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Table NI-7. Compensated Ion Chamber Design Data
(Type WL-23635)-

Mechanical -

Diameter, in.
,

19-1/8 t 3/16
3-1/8 1/16.

overall length, in.
Approximate sensitive length, in.. 14
Net weigh t, Ib 5-3/4
Shipping weight, Ib 19

Materials
*

Outer case 1100 aluminum
Electrodes - 3% A1, 97% Mg --

Insulation Alumina '

Neutron-sensitive material
Content Baron enriched in 10B

2Thickness, mg/cm i

Gas fill Nitrogen

Imoedance

Resistance (minimum), ohms .

Signal electrode to case 1013
High-voltage electrode to case ~

1012 .

-"

-
* * Compensating electrode to case 10 12,

Capacitance (approximate), pF
Signal electrode to case 290
High-voltage 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, nv 5 x 10 11
Neutron exposure (before -10% decrease in sensitivity) 1019

Typical 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, ampercs/nv 4.0 x 10-14
Gamma sensitivity, amperes /R-h

.

Total compensated 0
j- Uncompensated

, 2.3 x 10-11
Background current, amperes <10-11

NI-23 Babcock & \Vilcox
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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..

Output ripple 100 mV maximum.

Resolution of output setting 0.05%

Test jack output accuracy 0.1% of output voltage * 100.

Loao regulation 2% - O to 15 mA, -125 V only;
. 1% - O to 10 mA, -100 to -300 V,

O to 6 mA, -50 to -100 V,
. O to 3 mA, -30 to -50 V,

O to 1 mA, -15 to -30 V. --

Table NI-9. Logarithmic Amplifier Module Design Data

Input 10~l1 to 10-3 amperes .
Output 0 to 10 V de, correspond'ng to the logarithmi

of the input current.

Response time Variable - 10 seconds at 10-11 amperes to 0.1
second at 10-3 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 acale.
.

1
l

As shown in Figure NI-15, the logarithmic amplifier 1

lis packaged in a standard three-unit-wide module. On the front plate

of the module is a meter 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 summarizes
the operating characteristics of the logarithmic amplifier module.

5.3.5. Rate-of-Change Amolifier Module

In each of the intermediate range channels, this
module is identical to the rate-of-change amplifier in each of the source

gg
range channels described in section 5.2 and Table NI-5 (illustrated in Fig g -
ure NI-10). In the intermediate range, however, each rate-of-change |

.

l NI-21 Babcock & Wilcox
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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 rate-of-change amplifier output is 0 to 10 volts, corresponding to
a rate of change of -1 to +10 d'ecades per minute.

5.3.6. Bistable 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 withdra al hold on a rate-

,
of change of 3 decades per minute. Although not shown'in Figure NI-l or -*

i

Figure NI-13, there is a histaIble at the output of each logarithmic am-
plifier to cut off the source range detector power supply automatically
at 10-9 amperes to prevent exceeding the maximue operating flux limits
on the proportional counter detectors.

5.3.7. Intermediate Range Test Module

The intermediate range test module generates sinulated

{
. input signair for-on-line testing of the logarithmic amplifier, rate-of-"

.

change amplifier, and bistables which c:nc up the intermediate range of
neutron flux monitoring equipment. The intermediate range test module

can be used for on-line testing during normal reactor power operatien

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, 10-6, 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 anc the correct functioning of bistables connected to the loga-
rithmic amplifier output.

The test signals available to the rate-of-change ampli-
fier are a zero rate input for checking amplifier =ero and a 0.025 H=
sawtooth wave with a slope of 10 decades per minute for checking ampli-
fier range. In addition, a variable d-c voltage can be inserted at the ;''

rate-of-change amplifier output to check bistable setpoints and func-s

tional operation.

NI-25 Babcock & Wilcox
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As shown in Figure NI-16, the intermediate range circuit

is packaged in a standard three-unit-wide module. On the front plate are

an "on tes t" indicator light, a, multiposition rotary test switch, a cali-
bration output potentiometer for the variable d-c voltage, a reset switch

for control of the sawtooth generator, and test jacks Ear the ramp (saw-
tooth) output and its sync pulse and for +10 vole 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. Uncompensated Ion Cha=bers

The WL-23636 uncompensated ionization chamber detects

thermal neutrons at flux levels _from 1 x 106 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 reactor operation, are reduced. The detector con- '

,

sists of two 72-inch-long, neutron-sensitive sections, each uncompensated.
It is constructed of materials of low-activation cross section to reduce
the amount 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 summarizes the operating characteristics of the power
range detectors.

Each uncompensated ion chamber is mounted in a housing
assembly which electrically insulates the detector case from ground and

provides a convenient and rugged means for handling the detector during

installation and removal from it: thimble. Exec it for the housing length

and the number of detector cables and seal closures, the housing assembly

for the power range detector is identical to that for the intermediate

range detector.

.
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Figure NI-17. Diagram of Power Range Channel
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*
5.4.2. Detector Power Sucolv Module

The uncompensated ion chambers in the power range will.

be operated at 600 V dc. As a result, the detector power supply modules
for the uncompensated ion chamber will be identical to ,those in the in-
termediate range as described in section 5.3.2. One power range detector
pcwer supply module in each system cabinet is directly connected by tri-
axial cable to the high-voltage connection on the detector.

5.4.3. Linear Amp 11fier Module

The linear amplifier provides a 0 .co 11.5-V de output -

signal proportional to reactor power from 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 wer - high accuracy,
typically 0.05*., and rapid response, both required for reactor protec-

'
- tion. Standard buffer- 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)

i

Mechanical

| Diameter, in. 3-1/8 1/32.
'

Overall length (maximum), in. 154
Approximate sensitive length (each section), in. 72
Net weight, Ib 40
Shipping weight, Ib 50

Materials;

Outer case 1100 aluminum'

Electrodes 1100 aluminum
Insulation Alumina ceramic
Neutron-sensitive material

'

Boron enriched in 10Content 3-

2Thickness, mg/cm i
Gas fill Nitrogen

.
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" Table NI-10. (Cont'd)
.

Impedance
'Resistance, ohms

High voltage to ground at 1500 V 1011
Sigaal 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, nv 5 x 1011
Gamma flux, R/h 5 x 105
External pressure, psi 180
Relative humidity, 100
Irradiation exposure, nyt (before 10% decrease. in 1 x 1019

sensitivity)

Typical Operating Characteristics

Operating voltage, V 200 to 1000
3Saturation characteristics, V at nv 200 at 10 ,
3500 at 5 x 10 ,

800 at 1010
Thermal neutron flux range, nv 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 1 x 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 7?. 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 adjustment, and a potentiometer with a

10-turn counting dial for extra fine gain adjustment, plus a zero ad-

justment potentiometer and an output test jack. Table NI-11 summarizes

the operating characteristics of the linear amplifier module.

NI-2S Babcock & WilCOX
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' Table NI-11. Linear Amplifier Module Design Data

Input Full scale current ranges, O to 10-3 amperes
maximum, O to 10-6 amperes minimum.

Output 0 to 11.5 V d , corresponding to O to 71.875%
of full power

*

Response Time 30 ms to 99% (10-3 ampere range), 60 ms to
99% (10-6 ampere range).

Accuracy 0.1% of full scale at reference conditions,
. 0.15% of full scale over the design range.

Linearity 0.1% of full scale.

Repeatability 0.1% of full scale.

Gain adjustments Range - Internal link adjustment covers 3
decades of full-scale settings from 10-2 to
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 .

b .. / tion of-0.03% of, full scale. .

.

.5.4.4. Bistable Module

The bistable modules in the power range channels are
identical to those used in the source and intermediate range channels

. described in section 5.2 and Table NI-6 (shown in Figure NI-11) . In the

power range channels they will function to bypass rod withdrawal hold
in both the source and intermediate range channels when reactor power

,

exceeds 10% of full power.
,

Although not shown in Figures NI-l or NI-17, these
same bistables or additional bistables set at 10% of full power may be

; used to back up the source range detector power supply cutoff bistables
in the intermediate range channels set at 10~9 amperes. This will allow

an intermediate range channel to be removed from service for maintenance

without automatically turning on the source range detector power sup-
plies. All other bistables in the outputs of the power range are part

'

of the reactor protective system.

-
,
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5 . l. 5 . Power Range Test Module

The power range test module (Figure NI-19) (PRT), along
with the flow test module, allows complete testing of the $ and a$ sys-
tem. The PRT module allows independent testing of the. two linear amplifiers
and calibration of the sum and difference amplifiers. One of the selec-
tor switch positions on the PRT allows the simulated output signals of
$ and 64 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 $/t.$/F trip bistable may be checked

for proper operation by selecting various setpoints, f('a$) + f(F), and ~

comparing this to the input ($).

Table NI-12. Power Range Test Module Design Data

Power supply requirements, V +15 at 100 ma typical,
125 ma max

. -15 at 200 ma typical,
225 me max *

'
'

Test inputs 1 and 2

Coarse ranges - link selectable in 10-6 to 10-5 A
ranges of 10-5 to 10-4 A

10-4 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: Adjustment, V de -0 to -10

Resclucion, % full scale 0.025
Difference- Adjustment, V de

Resolution, % full scale 0.025
Ripple, % full scale <+0.1

5.4.6. Averaging-Auctioneering Module

A high-level auctioneered signal between the average
of channels NI-5 and -6 and the average of channels MI-7 and -8 is pre- 3:4
vided as an input to the ICS. The average-auctioneer scheme provides

NI-30 Babcock & Wilcox
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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 inc1'udes a built-in analog average meter.
Each averager has the following isolated 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 averagc for computer usage.
3. Auctioneered average for driving a strip chart

recorder. |

|
4. Auctioneered average for driving an external meter.

5.4.7. Z/A Amplifier Modules

|

The remaining modules making up the power range chan- |
.

~~'

. .
nel'are :5e. summing and the difference amplifiers (Figure NI-20). Bo th -

functiors (sum and difference) are achieved using the sum / difference
amplifiers." The output signal range for the summing amplifiar is 0 to

.

1

+10 volts, representing 0 to 125% full power. .The output signal range !
.

.

for the difference amplifier 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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- Table NI-13. r/a Amplifier Module Design Data

Inputs Capability of four inputs, including bias
voltage so that the output relationship

'becomes Eout = -0.5(Et+E2- E3- Eg)
.

Input span 0 to 10 V and 0 to -10 'V, four inputs (E ,
E , E , E , Eg)t 2 3

Output span 0 to 10 V (scaled and isolation outputs),
O to -10 V (Ecut)

.

.

Accuracy (worst case)

Ecut signal, % 0 .0 15 , 0.025(a) ..

Scaled output, % t0.03, 0.04(a)
(prime output)
Buffered output, T !0.7

Response time

Ecut, ms 10

Scaled output, ms 10

Drift (30-day measured), " .

E 0.004 '
out..

Scaled output 0.007 )
Ref power supply 0.022

.

(a)With reference power supply.

1

.

|
|

l

~

@
|
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.

3. Selectable Tavg. NOTE: Following selection of Ihot and Icold
No further selection required to have 3 Tavg signals as inputs to
RC 12 Ta5y '
a. Loop A Tavg
b. Loop S Tavg
c. Unit Tavg (Loop A and B average)
d. Selector (RC 12 TaS)

1. RCS f. low inputs (A&B Loop).
2. Automatically will select (A Loop or B Loop)

Loop with the highest flow (Not Unit) *

a. Loop pump combination not equal
b. Flow difference (sheared shaft)3. Output
a. Digital Tavg. Indicator
b. ICS (Reactor Demand Station)
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3. Selectable Tavg. NOTE: Following selection of Ihot and Tecid-

v' No further selection required to have 3 Tavg signals as inputs to
(i RC 12 Ta5

a. Loop A Tavg
b. Loop B Tavg ,

c. Unit Tavg (Loop A and B average)
d. Selector (RC 12 TaS)

1. RCS flow inputs (A&B Loop).
2. Automatically will select (A Loop or B Loop)

Loop with the highest flow (Not Unit) *

a. Loop pump combination not equal
b. Flow difference (sheared shaft) ~

3. Output
a. Digital Tavg. Indicator

- b. ICS (Reactor Demand Station)
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#

W Refer to Figure 1 and 2 S f
IW Instrument Prefis SP1A, $PIB !Brief description of level transmitters '

Uses differential pressure for level indication I

LT 1 Full (wide) range level 0-600"
,Not temperature compensated
!Inoication on LIl

LT 4 & LT 5 Startup (low) range level 0-250"
|Not temperature compensated

Incication LI3 4 i s'
.

LT 2 & LT 3 Operating range level which reads out 0-100% corresponding to
.

96" to 388"
Temperature compensated

~ - - - - - - --x-Indication on level recorders
.

LS1-2 High/ low 1evel alarm
MS - Manual selector switch

The unselected input goes to the computer

E. Steam Generator Pressute_.: Gw t, ho 6
Instrument 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 ~

m .

v ~
Temperature Compensation

As temperature increases the density decreases. Le":: idication is done
by using a difference in pressure

' P'r ,=u u

$$ Core Cbufe,$ ,0425 $94
I \' Q /$oof s/y YAt ody?"Wo//b,ye." p

#WAl'TA f,~
q

,
a a
OKT

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 temperature compensate to counteract the effects of density change.
For example if we did not temperature compensate as temoerature t the den-

sity4 and the indicated level of water would 4 .
.

_E. P_tessud::et Level.: Refer to Figure ~4 and 5-
Instrument prefix RC1 7 f

9

.

s
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"'I 6 LT 1, 2, 3, Uncompensated level transmitters full range indication 0-400".
<? Selected transmitter is compensated by selected water space '

temperature control roo= indication on level recorder and com-
puter with the computer having capability to display both com-
pensated and uncompensated level.

, lam Level-temperature compensation network
LR 1 LS1,2. Used for alarms

LIC Hand / auto station to control MU-V17 makeup to RCS

E. Typeraj;ur,e.:
Prefix RC2 -

TEl, TE2 - Indication in control room and selected temperature c mpensates
selected level.

, MS - manual selector, unselected goes to the computer
.

H . Pressur,e; W cu 9.
.

*

Prefix RC3A, RC3B '

PT1 - Narrow range 1700-2500# feeds RPS and output Jack. Used for pressure
centrol and indication.

The pressure transmitters are located on the "A" and "B" 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.

O E. Reactor Coolant Temperature '
2: 1. Selectable 8hgt per loop g g f s / :._

ds! J# a. Selected 8 hot uses ~

1. Console RC Flow Temperature Compensation
'2 . Loop a T

. 3. Loop Tavg
4. Reactor lhot Selector

a. Indication (Recorder)
b. ICS (Feed water)

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 Indication
4. A 8 cold

a. Indication ~ ~ - -

-- b. ICS
5. Loop A/B Avg. Tcnid.(no selection)

a. . Unit A T,

.t.--Uni t Tavg.

.

.

|
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EflCLOSURE I

Category IV CR0 Study Assignment Sheet

Cycle 4-1

Name: Start Date:
_ .

Completion 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

6. 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 Emergencies

8. Complete RCP Questionnaire.

9. Read the following procedures:
- i

a) 2203-1.8, Loose Parts Monitoring
b) 2202-3.2, Flood
c) 2202-3.3, Earthquake
d) 2104-1.8, Environmental Barrier System

)

!
.

l
1

e
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10. Read Section 4 of STS.

11. Read first half of Section 6 of STS.

.

TOTAL POINTS TO DATE FROM ENCLOSURE 2

WRITTEN TEST DATE RESULTS

ORAL TEST DATE RESULTS

ANSWERS filSSED, ilAtlDED IN CORRECTED

- /

SIGNATURE OF LICENSED TRAINING COORDINATOR DATE

, ,

e

9

1
,

1
i

~I
1
l
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,

e



1

1

l

|

REFEREflCES FOR 00ESTI0tittAIRES |

4-1

.

Ref. # Title

1 1A/SA Handout 2

2 OP 2104-2.3, IA

3 ICCW System Handout
'

- 4 OP 2104-1.6, ICCW -

S 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, Pressurizer Operation

.

e

6

- , - r -
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AIR SYSTEMS OUESTIONNAIRE

Cycle 4-1

.

1. What are the power 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 combinctions. (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 auto-
aatic and manual actions required for this problem.

.

e

G
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INTERMEDIATE COOLING SYSTEM OUESTIONNAIRE

4-1

.

1. When must the ICCW System oe in operation? (Ref. #4)

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 CRDM'S? Where is it
indicated? What could cause low flow in the CRD cooling lines?
(Ref. #4)

'

- 4 Concerning the ICCW surge tank (IC-T-1): -

a) Where 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 does the 1600 psig SFAS actuation signal affect the ICCW system?
And the 4 psig RB 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)

.

m

9
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REACTOR COOLANT SYSTEM AND REACTOR VESSEL INTERNALS OUESTIONNAIRE

UNIT II

.

1. Draw the Reactor Coolant System showing valves, interconnections and
instrumentation. Include the pressurizer and drain tank. (Ref. #8)

2. a) Draw the reactor vessel, label and include the following: (Ref. #8) 2

1. Internal vent valve
2. Control rod guide tube
3. Core support shield

- 4. Inlet nozzle
5. Outlet nozzle
6. One fuel assembly
7. Thermal 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 ficw.

3. What is the purpose of the internal vent valves? (Ref. #8)
l
l4. What is the purpose of the core guide lugs? (Ref. #8)

5. List the' pressurizer heaters power supplies. (Ref. #10)

6. a) What is the maximum pressurizer heatup and cooldown rate? (Ref. #10) I

|

b) Briefly explain the reason for this limit. j

7. Explain how the pressurizer responds to control system pressure during
Ia: (Ref. #10)
1

a) Step load increase I
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 (dPSH) I

2. Nil Dactility Transition Temperature (NDTT) I

b) Explain what happens if the limits for the f'ollowing are violated:
(Ref. #9)

1. NPSH

2. NDTT

.
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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 (LBPR) assemblies are used in the
first cycle?

b) What is the purpose of LBPR assemblies?
-

,

c) Briefly describe LBPR construction.

11. a) How many control rod assemblies are in the core?
.

b) How 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) Br'iefly explain why venting is required.

14. a) What .is the maximum delta T between the pressurizer ard 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 interlocks. (Ref. #10)
.

b) What is the normal operating level?

1. (15% power
2. 715% power

c) Explain why there is a minimum pressurizer level at power. Include
setpoint.

'

17. What is the purpose of the spray bypass flow? Include value of by-
pass flow. (Ref. #10)

18. What is the maximum pressurizer level when the reactor is critical?
Explain'(Ref. #10)

.
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19. What is the approximate pressurizer volume? (Ref. #10)

20. a) What is meant by the term "Hard Bubble"? (Ref. #10)

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 flow 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 boron concentration? (Ref. #10)

b) What is the recomended difference in baron concentration?

c) What problems are associated with a large boron differential?

23. a) Sketch the heatup and cooldown carves shown in Technical Soecifi-
cations. (Ref. #9) Include point values.

- b) Explain the shape of the curves.

24. List the limits on Reactor Coolant 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.
.

!
!

- - . I



REACTOR COOLANT PUMPS QUESTIONNAIRE

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. Normal operation
2. Loss of injection operation

NOTE: Include approximate flow value through all seals from all
sources.

2. Whatisthepurposeofthetherma5 barrier? (Ref. #6)

3. List the power supplies for: (Ref. #7)

a) Reactor Coolant Pumps
b) Reactor Coolant Pump Oil 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 tM following information: (Ref.#6)
a) Flow per pump
b) RCP required NPSH

7. List the conditions (interlocks) which must be met to start a Reactor
~

Coolant Pump. (Ref. #7)

8. List the conditions which will cause an Automatic Reactor Coolant Pump
Trip. (Ref. #7)

9. List the conditions which require manual RCP Trip. (Ref. #7)

10. a) What D.P. is maintained across each seal? (Ref. #6, #7)

b) How is this D.P. maintained?

c) Why is this D.P. maintained?

--
_
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11. What is the purpose of the flywheel on a Reactor Coo'lant 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 seals.

13. a) What is the maximum power at which a Reactor Coolant Pump
.

may be started? (Ref. #7) -

b) Explain why this limit is imposed.

i 14. a) How is Reaw;or 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 combinations. (Ref. #7) -

17. What is the purpose of the Reactor Coolant Pump "Recire. Impellcr"?
(Ref.#6)

18. Explain the purpose of the Reactor Coolant Pump Leakage detection
system (D,ipping Bird). Include setpoints. (Ref. #6, #7).,

!
,

e

|
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IllSTRUMEllT AND SERVICE AIR

UNIT II

.
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IflSTRU!ET AND SERVICE AIR SYSTEI15

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 systems. -

C. Jo 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 the operation of the system including interlocks

and applicable Tech Specs.

II. PURPOSE

A. Supply dried, oil free Instrument Air to applicable equipment in the plant.

B. Supply oil free Service Air to stations throughout the plant.

III. GEllERAL SYSTEM DESCRIPTION

A. Combined Operation

1. Instrument and Service Air

B. Five Compressors

1. Tuo (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 Filter

1

.
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D. Service Air

1. After Cooler

E. Back up
'

1. To or from Unit I

2. From Aux. Air Compressor

3. To or from Instrument or Service Air
_

F. tooling -^-

"

.,
1. Instrument Air

- .

a. Compressor and After Cooler

1. Nuclear Services Closed Cooling

v.

.

2. Service Air

a. Compressor and After Cooler

'
l. Secondary Services Closed Cooling

G. System Pressure

1. Instrument Air

a. 110 psig at 121 SCR1

2. Service Air

a. 11S psig at 209.S SCFM

IV. OPERATI0tlAL DESCRIPTION

A. Instrument Air Operation -

1. Control Rqom switch in " Auto" "Off" " Manual"
.. , ,

)
- a' Master control, overrides ?ocal switch when in Off, only j.

e

difference between Auto and 11anual is amber light in CR when

in Auto.
'

.

2. Local switch

a. " Constant Speed" canpressor loads and unloads per pressure l

;

b. " Auto" on local compressor starts / load, stops / unloads per pressure. |
2 |-
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3. flSSC11 Valves

a. open when compressor / motor called to run

b. flSV 217 A/B, flSV 21& A/B, flSV 137 A/B

c. ftSV 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. lianual 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
i

a .' IAPlA P1CC 2-12E

b. IAPlB MCC 2-22E
,

c. IAQ1 MCC 2-12E Backup !!CC 2-22E

). .

B. Service Air Operation !

-

.

1. Local control
~

a. " Constant Speed" motor runs compressor load and unloads

b. " Auto" made compressor run/ load, unicad/stop
;

|

!

3 .
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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,

# a. Instrument and Service Air Compressor feed cutoff to

. Service Air header

S. Power Supplies

1. SA-P-1A MCC 2-31A

2. SA-P-18 MCC 2-41A

3. SA-P-lC MCC 2-31B

C. Combined Operation

1. Combination of compressors.will 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

g od3. Receiver

4. Uses gAC D
a. Backup instrumentation

b. Mixed bed regeneration backup

c. L.A. Uater treatment backup

5. Power

a. !!CC 2-31D
.

W 2
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APPENDIX A

INTERLOCKS AND SET POINTS

1. INSTRuttENT AIR COMPRESSOR '

START TRIP

T. Opens NS-V-217 A/B, NS-V-218 A/B 1. High NSCCil Flow (8 gpm)-
..

'

flS-V-137 A/B
l-

2. "flS-V-138 A/B throttles for 100-120 F 2. High Air Temp. (475 F)0
on outlet of compressor jacket alarms

0- at 155 F. 3. Higt)AirPressure(125#)
t

4. Low 011 Pressure (15 psig)
2. SERVICEAIRCO}tPRESSOR

!

START TRIP
-

,

1. Open SCV-74 A/8/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 conpressor jacket, alarms at 155 F 3. Low 011 Pressure (15#)

3. Relief Valves set at 125 psig
~

4. Set Points (psig)

C0flSTAilT SPEED AUTO

Conoressor Load Unload Start / Load Stoo/ Unload

IAPlA 100! 110 90 100 !
IAPIB 100{ 110 90 100

ji i -

iSCPlA 100 1 110 90! 100i
SCPlB 100 110 90 100
SCPlc 100 110; 90 j. 100 '

;

5. Pressurealarms(Psig)
~

;- }

Low Pressure 85
High Pressure. 120

6. Autoclose(Psig)
SAV350 (70),

'

7. SA-V-356, 357,' 358 and 362 are normal open valves.

I

l
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APPENDIX B AND C

MAJOR COMPONENTS AND DESIGN PARAMETERS

..

1. Instrument Air Compressors (2)
.

a. 121 SCFM at 115 psig
~

b. Dry cylinder forced oil lubrication - - - -

.

c. Water cooled (NSCCW)
.

2. Service Air Compressors (3)
'

'

a. 209.5 SCFM at 115 psig

b. Dry cylinder forced oil lubrication

c. Water cooled (SSCCW)

3. After coolers (5)

a. 2 Instr. air with condensate traps.

b. 3 Service air with condensate traps.i

4. Air. Receivers (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 SCFM capacity

1. 25 SCFM purge -

2. 480 SCFM out

b. Local control

c. Pre and post filter i

.

APPENDIX 0

TECH SPECS

None
6
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TMI-2 RC PUMP PPISF.:CATICN i

!

1- l PURPOSE

'

The RC Pumps circulats the water for ramo'rin3 haat from tha ructor core. *

They circulate the reactor coola:ic through the r.uctor vessel to tha
"Once Through Steam Cenerator" (OTSC) for heat removal, and return the
coolant to the reactor vessel.

.

1 -2 LOCATION
~

There are four RC Pumps, two in each reactor coolant loop; both pumps receive
flow from a common OTSG, but furnish their discharse flow to the reactor
vessel via two independent paths as shown on the RC System Arrangement figura.

.

1-3 RATING ~

The RC Pu=ps ara rated at a capacity of 92,400 gym at a normal pump operating
temperature (5540 F) and pressure (2150 psig pt=rp suction). The RC Pump
Drive Motors have a nominal 9000 HP rating. The combined motor / pump miniet=a
moment of inertia of 70,000 lb-ft2 is desig=ed to assure an adequata flow
coastdown time for core protection against DN3 following a pump trip.

1-4 CENERAL DESCRIPTION

The Bingham 28X28X41 Type RQV Reactor Recirculation Pucp is a single-suction4

single-stage, quad-voluta, motor-driven pu=p. The pump drive motor is mountad
,

on a motor stand above the pump. Motor torque is transmit * ' to the pump>

impeller by a vertically mounted pump shaft, that is conr..: cd to the motor
shaft by a rigid coupling. Field alignment of the cotor to the motor stand
assures correct positioning of the motor shaf t relative to the position of the
pump assembly and bearings. The pump suction nozzle is at the bottom of the
pump casing, and the discharge nozzle is at the side in the hori=ontal plane.
Pump internal cooling 'and lubrication are accomplished using,."InjecFIon~w' ale $-7

1-5 VOLUTC CASE AND STUFFI:!C BOX

The voluta (pump) case. is welded to the recirculation piping of the reactor.
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 uhich contains
a cooling jacket cud inlet and outlet connection points for tha cooling and
seal-staging water systems. The thor =al barrier assembly in the stuffin3 box
and the pucp case are fitted with renewable case rings at points where the

~

impeller runs with close clearance to the stationary casing.

1-6 IMPELLER

The impeller is counted to the pumo shafe and is retained by the impeller
nut and a capscrew. A series of holes through the back impellar shroud inside
the back case ring communicate pu=p suction pressure to the back sida of the
impeller.

.

1-1
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1-7 THERMAL BARRI2R AllD RESTRICTION BUSHING
*

The thermal barrier, _ bolted, to , the stuffing box abova che, f_cpeller, retards _,the ,,
flow of heat from the ho: pu:npaga to the bearing and three-stage seal chambers
above. The bora of the ther=al barrier houses a restriction bushing that
retards flow of "luid between the hot pu=p casing and the cooled scal and s

bearing chanberg. -

1-8 PUM? IlTD BEARIMC

The pu=p bearing provides support for the pu=p shaf t. The bearing consists -

of a spherically mounted pump bearing cartridge assembly installed in a
bearing housing..

1-9 LA3YRI'ITU PUMP _
.

The labyrinth pump, consisting of a rotor mounted on the shaft above tha bearing
cartridge assembly and a stator counted in the stuffing box, circulates fluid
within the cha=ber containing the pump bearing and seals, out to a heat ex-
changar and back into the char.ber adjacent to the lower seal face.

1-10 THREE-STAGE SEAL

seal asse=blies
A three-stage seal comprisin3 upper, middle and_lgier_/ lower sealmounts above the labyrinth punp. The upper and middle
assemblies are designed to be removed as assembled cartridges, with the

~

glands and sleeves, without distrubin3 the cain casing bolting. An upper
seal aleeve nut and shaf t nut are provided for proper positioning and t.etting

{
of the seal usembly. A lock washer prevents loosening of these nuts.

1-11 SEAL LEAKAGE Cite!3ER

A seal leakage chamber above the three-se:p seal collects leakage from the
upper seal and pipes it to a su=p throt.$ a seal leakage alarm. The cha=ber
is sealed against gross outleakage to atnosphere by the floating throttle
assembly, which is counted in the seal leakage cover and runs with close
clearance on the upper seal assembly shaft sleeve. The floating throttic
assembly operates as a spring-loaded floating throttle that covas laterally
relative to the cover to prevent this part fro:s carrying a bearing load.

1-12 MOTOR ST. tid AND MOTOR COUPLING
-

The pump shaf t is attached to the cotor shaf t by a rigid spacer coupling.
The motor shaf t has an integral coupling flang2. A thrust plug and disc
transmit axial thrust from pump to notor. The length between shaft ends .

with the spacer recoved allows a=ple room to remove the three-staga seals.
The motor is supported on the cotor stand, which is secured to the stuffing
box.

.
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1-13 PUMP CCOLItiC ' AND SEALUTC SYST2M

The pu=p cooling an.' sealing systes co= prises the three--sta3e seals, the .

recircul2 tion pumo, and extarsal, piping and heat enchanger , as shown
schematically in Figure 1-1. These co:ponants prevent leakage of high
pressure reactor fluid betseen the pump shaf and the pu=p housing, and
cool the pu=n bearings and seals. The following paragrapha describe tha
function of a three-stage seal arrangament which allows oparation with -

loss of either cooling or injection water.

1-14 UORMAL OPE?.ATION

. During nor=al operation, both the injection fluid and the cooling water
systems art functioning (see Figure 1-1A) . 6 to 16 spm of injection fluid
is introduced to the circulation system so that it enters the pump at the
face of the lower seal and flows downward across the recirculation device
and pu=p bearing. The injection flow dividas at tha injaction point so
that 1.1 gpm passes to the second and third seal chambers to set the inter
sealpressure and 5 to 15 gym enters the pu= ped fluid. The flow of injectio
fluid to the pump is controlled by a flow control system furnished by the.

customer.

While running there is a circulation flew of appro+'taly 35 gpm generated
by the recirculation impeller through the lower seal cha=ber and e=ternal
heat exchanger. The 6 to 16 gym injection cochinas with the 35 gym circulation

i flow to provide cooling and lubrication for tha seals and bearing. This flow
'

is recirculated through the inside tube to the " Tube-in-Tube" heat exchanter.
Cooling water is circulated through the heat exchanger at 35 to 50 Spm. Ths
optisum' cooling water flow is 50 spm and should be run at this rate if
possible.

Uhen the ptimp is idle the injection system provides the necessary cooling.
The flow uill divide when tha pump is idle so that part enters at point a and
part at point F.

1-16 The design allows operation with any two seals failed as the remaining
seal is capable of holding system pressure. Expected staging flow rate is
noted on Figure 1-1A for failure of the louer and middle seals. If all
three seals fail, the leakage is indetar=inate. The pump ::ast be shut
down and cooled if the sum of the seal leakage and the seal staging flow
exceeds 1.9 gps.

,

1-17 OPERATION WITH LOSS OF COOLDIC UATER
. l

If cooling water to the heat exchangers stops, operation can continua with
,

adequate cooling provided by the injection fluid flow alone. Traen the flow l
of cooling water is restored, it must be introduced gradually to avoid )
undue theru l stress and distortion in the pu=p cover. Lower and upper |
seal cavity tenperatures (T2 and T4) should be monitored closely and if I
either alarms (185 F) the pu=p should be cooled dcun and the seals dis- !
assechled and inspected.

1-3
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1-18 OPERATION WITH LOSS OF IN.'EC'I":N FLOW

If injection fluid flow stops while the pu=p is running, operation can ba
continuad in the r: ode shown on Figure 1-13, if the sus of the seal leaka3e
and saal staging flow does not exceed I:.9 gpm, the cooling vater f1,v to -

tha h.ea: exchansers ia 50 ,;pm, and te=perature T2 does not escud the
alarn lavel of 1050F. Undar these conditions, tha seal stagin3 fluid
normally supplied by tha injection fluid is suppliad from the main pu=page
through the restriction bushing. The hot pumpage minas with the 35 gps

,

recirculation flew and is cooled in the heat exchanser, from whence it -

passes into the lower and middle seal chs=bers. The cooling jacket on
the stuffing box and the heat exchanger combines to keep the temperature
at the seals within limits. If it beco:=s neeessary to stop the pu=p
during a loss of injection fluid condition, the seal staging floi valve must

. 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 temperature is greater than 2000F, the pu=p must be,

shut down i==ediately.

1-20 C00LI!'G WATER CIRCUIT
'

The cooling water circuit receives cooling water from the reactor building
closed cooling system, and supplies the cooling vater (via a cooling water
manifold) to the cooling jacket and the heat exchangers.

1-21 VEN*"!M CIRCUIT -

-

The syst a .s self-venting from Nozzle "A" (Seal Return connection). The
~

pipe from No::le "A" must be installed in a ca=ner to avoid air traps.

1-22 CASCT LEAM CE CO'INECTIO'T CInCUIT

A ''ethod is' provided .to conitor leakage of pu= ped fluid past the inner gasiet
of c.na double-gasketed pipe nipple welded to the pump case which connecta to
the cavity between the inner and outer gaskets. This connection can be used
to monitor leakage of ti.c inner gasket.

1-23 SEAL LEAU CE ALARM DEVICE

The seal leakage alarn device consists of a special tank into which isa.

mounted a B/II Controller Corporatica electrode holder and corrosion
resistant electrode which operates in conjunction wi'th a B/U Controller
Corporation Typ e 52-1201 high sensitivity relay. -

b. Uhen the upper seal leakage rate reaches a icvel of 0.39 gpm floving into
the central tube of the seal leakage tank, the level in the tube vill
reach the level of the electrode, thereby completing the circuit to

| activate the alarm in the control room.
| c. Should the seal leakage rate exceed 0.39 gps, the excess flows over the

top of the internal pipe and out the drats. During this condition, the
alarn would be activated. *

1-4
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1-24 HEAT EXCR. tic 223_
.

The cooll:3 vatar side of the heat enchangar return is prorided with an
AS:5 Coda Section VIII pressura relief valve having a capacity of 26,000
pounda per hour of 33% wet staan trith a na.hm back pressura of 10 p313 .

The val re is sat to relieve at 100-110 psig.
.
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INSTALI.ATIO:I

3-1 SU3-A3Satst.IES

Tha pump is shipped partially disassembla.d. The pu=p case is installed ,

into the r.*acter system prior to ass = bly of' ths cle= ants into the casa.
Tha following items and aasemolfus are preaassablad at tha factory:

a. Seal assemblias,

b. The bearing cartridge / bearing housins assembly. .

c. Floating throttle assembly.

d .' Thar=al barrior/ hub side case wear ring assembly.

Stuffing box (including labyrinth pu=p stator and retaining ring, keyse.
and pins)/ motor stand / heat exchanger / interconnecting piping assembly.~

f. Suction piece adaptar/ seal ring asse=bly.
g. Shaft / labyrinth pump rotor, rotor nut and key / lower seal sleeve and

rectriction bushing keys asse=bly.

3-2 INSTALLATION SEOUDICE

Support the stuffing box /=otor stand / heat exchanger assembly to permita.
access from above and below,

b. Install the shaft assembly in the stuffing box from above.

c. Install the bearing assembly in the stuffing bo fron belcw.
{

d. Install the restriction Luahing sleeve on the. shsf t from below.
a. Install the thermal barrier / hub side case wear ring over the shaf t

and attach to the stuffin3 box from below.
f. Install the i=peller on the shaf t fres below. ,

g. Install the saction piece adapter and impeller eyeside wear ring.
'

h. Install the stuffing bo=/cotor stand /ther=al barrier / shaft /i=pellar
assembly on the casing.

1. Tension the stuffing box / motor stand-to-casing studs.
j. Install and align the RCP Motor on the top of the cotor stand.
k. Install the seals in tha bore of the stutfin3 box,

1. Install the seal leakage cover with floating throttle asst sly on
the top of the stuffing box. .

n. Install the coupling / spacer asse=bly.

n. Adjust the seal sleeve for proper seal setting.
o. Connect external piping and instru ent viring.

3-1 .
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PU'e O?ERATION
,

i 4.1 CIN21u.

This section p ro itd.e4 info ~.:a tits and instructions for opstation at the
pump for nor=21 and abnormal operating nodas. For informacion pertainiag
to :notor operation, refer to the motor'r.2nufacturer's instruction manual.

4-2 INSTRUv2NTATION .

In order to monitor pump operation properly, the following instrumentation
is required. Refer to Figure 4-1 for locations of sources of instrument
signals. For temperatura readings ther=owells are provided and for pressure

. readings flanged pipe connections are provided. Read-out instru=ents,
thermocouples, wiring and piping are furnished by others.

a. Temperatures: The following temperatures are rsquired:

Des 12 nation Description Nor=al Minimum Maxicum
0

T1 Seal Recirculation Outlet 125 F 600F 1850F
T2 Lower Seal Cl amber 120 F 600F 1850F0

T4 Upper Seal Oc.let 1350F 600F 1850F

b. Pressures: The following pressure ceasurements are required:

Designation Description - Nor :al Mini =um Maximum,.
*

P1 Injection Inlet Pressure System 240 psig 2500 psig
Press.

P Middle Seal Cavity Pressure 2/3 System 160 psig 2500 psig
2 Press.

P
'

Upper Seal Cavity Pressure 1/3 System 80 psig 2500 psis
3

Press.

Description Normal Mini =um Maxit:um

Injection Flow to each Pump 11 gpm 6 gpm 16 spm

i Coolin'; Water Flow to Heat Exchanger
and Stuffing Box Jacket 50 gpm 35 gpm N.A.

Seal Staging Flow ~1.1 gpm 0.'8 cpm 1.9 gpm

d. Seal Laakage: Seal leakage out of tha upper seal in to be conitored -

by en alarm device furnished by SWC and by a volu=etric flow ceasuring
instru=ent, furnished by others.

Normal Seal Leakage O to 0.08 gpm
Alarm Level Leakage 0.39 gpm
Notification Level Leakage 0.75 gpm

,

Mav4- um Leakage Sum of outer seal leakage and
seal sta3 ng flow in excess ofi

1.9 gpm

4-1
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e. Vibrations: The follov'.ng vibrations should be monitorsd:
Frame *ibration: Mr * us 3 mila peak to peak
Shaft Vibration (2 Planaa 90 apart).
With one pump operating on a steam ganarstor:

.

20 nil. 'sar.at.m peu to pe.J2 ist firat ', heura of operation
Uith one'or :m pumps operating on a steam ganarstor:
26 nils maximum peak to peak
Nor a1 (four pt=rp operation hot): _

Less than 20 nils peak to peak

4-3 PREST.GT C'ECK CUT
.

- Befora starting the pump, the following conditions must be met:

a. Check all instrumenta to be sure that they are functioning and are
p mperly calibracad.

b. Fill Reactor Coolant Systam.

Initiate injection flov to all four pumps 30 minutes prior to startingc.

a pump. Balance injection to the pu=ps so that each pu=p has approximately
11 gpm injection flow.

d. Open seal staging outlet valves on all four pu=ps. This must be done
at least 15 minutes prior to pdup startup to assure full venting of the,

L seal cavities,

Initiate cooling water flow to the pu=p heat exchansa systes. Set flowe.

at 50 gpm through the heat exchanser and the stuffins bo Jacket.

f. Pressurire Reactor Coolant Systen to 2*.0 psig to assura adequate N?SH
to the pump suction.

8 Refer to cotor manufacturer's instructica =anual for motor prestarting
proceduras.

4-4 STARTING PROCEDU2E

a. Start cotor in accordance with notor anufacturer's instructions.

b. Observe all instru=ent read-outs. All te=peratures, pressures, flows
~and vibrations must be within the limits cet forth is Subsection 4-2.

4-5 OPERATIONAL SURVEILLANCE

a. During pu=p operation, nonitor the para =eters in Subseceb u 4-2. If
thesa parameters are not within the limits established and d e condition
causlag the variation cannot be corrected, the pu_7 rr.2st be shut do .n-

as soon as possible.
,

4-2
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b. Seal Leakage: Tha seal Icakaga alars la sat for 0.39 gpa. When this
alarn accivates, che naal leakage should ha monitored frequently to
observa the trend. If the leakage reachea 0.75 gps, tha reactor
canufacturer should be notifiad. If tha seal leakage level reach $s a -

rate uhere the sun n! tha aa21 lesha3s and tha s39.1 sta3 n3 flowi
e;:c2edu I.9 cpo, the re.tct3e ua: ss ;oolad down sud dapcas surie=d and
the seal package replacad. Nota: During pressura and temperatura
tranaiants, such as will occur during haatup, cooldovn and raactor load
changes, seal Icakaga may incressa. When tha syscam is ogska stable, ;

the seal leakaga should return to its pravicus level.

4-6 SHUT DOW - NOPP U. CC"DITCNS

a. Shut off power to cotor. Continua 1:jaction and cooling water flow to
7 pu:p at the established rates.

,

b. Maintain injection and cooling water flow to pump until the Reactor
Coolaat Syacam temperature is belos 2000F and the pressure below
200 psig.

Pu=p may be restarted at any tima if all instrusanted paranetars arec.

within the established limits and all support systa=s are operational.

4-7 START UP - HOT SYSTEM

a. The pump start up procedura for a hot s7 sten is the s =e as for a cold
. systan. Be sure all prestart'conditi:ns, as outlined in Subsection 4-3,
l' are checked and that the instrucancad para:atera are within the limits

of Subsection 4-2.

4-8 LOSS OF COOLING UATER

If the flow of coolins water to the pu=p is discontinued, chs pu=p
operation may continue if an injection flow of 6 to 10 gps is caintainad.
The same limits on instrunented parc=eters apply as during nor:al
operation.

4-9 PUT SHUT DGW - LOSS OF CC01 [Q

a. Shut off power to cotor. Continue inj action flow at the establish 2d
rate until the nanctor Coolant Systa= te=peratura is below 20007 and
the pressura is balcw 200 psig.

.

b. If it is required for raaetor operation, the pump nay be restarted if
all conditions are within limits cad all other systema operational.
If possible, cooling water flow should be re-established befora restart.

.

4-3
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4.10 LOSS OF ItUECT*0N

If injection flow to a pug is lost, tha pu=p cay concinue to operate ifa.
coot.in; water flo'3 is winc. tined utthir. t'as established 11=its. This

-

is cc:uttis ted a i e:<c.;..uy Jr.dt.cion. hbetica f *.cu uhoc.'.d not be
purpoaaly scoppad 1* the :Liactor Coolant S7ata:2 is above 2000F and
200 pai3

2
b. During loaa of injection, ronitor stal cavity tanparature (T ) and seal3

lesha*,a carefully. Seal leakaga and tecperature T2 cust not excaad
the ca;:imu:2 liuits 3 van chove. .1

~

Closa the injeiction flow control v lva to prevant high injection flowc.

upon recovery of injection.
.

4.11 RECC'TERY OF 7772CII0ti
~

When injectica fluid is available, re-astablich injection flow as follows:

Open the injection fleu centrol valva to establish a flow of 2 gpaa.
per puup. Continue at this flow rata for a period of 10 ninutes.

b. Incrausa injection flow to 5 3p2 fer a 10-minute period.

Increase injtetion flow to normal flow rate of about 11 sps.c.

4.12 PIEG STJT DO*4i T.03S OF I?UECTTCN

NC''E: TEE NPJ Si10fE.D 1;OT BE SFUT LCIGI IGEN UUECIION
FLO*i IS LOST IEC.2SS IT IS ASSO'UTCLY NEC2SS.CY.

a. Shut off powar to motor. The Seal Stagin; Outlet Valve should close
when both injection flot* and =otor po ar ara off. Confirm closure.

b. Continite flow of cooling unter at full flow of 50 gpn until Reactor
Coolanc Syntan temperature is less than 2000 ? and pressura is balov
200 psi;. .

c. Do not restart punp until injection flow is available. Recover
injection fic9 pec Subnaction 4-11.

4-13 SEALG
.

The pump iny be oper:tud trtth cry )f the threa seals leaking. Leakn;ea.
of the lcace seal is indicated uh... the upper seal cavity pressure (P3)
is greater than one-third and the niddle scal cavity pressure (P ) 132
Erastor than t' o-thirds of the Reactor Coolant System pressure. Leckage
of the saiddle seal is indic m d when the upper seal cavity pressure (P )3

h greater thaa one-third ana the .id."e se:1 ca/ tty pressure (P ) 132
leaa than tuo-thirds of ths ?.aa tor C:al:nt Syste:a pressura. Leakage
of the uppee su.sl is indicated *:' 2n the uppbr scal cavity pcessurc (P )3
10 lesa than ow-thint and the -Mila seal envity pre:ssure (P ) is2

grarter than two-thich r2 th Enctor C.c Lan: Sys ::a pressure.
.

4 -4

l. *
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b. L1=lts for lask2ga of tha outer stal r.:.1 giten in Subsection 4-5.

c. If levar and middle ce:tl luaha7,e is 3:,a: er.o.qh to produca full
~

P.-se tor Coolr.~. Syst.e 2 p os:; urn in E-. no y e seal cavity, and this con-
dition p e ra t s:a, a ;,!. _.::.3c j; a, c .,;;j,;va f., .uld ha .tch3du12d.-
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Characta:!.atic Fars.: ster
.

Di=e.. slon.5 : .

Utdth 3 feat 10 inches

O nth 13 faat 1-11/15 inchas
li.*!.ght (including 15 tor) 3's isa: 11-5/16 inchas

1 .

ITei;;hte:
S tor 103,000 po :nds

Pump and Acc2acorias 110,000 pounds (dry)
123,C00 poends (wet)

Unit Total 195,000 pounds (dry).

224,000 pounds (vet)

!bcor:
!Saufacturer and ::odal A111c-Chal=ars 33327 through 33830
Typs Vartical, solid chaft, six-pole

inductim rector
Horsepouar 9000 hersaposer
Voltage 6,600 volts ac, three-phase
7requancy 60 H:

Punps:
Type - Vertical, qu:d velute, single

,

; suctica, cingla stans
Cated flere 92,400 gp=
Ented head 371 het
Efficiency at Cated Flo.i 87%
Pu:pasa neact:r natar (1.0 to 0.747 specific

,
gravity et 70 to 585cy)

Ratad Spead (rull Load) 1,135 rpn
Shaft Saa12 Ein3hau =2chanieni seal

Coolin'; U2 tar Raquiraments:
Tr . par.sture: 70 to 1050r
0.:ui:;n Fras.w.r s 150 ;si

Flci Rate 35-50 s,na

Injectica Un te Requitaaants:
h p e r.2:ur-- 70 to 12!CT
F1st Ra.:e 6.1 to *.5.1 pa (11 gpa tic =inal) .

Seni St.t;ia;; Flev 1.1 gna 137.in:1

Seal L.sakaga 0.1 ;p: t :.tnal

.
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ENCLOSURE I

UNIT II CATEGORY IV STUDY ASSIGNMENT SHEET

CYCLE 4-2

Name: Start Date:
Completion Date:

1. Read NSSS12.
2. Read FSAR Chapters 4, 5, & 7.
3. Read CR0 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, Witch ICS Tapes.
14. Complete ICS Questionnaire.
15. Read second half of Section 6, Tech. Specs. (Administrative)

Total points to date from Enclosure 2

Written test date Results

Oral test date Results

Answers missed, handed in corrected

/
Signature of Licensed Training Coordinator Date

.
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Cycle 4-2

REFERENCE MATERI?L FOR OUESTIONNAIRE

Ref. # Title

1 2105-1.9 CRS System
2 CR0 Electrical Hanout (provided)
3. NSSS 12
4. 2203-1.3 CRD Malfunction Action
5 Bailey ICS Instruction Manual, Vol 2 . i
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).

,
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UNIT II

CONTROL ROD DRIVE AND R00 POSITION 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 on 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) Transformers

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. (Ref 2)

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. Explain how operation of the programmer motor produces CRD motion. Se specific.
(Ref2) -

10. What is the purpose of the clamping contactors? (Ref 2)

11. What indication of rod position can be obtained outside the control room?
(Ref 9)

12. a) Why is oberlap between Control Rod Groups required? (Ref. 3)

b) What are the limits for overlap? (Tech Specs)

,
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-2-

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 intemediate cooling in
operation? (Ref1)

b) What is the minimum intemediate cooling flow to the CRD? (Ref 1)

c) Above what temperature must a control rod drive motor be de-energized? (Ref1)
_

d) What is the maximum CR0 run time? (Ref3)

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 CRD Panel? (Ref 2)

b) What will trip the CRD to manual? (Ref 2)

18. Explain the "!tator Fault" interlock. (Ref1)

19. What does the programmer lamp fault light indicate? (Ref1)

20. What does the loss of a system power supply lamp indicate? (Ref1)

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? (Ref2)

25. When is a control rod declared inoperable? (Tech Specs)

26. Hcw 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? (Ref 1)

30. Outline your immediate and followup actions on Receipt of a 9" asymmetric rod -

alam while at 95". power. (Ref 4)

! 31. What is your immediate action on a motor fr.: 'J. a7tm? (Ref 4)

32. Supply a simplified drawing of the "tbtv 1 Sd Position Error Signal" develop-
ment. (Ref. 2)

|

e

%

_._ -- -- -- . = .. ._ .- ...
-



|

ilNIT II
INTEGRATED CONTROL SYSTEM OUESTIONNAIRE

4-2

1. What is the normal setting on the minimum load limit? What is the range for this
setpoint? (Ref11)

2. List the ICS runbacks, their setpoints and rates. (Ref 7)

3. Briefly explain the purpose for the frequency 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? (Ref5)

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?
(Ref 7)

9. Describe operation of the atmospheric dumps. (Ref 6)

10. a) What is the purpose of a calibrating integral? (Ref5)

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) WhydowemaintainasmalldT? 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 BTU limits? Which direction
must each go to cause a BTU limit. (Ref 5)

16.q What is the purpose of the OTSG high level limit? Low level limit? (Ref 6)

17. a) What conditions will cause the Emergency Feed Pump (s) to start automatically?
(Ref7)

_

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)

(Ref 13) ,

a Tc .

b Th I

c) Tave
d) Tsat(OTSG)
e) Steam temperature (plot guaranteed and actual)
f) OTSG pressure
g Header pressure

1

4 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 temperature: curve. (Ref14),

21. Why does OTSG pressure increase from 0-100% power? (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 ratioed 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? (Ref 7) ,!

b) What conditions must exist for feedwater to accept Tave control? (Ref 7)

26. 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? (Ref5)

27. a) How is the Neutron error signal developed? (Ref7)

b) How is Neutron error affected with Reactor demand'and Diamond in manual? (Ref7)

28. What condit!ons 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) HI i rut 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 sill the plant respond if the diamond is in manual and a heater string is
bypassed at 95% power? (Ref8,7)

34 How will the system respond to two steam dumps ( ;e 8%) failing open at 50%
power? (Ref 8, 7)

.
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Uti!T 2 CR" ~ RIP CKT. ,y
e 2-IV a,

. ,

f ,j, KA KC ._j, 1.. KA VB .j, @ Under Voltage 1
KC ,1,-

- . KA KB1
# '

8*
_j,.

,
- . --

. - KA -

'

g Manual Trip!
-

~ KB KD " - KC KD ~ ,. M KB KD Z - KC KO-'
'

--

S @ Electronic Trip I - | I I
.

---@-- ,(one for each progranmer) A----@ --- A
'

,

h (Rectifier -()
2-33 _ G Hain Secondary 6

@ 2-43
480V

Vol tage Vol tage Busu..., .

" ,. ' " Regulator Regulator w ~..s..

Control Contr01
x Former * "

3 Phase (480V) 3 Phasc0lliliVJ
"

to to
6 Phase (120V) Sa fety 6 Phase (120V)

Trans former , P.cds Transformer.
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A. k Fole, 6 Phase Reluctance Tvee Mechanis= -'"

, .
- '. .

.

1. 4 pole - vith power applied, 2 north and 2 south poles- are produced.
.

- -

.
-

2. 6 phase - designated A,3,C,AA,33, & CC. The A and AA, 3 and BB and
.

g

. mm
. r ..<

C and CC windings aie bifilar. Each pair is in the same physical
.

*
:.:'

- :... . . . - - %4: .
location on 15.e ~ stator '(vound' on top of esch other), but when energized ~

- '

,, , .
-

_.

vill pr: duce nagnetic fields of equal and opposite polarity. 'For Y " ~'

.

example,. the A phase vill produce a field equal in strength but opposite
. f.

. in polarity to the field produced by the AA phase. If the A and AA '

vindings are energized s4-nitaneously their fields v411 cancel. Si=t-.

'

ultaneous enehdzing of'bifilar pairs doeslot occur during nor:::al' i
' ~ '

.
"

operatica. - ' 'e - -

- 3 Power to each vinding is 120 VDC, rectified fres 120 Vac 6 p.- e.
'

"

_ 6 phase used to produce high average level DC 1rith low ripple.
.

- a.

. _.._- - -- . .--- Average DC
,

Rectified:
"

L*V'1
.
.

.

J m _. Average DC
level -

--'

! ! Rectified:
! /;

/ .

.

4. When power is applied, 2 adjacent phases ere energized.

A 4 pole =agnetic field is Benerated, causing the roller nutsa.
.

| to engage the leadscrev.
,

b. One phase is sufficient to cause engage ent of the lead screw.

Two phases are energized for redundancy..

i

1.

1.

.
.

_ e, .mmmm. - - eiemm. . seamma e 2e. = ==
.
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. c. With the chanism stationary, 2 phases is the ==W m m number-
-

anoved to be energized. .
.

This is done to prevent possible heat
.

,
.

damage to the stator due to high current flow (approximately*

,

,(18 amps per phase). . ' . -
-s

.

,,
, ,. , . . . .

5.' Rotation of the mechanism is accomplished by energizing 2-3-2-3 phases
. ..: ~

'

''
..

. - *..:.in a prescribed sequence. Each shift from 2-3 or 3-2 phases energ1=ed - *

'
,

,.ii
,

,

'

'results in a 15 shift in magnetic pole position, and thus a 15
.

'
-

. -- : -.
,

rotation of the nachanism. ~
. . ,

- )
. One mechanical rotation requires two electrical rotations.a.

b. Speed and direction of rotation of the mechanisn'is detemined
.

-

.

by the speed and direction of rotatica of the magnetic field.

6. - De-energising the vindings results in a loss of magnetic field. The
'

s -
.

, springs between the segnent ams :nn then push the seg=ent arms out, '
*

e

disengaging the roller nuts from the leadscrew, and the 'roEl vin drop ' ',

into the core.
'

* w
,

.

A trip can result from the failure of one phase while the 'a.

rechanism is in motion. As can be seen in the transparencies, -

a failure of this type vill eventuany result in flux lines
. .

" shorting" betveen poles without passing through the seg=ent
.

This vin cause a reduction in the force being exerted
.arms.

. .

on the segnent arms by the magnetic field. When this force

is reduced to the point where it no 16cger balances the counter--

force of the segnent arm springs, a trip of t'.s mechanius vill
,

.

result.
-

~, -

.

.

O

=

|

|^ _

_ . .. -.. - . . . . . - - -. . . -
i

. - . . , . - - - - . . . . - - - . - - - - . . - - .- -- - - . . - - , . - -
-
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3. Progra=ners
"

' '

. .-
. , - - - -

1. The 2-3-2-3 sequencing of the phases is acce=plished by a progrsamed
'

-

*
,

.

power supply.
_ ,,,; _

si.E' 2 split phase drive r.ctors
* ' - ' '

~ '
-,

, , _ _ _ , , ,
*

::..
~

P
.

i. 60 RPM for 5U2 speed (30. inches /=inute)
.

- .u. -

. ,

' '

''
'

ii. 6 RPM for .iOG speed (3 inches /-hute)
- ., -

.
.

.

-

.

b. Drive motors are coupled to an optical disc. L. E ~~~ 'T-

-
-

i. . Slotted disc vith 2 redundant light sources on one side, '
.

.

-
.

two redundant sets of phote detectors .on the other side.

. ....... _ .

- aa. Each set of photo detectors has one detector for

.each of the six phases plus one detect.or for the . . ,

* 3-2 hold' circuit. Seven detectors per set, llr,
,

detectors per progr - er. - -

.

ii. As the disc rotates, transparent .rindows on the dise pass -
~

. ., .

in front of the light sources. The light passing through
.

the vindows activates the photo detectors. The vindows,
.

which are sym=etric about the disc's diameter, are arranged ' '
-

.

''
so that redundant photo detectors are activated in the.

desired 2-3-2-3 sequence. The output of each photo detector
.

-
.c

is used to drive a relay which closes a contact-in a 12 VDC . -

gate drive circuit. The gate drive associated with the A

phase, for exa=ple, is used to turn on (gate) the rectifying
i

bank which supplies pcver to the A phase of the rods in that

power supply (group). Thus, the 2-3-2-3 sequencing of the
|

| photo de:ectors results in the sequential energi: leg of the -

i
stator vindings. '

.

-. --. -. . .. . - . - - - - - . _ _ _
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2'. Rectifying Banks
. , .

,

a. Silicon controlled rectif%ers

1. 6 phase 120 Vac in, 120 VDC out.
' ' "

.
- ..'

-

b. 2. redundant sets of 36 diodes
~

:

;. .

.

6- (for 6 phase ac input) in parallel per' phase (A,3,C,AA,
. .: ,'

| 1. . -~"

.

BB,CC) for a total of 36.
. .

. f...
.

. .z .

ii. One s'et,of-36 per ac source. Since 2 redn-e=at ac sources ~-

are provided, there is a total of 72 diodes per programmed'
'

. -,

power supply.
. -

.,

A's the SCR's are gated, they rectify 120 Vac and pass it to the -
.c.

*~ .

stators as 120 VDC. .
~

d. The SCR's sequentially energi:e the A,3,C AA,BB,CC phases of a '

'
'; main feeder bus. We mechanisms assoc' ated with the power supplyi

, are fed in parallel from this main bus; thus, all the mechanisms -
.

.

" have the same vindings energized at the sa=e time. ~-

3 The 7th photo detector in the set energizes the 3-2 hold, circuit:

When the mechanisms stop with 3 phases energized, this cell is .
a.

..

activated. A relay is energized which causes a Jeg in signal
_

to be sent to the progra- er. When it steps back (1 step) to

a 2 phase energized condition, the photo detector turns off,,

the relay de-energi:es, and motion stops.
.

*
,

.

4. DC Brake
'

a. . With no notion co=and Iresent, the progra er =otors are prevented

from rotating by applying 60 7DC to then in place of 120'Vac. If

nor=al brake power is lost, a 2h VDC brake is supplied thrcush the

direction error circuitry.
.

.

.

m , ,o ,-.n =w. - ,w . . = +=



__

!

. . ,
-

-
- .;. .-

-

-
_

.
_ . '

'* *.,, -

$ u >

',
. ..

.
-

. .

, -

C. Power Sunelies and Power Distribution -
-

'

i
, s.

-
.

.

..
.

: .' .: . . .:~
* - ' '

.

'
'

. 1. 5 progra==ed power supplies:
. . . . ' .

'a. One per regulating group (5, 6 and T) '

,
_

. 'i ~ , . . a..b.,One for Group 8
.

,

- ,--. . - . ,g

.
'

,..
. .

. . .;

c.I One aim 14= v power supply ' ) .

. v .o . .

..

.'-
. .-

. .

;. m
.

, .

.; .. .v1 ;>
- 1. used to move the safety rods (groups l' 4)

.
s

-

'.7
-

.., . -
- -: .

ii. used as a backup for a group's normal power supply. . ,

-

[ ..

'*

.;.'
-

.
-

2. .DC Hold -
'

.

-

,
.

.
s

a. Since the safety rods are not nor-*177 =oved during operatien,
~

.

- they do not require their own progra ed power supplies. They

are maintained in place by applying 120 VDC. (rectified from |6
~ "

J
,

phase 120 7 ac) directly to i;he A and CC phases. If we desire
.

to move safety rods (creating a rotating field), we must use
.

-

,

, the aim 14av power supply. The DC hold power supply uses' k8 - .- -

..

diodes in the rectifying bank; 6 for A phase on Group 1, 6,,i -

.
,,

for A phase on Group 2, 6 for A phase on Group 3, 6 for A phase '

'

on Group 4, 6 fc CC phase Grcup 1,-6 for CC phase Grcup '2, 6
.

for CC phase Group 3,'6 for ccphase Group k.
_.

'

3 Power
. .

. Input is h80 or 575 Vac 3 phase '. -
-

a.
*

. i. 2 sources .

2 23 4 3 2 u3 '

One nor= ally supplied frc= an auxiliary bus, one frc:asa.
' " '

' a s'afeguards bus.
.

.
.

i
.

ii. Each source is regulated to + 2%. -

,

.

iii. Step down transfo=ers

h80 or 575 V .ac 3 phase to 120 7 ac 6 phaseaa.

.
.

.

e- - .- r . - - - < - - .
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. . . . - .. . < .. ..- . .. . ..17. . _ Downstream of the voltage regulators are 2 stepdown trans4"
...

foz=ers (1 per source). --

.v.

aa. , 480 or 575 Y.ac 3 phase to 120 Y ac single phase to '[',

'' a-

. . , , .

. ..
,

~'.1) clamping contactors and control relays-. . . . . . .-..

t .;7 . ;.s.

f2) transfer relays
. .

2; y, _
.:. * -. : - ' ::7.-'.{.;;..-. .

,
- ~3) ac breaker closing coils

*

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

. v-- "

' a3 g
k)

_

.

progran:=er po ter supplies - motors, light sources, l. l

. . , . -

gate drives, direction error circuitry.
.

,
~

_.

v. M.ain ac breakers - A sud B
. .,.

..- aa. Breaker is tripped by m-mal trip or RPS *

bb. Source interruption device . .
.

~

1) overvoltage - greater than liso V ac sensed at the "

, .

'

transfor=er output vill trip that side breaker -

s .

2) undervoltage - sensed at the output of DC hold,

'
*
. rectif; ring 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 rods (when stationary),.~

loss of one source -111 not effect the rods on DC hold.
-.

2) each progrs==ed poter suppl)- has 2 ac inputs in .

parallel. Loss of 1 source has no effect en the

power supply..

.

l

. . . - . _ - - - _ . _ _ _ , . 4.
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vii. DC hold bus breakers - C and D ~ ~

Breakers are trkpped by =anual trip or RPS
.

sa.

.
, , _ . .

riii. Electronic trips
-

.

.-

sa. Tripped by manual trip or RpS ~

, -
. ..

p * bb. 2 contacts per prograc=ed ;over supply ,'7f -' ,' N' .
> ' . . . ~

1) |openi- g. a contact interrupts '24 VfC poirei'to ' chi"~
~

~

~... . . . - -

light source. in a power supply 'If both contacts
.

.

. . --

.

open, both light sources turn off, no gatikr signal
-

|
.

.
*

, .

is sent to the SCR's, and all rods powered by that
|

-

.

supply vill trip. .

.
-

.
.

.

cc. 10 contacts total ',~
| 1) 5 for the 5 progranner "A" light sources. ' These ''

,

*
. are designated the "E" electronic :. ;. .s.

.

2) 5 for the 5 progen--r "B" light sources. These
'

^

,
are designated the "F" electronic trips. -

.

ix. Reactor Trip -
'

.

To trip all rods, one of the following b'reaker/electror.icas.

trip combinations must exist:
-

. . . . .

1) A&B breakers open
-

,

2) A&D breakers open plus "F" electronic h ips.
-

-

3) B&C breskers open plus "E" electronic. trips.
'

.

4) C&D breakers open plus "E" and "F" electronic trips.

'

b. System Power Supplies
.

i. Redundant 2h, t,15 and 5 VDC pcver supplies '
.

Nor= ally supplied by two vital buses; one set (2k, +15,aa.
_

5) from each bus.
-

,
_ . . . _ .

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

-
.-. . - _ _ . _ _ _ _ _ _ _ - - .-._. . _ _ _
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ii. 24 VDC-,

,

'
-

-

.
-

. . . .
_

sa. System logic circuits
.

. .
.

'
.

iii. 5 VDC -
-

,
,

'
, aa. Absolute and relative PI circuits 1

~

. '. ' ".;. .
' iv. + 15 VDC - - L' - - If

.

. . _i~ - ~
'

- ' &,.y'-y
*

- -

aa. System logic circuits - - - ''~- '
. ' t- 4. .

, . . .:.
. -

.
Each redundant pair has a set of blocking diodes on their

.

v.

'
. .

~'

output. lihen their' outputs are equal, both provide an. output .

in parallel. ~ If thei$ outputs beco=e unbalanced due to a fault .

or drift, the diode at the output of the lower voltage supply .

'

becomes reversed biased, and its output is blocked. - This prevents
, -

a fault in one supply from effecting the other supply or the
. .,

downstream circuitry. '

,

- '
.

D. Position Indicatics -

.

-
..

' ~

- -
..

.

1. Absolute position indication ' '
-

45 equally spaced reed switches are =ounted in a riterglass housing,a.

which is strapped to the outside of the =otor tube. The reed switches

are closed by a magnet attached to the torque taker. As the leadscrew ~~
|

moves up and down, this magnet passes by the reed switches. A reed
i

'

switch vill be held closed whenever the =agnet is within ih inches
.

I

* (above or below) of it. (This sets the accuracy of the indication.)

There are ,4 groups of switches. One group continuously monitors position

from 0 to 100%.' The other three sets =cnitor position at certain
.

. _ . . . ..

specific intervals.|
, , , , ,_

.

- -I
.
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1. Analog PI
- >

c
,

.

These reed switches are connected to a voltage divider
. -.aa.-

network.
, As the reed switches open and close (due to,

.: -

the magnet on the leadscrew), the resistance of the
.

.

"'
'

-.+.

network changes. This varying resitance results in a . , .;..

,......L
*

|
?. :-3 JJi-

.

variable current output from the network, which is then
,,.,.;....,.,.

,
,

-
. . , .

'

' translated to position indicationi - ~ ..
,,

..
.. . -. - ~ ..

. . . -
- - -

_. . : J ' " '.
~'

--

ii. In 14"4_t and 0% reed svitches
' ,_ .9.. 1

' ~~
,

. - -

. . . ,

, aa. In limit is 1 inch above tripped positi.sn.
. ~~ ; . . . . -

,..

-

bb. 0% is 1 inch above in 14-4t. .

. . .

111. Out 7.imit and 100% reed switches ... . .

.

,'

Out limit is 1 inch belov mechanical out 14-4t., aa.-

.

. ..

bb. 100% is.1 inch below out 14 4t.*, .

iv. Zone reference switches -

.
. .

.

aa. 5.'avitches, located at 0, 25, 50, 75, and 100%,

_ . . -, , . .bb. Located in CEDM cabit t;.
. . .

.

b. Mechanical stroke of rods is 141 inches. The electrical stroke,.or

distance between in and out 14"4ts, is 139 inches.

c. Applications
> --

.

1. Individual PI on the PI panel. ~

e.

ii. Group PI on meters .

-

4 meters and selector switch.=enitors groups 1-4 or 5-8..
aa.

iii. Asy=netric red -

.

Each red in'a group is cespared with the group average.aa.

If a rod in a group deviates by r$re than 7 inches (5%) ^

from the group average, an individual a=ber fault light

for that rod vill li ht on the PI panel. A rod which is6
.

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

9 inches (6 5%) frem its group's average vill light the
. . . -

asymmetric faui.t lie-hi on the Dia=end Panel (see asymmetric '

, runback for additional information). - -
.,

_

bb. It is important to remec6er that the faulted rod.is
' '

, .

' _ . ,.
.

. - ,
. f . included in the group average calculation. For~ example, "'-

s . .: .- -.

-. suppose ve drop a red in a group. which has 8 rods which , ~ ~~ '

'

.
-

.. ,

are all initially-10O% vithdrawn.
.

''.
, .

'

,

Group Average , 8(100) = 100%
. _ . . . m ---- -

- (Before drop) 8 .c_ ,
-

-- -
.

,

If we now drop one red in the group:
-. - . . - . . . . .

Group Average ,T(100) + 0 ' ? '

= 87 5,,,, ;
,

-

(After drop) 8

, ,
. .

, .. .,

'

t. . .- '__
,

-

.

'

Since 'the group average has dropped to 87 5%, all the 7,

-
. inch fault lights for the group vill co=e on. The rod

on the bottos is 87 5% from the group average, and the |
-

,

. .
\.

rods which are still fully withdrawn are 12 5% from the !
. .

group average.
. -

-

iv. Group in and out li=its
.

|
|aa. The first rod in a group to reach its out limit vm cause ,|,

.

group out limit light on'the Dia=end Panel to light. The |
'

group out limit vill prevent any additional out co-ands
1

1
from reaching the progr$ er. l

.

|

|

|
.

'

%

e

.

-. , - , , - - , -

, . , , . , - .
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bb. The first rod in a group to reach its in 14-4t v4" " .'
.

cause the group in N4t light on the Dia=end Panel to
-.

light. The group in li=it will prevent any additional,
,

commands from reaching the prograz::=er. This function ~ ~ ' '
-

;

' may' be bypassed with the Group 1-7 in limit bypass (latch) '
.- ..

l - ^ ::.

pushbutton on the Dia=ond Panel. For Group 8, no in
'

'; , motion is permitted when the latch pushbutton is depressed.
,.

.

v:. Bleed and Feed Per=its - - -

----|
* ''

- -

. .~ --4r I-dar dernrar % ,,sw
..

N8 M11 l1 en gaa resu si is _L g ,
,,

I x |
-gum . 2 c. m :,

k m. 1"9;b
.t<e m u

'
; d

-
. r8

.

e,ese,s m
.

* S*A' .u'h.

-

vi. Sequence Enable .

'aa. Regulating rod groups are nor-a"y operated with 25% overlap
'

to allow more uniform reactivity insertion rates. This

overlap is acco=plished through the use of the sequence

enable circuits. --

.

1) Group 5 sequence enable (group 5 per=itted to withdrsv
:

,1f) - -

.

a) safety rods out cal
. .

,~

'd) Gr. b i 4 4 25% wd6Jraion
*

t.D Gc S ytC*|. a Akw
*

.

4 .

2) Group G/ sequence enable (group (Ipernitted to withdraw if),

a) safety rods out

b') group 5 > T5% vithdrawn,

,

- . , _ . - , ,, -- _ - . _~
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vii. Inhibit Circuitry J
..

?.
. .

. . .
. .

-

Group 1-4 out li=its have input to both the auto inhibit- aa. -
,

and out inhibit circuits. - . . . - - -

, ';~ % r.;
. bb. Group 1-4 out 74-4ts cust be lit to allow out co=mands

to reach the progra-ars for groups 5, 6 and T. This

function may be bypassed with a keylock (safety rods out-

bypass). -
. |

,
. . .

t j

'

1
i

2. Relative Position Indication -
- ' -

,
, ;

A pulse stepping motor is connected in parallel to the A, C and BB i
a.

)phases supplying each =echanism. As the phases are energized to
|

. . 1

cause rod motion, the' stepping motor also turnJ. The motor drives

a' potentiometer whi'ch then produc'es a variable output corresponding !

to rod position. The system is extre=ely accurate, but only reflects i

rod position as a function of field rotation. Thus it vili not shov
3

correct position if a rod is tripped or dropped, or if it is stuck -

or binding mechanically. In such cases it vill be necessary to

adjust the reAative PI to agree with actual conditions. This is -

'

done with the ieset pulser. An individus1 rod or rod group in
|

selected with the group and single select ~svitches, and the raise /

lover switch on the PI panel is then used to adjust the indiention.

This is done by driving the selected rod or group of rods pulse.

i

-
.

|
- ,
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stepping motors with a pulsed 2f+ VDC signal in place of the nor=al ' '

'

3 phase input. .
-

# '

.

'
'

b. Applications -

.

i. Individual PI - PI panel. (Grcup average PI is calculated. , ',~,

- -
, -;

''| - and used internally, but is not displayed.) . ' . ,, 4. ,
~

. ..v . . -

- ? ii. Seqitence monitor
-

.
,

- . y( .
>

*
~.

?aa. Checks the overlap between regulating groups.. "}?
.

- bb. In the event of an assy-=tric fault, the first priority

~
. :

^

of the systen is to autenatically reduce power to less
, ,

than 60%. To ensure this, relative PI is used to monitor.

'.. .

sequence faults. In the original design of the system a

'sequence fault reset the sys' ten to manual. If absolute

PI was used, a dropped rod, could have result .1 a sequence
,

fault which vculd-have defeated the runback by resetting

th'e rods to nanual.
,

To prevent such an occurrance, relative.

,

PI var uced, since relative PI dces not respond to a dropped

rod.

The' monitor only checks for too much overlap; iTe., one"

cc.
_,

,_

,
group moving in or out tco soon in relation to the other

groups. .

.

1) based enak/k insertion - -

,

._ .. - --,

2) the systen does not consider tioo little overlap ~~ ',

dd. Checks for 255 overlap, enly checks at discrete intervals.

M eed. 4. hed kvdd. (,**hrloc.fc.I 8- -

7

-

|

|
|

|

l'
!

!

_ __ _ _
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E. CONTROL CIRCUITRY ' "

. -

Roh notion is acco=plished by converting.either an automatic -or manual- 1.
.

consand signal into motion of a progran=er motor. The motion of the
.

-
.

progra==er ulti=ately results'in the production of a rotating magnetic '. '
-

.

field, which causes rod motion. In this section ve vill avamine the
. . . . . I

.
~

control circuitry involved in converting cc _and signals to progran:=er.

.

motion. '

-

.. -

,

2. The centrol circuitry flow path can be basically arranged as follows:
'

In or Cut In or Cut! '-

Comand - - C-an d -
'

. Dia=ond Relays
Panel or

, MotorCS -

.- o pammerControl a
MotorsRelays

'
-

. .

Coneand
' '

-.
' Enable -

,

Relays
. -.

.

Both a ec-="d and a ec-=nd enable (per=it) must be present to cause

progrn er =otion.

a. .Co-and enable relays
.

.

i. There are two ec-="d enable conditions: auxiliary and. group.
, ,

.

For groups 1 16 only auxiliary enable is possible, 'since motion

of these rods enn only be acce=plished by use of the auxiliar-f
'

power supply. for groups 5-8 both a'Iv#7'ary and group enable

are possible, since the rods in these groups can be =oveci using
- either the auxiliary supply or the'nor=al g oup supply. For an

.

_ _ _ _ _ _ _ _ _ _ . _ . _ _ _ _ _ - - - - - - - - - - - -
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anv414= v c e nna enable to exist, a red or group of rods . .
,

must be lined up .to the ="vd7*=7 power supply. This operation
.

-

.

is perfomed using the transfer logie. For a group command - -

enable to exist, the group must be lined up" to its nor. al '
.

,

| .

.
.

-

i.
*

power supply.
. . .",

....s * . :

For groups 5-7 notion can be in either a sequence (25% overlap) .
- m.

,

'

ii.

or sequence override (no overlsp) mode. For sequenced CPeration,'' ~;
"

' sequence mode must be selected and a sequence enable condition '
,

.

must exist. Sequence operatica can be performed eith'er in r.anual
_... . . . - . .

Sequence ,o_verride =cde requires sequence override toor auto..
.

be selected. This mode of ' operation is permitted culy in manual.. .
*

'

Sequaces Mode
_~

T able
_

.Anv414m q -Sequence-
'

(Manual or Auto) '

Cor.=and.

*. . Enable - - -
.

.

Sequence Overide.
.

- Mode (Manual'only) _ Group
.

y
-

'

Comnand
Enable

Group 8 does not operate' overlapped with'the regulating groups.

When group 8 is group" enabled either sequence or sequence
.

override may be selected. When anvd7 4av com=and enabled, '

sequence override must be selected, but this is due only to
requira-ants..im by the transfer logic. -

b. .In and Out Co==and Relays

1. The group 1-T cut ce==and relay is energized if:

there .is a -a"ual or auto cut co-a-d presentaa.

bb. there is no in ec= rand present
.

ec. there is no inhibit present .

dd. not cla= ped .
.

.
.

- - - , , , - .-v- . - - .m. , - - - , , . - -
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.

for a manual out co==and, in addition to aa-dd,ee.
.

1) manual mode selected
-

'

2) group 8 is not selected
.

~
.__

.
. ..

-

ff. for an auto out command, in addition to 'aa-dd, * ~

. _ . _ _ . ,
'

' , , ,

1) auto mode is selected ._\_
' '

. ( .

s.

3 . ..

2) no auto inhibit , ,

-
..

- :-
, .

3) no out inhibit-(auto) - - ?
'.

ii. Group 1-7 in command - ' . . . _ _

-
'

sa. - not clamped '
~

,

bb. manual or auto cc--and present - -

'
-

-

.
cc. in manual, in addition to aa-bb',. , _ , , -

-
.

1) . roup 8 not selectedg

2) manual meio elected '

dd. . in auto, in addition to aa-bb, -
.,

1) auto mode selected -,

2) no auto inhibit
.

iii. Group 8 out'c - ="d

'

manual co-ad present (N ual or auto mode selected)aa.

bb. group 8 cad enable (poup or atir474ar/) ~"

cc. no group 8 in co-'nd
-

dd. no out inhibit
.

.

-

ee, not clanped

iv. Group 8 in co::.and .

'
. -

.

aa. not clamped *

bb. manual in co-a-d
.

group 8 co==and enable ( goup 8 selected on groupcc.

select switcli)

_ ..
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c. Motor Control Relays
. ,

'

l
1. Group 5-7 group power supply:

sa. Out

1)~ group command enable '-
- .

'

-2) no group'out limit
.. , ' ,

. . _ _ . _ ..

'
'

3) safety rods out (can be bypassed) ~.'

.3 -. . , .

b) out eczmand relay
~

, ,, ,
.' '

..

.5) for jog-out
-

. _.. ..
-- -

a) Jeg speed selected . ' '
'

' '

6) for run out - -

' '

.
'

a) run speed selected'- '

'

7) for group 7 .
'

.

"

a) -

.

use 100% out limit.. .

.

bb. In -
'

.

.

1) group c a d enable
'

,

~

2) no group in limit
*

i
, , ,,

.

a) bypassed automatically on dropped red 'to allow runback

') in ecm=acd relsy
'

3
,

h) for run in
.

a) run speed selected .

' ~

- 5) for jeg in
. .

a) jog speed selected-

11. Group 8 group power supply .

.

aa. Out

| 1) group c - a-d enable

2) no srcup 8. cut li=it
.

I

- - - - _ . _- __ . _ . _ _ - __
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! 3) out ceand relay
.

4) for run out

a) run speed selected - -,

5) for jos out'~ ~~~~
_

f a) jog speed selected
, _ . , _

.

bb. In
.

-

[_ '1)[ group command enable
.

' '

, ,
-

2) in command relay :' ~-. .

-
,

" '

3) no group 8 in limit -..

- -

h) not'in limit bypassed (pushbutton) '

5) for run in -
-

-

a) run speed selected '

' ~

6) for jeg in ' '.
-

a) jog speed selected
.

.

iii. Group 1-k auxiliary power supply -

' aa. In ~

. 1) not clamped ~ '

.

.

-

2). in ec=and relay

3) auxiliary e - =-d enable ~

.

k) no group in 14-4t

5) run or jos speed selected -

6) Jeg in si6nal frem transfer synchronizer bypasses 2-5.

bb. Out

1) -not cla= ped
.

2) cut ec=and relay
'

3) auxiliary ce=and enable

k) no group out 14 it,,

5) run or jos selected

- - - - . . . - . - . . . .- - - .

--
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iv. Group 8 anv414ary supply *

aa. In ' ' ~

-

1) not clamped ~
~

~

,,
.

. 2) group 8 in con: zand relay ~

s -
,

3) auxiliary command enab.le 2- ~

7'' ~g -

.

.
4) no group 8 in 14"4t ': 2.[

-

...y.
.-

: .: . -;.ri
. . . -

.
-,.. 5) __no in_ limit bypassed

. ; - -. .._.....:..-..
* _. 't

.
-

..

~'

6) run or Jos selected ' ~ - ~ ~

, ,

7) Jeg in signal frem transfer synchroni::er
~

bypasses 2-6.
.

-
.. ..

~
* bb. Out '

1) not clamped .
-

..

s2) out ec-="d relay .'

3) anv4Hary command enable -
*

,

.
k) no group out 14m4t

't
5) Jos or run selected -

. .

.

v. Groups 5-7 auxiliary supply
-

.
-

aa. In

1) not clamped
.

,

| 2) in ca-'"d relay
.

-

I
.

3) anv414a n com=and enable
.

4) Jeg or run selected
*

5) no group in li=it (bypassed on dropped red)
_

6) if in sequence -

a) sequence selected
.

b) sequence enable
-

'
. . . . . . . . . . . . -

.. . . - .. . . . . . - . . . - - . . - . -_ . . . . . .

-_ _
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1

1

7) if in sequence override !
l
4

m) sequence override selector . * . |

l

bb. Out I

1) not clamped
,.

.
,

.

f. . 2) ,out e - mi relay I.

1

. . * . 1,
' '

3) anv47 4 =~f con =and enable
-

,.
- c -

4) no group out 14"4t [.
'~'*

5) Jos or run selected
~

'

, . . .

'

6) for sequence = ode
.

a) sequence selected
~ ' b) sequence enable

,

7) for sequence override mode
. ..

a) sequence override selected
,

.

..

d. Progra==er circuit.f .

1. 120 V ac ABT power is directed to the run or jeg motors. To '

,

''
l.ec=plete a circuit path to one of the motors, ene of the l

'

following sets of ccnditions =ust be met. -

.

aa. Run in
.

1) motor control relay for run in'

2) no direction error present
'

.

bb. Hun out - '.
1) motor control relay for run out

'2) no motor control relay for run in

3) no direction error *

.

cc. Jeg in
.

1

1) no direction error !

2) no =ctor control relay jog out and Jos in signal

fres 3-2 phase hold circuit; or
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3) motor control relay for jeg in and no =otor

'

control relay for rus out.

dd. Jog Out
'

.
~

-
. .

~

1) no direction error -
-

. .
' 2) motor control relay for jog cut : ., ..-

. . '; ' . . . - - ,g *
.

3) 'no mater control r l y for jos is '

ea -: ..

. ..-

'h) no motor control relay for run in ,
. ,

-
'#

.

.

. .
.. .

. . -
. ee. Dc brake is applied when :-- - -

, ,
.

.,,
- .. .-

1) no motor control relay (in or.out, jeg'or run)'

2) no signal from 3-2 phase hold
.

.

''

3) 24 VDc applied aute=stically if normal 60' VDc - -
~

.
.

'

trake is lost.
.

. . -

, . .

,

. +

* -
-
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.
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Groups 5-7 Seq
,

> Aux Cmd Enable ---> ~

-.
_

'I " 'roup Cmd Enable -G-. :
Or -

.
.

.
.

Groups 5-8 Normal Programmer
-

Power Supplies -

Aux Cmd Enable --* Motor Control
'

ControlGroup 8 :
Circuitry-

'

Relays Groups 5-8
'

. .

.

Group Cmd Enable 4': -

.

.

Groupo 1-8 Aux Programmer
Groups 1 14 : Aux Cmd Enable Power Supply Control;

l Motor Control Circuitry ;m
.

Relays | Auxiliary .
,

-
-

i ;
Manual In/Out ' Group 8 In/Out

'
.

* '
m . '

Comman~d
'

Command Relay -
.

. .

.

Auto In/Out 's Group 1-7 In/Out | .

Command Command Relay
i.,

. . ,
.

. .?

.

e n .
. - ;.. g , .

.
,

.

; -.* -
.

*
- .--- * *

3
' " "

.!,. - i-
*
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-
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e. Transfer Logic
~

i. Sequence of transfer to or fres auxilisry power supply
.

*

Transfer Manualr'#'--1
,.

**E,Select ' Transfer

. .

as. Transfer Select -

.

'1) Transfer aelect relay for a group is energized if,
.

,
_ . . .

*a) sequence override ~ '
-

l

- b) no other group is' on the anv47 4ary power supply

c) manual- - '
.

.. . _ .
,

, ,

*
*

d) anv414='/ '
-

~
*.

.

,

e) group selected (group select switch)

2) Once a group's transfer select relay is energized,,
.

the auxiliary contacts from that relay set up
'

portions of the sychronizing circuit, clamping- ~

circuit and transfer circuit for that group. |
.-.

The relay also locks in the transfer circuitry for
- that group and the aM14ary command enable for that

group. This lock in feature is ' cleared by the trsusfer. |

reset button. Reset is only possible when group

mode is selected and no red er group of rods is 'on the
,

l. ,

auxiliary supply.
,

bb. Synchronizing circuit .

'

, 1) Once the transfer select relay is energi:ed,"

selecting jeg speed vill start the transfer synchroniser.

. The -nviliary supply vill run in at jog speed until it

matches phases (sane phases e=ergined) with the group's

nor- =1 supply (or DC hold bus). This is done to prevent

damaging the cla= ping contactors.
.

y +~ +- ---
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2) Once the power supplies are synched, the green synch,

light on the Jiamond lights, and a permissive contact,

'

closes in the clamp circuit,.

cc. m =" ming circuit
'

-

'

e
- *

[ . 1),
s.

. ''

-
.

The clamping contacts vill close if-

,
,

*

*1- a) clamp pushbutton depressed
. . .

.

. . . . .

b) ==4 7 4 =v.
- U -

. . _ . . _

-
- c) transfer select - * -

5-

d) synchronised

2) Pushing the clamp pushbutton energizes the group's
*

*

a1=" ming contactor control relay. This relay closes,

a, contact, supplying 120 V ac to the group clamping
,

*

'
.

relay, which places the two power supplies in. pardllel.

At the same time, a semissive contact closes ' n thei,

.

manual transfer circuit. Clamping is done to prevent-
, -

,

possible damage to the transfer relays by eT-=14 4"g the,,

.

>.

voltage on the two power supplies. Rod motion is not

permitted when the power supplies are clamped together.
'

dd. Manual Transfer *

.
,

1) Manual transfer per=itted if .

a) manual transfer pushbutton depressed . ",
.

-

b) clanped
.

c) rod or rods selected (single select switch)
~

1) 1-12 or all. *
.

.

'

l .-
f

-
|

. .
.

-

.

'

*
.. _._. . . . _ . _ _ . _ _ . . _ _ . .. . ..

_
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..
2) Depending on the position of the single select switch,

and 1 of. up to 12 or all 12 rod select relays are
.

.

-
' u.

energized. In conjunction with the transfer select
.

relays,'l or up to 22 of the 69 transfer control relays -

f,, are energized. Each transfer control relay,.by closing

a contact, s'ewgizes'its transfer switch, which shifts,

.

,

the position. of the transfer contacts'from the normal-
-

*

supply to the anv47?av supply or vice versa._ Whenthe[
. . -

.

. shift to anv474=v, transfer confirs ~1ight lights; .

-

. .- -.

When they shift to nor=al, transfer confim light goes out.
. . . . . . . . . . . . .

.

*

3) Clamping contacts are then opened by pressing clamp
.-
,

* . -

s .release, and transfer is complete. .

-

It is important to note here that the techn:. cal =anual callsee. ~
,

for group mode to be selected before any rod motion takes place.
..

.
The auxiliary mode is only required during the transfer

-

operation. Movement of the rods in dog speed while in
.

..
auxiliary node vill cause unnecessary cycling of the transfer
synchronizer.

ff. Transfer to or from the auxiliary supp y requires the same *

*

sequence of steps, but when a transfer off the anvf 7 4=7 supply

is complete (transfer confim light out), group should~ be *
.

.

selected and the transfer reset pushbutton pressed to clear the

transfer logic. Tressfer c;erations on any other group are'

impossible until this is done due to the Icek in feature of
.

the transfer select relays.
. .

.

.
.

.__ - - - - - - - ^ '
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F. INDICATION
.

-
...

.
-

:. ..

1. PI Panel .

.

m
s. . PI indication

-

-
.

- -
, .

b. I100% lights - ' - - * ':- ,- g,,'py section -

- ~ ~-- ---
-

,
e. 0% lights g

~ '
t".', ,.

1

, - ~. .

d. 7 inch asyr:netric fault lights s
'

. . _ .

'

e. control en lights
.

~

.
'

i. Groups 1-4

aa. Lights on when transfer relays are lined up to the '

'
' anvil 4av power supply.

ii. Groups 5-8 . -
.

. , ,

, .. . . . . . . . _ . . . . .. . . .

sa. . Transfer rela,s-lined up to the ,anv414az/, power supply; or ,,_,1
'

bb. group conn =and enable
.

.
.

. .

2. Diamond Panel *..

a. Trip Confirm - ** *-

i. Operates off breaker and electronic trip contact position.
.

Trip 1 "A" breaker open '

aa.

bb. Trip 2 "B" breaker open
, .

Trip 3 "C" breaker open and "E" electronic trip.s openec.
'

" T-1) 2 DC breakers;,0 and C *1 2

2) 5 electronic trips
s -

. .

a) auxiliary power supply "A" light source

b) group 5 power cupply "A" light source
.

c) group 6 power supply "A" light source

- d) group 7 power supply "A" light source

. _ . _ .-
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..
,

~~~,
e

.

.
*i.__e)[ Group 8powersupply"A"l'igh.tsource.

~ '

'
,

i dd. Trip 4 "D" br9aker and "F" electronic trips open *

. .1) 2 EC breakers 'D ani ii '

2 .

2) 5 electronic trips - the sane as "E" except that the -

' trips are on the "B" light sources'. '

. g . - . . . . .
,

.

ii. To get a tiip confirm, one of the folloving conditions must exist:
w - -.

1) trip 1 and trip 2 or - ;
, , , ,

-
-

,

. -
-

2) trip 3 and trip h or
,

. ,-

..

T"-
, ,

'

3) trip 1 and trip 4 or

h) trip 2 and trip 3
'

'

,

iii. Trip confirm lights the light and ' sends a signal to the ICS..
,

sa. Reactor trip (track) ",
.

. - I.

bb. ' Bypass valve setpoint,

iv. A separate relay, operating on the sine principle, called redun-lant 1
- !

trip confirm, sends a signal to the turbine trip circuit.
-

.
. .

Trip 1 - also supplies RPS A for reactor and breaker trip
'

v.
!

indication
. .

Trip 2 - also supplies RPS 3
.

Trip 3 - also supplies RPS C ^

.
.

Trip 4 - Also supplies RPS D

b. As.v:::=etric rod
'

. .

~
.

. i. 9 inch deviation of a rod frca that red's group average (API)
- .11. Foz=erly a lock in alarm (reset with fault reset). Field change

to auto reset to minimi::e the size of'the runback.
. -

- .

.

.

1
*

'

e
,

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

iii. Asyn=etric red runback - for=erly only required a 9 inch
.

fault, rods in auto and > 60% power. Spurious runbacks due

to faulty PI necessitated a field change - inclusion of addi-,

'

tional requirenants for a runback. . .

.
t

I
'

, Safety, rods not out
_

.

ss
.

-

-d|-- Group 1 in limit .. '- -
'

.

, ~NH Group 2 in limit -

'

.

dH Group 3 in 14'4t ' '
.

.,
-

*

H I-- Group le in limit
*

Group 5 in 14'f t >60% power
tI f L'
ti 11

*

Auto :: Gp 6 in,lis Gp ,5 > 80% .
-

,,
it ii 84

* . 9ineh fault
.

-

..
e p .,

' *
Gp 7 in lim

~ ~
'

. .

.

.. . ..e-
.

-

... .

iv. As was discussed earlier, an in limit for a group vill stop that

group's in motion. This functica =ust be overidden in the event

of a dropped rod so that the group with the faulted rod can run

back. This is acco=plished by the fault bypass circuit.

an. If the systen is in auto 'and a 9 inch fault occurs, the ~

fault bypass relay energi:es, closi=g a contact which bypasses,

.

the group in limit contacts in the =otor control circuitry.

bb. With the in limits bypassed, group motion inward is stopped

by the sequence enable circuit; i'.e., if e, cup 6 is moving
- in and reaches the botto vith the in li=its bypassed, group

| 6 in =otion vill stop when group 5 reaches less than 75%
'

t

!

|. ..
_

*

-

.
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withdrawn. |
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As was discussed earlier, sequenced operati.on requires safety
*

v.
.

rods out. In the event of a, dropped safety red, this feature i.

i

'

must be bypassed to allow a sequenced runback. - I*
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- out bypass
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With the safety rods not withdrawn, the bypass switch can be

used to allow rod withdrawal. This switch does not bypass the-

'

safety rods out persit for feed and bleed. '

If the safety rods are withdrawn, K39A energi5es., closing
~aa.

, ,

| a contact which energizes U 9 Once the system is in auto
.

.
E39 is locked in. -Thus, losing a safety group out limit -

'

.When in auto vill not cause a loss of sequence enable. ~ '

. . . -

Once the system is shifted to manual , however, the bypass

switch must be used, since both K39 and K39A vill drop
-

out under these conditions.
-

*

vi. The asymmetric fault for a rod =ay be bypassed by use of a

switch located in that rod's PI cabfset. This switch a14minates.
': that rod from being used in the asy--tric fault detet ._:L

circuitry. ''
.

c. Motor Fault *

'

1. ~ any motion with no con =and
.

-

'

ii. out motion with an in co-and - -

,

iii. loss of 120 V ac ABT bus

iv. resets system to r.anual

v. loch in - cleared with fault reset
.

vi. operation
.

aa. The circuit is electro-nechanical -

1) contacts for c - 'nds

2) direction sensed by svit<.:hes which are closed by
.

actual notion of the progr' er.

3) ti=e delay required to allow for inherent delays

between co-'nd and notion and for the 3-2 hold circuit.

_ , . _ . .. - - . _-. -- -- , . .
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Motor fault-

Closes on in em e-and Closes on out motion
II I

-

il 1
~

DI6 SDE '
.

, , .

t - ', .

I*

| Shuts when
no connand *

.- ..

is p: esent
*

_ A,

V .
- E2 S1 gi-

-- -
..

S5
-. n -

,, - *
. .

I!
.

.

. Si and S5 close when a =2gnet on the program:ner.
.

. passes by them. Progra-=* must rotat'e far enou6h
*

to close both S1 shd S5 .
.

. SDE is a switch that _11 close on out motion, and -

vill stay closed until in motion occurs.

-

. .

. -

. e

- ;

*
|

|

.

|
.

. *

.

.
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d. Out Inhibit -
.

.
. .1. 2 out inhibits

.

2 DPM SUR in source range, 3 DPM in inter =ediate range. aa.
,

vill impose an out inhibit in either auto or manual.- ( ,

e bb.- If >60% power and either the safety rods are not out or~
.

. -

|

. , a 9 i'nch asy=etric fault exists, an out inhibit vm be

inposed while in auto. ~-
.

, , .
.

'

2- ~e. Sequence inhibit
,

. .

,

i.. Lignts if a seq'uence fault cccurs. A field change has removed

the reset to manual function (not at Crystal River). It also

turns off the sequence light en the sequence / sequence override*
.

.

pushbutton. -.

ii. If the . system is in sequence override and a sequence inhibit -, .

exists, the 'systen cannot be placed in sequence. *
.

f., Auto inhibit
,

"

.

,
i. ' Lights and prevents placing the system in auto if:

aa. > 1% neutron error, or
.

bb. the safety rods are not out, or

cc. ICS auto pt ar is not available.

ii. On loss of ICS auto power, lights and the systen shifts to -ammi.

g. Progrs=er la=p fault A and 3 -

1. Relays in series with progrn-ar light scurces frca 2k VDC power

supplies.
..

Failure of any of the 5 progr'- ers' A light source villaa.

light the A le=p fault. '

bb. Failure of any of the 5 progrc=ers'B light source vill

light the B la=p fault.

.

--v 4
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Lights on reactor trip due to electronic trips.cc.

ii. Lock in - requires fault reset. -

h. Out limit Lamps Groups 1-8 ~

~
..

i. First rod out in a group lights the out 14"*t, which prevents -.

f any further out motion.
.

_. .

Can drop a red in a group vithout losing out limit.sa.
..

' bb. Additional material in PI and control circuitry sections. '.

.

i. ~ Control on Lamps . -
*

. . . . _

'i . Groups 1-4 '

Light vill light for a group if the transfer select andaa.
' ~"

auxiliary en ands enable relays are energised. This

requires:
.

1) Sequence.nyerride -
'

<

~

2) auxiliary
,

3) manual
.

.

4) group selected *

. . .

5) no other rod (s) on auxiliary power supply
,

These relays vill lock in after the above conditions are

satisfied. Once they loch in,1-5 cre no longer required.
..

.-

ii. Groups 5-8
-

Anvilf r/ cc:=and enable and transfer select or .
.

aa.

bb. Group co==end enable.

.iii. These lights do not tell us that =ction vill result if a co- n_ d

is sent to that group; only that certain portions of the control

circuitry logic are satisfied.

-
,

.

e.

.
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j. In limit Iamps Group 1-8.

1. The first red in a gioup to reach the in limit lights the light,

which prevents further in motion.

ii. T'is function can be bypassed with the latch (in limit tr.' pass)
~

,

{ I' foutton. This directly bypasses the in " -ft circuitry
~

.
by opening the output of Groups 1-7 in limit amplifiers. With

'the latch pushbutton depressed, in =otier. of Group 8'is prevented.-

k. Syst a Power Supplies A and B _.

.--

- 1. As mentioned earlier, the system utilizes redundant 24,115
_

- - - - - - - - -

and 5 VDC power supplies fed frem vital buses, with an
- " 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 115 .

aa.

, or 5 VDC.

bb. If we lose the A side 24 VDC and the B side 5 VDC, for
.

example.
.

11. Fault reset required to relight the la=p after ve regain the

power supply.,

1. M7 tor Power Supplies A and B
.

.

i. 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 auxiliary power supply

blowerfah. lure. A failure of any of the above vill de-energize
|

| the lamp relay and exti=guish that side in=p.
j . .

'

_ _ __., __ ....- -
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ii. Power on Relay
'-

~

.

A or 3 breaker .' ~ -

-

m -

120 VAC 6 phase.

-
.

. .

'

e i I DC hold rectifyd.ng bank,

1 -
,y .-

.
.

_
y..

,

_

'. ,
,

, 2bwer on relay
, , .'

, . . ;,

)CorDbreakers
. . .

^~
,

_

. . ' ,
--

.

-
,

. .
, .. .

.

.
-

. .
.

. . The relay will only drop out if the Main AC breaker"is opened
on that side. ' '

.

.
-

iii. Requires Fault Reset
,

'

--r.
,

m.. In/Out Co:mmand Lights
, , ,

,

1. Indicates that the Group 1-7 in or out co= mand relay is energized.
'

.

This does not mean that actual red motion is taking place.
.

n. Group Select Switch ~

.

i. Used in sequence override mode for operation of Groups 1-8

(co-and enable)
,

'

I 11. In sequence mode, used for operation of group S.

iii. Used in transfer logic (transfer select)
,

~''
.

,

! ,1v. Used for relative PI reset.
. .

o. Single Select

i. Used for manual transfer circuit /
,

ii. Used 'er relative PI reset.

iii. Used for the operation of a single red or a group c.* redr on the
auxilic.: 7 power supply.

.

iv. Has no function during operatien with nor=al group power supplies.
. .

% . , - - - - - , _. - - -, - .,



__ _ _ __ __ _ _ _ _ _ _ _

'
'

..~ ,

A ,.
.

*

.

,. ' . . . *

, . , ' *
.-3!+--

. ~
-- - .

. ... .

. *

.
.

p. Speed Select

i. Used with transfer eine.itry foe the synchronisi=g circuit
,

(jog selected). ~

,

.
.

ii. Selects rod speed when in =anual. '
*

-

.
i .

' sa. Run - 30 inches per minute
l . _ , . _

'

bb. Jog - 3 inches per minute.
,

* -
. ...

- iii..When in auto, rod speed is 30 inches per minute regardless -
,

.

.of position of speed selector.
~ ~

q. Group positica select

i. Selects 1 16 group averages or 5-8 group averages for display
.

5, W7, b/7, T E o feguence-on PI meters oe.-
. . y

r. Latch pushbutton
. .

. 1. Bypasses in limits
. .

ii. Lights when, depressed and Grcup 1-7 in '4-4t lights vill .

extinguish. -

.

s. Transfer Reset
.

.

1. CIears the transfer logic and resets transfer lockouts when

in group and there~is no transfer confir=ed (no rods on the

auxiliary supply).
.

ii. Lights when depressed.,

.

t- Fault Reset
.

.

1. Cleers
.

aa. asyc=etric fault (seme pir.nts)

bb. motor fault
,

cc. out inhibit

dd. progra-er la=p faults
'

.

ee. motor supply' faults

| ff. system supply faults.

.___. _. _ - _ _ _ - _ . - . - .. _ . - . ., - -- , _ :-
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ii. Resets electronic trips when ~ groups 1-7 are not on the bottom

(trip reset disar=ed)
,

.iii. Lights when depressed.

u. Safety rods out bypassed -
*

.-

' i. Lights when the safety rods out bypass key switch is in the
i

bypassposk. tion.
,. .

.

-
.

..
~

v. Trip reset
,

i. When the Group 1-7 in limits are present, resets A,B',C and D
~

-
-.

.

breakers and the E and F electronic trips. Once reset, this
'

vill remove bypass valve bias and allow the turbine trip
'

lockout to be reset.
.

-
.

'

11. On the never plants the A and 3 bienkers may require a local
* ~

reset plus trip reset t,o close..

iii. Lights when depressed.
.

v. Manual Transfer '

I
'-

'

1. .- 1. If clamped, vill actuate the manual transfer control relays.
.

ii. Lights when depressed. '

iii. Sync light - lights when the auxiliary power supply is synchronized

with another power supply. ~

-

iv. Transfer confirmed light - lights when a rod or group of rods are

on the auxiliary power supply.
'

!
.

x. Sequence / Sequence Override
,

.i. The sequence. light extinguishes only when a sequence fault is

present. Wen sequence override is selected, both lights vill
.

nor: ally be lit.
.

ii. Sequence override mode is only pe. itted when in canual.
.

iii. Resets to sequence v.. c trfp. -
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y. Group /Anv414*v
4 .

i. Must be in manual to go to auxiliary..

,

ii. Anvd74=v is selected only during a transfer operation;
~

rod motion should always be dese,in group mode. ~ -

8

g. iii. Resets to group on a trip.
. . .

z. Auto / Manual.
.

. .

1. Resets to manual on:
"

.

aa. reactor trip
..

,

bb. motor fault
'

.

cc. Loss of ICS auto power

aa. Cla=p/ Clamp Release '
-

.

s.
*

i. clamp requires sync
,

-

2. either clamp o- el:=p release lit
. .

. . .

-

.

. b.
.

.

.

.

O .

.
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SECTIOil 3
'

DESCRIPTI0ft AtlD PRINCIPLES OF OPERATION,

30 IUTRODUCTION
,

Tne systen logic and the motor control equip =ent including 69 drive mech-
aniscs form a control rod drive system for a central station pmssurized
water reactor. The system logic controls rod grouping, rod =otion, rod

.

position, and provides the logic circuits necessary to coc=and the motor
control equip =ent. The motor control equip =ent provides power to drive
the | rod mechaniscs.

-
The control rod drive system translates the reactor control signal - either
manual or automatic - to linear motion of the control rods. Although the
primarf- function is to control the nuclear chain maction, the system,1

serves a:i equally i=portant function with respect to the reactor protectivei system. Upon initiation of a reactor trip signal, power is re=oved fromj the drive mechanisms, enusing the control rod essachlies to disengage
from the mechanisms and fall by gravitf into the core, thereby reducing,

teutron activity to a paint where the heat generated by the core decreases
to an acceptably lcv level.

.

3.1
CONTROL ROD DRIVE CONTROL SYSTEM DESCRIPTION AND PRINCIPLES
OF OPERATION

,

. The centrol rod drive control system utilizes 69 control rod drive mech -
aniscs, one for each control rod asse=bly. The mechanisms are divided in-
to eight separate groups. Each group corresponds to a smtric arrenge=ent.

of centrol rods vith respect to the plant view of the core; up to 12 control
rods eny be ' assigned to any onc~griup. ' "he control rods vill nor=2117 he '

roved together as a group, but provisions are =ade ha control individual
roda within a given group.

The first four groups.are referred to as safety groups. During periods when
the reactor is being operated, they are =sintained at their full-out posi-
tion. Their functions are to provide an adequate shutdown capabilf.ty upon
reactor trip. Groups 5, 6 and 7 are the regulating gre.ps and are uned to
establish criticality and to cortrol the power outpu', of the core. . During -

a reacter startup, Groups 1 thru h vill be withdrawn to the full-out posi-
tion (1005 vithdravn). At this point, upon the co==and of the Integrated
Control System, the withdrawal of Group 5 is started. The regulating groups -

My withdrawn in sequence; that is, when Group 5 reaches a specifi-are nor
ed position, it vill enable 'Jreup 6 and 7 to start withdrawing. Group 6 and
7 are two separate groups.vhich nor =My ::ve in parallel but can be c ved.

m

separately. me sequencer allows the groups to oveap only during the first.."
and last 25% of travel.f The safety groups are control.lable in the =nnuci

.

.
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mode only. The regulating groups are controllsble from either =anual'or
~

.

automatic inputs. Group 8 is controlled =annmy in either manual or auto-
matic code. Group 8 is used to control the axial flux distributica in ('
the core. The auto =atic mode of control is the nor-d = ode when the
reactor is operating at power.

'
..

Because the safety groups are normally held in their full-out position,
they are povered from a static D.C. power supply (one that does not have
the ability to move the rods, but only to =aintain (hold) a given position).
The power supply is referred to as the D.C. hold supply. Each of the other ~

groups has its own individual supply, and each is progr-=hle. That
is, they respond to inputs from the control system to =aintain or change

* the positions of control rods associated with those respective groups. -

When it becer.es necessary to control the movecent of the safety groups,
- an auxiliary controllable supply is used. Provisions are made to prevent

more than one group from being driven off,the auxilia.ry supply at, any.one _,.
f tira. This is because theTauxilialf 6 isot designed to handle more than D!

12 coi5cident =e< hanism loads." Single ~o'Fsultiple co=binations of io'ds ~
:

! vithin Tiny one group =ay also#be moved by the auxiliarf supply. The clamp-
. g' ing contactors and transfer relays are used in "'Ang transfers to and from
I the auxiliar/ supply.

The patch panels allow any drive 'exc'efsti"those~iiGroup 8 to\be assigned
~~

to any group. This is done by exchanging the power end instru=entation
leads associated with that drive. In this way, core life =ay be extended
by exchanging certain control rods between, or within, the safety and
regulating groups.

-

3.1.1 Mechanis=s

The mechanism itself is an electro-=echanical device consisting of an
electrically driven, rotating nut assedly (rotor) within the pri=ary
coolant pressure boundary; a four-pole, six-phase stator outside the pres-
sure boundary; and a translating leadscrew that converts rotary motion of
the nut to linear travel of the leadscrev and the attached control rod
anse=bly.

Each control rod drive mechanism is associated .rith a control red asse=bly.
The centrol rod asse=51y spider is attached to the leadscrew extension

*shaft by means of a breachlock-type connector. Each control rod asse=bly
consists of 16 scall rods arran6ed sy==etrically 5.bcut the center of the
assembly.

The leadscrev is the connecting link between the rotor asse=bly and "the ~

,

control rod. When the rotor asse=bly rotates, the leadscrew is kept from
rotating by keying it to the torque tub 2 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 esse =bly,
and the ther=al barrier. The leadscrew is connected end disconnected
from the control rod assembly by rotating it (che leadscrew) within the
motor tube fres a point external to the drive.

.

(
,

e'
1
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The control rod drive cachanism is used to raise, lover, and maintain
control rod position in response to the control rod drive motor control
system. The control system provides a sequentially progra==ed D.C. in- *

( put to the drive octor. The motor has seven input leads, one for each
, phase of the six-phase star-connected winding and one for the neutral

return line. The stator coils are seque:tially energized in a repetitive
2-3-2-3 manner to produce a rot'ating cag: etic field azuund the rotor
assembly. As the stator coils are prog.essively energized, the rotor
rotates (steps) to orient itself to a nev position. This rotary motion -

is translated into linear motion of the leadscrew and the attached con-
~ ltrol rod. Two speeds are available: "run" and " jog" . Run corresponds

to 30 inches per minute and jog to 3 inches per minute.

t -

During a power loss to the mechanism, the rotor assembly seg=ent arms pivot,
releasing cachanical contact between the roller nuts and the leadscrev.

,

The attached control rod drops by gravity into the core. Interruption of
power to the mechanism may be initiated -eually or (from the reactor
protective system) automatically.

3.1.2 P.I. Tube
;

,

'Ihe position indicator assembly (P.I. Tube) deter =ines the absolute position
of the lead:: crew and therefore the control rod. A series of 457.equa117
spaced reed switches]is mounted on the o:tside of the upper motor tube. A
square fiberglass' housing encloses the reed switches. As the magnet mounted
on the torque taker passes in the im=ediate vicinity of the switch, the
magnetic field is stzung enough to actua.e the switch. As the magnet
continues en past, the reed switch returns to its normally open position.

~k The indicator switches may be divided into tour groups:
.....s,. . . . . , .^

1. Th'e in-limit and 0% switches - The in-limit switch is actuated.

between 0.12 and 1.00 inch above the tripped position. The 0%
' switch is located 15 inches above the in-li=it 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 lho.25 inches above the tripped
position. The 100% switch is =ounted 1.5 inches below the
out-linit switch. Each of these is also adjustable within the
last 2 inches of travel.

..
- --../--

3. Five absolute, (zon,e, refersace) sviitches .at 0, 25, 50,. 75, land ,

100% travel t,These are actuated at a to 0.13, 3h.75 2 0.25,
69.50 0.25, 104.25 0.25, and 140.00 0.25 inches.

.

I

i

I
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4. An analog (API) output corresponding to leadscrew (control rod)
position over the full travel - Dis indication is derived

ffrom the sequential opening and closing of reed switches A'

which, in turn, are connected to a resister netvork. The .,

accuracy of this system is withis 21.5 inches.
,

.

Two switches are used at the out and in-li=it positions (1 and 2 above);
one indicates that a particular control rod is nearing its full-out posi-
tion, and the other stops further out-travel. De first red in any group

_to reach the second switch vill stop further travel of all rods in that
group.. }: ' ~

~ ~'

.

t - -

3.2
.

SYSTEM IDGIC BLOCK DIAGRAM ANALYSIS, Fig.r.re 3 k8

For system analysis, the syst.em logic is broken down into ni.ne (9)
.

functional areas as follows:

1. Command Logic Circuits |
*

!2. Transfer Logic Circuits
|

3. Travel out Limit Logic Circuits
- \.

|
,

h. Travel In Limit Logic Circuits
.

5 CRDM Position Reference Circuits
'

-

(i6. Inhibit-Fault Logic Circuits

7 Position Indicator Circuits
.

.

8. Sequence and Dilute Control Circuits

9 Position Indicator Reset Circuits- '

.

e

o

G

r

8

'
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3.2.1 Cc==nsd Logic Circuits

'Ihe co==and logic circuits control the cave =ent of the control rods either

'
by the operator in the =anual mode or by the Integrated Cor. trol System (ICS)
in automatic mode. De control roda are dividad into 8 groups, a maximum
of twelve rods in each group. Groups 1.hru k are called the Safety Groups,
and are controlled in the manual mode o-17 Groups 5 thru 7 are the -

_

Regulating Groups and can be controlled in either =anual or automatic =ede.
Group 8, the Axial Power Shaping Rods D2SR), can be controlled manually
in either manual or automatic mode. The co=cssd logic provides signal to
indicators to display system status. The connand logic also provide signals' -

to other contrcl logic in the system and signals to customer equipment '
pro ding systs.m status information.

3.2.2 Transfer Logic Circuits
.

.

The transfer logic circuits, provi...
.

-..n, .de control of any ' group or sin'gle rods ;
~~~~

. -- 'm,--.

.as selected bf#the' operator,in'.th'ii" manual' sde. The safetf~ groups 'which'
are normally' held by the DC Hold Supply, can be transferred to and
from the auxiliary regulating supply for =anual control. The regulating
groups, each group having a separate regulating supply, can be transferred

,

to and from the auxiliary supply for either mual or automatic control.
Group 8 (APSR) has its own regulating supply and can be transferred to
and from the auxiliary regulating supply.

.

3.2.3 Travel Limit Logic circuits

The travel limit logie receives signals from the control rod drive, in ....
limi.t (0% withdrawn) and out. limit (100% vithdrawn). These sievals are .j'

{ used to inhibit the movement of the control rod drives at th:. . .vo ex-
tremes,. The li=it signals are also applied to other control .wgic circuits
for various other functions.

3.2.4
, CRDM Position Reference Circuits

'

'

0, 25, 50, 75 and 100 percent withdrawn reference signals are recei ed from
the CRDM's and enable indicators that correspond to the respective positions.

3.2 5 Inhibit / Fault Logic circuits

The inhibit / fault logic circuits provide inhibit (inhibits rod" movement)g
and fault indications under certain operating conditions. * The ' inhibit arid .

fault sipals are sent to the control panel, position indication panel and
customer equipz:ent: Reactor Protection Syste=/Iluelear Instru=entation
(RPS/III), Integrated Control System (ICS), Plant Cc=puter, or Plant An- -

nunciator.

3 2.6 Position Indication Circuits

The position indication circuits use the absolute position indication (API)
signal from the control rod drives to display the control rod drive position
on the posation indication (P.I. ) panel. The API signal is alsii'sent to ' -
an averager to produce a group average sipal. The relative position,

,

%

.

o
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indication signal (RPI) is also average ()or' G-etres 5-8 only) 7to provide
a Group average signal for fault detectioW. ne RPI signal may also be
displayed on the P.I. panel.

[
327 Sequence Circuit '

.

The sequence circuit centrols the re'gulating groups in the sequence mode.
'Ihe regulating groups are enabled or disabled, when the groups are at pre-
deter =ined position levels.

.

3.2.8 Feed and Bleed Circu..i'..s. v*
'

_

. . .
~ m . ..

Three (3)ltreed and bleed signals"aFei' applied 5 The ICS for dilute control: 1

the safetf groups fully withdrawn, regulatintr Groep 5 equal to or -greater
than. 25F vithdrawn.and a.o. to +5 volt. analog signal of regulating .croys 6j' and T average P.I.s

. -T
---. .+

.

329 P.I. Reset Circuits

The P.I. reset circuits are used to select and reset the relative position
indication transducer to the same level as the API signal after a reactor
trip or si=ilar condition occur::,.

3.3 MOTOR CONTROL BLOCK DIAGRAM ANALISIS
-

.

3.3.1 Channel A AC Motor Pcwer Circuits

The channel A AC Motor power circuits are used to ==nitor and interrupt
fthe h80 AC power whe', certain conditions exists. They also provide reactor A

'

trip signals to the turbine controls and =otor control 120 VAC power.

3.3.2 Channel B AC Motor Power Circuits

The channel B AC motor power circuits are identical to the Channel A AC
motor pcuer circuits.

3.3.3 control AC Power Circuits

The control AC Power circuits are the two control power transform located
in each of the AC breaker cabinets._The outputs of the transfor=ars are
u::ed to power the blowers , gate drives , progr=--ar circuits, transfer control

_

circuits, and group meters. ' --,1"' ~

3.3.h Auxiliary and Group 5-8 Regulating Supplies
.

The regulating supplies are a program =able SC3 DC motor power supply de-
signed to run a six-phase synchropulse stator. Each regulating supply has
a redundant half, regulating supply A and regulating supply B. Each *
supply is auctioneered or share the output load under n:r..al operating.

conditions . If cne of the supplies is in need of repair, it can be shut-
down and the redundant half vill ear:/ the entire load until the repairs
can be =ade. .

(
..

8
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3.3 5 DC Rold Supply Circuits

. The DC hold supply is a non-programma51e diode DC supply designed to hold the
safety groups at one desired positio .... Since the control rod drive needs-s

only one phase to hold at one position, the DC hold supply redundant halves
have a single phase output. The DC hold supply A or B can be shutdown
independently for repairs withbut hindering nor=al reactor operation.

3.3.6 Transfer and Motor outptit Circuits
.

.

The transfer cireuits provide control of the =ctor output power. They ~

ares primarily used in.the manual mode. 'Ihe transfer circuits have a patch .
ing capability to allow any contzel rod drive to be in any gro'up except.

p' for Group 8. Grouc 8 is vermanently catched. Motor output circuits are'
.

fused, six-p, hase DC power to the synchr:: pulse stators.
' '

3.3.7 Ralative Position Indication Circuits

These circuits provide 69 relative position indications (RPI) to the
- system logic position indicator circuits. The RPI signals are produced

from the CRDM motor power signal received from the motor output circuits.
The RPI circuits are reset by the syste= logic P.I. reset circuits.,

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

3.3.8 Program =ar and Progra=mer- Centrol,, Circuits _,
..., g ... . . - -n ..

.

The progra-ar 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 progran=:er control circuits provide the control of

- the program =er for the required speed and direction of the contr ~ id%
drM. ~ - - ' ' - ' * * ' ' ' ' ' ' * * ~ ~ ~ * ~ - --

- - . - - '*

.
'

3.3 9 Trip and Trip Reset Circuits

The trip -circuits provide a remote means of inter:upting the motor power by
either the operator or the RPS. During a. trip, the AC motor power into
the regulating supplies is interrupted by the AC breakers; the DC motor power
from the DC hold supply is ' interrupted by the DC breakers; and the electronic
trips de-energize, interrupting the SCR gate output to prevent inadvertent
firing of the SCR's. The system must be reset by the operator before power can
be restored to the systen.

3.h COIITROL ROD DRIVE COIITROL SYSTEM DETATryn DESCRIPTICIT
AIID PRIIICIPLES OF CPEPATIC.'I

.

'Ihe following paragraphs describe co=ponent parts of the control rod drive
control system, co=monly known as " black box" desciiption and principles
of operation.

|
|

;

!
-

s
i
!

I e

1 *
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3.5 C03 TROL PANEL, Figure 1-1

The control panel contains the !!ANUAL CONTROL (insert /vithdrav) switch, (1 related indicators, and control switches. The function of the panel may
best be described by identifying and explaining the function of each in-

__ [ \ ,dicator and/or centrol. *
_

u[
'

. . - . . . . .

The' TRIP.,,CC37 lamp,'when on, indicates that at least the mini =um number j-.

of devices required to trip (de-energize) the CRDY.s have actuated. ':7
.

... ;:: ...u ,..s
.

,

| The AS'C90 RODS lamp, .when on, indicate's' Gat one or more rods vitliin a
-.

! particular" group are more than 9 inches (nor.inally) out of alignment with '
W the group average position. The individual asy==etric la=ps on the P.I.'

Panel indicate that a. zod is more than. 7 inches (no-d m y) out of ali
- ment withe. its grWaverage l.os.it.ioh7 die ' 3Q. A t 'M%**988 ~~" T " gn ?

.a. . . . , - . .
. - . .~, y g u .

The liOTCR' fit 5NM,''when on, indicates that one or = ore of the programmer
~

motors''is runn4Ei vhe~n not commanded or is rt=ning in reverse of com=and.!

The U.Cb?"6.7?T$FitdS7vhen.on, indicates that Group 6 is 8 inches (nominally)
misalisned with Group 7'. 3-17 # a *'T ' '~

. . .

The OUT INHIBIT. lamp;,'vhen on, indicat'es that the CRDys, vill not respond to
.

.

OUP cod-an ds . This may be caused by the "high startup rate" input signal
or by an asym =etric rod fault and/or safety rods .not withdrawn fault while
the system is in automatic and power level is greater than'60%.-

. _ . . ~ . . . ,

The SEQUZ3CE INHIBIT lamp, when on, indicates that the regulating ' groups ('*

cannot be controlled in the sequence mode. The sequence monitor circuits \
provides a control input for this indication. *

The AUTO IIEIBIT lamp,''when on, indicates that control cannot be switched
to automatic because: (1) the safety groups are not at the out-limit or
(2) Auto.Pez=it signal from the ICS is not present. If the system were in
AUTO mode, it vould revert to MANUAL mode when the AUIO IIEIBIT light came on.

me PROGRAl@ER LAMP.FAUI5 .A_, lamp', when on, indicates that ene or more of
'

the five regulating pove.r supply program =ars has lost its redundant photocell
light sources (A and B correspond to the redt= dant halves).

._......-:v.. -
.

The PROGRAM!ER. LAMP * FAULT 3 lamp: monitors the B cha- el. -

,

.

O

e

.

.

(
'

l

1 -

: .
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The 'APSR' BYPASS la=p,:vhen on,' indicates that the i$put" signals of the
~ ~

Group 8 (APsa)' have been re=oved froMthe Group 48 averager. This is forpar:isl. group cont::cl fg 34'l a--

3,

The 'dbT LEET,'SAEITY GROUPS, REGULATn!G, and A?SR lamps (Group 1 thru 8,
left to ri ht) when on, indicate that at least one rod out of its respec-6
tive group is at the out-limit..

The IU' LEET, SAFETT GROUPS, REGULATING, end APSR lamps,' (Groups 'l thru
8, left to right) when on, indicate that at least one rod of a particular * --

,
group is at the in-limit.

, ; .

r.-
The SYSE!, MOTOR, PC'4ER SUPPLIESA (A left, B right) ir.dicate the following:
'SYSTE{ - the 'iiys'te's lo~gic~p6veFiiupplies are operating nor= ally. [ MOTOR J-

" " ~ '#. the blowers and the voltage regulators are operating normally.

The:CRD M.... . - ?-f 5 d:
, . . ,

-

-- -

00T,.1' =g.vhen on, indicate that an in or outa -

con:nand hasTedE~di~r~e~cTe'd to one" of the safety or' regulating groups. This
includes auto =atic as well as manual co-- * is. It does not . indicate ~
co== ands associated.With~Gro1fpT8 because Group 8 =ay be moved . manually

2,while the control. system 1s- in:the autc=atic = ode. - " ~ " "
- - - ~ *

. , , , , , . . . . m. m.~ .:1. , .. ;
. . . . . . - _

~

'Ihe IN LER BYPASS. (" LATCH) " switch,aand 1s=p when pressed disables all,
~~C ~ ~

group in li=its eicent Groue 8 to allow the CRD'?s to be inserted against -

the lower hard stop, thereby ensuring positive engagecent between the
roller nuts and the leadscrew. The le=p co=es on to indicate the in 11:::10
bypass relay K54 is energized. - - -

.. . s. ., .

( The TR.CS RESE ' vitch, opens the holding circuit to the group select re-s
lays, thus alleving a different group to be selected for transfer to the
auxiliary 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

.

. TRAITS RESIT. lamp is on to' indicate tha : all Group transfer enable ' circuits
~

are in their nor-=1 state (not transferred). ~a "
--,

.. . _ .L . _, : --~~ " " *
The FAULT RESE.'svitch resets a fault condition provided the fault has
cleared. Ihe faults may be asym:stric rois, cotor fault, out-inhibit,
progra-ar la=p fault A or 3, or syste= power fault A or B. The lar.:p
'comes on to indicate fault reset relay 38 is energized.

The SAFETY RODS .0UT BYPASS lampicomes on when the safety rods out bypass
- ~

keylock switch on the rear of TRAVEL LIICT LOGIC chassis is in the BYPASS
position. The pushbutton switch is not activated.

.

.

.

! 4 *

.

!

| .-
t
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. . . . . . . .

Tne TRIP RESEf switch? resets the AC 3reakers, DC 3reakers, Progran=er
Controls", 'and the Electronic Trips. The III-LI:!IT lar::ps for Groups 1-*

thru 7 must be on. The TRIP RESEr la=p co=es en to indicate trip reset
(relay K57 is energized.

CA0 TION
'

*
.

Excessive cycling of the trip breakers
uith the trip reset suitch r cy shorten -

breaker life.'

I: .

The MANU5RANS s1Iritch',),vhen pressed, vill transfer individual rods or a .
. groupI)f rods 't67 add from the. auxiliary supply. It vill not function unless
. clamp is indicated. The SY la=p','when on, indicates that the auxiliary

supply is in phase synchronism'vith either D.C. hold supply or one 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 auxiliary
supply. The MAN TRANS lamp comes on momentar_d17, to indicate the manual;

'
transfer control relay K110 was energized.,

.

The SI('SIQ"BYP sMc3,"when pressed to indicate sequence override, permits
~

.selectidn of 'the d'eiired group for transfer to the auxiliary supply. This
~

switch also permits Groups 5, 6, and T to be operated manually out of
sequence. Sequence bypass is not possible in the' automatic mode. When in
the sequence mode, it permits automatic or =anual centrol of Groups 5, 6
and T in sequence. ~

',
,

The GN6 5'AUXIL svE~b]is"iised to' enable or disable the group seleef.' logic -
in the tracsfer logic. When in group mode, it is not possible to manually
select and transfer the CEDMs. To be in auxil, the system must be in. manual
and when in auxiliary = ode it is possible to =anually select and transfer

' ' ~

the CRDMs. '

. .-.

The 'EUTd~if NUAIYvit'ch selects auta=atic or tanual control. To selectPauto-
'

- -

g matic mode, the trip, motor fault,msequence 1 hibit and auto inhibit lamps --

cust be off. Once aute=atic 'is selected a trip, motor fault, sequence in-
hibit or auto inhibit vill. revert the systes : ode 'to manual. It is possible%

to select manual moda at-any ti=ei.The la=ps co:P. on to indicate systes =cde
,

of op. ". tion.
""" ''

,

1

.

.

.

'

.

. 3-10
l

_



.

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

.

. .

The CLA:9-CLA:e EL switch.is an altenste action switch, whereas all of-

the previous pushbutton/ indicators ars =c:entarf actions. It is used to
energize and de-energi:e the cla. ping centseters that cross-connect the,.

output of the auxiliarf supply with the cutput of one of the four regulat-
ing supplies er the DC hold supply. It vd17 not go into cla=p unless
synchronic= is indicated. The white CT A'O la=p co=es on to indicate CLA:e
switch code and the a=her CLA!!P la=p cc:es en to indicate clamp confirm
relay ICl21 is energized. The white CT.Ju? EL la=p indicates CLA!G REL switch
made and the green CLAMP REL lamp co=es en to indicate clamp confirm relay )
K121 is de-energized.

|

|.. - . . . , . - - . . .

The SPEED SET.2C:'OR,(J0G-RUN) switch controls the rotational speed of the ~

i

optical disc at the progra= mar, which, in turn, controls the linear speed
of the control rod. Jog and run corres;ond to 3 and 30 inches peri
minute. If the speed selector is left in jog with the automatic con?.rol
made selected, the control rods vill still move at run. speed. Jeg speed

;
- is not possible in automatic mode.

,

_I.
.. .-_ ..:n,. -. - . _ . ,

.

The GROUP PCSYICN SEEC:'ORiSAFETY ,EGULATEstitch selects the group
average (absolute) positi'oTTIdi~ cation dispis-f at the GR0f]P !G|TER. Four
separate readouts are available at any can tire: the four safety groups
(1 thru 4) or the three regulating groups (5 thru 7) and the APSR group (8).

The!I!iSERU;-65FsNdhrovides an in or out co==and signal to the |progra--r mot'or'vith thE nanual control = ode selected, resulting in i

'
'

control rod motion. It is used to cont ol any group in manual mode and
Group 8 only with control in the auto =atic =cde.

, . . - - - . . . W.',t, .

22e SIITGLE SEECT S*4ITCE'is used to select individual rods within a group ifor transfer to the auxiliarf supply. It is used in conjunction vi'S- +'e- -
'

manual transfer switch. Single select is also used with the relati ..I.
*

reset . pulser to adjust the relative P.I. indication.

. -. ~ _. ~ : ,.
The GROUP SEIZCE o'VITCH 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
manual selected. Group Select is also used to select the desired group while
resetting the Relative Indication Signal.

.

.

o

9.
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'

3.6 POSITION ETDICATOR PAITEL, Figure 1-2
'

(A position indication =eter is provided for each control rod on the P.I.
panel and is mounted directly in front of the _ain console. The. meter.
indicates rod position in units of percent withdrawn. The vertical-scale
(edgewise) meters are arranged horizontally, c9 in a rev, for convenient .

comparison at a distance. For group identification purposes, there are
' provisions for identif/ing rod groups containing as few as one or as
! many as 12 rods. The patch arrangement at the P.I. patch panel orients all ,

groups and rods within a group in ascending order, sequentially from, ,
i left, to 2:ight on the panel. Associated with each n:eter are ET LEtIT and

' 0UT LIMIT' lamps for that particular mechanis=, a COT"ROL 0:T lamp,'and"an
2

'

. ,ALAl%1 amp.:or . 1.+-- -o |
.

Two switches are also mounted on the P.I. panel: One (A N0'L[ d k
i' fPOSITION-SELECT) is used to select either absolute or relative readott

on the panel display (there should be no significant difference in rod '

: position when moving from relative,to absolute or vice versa). The se-.
cond switch (POSITION RESET RAISE, LOWER) controls the reset pulser,

i which is used to return the relative 'P.I. to :ero following a trip or
I othezvise artificially change the relative P.I. readoui. The reset pulser
'

is used in conjunction with the group and single select switches at the
j operator panel.

'Ihe ET LIMIT and OUP LIMIT lamps are controlled by the absolute. position
svitches corresponding to 0 and 100% iri the P.I. tube. The CCHTROL ON'
lamps indicate that sJgrot= .f mechanisms or a' single mechanism has been

(
.
'

transferred (transfer confirm) and is ready to be controlled manually; or
that Groups 5 through 8 are under control and =ay be raised or lowered, either

' automatically (AUTO mode) or manually (MANUAL code).. The individua1' alarm *

lamp indicates an asymm:stric alarm,'which =eens that"a red is mere than T inches
out of alignment with the average position of all the rods in its associated
group.

; .6.1 Control Diode Gates, Figure 1-2

,- Twelve CONTROL DICDE DATE plug in modules nt= hared 1 thru 12 are located.

| on the rear of the P.I. panel. Numbers 1, 2, and 3 contain press-to-
*y test isolation diodes for the OUP LIMIT la=ps. Nu=bers k, 5, and 6 con-

' ' '

tain press-to-test isolation diodes for the CC5 TROL O'T lamps. Nu=bers'

g 7, 8, and 9 contain press-to-test isolation dicdes for the IIT LIMIT lamps.,

i /- Numben 10,11, and 12 contain press-to-test isolation diodes for the ALARM
lamps. ,

*
.

(-

,' -

! '
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3.T GROUP IC ERS, Figure 1-3

Four group average mters are-used to display the gcup average position
( ; sign 2.. A two-position (SAFETY-RECUL.Cr!G) selecter switch (GROUP POSITION

INDICATION SEI2CI) on the centrol panel selects the four safety groups
(1-4); or in the SEQ BYP = ode groups 5, c, 7, ed 8. In the SEQ made, the
two center meters display the dreup 6 and 7 average signal. '

3.8 REACTOR TRIP SWITCH, Figure 1-h, 9-7
-

Theireactot trip switch, located on the operator console, is a four channel, '

spring loaded, nor= ally closed, guarded, press to open switch. When the
switch is pressed, the CRDM motor power is interrupted. Channel 1 interrupts

~
power at the A.C. Breaker A (TRIP.1) .

~
' Channel 2 interrupts power at the

A.C. Breaker B (TRIP 2)k Channe1 ~3" interrupts power at the D.C. Breaker !CB1 ($ A1, 5 A2),' tne~DiC. Breaker CB2 (d A3, G Ab) and relays El and K2 in
each of the Auxiliarf and Groups 5 thru 8 Electronic Trips (TRIP 3). Channel
4 interrupts power at the D.C. Breaker C33 (W CC1,1 CC2), D.E Breaker CS4

:
(Q CC3,1 CCh) and relays Kk and K5 in each of the Auxilia 7 and Groups 5 '

thru 8 Electronic Trips (TRI?'h)3
.# -

!
'

39 SYSTEM LOGIC CABET4T NO.1, Figure 1-5 I

The systen logic cabinet No.1 contains the t ansfer logic ~ d..
,

. . . .
\

ircuits.1 De- itailed descriptions of the transfer logic cc=ponents located ih' his. cab-
inet are contained in the following paragaphs: *

*

\

3.10 TRANSFER SELECTOR ASSEMBLY, Figures 3-1, 9-2

There are two transfer selector relay asse:blies in systen logic cabinetNo. 1. The assembly in the right side contains transfer selector relays
K1 thru K3d and the assembly in the left side contains transfer selector
relays 37 thru 69. 'Ibe relays are patched into groups and rods within
groups and, when energized, supply 1k0 C: .

the transfer switches in. the transfer cabinets. fro: the transfer pulser to IThe selector relays are 1

energized when the GROUP SELECT SWITCE is posi-ioned to the group of =ech- I

anisms to be transferred and the SIUGLE SELEC SWITCH is positioned to
either a single cachanism or all nachaniscs in the group selected to be 1

transferred and when the system is in the 7.AH node, SEQ BYP, AUXIL mode,
'

J0G 3 peed, and CLAl? code.

'
.

l

!
,

. l

.

e i

i
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3.11 TRANSFER LOGIC, Figures 3-2, 9-2

The transfer logic asse=bly contains the relays that cake up the transfer (logic control circuits, and control the tra=sfer of a group of rods or a
single rod, to and from the auxiliar/ regulating supply. It also contains
the transfer confizm diode gates. '

.

*

3.11.1 Transfer Reset

After a rod or a group of rods has been transferred from the auxiliar/
.

supply, the transfer logic circuits must be reset. This is accon:plished
by pressing TRANS RESEI' svitch S8 on the control panel. This applies +24
volts thiough closed contacts of de-energized transfer confirm relay K55
(in the command logic) to the. unlatch coils of group transfer select relays

- K101 thru K108 and group select lockout relay.
.

1

This places these relays in the unlatch code and inhibits relay K109 un - |

til a group is selected for transfer. Contacts of the relays n01-K108
inhibit cla=p control relays n-K12, the transfer synchronizer , and
transfer selector relays K1 thru K69 A set of latch contacts for relays
n01-n08 is used in the co= mand logic circuits to inhibit the CO.TIROL ON,

lamps for the eight groups. A set of unlatch contacts for relays.nol-
K108 is used in the comc:and logic circuits to enable the lock-in function
of the conmand transfer relays.

3.11.2 Group And Single Select
_

-

The GROUP SELECT SWITCH on the :o.9.rol panel selects the group to be trans- (
-

ferred. The group transfer select relay (nCl thru .308) when selectd \
vill latch if in the manual, auxiliary, and sequence override modes of
operation.

One mechanism select transfer relay (n61 th u nT2) is energized when
selected by the SINGLE SELECT SWITCH, and cla=p cenfirm relay K121 is
energized. All relays are energized when SI' 0LE SELECT SWITCH is in the
ALL position, and K300 is energized.

.

3.11.3 Synchronizing

The synch relay K56 energizes when it receives a synch confirm signal
from the transfer synchronizer synch relay no. Energizing K56 enables
the clacping contactor lock-out relay K120.

3.11.4 Cla= ping
.

The clamping contactor lock-out relay n20 e:ergizes when the CLMT-CLMP
REL switch on the control panel is pressen /:ile synch relay K56 is en-
ergi:ed. .This enables the selected cla= ping contactor control relay n
thru K12 on the cla= ping contactor control relay asse=bly in system logic
cabinet No. 1.

.
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3.11 5 Transfer

The manual traasfer control relay n10 energises when the MAN TRANS switch
on the control panel is pressed, and the cla=p confim relay n21 is en-
ergized.

3.11.6 Control Diode Gate, -

Control diode gate DG-1 contains transfer confir:: isolation diodes CR1 thru
CR24 for transfer switches 1 thru 24. Control diode gate DG-2 contains
transfer confirm isolation diodes CR1 thru CR2h for transfer switches 25 -

thru 48. Control diode gate DG-3 contains transfer confir:2 isolation diode*

CRl' thru CR21 for transfer switches k9 thru 69 Refer to Figure 9-1.
t

. 3.12 CLAleING CONTACTOR SELECTOR ASSEMBLY, Figures 3-3, 9-2
.

The clamping contactor selector assenhly contains cla= ping contactor sel-
ector relays n thru n2, which are energized when they are selected by
the GROUP SELECT SWITCH on the control panel, and the CLAl?-CLAIE REL
switch is pressed while synch relay K56 is energized.

Relays n3 and E4 are auto =atic bus transfer relays (ABT-2) and are used
to naintain 120 VAC power to energize the cla= ping contactors. AC BUS
NO.1 is the main source of power and in the event BUS NO.1 fails the

~

load vill transfer to BUS NO. 2. If either n3 or nk fails, the load
transfer to BUS U0. 2 and PL3 comes on. PLI and PL2 renains on as..long
as power is on BUS NO.1 and EUS NO. 2.

(
3 13 TRANSFER SYNCHRONIZER ASSE3LY, Figures 3-4, 9-1,11 J

Tae transfer synchronizer is used to co pare the states of the motor phase
outputs A, B, C, AA, BB, CC of the Regulating Power Supplies or A and CC
phases of the D.C. Hold Power Supply to the Auxiliary Power Supply motor
phase outputs and verify that they are identical to the phase relationship
output of the Auxiliary Regulating Pover Supply. It is not possible to
transfer unless the Auxiliary Supply is synchronized with the selected
group supply (Regulating or D.C. Hold).

.
'
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The transfer synchronizer compares the oGput =ctor phase relationship
between the selected Regulating or D.C. Hold ?:ver Supply and the Auxi-
liary. In the event a difference exists in the output phase relationship,

(' the transfer synchronizer signals the Auxilis-/ Power Supply progrs==er
motor to drive in the INSERT direction at , jog speed. until the output
phases are catched. When the motor, phase outputs are =atched, a synch-

.renous signal is supplied to the operator panel. The signal is a verifi-
cation that CLAMP can now be effected for transfer.

. .
. ..

~

3.1h AUTO:nTIC. BUS TRANSFER' ASSEMBLY, Figures 3-5, 9-2, 11-6
, . . . - --

' The ABT[ ass'er.bly lo'cated-in thelreareorsysta=' logic icabinetlio. .I..'- %
(hereafteFreferred. to as 'ABT-1

of No. 2 a6Eennecteikto.TEL.asi.N) oueiates is follows -Bus No. -1 and Bus .J yiespectie
~

~*/.' At nor=alS' state"Bds' ' o k~1jnergize'shejolthb.C Cut 3ut--isJon..'T33f f4 ~E
'

~ielay(.1V)throu'gh'N.C.]N e

$ test switch. .Its. contactealso energi=es the Transfer Switch. (TS) J.from .Q.

~ Bus No.ATFOutputTin.~noz=al.'istate 'is. Bus No71.. At loss of" Bus No.'.N1,%~

the volta'geTrelay.de'energizesithus.. opening ~cli cuit. to. transfer svitch.;,.i, The nor=al contacts;of;.t,he: transfer switch open and the emergenc,y con , .y
-

.

..

tacts cIcse, placing BusgTog,,2 .

chech the . ABT andito;=anuall.y';[.at the output n Test svitch .S2. is, used.joswitch. .b..uses ;ifv'.re. pair on' one. bus.ti. U.re- .-h3

quired O p '..- .. - . .n
-- -

-- --

%
- .. -

3.15 SYSTIM LOGIC CABETET NO. 2, Figure 1-5

Detailed descriptions of the components located in this cabinet are con-
tained in the fol' :_ag paragraphs.

.

3.16 VITAL-REGULATED BUS CIRdUIT. BRE15R" pin?i,; Figures 3-6, 9-8
. v- . --..n . . . ..a

This panel profides circuit protection and pover indication for VITAL BUS
NO.1 (C32 and PL2) and REGULATED BUS (CB1 and PL1). VITAL BUS NO. 1

,feeds power to Logic Supply "A", Power Supply Panel, and the Transfer
. )Pulser. The REGULATED BUS feeds power to Logic Supply "B", +153 power supply, '

-153 power supply, and +5B power supply.

3.17 METER PANEL, Figures 3-T, 9-9
.

The six panel a-aters =cnitor the systes neutrsi current. The total system
neutral current is the sus of all six meters. The a-aters offer a method -

of visually =onitoring any system unbalance. The a---ters are connected
to the Transfor=er neutral shunts located in the D.C. return lines of the "A"
and "B" Power Transforr_ars. The three ceters on the left side of the panel
(ta, M2 and M3) am connected to Trsnsfor=er A and the right side (M4, M5
and M6) connected to Transfor=er B.

.

(
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3.18 VOLTAGE REGULATOR CCHTROLS, Figures 3-8, 9-9

Two variable transfor=ers are used to adjust the reference voltage supplied.
(, 3 to the Voltage Regulator A and B voltage sensing circuitrf. The reference

is used to raise or lover the Voltage Regulator output to =aintain a fixed
phase-to-neutral output voltage to the "A" and "B" power transformers .,

Once the variable transfor=ers are properly adjusted, the shafts are locked
in place to prevent accidental changes. Adjust = ant is required only during
initial start-up. Adjust CW to increase voltage; CCW to decrease voltage. -

F

3.1I POWER SUPPLI PANEL, Pigures 3-9, 9-8

. 'Ihe power supply panel contains precision power supplies for the RPIs.
For a' detailed description of the 0-20 VCC power supply, refer to vendor
manual, D.C. POWER SUPPLY, MODEL 2005A, POWER DESIGN INC. For a detailed
description of the +15 VDC and -15 VDC power supplies,. refer to vendor
=anual, D.C. POWER SUPPLY MODEL 3D15 - 1.2. POWERTIC. .

3.20 LOGIC SUPPLY, Figures 3-10, 9-8

The +2h volt power supply receives 120 VAC at the primary of transformer
T1. Transfor=er T1 has a center tapped secondary and diodes CR1 and CR2
provide full vave rectification. Resistors R1-R4, capacitors C2-C5, and
inductor L1 provide the necessary filtering. Capacitor C1 and a second-
ary vinding of T1 form r. resonant clauit with the tapped accondary.( This circuit provides regulation by saturating the core The +m. . . . ,

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 fans belov 18
volts, the undervoltage relay drops out. Contacts of the relay are used
in the inhibit-fault logic circuits to provide a fault indication.
Diodes CR3 and CR4 are used to automatically select between the +24
volt outputs of the two 24 volt supplies. The power supply having a
slightly , higher output is the controlling supply and the diode at the
output of the other supply is reverse biased. If the controlling supply
fails, the other supply assu=es the load. The output voltage is dis-
played on OUTPUI VOLTS =eter M2 and the current is displayed on OUTPUT
A!PS =eter M1.

3.21 TRANSFER PULSER, Figures 3-n, 9-1,11-11
.

The transfer pulser provides a 140 VDC,110 =s pulse to actuate the motor
power transfer switches when a 24 VDC transfer function signal is received
from the system logic.

Power supply PS-1 provides a +2hV-output which is applied through R9 and
CR4 to forward bias SCR-1, when the Darlington co==en collector 43 and Q4
is tumed off. When q3 and qh is turned on, the positive gating signal
for SCR-1 is shorted to ground through the e=itter of Qh.

[
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Zener diodes, CR1 and CR2; the Darlington co== n collector, Q1 and Q2;
and their associated ce=ponents provide +12V regulated power for the
integrated circuits.

(

'Ihe +2hv 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 ms time delay circuit, (R6, P1, C3),
discharges through IC2A pin 3 to ground, (IC2 pin T), as IC2A output goes
to "0". The "1" at pin 5 of IC2B goes to "0" for 110 r.s and creates a

,110 millisecond "1" pulse at the output of IC23 pin 4.

The outppt of IC2B then is applied to two pla:es. First it is inverted
twice by' IC2C and IC2D to place a "1" at the base of Q3. The Darlington
com=en collector turns off which in turn fires SCR-1. Secondly, the output

- of IC23 is applied to the 3 5-second ti=e delay reset circuit C4 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 "0" back to
a "1" again, placing a "1" on pin 2 of IC2A. T/he "1" is inverted to "0"
by IC2A and holds C3 at ground potential, (discharged). After 3.5 seconds,
the reset time delay has bled off making both inputs to IC2A "0" and the
output a "1". C3 then recharges and is reat,- to be discharged again.

.

~

(

.

9

4

e

O

I

G

e

(
| .

.

'

3-18

- . _ _ . . - .



.__

.

-
.

., .,
"~

3 22 +2h VDC CIRCUIT BREAKER ASSI: GLY, Figures 3-12, 9-8

'Ihe +24 VDC circuit breakers apply +24 VEC power to the system logic'

ce=ponents as follows: CB10 to the C3'U.A'!D LOGIC; CB11 to the TRANSFER'
LOGIC; CB12 to the INHIBIT FAULT LOGIC and SYSTEM MONITOR; CB13 to the
P.I. RESET LOGIC; CB1h to the' TRAVEL LI'CT LOGIC and POSITIOH REFERENCE
panels. -

-

3.23 W-2 NEUTRAL BUS, Figures 1-3, 9-8
.

'Ihe, vertical bus bar in system logic cabinet nu=ber two is a com=on tie
point for the system logie neutrals, g ounds and returns to hold them at
one? potential.. The cabinet grounds and earth ground are connected- here
for safety. 7-2 is also connected to the P.I. return buses W-l'in SLT

. and SL8.

3.24 SYSTEM LOGIC CABIEET No. 3, Tigure 1-5

Detailed descriptions of the coc:ponents located in this cabinet are
- * contained in the following paragraphs.

3.25 TRAVEL LIMIT LOGIC, Figures 3-13, 9-3

The travel limit logic chassis contains in li=it relays n6 thru K23 for
'

Groups 1 thru 8; out limit relays * K2h thru K31 for Groups 1 thru 8; relay
drivers for n6 thru K31; safety rods out control relay K39, sa' - rods outA limit relay K39A, in limit bypass relay K34, and the press-to-t - . solation
diodes. for IN LIMIT and OUT LIMIT la=ps en the control panel.

3.25.1 In Li=it Logic

In limit $elays n6 thru K23 energize whe= one rod in each group reaches
an in limit. When each relay (n6 thru I23) energi es it opens contacts in
the co-and logic circuits to stop the insert co-= d for each Group 1 thru
8. Pressing the IN LIMIT 3YPASS (LATCH) switch on the control panel ener-
gizes in limit bypass rmy K54 which in turn de-energizes n6 thru K22 to
permit the rods to inset t .!ar enough to ensure positive engagement between
the leadscrew and roller nut. When the switch is released, n6 thru K22 en-
ergize again and stop the i'nsert co-= d.

3.25.2 Out Limit Logic
.

Out limit logic relays K24 thru K31 energize when one in each group reaches
an out limit. When each relay (K24 thru K31) energizes it opens contacts in
the co=nand logic circuits to stop the withdrav co-and for each Group 1 thru
8. Safety rods out limit relay K39A is energized when out li=it relays K24
thru K27 are energized.

.
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3.25 3 Safety Rods Out Bypass

When K39A is energized, it energizes centrol relay K39 K39 =ay also be (. energized by the safety rods otit bypass keylock svitch en the back of the
travel li=it logic chassis. K39 may hold itself energized through a set
of its own contacts while the system is in the auto =atic = ode of operation. .

This permits the Integrated Contro1' System to insert the regulating rods to
obtain a 60 percent reactor power level should one of the safety groups drop.

3.25.h Relay Drivers
.

Relay drivers for the in limit relays are on =odule RD-1 and are forward
biased by a +2k VDC signal from the in limit signal from the CRDMa. RD-2
is identical to BD-1 and contains the out li-it relay drivers.

- 3.25 5 Synchronize * At Out Limit Relay KLO, Figure 9-1 -

,

.

While withdrawing one of the safety groups on the auxiliary supply, normally
closed contacta of K40 enable the com=and withdraw circuits past the out
limit, until the phase BB motor power signal energizes K40 through nor= ally
open contacts of the com=and transfer and out li=it relays of the particular
group being withdrevn. Energizing K40 opens the nor= ally closed contacts
and disables the withdraw com=and.

In run cpeed, the program =er motor vill stop en phases CC,'BB, and AA, and
the 3-2 hold circuit vill drive the =otor invard .to phases CC, BB and then
stop. Nov, the safety group is prepared to synchronize, (by driving inward
only one phase to CC, A), without danger of losing out li=it when transferring
back to the DC hold supply.,

In jog speed, the safety group vill stop on phases B3, CC, and A, and drive
back to CC and A. Being synchronized to the DC hold supply, the safety
group is ready for transfer.

NOTE

In jog speed, remove the **:thdrca
con:nand by relecaing the insert-
vithdr:2n handle on the systent logic
control panel. Other2ise .U0 vill
energi=a again and drive the poup
outocrd to BB, CC, and A, and the
3-2 hold uili drive the gr:.c bcok
inward to CC, A causing oscillation

*

at the out limit.

.

O

P

,

; -
'

' 3- 19



.o

-. . ,
,

, ,
** O

3 26 CCKWID LOGIC, Figures 3-13, 9-1
s-

Tne co-ed logic circuits control the .-ithdraval and insertion of the
regulating groups (Groups 5 thru T) either auto =atically or =andally. The
coc=and logic circuits allow manual control of the safety groups (Groups 1
thru 4) after the groups have been transferred fros DC hold to the auxiliarf
regulating supply. In addition, the co-ed logic allows =anual control of
APSR group (Group 8) when system is in autenatic mode. .

t
.

I
Withdrav' And. Insert;' Con:=and. _ ,3 26.1
- - -- - . a n.w.. . . .: .

- 'Theliiiguint5ikalIWaE[iif6iiF5"nWid clicuits"itchidIi20 VAC voltsge'-77-
~

from the-120 VAC. Power Distributiori panel.in the DC 7.olii SupplyD.The 120 .7
?VAC: passes through the'conz:and.15gic and energises the withdrav:and insert

. relays in the program =er"contro1,_if cersain systes logic ' conditions, (as '
-

su::dng no faults) are met::
_ ~~'~~

. . . _ ~

!-:.

1. Before the regulating Groups 5, 6 T. T can withdraw sequencially,
safety Groups 1 thru h cust be at their out li=it.

T
'

2. ~ No groups can withdrav pest its.out li=it.
i

.
~3 No group can insert past its in li=it, except when in the i

in li=it bypass mode, (Group S excepted). , ,.

r

.4. For nanual operatier., a group and/or rod (s) =ay be selected
and coved in the SEQ BYP : ode. In the SEQ : ode, only groups
=ay be moved and only in sequence (safety groups excluded,

. see step 6). .

.

.

6

5. .
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5 'The in or out co==and relays tre.st be energized by the ICS or
INSERT-WITHDRAli switch on the centrol panel. (

6, The safety groups must be transfered to auxiliarf supply in
*

order to cove. ,
,

T.,, Before Groups 5, 6, and 7 vill vith6. raw and insert in the
~

autonatic mode, the system must be in the group, sequence, and
automatic codes of operation. .

I

l- NOTE

. TThe groups tal2-move'ai the speed se;
tected,. RUN or20G, '.e: cept- Groups 5,.= -

6, and 7 uhich uitl move at RTET speed . -

only, uhile in the. automat-knode of >
s

,,,gg,,--......... . . - -

.9

.

3.26.2 Group Select Switch

Allows selection of any group to be transferred to the auxiliary supply
while in the secuence bypass, mrnual and auxiliary = odes.

Allows selection for control of any Groups 5, 6, or T while in the sequence
bypass, manual.and group : nodes.

Allows selection for manual control of Group S while in either manual or
automatic :: odes, sequence or sequence bypass = odes and in group = ode.

. n .

3.26.3 Transfer Lockout . |
i

Transfer lockout relays K99 and K9 prevent the transfer of more than ene
group to the auxiliarf supply. Two relays are used for a ti=e delay to
ensure the selected cor. and transfer relay has ti=e to lock-in through a
set of its on contacts. |

-
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3 26.h Automatic Mode

Setting the AUTO-MAN switch S15 on the c:ntrol panel to the AUTO : ode
!( energizes the unlatch coil FF of relay n1A, which closes contacts to ener-
'

gize K113. Releasing switch S15 ener;;izes unlatch coil N. Energizing coil
N enables the relay for the change bach to the =anual = ode. Energizing
nlB, completes the auto =atic out co-=-i circuits by energizing relays
KISA and n5B vhen the following rela's are closed: out inhibit relay K33,/
auto inhibit relay K3h, out inhibit relay K32. The in ec=nand circuits
are completed by contacts of auto inhibi relay K3h and contacts of K11B -

to in co==and relays ChA and KlhB. Energizing K113 also closes contacts
tc, signal the plant computer and ICS, respectively, that system logic is
in khe auto =atic = ode.

.

3.26.5 Automatic Run Out -
.-

Relay K53 is energized through contacts of reldys K35B (sequence-sequence
bypass), K85 (Group 5 sequence enable), KS9 (sequence fault), and COB
(group-auxiliary) . Energizing K5B closes contact 12, which is.in the
regulate out (run out) circuit. Energizing K53 also closes contacts to
turn on REGULATING CONTROL ON lamp (on the control panel) and closes
contacts to couple +2h volts through dicie gate (13) to turi on Group 5
CONTROL OH la=ps on the P.I. panel.

I
The co- umd logic receives an auto =atic out co-=nd from' the ICS that is |

applied through the contacts of relays K3h, 'K33, ElB, nhA, chb, and K53
to energize out co==and relays n5A and E5B. Energizing USA and K153
closes contacts of boi:h relays, which co=pletes the circuit for the 120,

I

( VAC from the progra=ner control throut relays K5B, K28 (Group 5 out iMt),
K15A, K15B, and K12 (jog-run) to energize regulate out (run out) relays
K6 and K12. Energi=ing K6 and n2 sta-ts Group 5 =echanisms to begin with- 1drawing.

Energizidg relays USA and n5B also closes contacts of both relays to
turn on the CRD TRAVEL OUI lamp on the centrol panel.

When Group 5 reaches the 75 pez'ce'Et level'', contacts of K87 (controlled by-

automatic sequencer circuits) close and energize relays K63 and KTB.
Energizing K6B and KTB closes contacts */nich applies 120 VAC through the
contacts of K29 (Group 6 out li=it relay) and K30 (Group T out li=it relay),
n5A, n5B, and K12 to energi=e regulate out relay K6 and K12 in the ~ pro-
gra-ar control asse=blies of Group 6 and Group 7 regulating supplies .
Energizing K6 and K12 starts Group 6 and Group 7 =echanis=s to withdrav.'
Contacts of K23 (Group 5 out li=it) open inen Group 5 =echanis=s reach the -

out li=it, stopping Group 5 withdraw cotion.

Energizing K6B and KTB also closes contacts to turn on regulating groups
CCNTROL ON lamps for Group 6 and Group T on the control panel, and closes
to supply +24 VDC through diode gates to turn en Group 6 and Group 7
CONTROL ON la=ps on the P.I. Panel.

.

.f
%
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Contacts of K85 open when Group 6 and Group T :schanisms reach a level
greater then 26 percent, de-energizing K53. Group 5 vill reach its out

;- limit at approximately the sa=e time that Group 6 and T reaches the 26 (.

l percent level. De-energizing K5B opens contacts to re:nove 120 VAC from
the program =er control insert and withdraw circuits. Also, contacts open -

to turn off CCUTROL CN la=p on the control panel and contacts open to turn
,

off the Group 5 CONTROL CN lamps on the P.I. Panel.

When the automatic out command from the ICS is removed from the com=and
; logic, relays K15A and K15B de-energize. De-energizing K15A and K153 opens -

the circuits to the regulate out relays K6 and K12 in each of the programmer
control assemblies for Groups 5 thru 7 Also, contacts of both relays open
.to turn off CRD TRAVEL QUT lamp en the control panel.

- 3 26.6 Automatic Run In
.

The~ command logic receives an automatic in co-=d from the ICS that is
applied through the contacts of K34 and K113 to energize the in command *

relays KlhA and K14B. Energizing KlkA and Klh3 applies 120 VAC from the
program =er control assembly through contacts of K6B, K21, K14A or K14B,,

,

and K12; contacts of KTB, K22, K14A or K1hB, and K12 to energize the
regulate in relay K5 of the program =ar control asse=blies of Group 6 and
Group 7 regulating supplies respectively. Energizing both K5 relays
starts Groups 6 and 7 to insert.

I Energizing K14A and K1hB closes contacts of both relays to turn on CRD
TRAVEL IN la=p on the control panel. REGULATIIG GROUPS CONTROL 03 lamp
on the control panel remains on through contacts of -nergized K63 and KT3 (for Group 6 and Group 7 respectively. The CONTROL C lamps on the P.I.'

Panel for Group 6 and Group 7 remain on' through contacts of K6B and KTB
respectively.

'When Group 6 and Group T insert below'the 25 percent level', contacts of
~

'

K85 (controlled by automatic sequencer circuits) close and energize K53.
Energizing K5B closes contacts to supply 120 VAC from the Group 5 regulating
supply programmer control assembly through contacts K20, KlkA or K143, and
K12 to energize regulate in relay K5 Energizing K5 start Group 5 mechanisms]
to insert... .

. . ,

Energizing K5B also closes contacts, turning on REGULATING GROUPS C0dTROL
ON lamp on the control panel and-closes conta:ts to supply +24 VDC through,

diode gates to turn on Group 5 CONTROL ON lamps on the P.I. Panel.i

| Contacts of K21 (Group 6 in limit relay) and K22 (Group 7 in limit relay) ~

open when Group 6 and Group 7 reaches its Inspective in li=it, de-energizing
!"i in the progra=mer control assemblies stopping group 6 and Group 7 from
inserting.

!
|

(,

,
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'4 hen Group 5 descends below T4 percent level, contacts of K87 open and
de-energize K63 and KT3. De-energizing K63 and K73 opens contacts to
re=ove 120 VAC from the insert and with::av circuits to the progra==er

g controls asse=blies in Group 6 and Group 7 regulating supplies, respect-
ively. De-energizing K63 and KTB opens contacts that turns off the
REGULATING GROUPS CONTROL ON la=ps and contacts open to turn off the CONTROL
ON la: ps for Group 6 and Group' T on the P.I. Panel.-

Contacts of K20 open when Group 5 reaches its in li=it, de-energizing relay
K5 in the progrs==er control asse=bly to stop Group 5 from inserting. Should
the auto =atic in co==and from the ICS be ra=oved from the ec==and logic' during

.

then insertion of Group 5, relays n4A and n4B, vill de-energize. De-ener-
gizing K14A and K14B open contacts of both relay to de-energize relay K5 in
the Group 5 progrs==er control. asse=bly to stop inserting Group 5 . Also,
contacts of both K14A and K14B open to turn off CED TRAVEL IN la=p on the~

control.
.

REGULATING GROUPS CONTROL ON la=p on the control panel re=nins on through
contacts of K5B with Group 5 at its in li=it position. Relay K53 remains
energized through contacts of KSA, contacts of K353, contacts of K85, con-
tacts of K89 and contacts of COB.

3.26.7 Group 8 Withdrawal
.

Group 8 withd5aval is acic=p1'ded manualli2 GROUP SELECT switch on the'y i

control panel is set to 8, energizing relays *K8B'and K8C. Energizing
K8B closes centacts to co=plete the circuit. from the MANUAL CONTROL switch
to the Group 8 out co= mand relays n58A and n58B. Also, contacts close,'
enabling the insert and withdraw circuit.

Energizing K8C closes contacts to tum en APSR CONTROL ON la=p on the centrol
panel and closes contacts to supply +2k volts through diode gates to turn
on Group 8 COUTROL ON la=ps on the P.I. Panel.

Positioning the MANUAL COUTROL switch to WITEDFXJ applies +24 volts
through the contacts of relays K8B, nE8A, n483, and K32 to energi=e Group
8 out co==and relays K158A and K1583. Energizing n58A and n58B closes
contacts of each relay to supply 120 VAC frem the progr=-ar control
through the contacts of K83, K31, E58A, n583, and K12 to energize K6 and
K12 in the progra--r control. Energizing K6 and K12 starts Group 8
=echanis=s to begin withdrawing. Contacts of relay K31 cpen when the Group -

8 =echanis=s reach the out li=it, stepping the out =otion.

.

S
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3.26.8 Group 8 Insertion

Manual insertion of Group 8 is accomplished by =oving the MANUAL CONTROL (switch on the control panel to INSERT, applying +2h volts through contacts
of K8B to energize Group 8 in co=nand relays K148A and K1483. Energizing
Klh8A and Klh8B supplies 120 VAC from the progr--r centrol through con-

.

tacts of K83, contacts of either n48A or n433, and contacts of K54,
contacts of K23, and contacts of K12 to energize regulate in relay K5 in
the programmer control. Energizing K5 starts Group 8 to inserting.

.

Contacts ,K23 open when Group 8 reaches the in licit, de-energizing relay
K5 and sjopping the =ove=ent of the group. GROUP SEIICT switch on the
control panel is set to 0FF, de-energizing relays K8B and K8C. De-
energizing K8B opens contacts, removing the 120 VAC from the insert and

, withdraw circuits for Group 8. Contacts of 33 open to break the circuit
between the MAUUAL CONTROL switch and Group 8 in cmd relay KlkBA and
Klh8B.

De-energizing K8C cpens contacts to turn off J.PSR CONTROL OY lamp on the
control panel and opens contacts to turn off the CONTROL OH lamps for
Group 8 on the P.I. panel.

3.26.9 Operation of Regulating Groups In Manual Mode

Group 5 thru 7 operate from the regulat'ing supply the sa=e way as in manual
mode only if the systes is in manual and sequence ~-bypass modes so only a

; description for Group 5 vill be presented. -

(NOT~

Group S and Group 6 & 7 uilt uithdrzt
and insert in sequence, :,6 response
to the automatic sequencer, if the

.

system is left in sequence mode.

I

.

.
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CROUP SELECT SWITCH S1 on the control panel is set to 5 SEQ-SEQ BYP,

switch S13 is pressed to the SEQ BYP position, energizing the unlatch coil
FF of relay K35A which closes contacts of energize relay K35B. Releas-
ing SEQ-SEQ OR cvitch energi:es unlatch coil n of K35A. Energizing un-

( latch coil N opens contacts Z-Y and closes contact Z-X to condition the
relay for the chacge back to the sequen:e =cde.

.

Energizing K35B clcses contacts' which energizes K5B and closes contacts
which tum on SEQ SYP lamp on the control panel. Energizing K5B closes
contacts in the 12G VAC circuit to the 1:. sert-vithdraw relays. Also,
contacts close to tum on REGULt.T!KG C05I.70L ON Icp on the control panel, -

contacts close to supply +24 volts throuj. diode gates to tum on the
"OUTROL ON la=ps for Group 5 on the P.I. pene1.

I
Setting the !OlIUAL CONTROL switch to WIT!!.JLW supplies +24 volts through
contacts of K8A, contacts of K83, contac's of 11B, contacts, of K14A,

'. contacts of nkB, and contacts, of K32 to energica out command relays
n5A and n5B. Energizing USA and USB closes contacts which supply 120,

VAC through contacts of K53, centacts of K28, contacts of both n5A and
n5B, and contacts of K12 to energi=e replate out relays K6 and K12. K6
and K12 start Group 5 to withdra.-ing. Releasing the MANUAL COUTHOL
switch stops group out movenent by de-energizing USA and n53 which opens
contacts to de-energize relays K6 and K12. De-energizing K15A and K153
opens contacts of both relays to turn off CRD TRAVEL OUI la=p on the
control panel.

t .

Setting the MANUAL CONTROL switch to INSEEI supplies +E4 volts through
contacts of K8B, conta'ets of K8A, .and contacts of K11B to energize in,

co:miand relays K14A and K143. Energizing KlkA and K1hD closes contacts of
g' both relays to energize relay K5. Also, 2cntacts of both relt.ys close te-

tum on CRD TRAVEL IN lamp on the control panel. Energizing KS starts
Group 5 to inserting. Setting MANUAL O',': TROL switch to the center
position de-energi:es nkA and nkB. De-energizing 14A' and K14B opens~

contacts of both relays causing relay K5 to de-energize, stopping Group 5
in movecent. De-energizing K14A and ELB also opens contacts of both ~

relays to turn off CRD TRAVEL IU lamp on the control panel.

. 3.26.10 Manual Operation Of Safety Groups On Auxiliary Supply

The commnnd logic circuits have to be set and a transfer made before a !

group can be moved en the auxiliary supply. After a transfer is accomp- '

lished, the cot:nand logic circuits are reset to enable operation. Since
the operation of all groups on the auxilia:7 supply are similar, a de-

.
scription for Group 1 enly vill b'e presented.

|
! .

GROUP SELECT switch on the control panel is set to 1. SEQ-SEQ BYP switch
S13 is pressed to the SEQ BYP position, energizing unlatch coil FF of relay
K35A. Energizing unlatch coil FF closes contacts to energi:e K353. Re-
leasing switch S13 energizes unlatch coil H. Energizing coil N opens ,

contact Z-Y and closes contact Z-X to set the relay for the change back '

, to the sequence = ode.
I

Energizing K35B closes contacts in the co nd transfer relay circuit and
! closes contacts to turn en SEQ BYP la=p en the centrol panel.

|

*
|
r
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GROUP-AUXIL switch S14 is pressed to select the AUXIL : ode, energizing un-
letch coil FF of relay K10A. Energizing unlatch coil FF closes contacts

(to energize K103. Releasing S14 energi:es unlatch coil N. Energizing
unlatch coil N opens contact Z-Y and closes contact Z-X to set the
relay for. the change back to the group mode.

,

Energizing K103 closes contacts and energizes Group 1 com.and transfer
relay Kl. Relay K1 locks in through its ovn contacts and contacts of relay .

K101. Relay n01 is controlled by the transfer logic circuits. Energi:-
ing relay K1 closes contacts to energize reset relay K99 Energizing K99
closes contacts to energize transfer co= mand lockout relay K9, which
inhibits energizing any other group con: mand transfer relay. Energizing
relay K1 also closes contacts in the auxilia:/ regulating supply insert-

'

withdraw circuit and contacts closes to turn on SAFETY GROUPS CONTROL
OH. lamp on the control panel. Two sets of contacts from K10B enable the
transfer logic and one set of K10B contacts disable the transfer reset.

SPEED SELECT switch Sk on the control panel is set to J0G and energizes
jog-run relay K12. Energizing K12 closes contacts in the jog relay circuit.

After the transfer is con:pleted, transfer confirn contacts close, ener-
gizing transfer confim relay K55, turning en the CONTROL ON lamps for
Group 1 on the P.I. panel. Energizing K55 closes contacts to turn on
TR CF la=p PL47 and opens contacts to inhibit the reset circuit. A set
of contacts of K55 is used in the transfer logic circuits to inhibit the
transfer reset circuit.

. -
.

After the TR CF lamp comes on, GROUP-AUXIL switch S14 on the control panel I
'

is pressed to select the GROUP mode, energizing latch coil FF of K10A. En-
ergizing latch coil FF opens contacts to de-energize group-auxiliary relay
K10B. Releasing S14 energi:es latch coil N. Energizing latch coil N
closes contact' Z-Y and opens contact Z-X to set the relay for the change
to the auxiliary node.

|

De-energizing K10B closes contacts to turn en GROUP la=p PL50 on the control,

panel to INSERP applies +24 volts through contacts of ESB, contacts K8A,
and centacts of K113 to energize in con: mand nlays K1kA and K1hB. Ener-
gizing n4A and K1hB closes contacts of both relays to supply 120 VAC
from the programer control through contacts of K120, contacts of K14A or
K143, contacts of K1, contact of K16 and contacts of K12 to energize
jog in relay K8. Also, energi::ing K14A and KikB closes contacts of both
relays to turn on CRD TRAVEL IN lamp PL34 on the control panel. Ener-

.

gizing K8 starts Group 1, which is now on the auxilia:y regulating
supply, to inserting. Setting MANUAL CONTROL svitch S3 to the center
position de-energizes K14A and K14B, which de-energi:es jog in relay K8
to stop the insert notion of Group 1. Also, de-energizing K1hA and,.

KlkB turns off CRD TRAVEL IN lamp PL34 on the control panel.

.
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Setting MADUAL COGTROL switch S3 to L . ARA'J (spring return to center)
supplies +24 volts through contacts of 3A, contacts of K83, contacts of
n13, contacts of K1hA and nkB, and contacts of K32 to energize out )

'( command relays n5A and K153. Energizing K15A and K15B closes contacts of
'

both relays to supply 120 VAC from the progra--r control through contacts
of K120, contacts 12 cff n5A and K153, contacts of K1, contacts of K24,
and contacts of K12 to energize jog out relays K9 and K10. Also, energizing
K15A and K15B closes contacts of both relays to turn on CRD TRAVEL OUT
lamp PL35 on the control panel. Energizing K9 and K10 starts Oroup 1 to with-
drawing. Releasing MANUAL CONTROL switch S3 de-energizes USA and K15B, -

which de-energizes jog out relays K9 and no to stop the out motion of Group -

1. ? Also, de-energizing USA and K15B turns off CRD TRAVEL OUf lamp on
thE control panel.

.

. 3.26.n Transfer Reset Relay E99
'

. .
-

'Ihe transfer reset function is controlled by the transfer logic circuits.
The group command transfer relay K1 is de-energized when the unlatch contacts
of E01 open. Under this condition, contacts of K1 opens to de-energize
K99, contacts of K99 open, and transfer co-and lockout relay K9 is de-'

energized.

3 26.12 Manual Reset Relay K98
.

The system can be returned to the ma=ual = ode by two methods: pressing the
AUTO-MANUAL switch S15 on the control paner to MANUAL or automaticany if one
of four faults occurs in the system.

*

(- With the cystem in the automatic mode, the Auro-MAUUAL switch S15 -h- .o

control panel is pressed supplying +24 volts through contacts of K1M to
energize latch coil FF. Opening contacts of KilA de-energizes auto-manual
relay K11B, which changes the systen to the =anual mode. Releasing S15
energi:es latch coil N. Energizing latch coil IT closes contact Z-Y and
opens centact Z-X to set the relay for the change back to the automatic
r. ode .

| Assuming the system is in the automatic code, when one of four conditions
occurs (sequence fault, auto-inhibit, =stor direction fault, or the syste::
trips supplying the trip confirm signal), auto-canual reset relay K98
energizes. Energizing K98 opens contacts to re=ove +24 volts from the AUTO-
MANUAL switch. Simultaneously contacts of K98 close to hold unlatch coil N
of K11A energized, which maintains contact Z-X closed to allov latch coil
FF to energize. Energi ing intch coil FF opens contacts to de-energize

|
auto-manual relay K11B. 'Ihis returns the system to the manual mode. After -

the fault is cleared, contacts of E98 close to energize latch coil N of
KilA through the Auro-MANUAL switch S15 Energizing latch coil N opens

|

|
contact Z-X and closes contact Z-Y to set the relay for the return to the
automatic code.

..
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3 26.13 Runback Enable Relay K53, Figure 9-1

If an asy==etric fault exists, the asy==etric fault relays (K69 & KTC) (controlled by inhibit-fault circuits energi:es runback relay K53
through contacts of relay K113. Then contacts of K53 bypass the in limit
relay contacts for each regulating group for the group regulating and

.

'

'

auxil.iary supply. This allows the c'outrol systen to respond to insert
com=uds from the integrated control syste= if a power reduction is required.

3.26.14 Trip Reset Relay K57, Figure 9-1 -

The trip [ reset relay circuits set the systa= during initial startup and
reset it after a trip occurs. . The D.C. breakers may also be reset. locally - - -

by individual.brea.,ker r.es.e.t button or.by gang bar-.
~~ '*

3 . .. m -- . . . ~ . .; ..
-

3.26.14.'1 closing (resetting) AC Trip Breakers
.

The TRIP RESET switch S1 on the control panel is pressed to supply +24*

volts through Group 1 thru 7 in li=it relays K16 thru K22 to energize trip '

reset relay K57. Energizing K57 closes contacts to supply +24 volts to
energize relays K7 and K8 in the source inter uption device of the A.C.
breakers . Contacts of K57 also close to turn on TRIP RESEr lamp PL44
on the control ' panel. Energizing K8 closes contacts to supply 120 VAC to
energize X coil of the AC Breakers. Energizing X coil energi:es the
closing contactor coil of the circuit breakers. Energi=ing the closing
centactor coil initiates the mechanical closing action of the circuit
bresker. The mechanical action closes .the main contacts to distribute
the main A.C. voltage. Also, the mechanical action opens contacts, de-,

(energizing the X coil, and clocc: contacts to energize the Y coil. En-
ergizing the Y coil opens contacts to inhibit the X coil from energizing
even if relay K8 is held energized. This prevents the repeated operations
that vould occur if one of the automatic trip devices was activated at
the time of closing. The mechanical action of the circuit breakers also
closes auxiliary switch contacts to enable the shunt trip coil.

Energizing KT 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
i

Energizing trip reset relay K57 closes contacts to energize relafs K1 and
K2 on the trip reset panel. Energi:ing K2 closes contacts to energize

| progra= ar control reset relay K3. Energizing K1 closes contacts to en- -

! ergize the X coil of D.C. circuit breakers. Energizing the X coil closes
! centacts to energize the closing coils. Energizing the closing coils

initiates the =achanical closing action of each breaker.

.

(
.

O
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3.28.7 Tr'p Confir= System Logic

Trip confim is a set of signals that raflect the con itica [f the system
( trip breakers and electronic trips. -

'Ibe trip confirm signals are divided into four (4) separate signals: ~ Trip
1, Trip 2, Trip 3 and Trip 4. ' Trip 1 and Trip 2 reflect the state of
A.C. breakers A and B, respectively. Trip 3 and Trip 4 reflect the state
of t.he D.C. breakers, CB1 and Cb2 the electronic trip of channel A; and
state of the D.C. breakers CB3 and CBk, cha=nel B electronic trip, re-
spectively. When all trip breakers are closed, contacts of A.C. breaker ,

A energize trip confirm relay C31; contacts of A.C. breaker B energize
trip confirm relay n32; parallel contacts of D.C. breaker CB1, CB2 and-

ele'ctronic trip confirm relay K2 contacts of each electronic. trip asse=bly
of each SCR regulating supply energi=e trip confirm relay n33;'and parallel.

contacts of D.C. breaker CB3, CB4 and electronic trip confirm relay K5-

contacts of each electronic trip.assecbly of each SCR regulating supply
energi.:es trip confirs relay.n34. 7 Centacts of n31 and K133 or n32 and"
K134 energize trip confiarelay E35.' " ' ~ " ~ ' ' " " " "' ~~ ' ''

.. . . - m v.m. w..
.

When the reactor trip switch en control room console, or the Nuclear
Instrumentation interrupts the 120 VAC supply to the reactor trip switch,
both A.C. breakers A and 3 cpen, de-energizing trip confirm relays K131
and n32, respectively, and simultaneously all four D.C. brehkers open,
and electronic trip confirm relays K2 and K5 de-energize, de-energining
trip confirm relays n33 and C34. This results. in de-energizing trip
confirm relay K135 Contacts of n35 indicate a reactor trip while
contacts of n31, n32, n33 and ~K13h inform the Nuclear Instru=entation
of system condition. The TRIP CONF la=p on the centrol panel co=es -

3.28.8 . Asym =ctr/ Alam
.. . . ~ , ~ . , .

If a centrol rod gets out of position with- the rest of the rods in a gro'up
. . _ , . . _ _ .

by more than T inches, alarm relay K228 in the position indicator module
associated with the out-of-position rod vill energi. e. Relay K228 is con-
trolled by the position indicator circuits. When K228 energizes, the
associated ALAP24 la=p on the P.I, panel is on and asymmetry alarm control ' -

relay K68 is energized... All 69 of the Z228 relays are parallel connecte'd
so that either one of the relays vill energize K68. Contacts of K68 sends
an asyc=etr/ alarm signal to the plant annunciator. A set of K68 con- -

tacts turns on'the ALAPli Iamp on. the AS'.CMTRIC ROD CALIBRATE panel for
local indication during asy==etry alar = calibration.

|
_

I

.

.

.

|
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3.28.9 Asy==etr/ Fault

by core than 9 inches, fault relay K229 in the position indic tIf a control rod gets out of position with the rest of the rods in a group (
'

associated with the out-of-position rod vill energi=e. a or =odule
position indicator =edule for each CRM. There is one
position indicator circuits. Relr/ K229 is controlled by the

+24 volts is applied to the coils of asy---atr/ fault control rela /s K69When either one of the K229 relays energize,
.

'

and K70 energizing the relays.

and asy==etr/ fault signal to the plant co=puter. turn on the ASDM RODS la=p on the control panel and anotherA set of K69 and K70 contacts is used toset furnish -

3.2 8.10 ! Out Inhibit
,

Out inh { bit relay K32 is normally de-energize:1.

which are open during nor=al operation. connected with a set of contacts in the Nuclear Instru=entation SystemThe d'Sil of K32 is series
.

the contacts in the NIS close and K32 energizes.If as out inhibit condition occurs,
O,Ur la=p on the control panel. This tums on IHEIBIT
of K32 send an out inhibit signal to the plant ce=puter, the ICSIf the syste= is in =anuni =cde, contacts
plant annunciator, and the Nuclear Instru=entation System. , the

K32 are used in the co==and logic to inhibit the out co==andContacts of
Out inhibit relay K33 is nor= ally energized, and is controlled bcircuits.

li=it relay bypass K39 and relays'K69 'andpercent power level. signal from the ICS or contacts of safety rods out ],
. y the 60

if the power level is above 60 perceit~ and the safety rods a70. " Relay K33 is de-energized
,

out li=it or an asy==etry fault occurs. re not at the
comd logic circuits to inhibit the auto =stic out co==and circuitsContacts of K33 are used in the
3.28.11 Auto Inhibit (

.

Relay K34 is energized by the MS when the reactor power level i .s above/S%
deter =ined level, a neutron ebr does not exist, an auto inhibit

7
a pre-

the ICS does not exist, and the safety rods are at the out li itsignal from
K34 locks-in through auto inhibit contacts in the ICS, its own co tm Relay.

and contacts K113 (co==and logic) if syste= is in auto =atic = oden acts

K34 energi=es, the 15 percent power level or neutron error sign l fOnce.

the ICS cannot de-energize K34. a rom
is returned to manual = ode. Relay K34 vill de-energize if the system
IHHIBIT AUTO la=p on the control panel and inhibits the auto =atiWhen de-energized, contacts of K34 turn oncircuits in the co==snd logic. c co==and

3.29 P.I. RISKr LOGIC, Figures 3-15, 9-6

The P.I. reset logic circuits are used to readjust the relative p
-

of the position indication =eters if a discrepancy exists between theosition
relative position indication and the actual position of the techanism
and at a fast speed in the insert direction. reset circuits adjust the =eters at a slov speed in the withdrav directioThe.

n

the power supply that supplies the +24 volt control voltage fTne reset circuit also centainscircuit.
- or the reset

(
.
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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 group average P.I. signal is

' ; applied to pin C of the regulating group patch receptacles only. Pin C'
is connected to pin B on the =ating group patch plug and tHe RPI group
average signal is retuzned to the relati-e group average amplifier.

3.33.2 Group 6 & T Averager l'.odule

There are two Group 6 & 7 averager =cdules; one is an averager of the *

Group 6 & T API group position signals and the other is an averager of
.

the, Group 6 & .7 RPI group position signals. Each nodule produces two
Group 6 & 7 average: position signals. One output is a o to -5 volt
aveiage position signal and the other ic e. O to +5 volt avera6a position
signal. -

.

The 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 volt
Group 6 & 7 average position sigac1 and is applied to the inverting
input of IC-2. The output of IC-2 is applied to pin k as the O to +5
volt Group 6 & T average position signal.

3.33.3 Automatic Sequencer Moiule -

The autonatic sequencer circuits control the sequence of withdrawal and
.insertien of Group 5 and Group 6 & T. ne withdrawal of Group 5 is enabled.

by the safety rods fully withdrawn, and Group 6 & T is at their-in limits.
m _

A With the safety rods fully withdrawn, contacts of safety rods ....., relay K39A
applies ground to the voltaEe divider.4 at pin 10. This causes the out-
put of IC-1A to go from a "0" (lov level) to a "1" (high level) and is

.

applied to IC-2A, IC-2B, and IC-20. 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 than 265 -#_thdrawn, the output of IC-4 '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 hand gate *

IC-2A at a "1" the output is a "0" and is applied to nand gate IC-3A.
With Group 6 & T less th'an 255, the output of IC-5 is a "O" and is applied
to inverter IC-lc which inverts the "0" to a "1". This is applied to nand
gate IC-23. With Group 5 less than T55 vithdruvn, the output of IC-7 is
a "0" and is applied to nand gate IC-2B. This 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. This causes a "0" to be applied to IC-2C.
With Group 5 less than Th5, the output of IC-6 is a "0" and is applied to

.

nand gate IC-23.

'

|
,

s
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This causes the output of nand gate IC-2C to be a ".1" which is applied to
nsnd gate IC-3B. The two inputs of nand gate IC-3A are at a "1" and a "0",
this causes the output of nand gate IC-3A to be a "1" which turns on (driver Ql. This vill energize Group 5 sequence enable relay KS5 in the
co=nsad logic. The two inputs of nand gate IC-33 are both at a "1", this
causes the output of nand gate, IC-3B to be a "0". This win not turn on
driver Q2, and causes Group 6 & T sequence e=able relay K86 to be de-

,

energized in the com=and logic.

When Group 5 reaches 75% vithdrawal set point of IC-T, the output of IC-7
.

vill change from a "0" to a "1" and vill cha=ge the output of nand gate
IC-23 to,"0". This changes one input of IC-3A and IC-3B to a "0". The
output of IC-3A vill not change so the driver 0,1 vill remain turned on and
Group 5 sequence enable relay will remain energized. The output of IC-3B

-

vill change to a "1" and win turn on driver Q2. This causes the Group 6
& T sequence enable relay K87 to energize in the com=and logic.

1 -

Group 5, and Group 6 & T will nov vithdraw. 7nen Group 5 reaches its
out-limit, pin 6 vin apply a "0" to nand gate IC-2A. This causes the'

output of nand gate IC-2A to be a "1" which is applied to nand gate IC-3A.
At the same time, Group 6 & T has reached the 25% level, changing the out-
put of IC-23 to "1". The output of nand gate IC-3A viu change to a "0",
tuming off driver Ql. This vin de-energize Group 5 sequence enable -

'

relay K85, removing Group 5 from control.

The ' Group 6 & 7 nominal set point enables Group 5 for a sufficient period
of ti=e to reach the out li=it. This set point is adjusted so that Group
5 centrol relay Kf" ::ains energized until Group 5 out limit occurs and.

Group 6 & T continues to withdrav. This adjust =ent shall never be set for {
less than a 25% position level of Group 6 & T.

In insert sequence mode (Groups 5 and 6 & 7 at respective out limits),
only Group 6 & 7 is initially enabled. As Group 6 & T approaches the
25% set point, the output of IC2-B goes fros "1"' to "0". This in turn
causes the output of IC3-A to go from "0" to "1", energt ing relay K85,
and enabling Group 5 insertien.

As Group 6 & 7 approaches in li=it, Group 5 approaches 75% set point. As
Group 5 reaches the 75% set point, IC2-B output 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". This in turn causes IC3-B output to
go to "0", de-energizing relay K87 and re= oves Group 6 & T from control.

The Group 5 Th% nc=inal set point enables Group 6 & T for a sufficient
.

period of ti=e to reach in limit. Because Group 6 and Group 7 oper:te in
paranel while in the sequence mode, both groups must reach the in limit
before Groups 6 & T is disabled. The set point is adjusted so that both
groups reach their in limits before the Group 6 & T relays K87 de-energi:es,

as Group 5 continues to insert. This adjust:ent shall never be set far
,greater than a 75% position level of Group 5

.

.-
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3.33.4 Group 6 & T Difference A=plifier Module --

The Group 6 API and Group 7 API group average position signals are com-
;

- pared in the difference amplifier. Vnen Group 6 & Group 7 are 8 inches or -

more apart , a fault condition exists. 5"--"ng a=plifier IC-1, set point
'

*

a=plifier IC h, and inverter IC-TA are used to determine a fault condition
when Group T API group average position signal is more than 8 inches than
Group 6 API group average position signal. The output of the sum =ing
acplifier IC-1 is deter =ined by the a=plitude of the two inputs. When
Group 7 is 8 inches greater than Group 6, the output of IC-1 is more nega- -

tive than the positive set point established by Ph. This causes the output
of IC-4 to change from a "0" (lov level) to a "1" (high level) which is
invWrted to a "0" by inverter IC-TA. Ihis turns off driver Q1 which de-
energi:es Group 6 & T =isaligne.ent rela;7 X51. Contacts of K51 are used to

"
indicate a fault indication to the control panel, plant co=puter and plant
annunciator panel.

Summing amplifier IC-2, set point amplifier IC-5, and inverter IC-TB are
used to deter =ine fault condition when Group 6 API stroup average position
signal is more than 8 inches in respect to Group 7 API group average signal.
The output of suznaing amplifier, IC-2, is deter =ined by the a=plitude of the
two inputs. When Group 6 is 8 inches greater than Group T, the output
of IC-2 is more negative than the positive set point established by PS.
This causes the output of IC-k to change from a "O" to a "1" which is
inverted to a "0" by inverter IC-TB. This turns off driver Q1 which
de-energizes Group 6 and 7 misalignment relay K51A. Contacts of K51A
are used to indicate the Group 6 and 7 nisalign:.ent to the control panel,
plant computer, and the plant annuaciator.,

( ,

-
3.33 5 Sequence Monitor No.1 And No. 2 M-dule M

, p.9,

y
Sequence Monitor No.1 and No. 2 monitor Group 5 and Group 6 & T RPI
average signals and provide a fault signal when the groups are out of ceq-
uence. Fault conditions exist when Group 5'is less than 80% vithdrawn and ~
Group 6 & T is greater than' 5% vithdravn; or when Group 5~ is less than 95% '

withdrawn and Group 6 & T is greater than 20% vithdrawn. When Group 5 and
Group 6 & 7 are fully inserted, the output of set point ar?lifier7 IC-1,
IC-2, IC-3 and IC-4 are "0". The output of set point a=plifiers IC-3
and IC-k are applied to nand gates IC-6A and ICMB, respectively. The
output of set point a=plifiers IC-1 and IO-2 are inverted to a "1" by
inverter IC-5A and IC-5B and applied to cand gates IC-6A and IC-63, re-
spectively. Since the inputs to nand gates IC-6A and IC-6B are ' f oppcsiteo'

states, the outputs will be a "1" and a e applied to nand gate IC-6C. The
output of nand gate IC-6C vill be a "0" and driver Q). vin not turn on, -

the sequence fault relay K89 vin be de-energized and the sequence fault
is not indicated to the plant computer and plant annunciator.

.--
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When Group 6 & 7 is greater than 15 s-ithdravn, the output of set point
a=plifier IC-3 vill change to a "1" and is applied to one input of nand
gate 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 inputs of IC-6A are at "1",the output of nand gate IC-6A is a "O" which is applied to nand Sate IC-6C.
This causes the output of nand gate. IC-6C to be a "1" which turns on driver

. Ql, energizing sequence fault relay K89 Wen Group 6 & T is greater than .

20%, the output of set point amplifier IC-h vill change to a "1" and is
applied to one input of nand gate IC-63. If Group 5 is less than the 95%
withdrawal level, the other input of nand gate, IC-6B is a "1". .Since both.

inputs of IC-6B are at "1", the output of nani gate IC-6B is "0" which is
applied to nand gate IC-6C. Wis causes the output of nand gate IC-6C to
be "1" witich turns on driver Q1, energizing sequence fault relay K39

. 3.33.6 Set Point Amplifier Module p 5~7JS2
n . ..,..n.~. - -. /' C.The set point amplifier 7*%cca.ted in:. .

. . - . . ~ . , ,

Group Position. .Costrol Chassis ~ ~No. 2',,7 .o,4/A
provides ian output ' signal .to.'the ICS.~ When Group 5 API group average M. .;position signal reaches 25% withdrawn, the ou:put of IC-1 is "1" which
turns in driver Ql, and energizes relay K65 Contacts of K65 are used to
provide the signal to the ICS.

3.33 7 Group 6 & T Absolute / Relative Select Keylock Switcha -

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

The Group 6 & T absolute / relative select keylock s.titch, located on the
Group Position Control No. 2 Chassis is used to select thi Group 6' & 7 '
absolute group average position signal or the Group 6 & T' relative group' '
average position signe1. outputs to the ICS. E en Group 6 & T absolute
group average positi: . rignal is to be sent to the ICS, the keylock switch (
is placed in the ABS position. Relay K66 is de-energized and the Group 6
& 7 absolute group average position signal is sent to the ICS througY
normily closed contacts of K66. When Group 6 & T relative group average
position signal is to be sent to the ICS, the keylock switch is placed inJ

the REL positien, relay K66 is. energized and the Group 6 & T relative
group average position signal is sent to the ICS.

3 34 15 VDC POWER SUPPLIES, Figures 3-18, 3-19, 9-8
'

The four 15 VDC power supplies marked +15A, +153, -15A, and -153 are lo-
cated in system logic cabinet No. 5 The +15A and +153 outputs are con-
nected together at the auctioneering asseeml,- to provide an auctio,neered
+15 VDC output. The -15A and -15B supplies are also auctioneered. The
D.C. power supplies provide power to the modules in the group position
control; position indication a=plifiers chassis A, B, C, and D; and the
systen nonitor.

For a co=plete description of the supplies, refer to HEWLETT PACKARD D.C.
POWER SUPPLY, MODEL 6223B vendor manual.

.
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3 78.2 Run Out.

Vnen a "run out" co==tand is received from the co-a d logic circuits,120 (
! VAC ABT is applied through contacts of de-energized run in relay K3,'

contacts of energized run out relays CO and Eh, and contacts of energined
. relty K2 to the red lead of 60 RPM RUU motor M1. This causes the motor to

turn in the opposite direction fron the run in voltage.

3 75.3 . Jog In

When a " jog in" cot:=and is received from the co==and logic circuits,120 VAC
'

, ABT is applied through contacts of de-energized run out relays K4 and K10,
contacts of energized jog in relay K6, and contacts of energized relay IC15
to the red lead of 6 RPM jeg motor M2.

.. m . . =.w ,*

3 78.h Jeg out
'

,

Vnen a " jog out" co==and'is received from the cc::=and logic circuits,120
VAC ABT is applied through contacts of de-energized run out relay Kk and -

no, contacts of de-energized jog in relay K6, contacts of energized jog
out relay KT and K8, and contacts of energized relay K2 to the 6 RPM
jog z:otor M2.

3 78.5 D.C. Brake Module, Figures 11-47, 11-48

| The D.C. brake voltages for the 60 RPM. regulat'e motor'M1' and tE d RPE' jog"
motor M2 are supplied by bridge rectifiers CRS and CR6 and transfor=er'

(T1. Transfor=er T1 received the 120 VAC ABT voltaEs from TBl. 'E o
bridge rectifiers are connected to the T1 secondaries. The D.C. c uput of
bridge rectifier CR5 is applied through contacts 9 and 1 of run in relay K3
and run out relays Kk and no to the 60 RPM run notor M1. The D.C. voltage

| holds ::ctor M1 in a fixed position as long as a "run in" or "out" command
is not received from the command logic circuits. The D.C. output of'

| bridge rectifier CR6 is applied through contacts of jog in relay K6, jog
| out relays KT and K8, and 3-2 hold relays n1 and K5 to the 6 RPM jog
|

motor M2. This voltage holds motor M2 in a fixed position as long as a y
" jog in" or " jog out" command is not received fro t the co and logic -

-

circuits and the 3-2 hold relays remain de-energized. If a loss' of the
120 VAC ABT occurs, relays K2 and n5 de-energize. Under this condition,'

a D.C. brake voltage of +2h volts is applied through diode CRT and contacts
9 and 1 of K2 to =otor M1 and open contacts of n5 interrupts the jog out
co md path to =otor M2. A set of K2 contacts is used in the inhibit-
fault circuits to provide a motor fault (direction error) indication.
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HEAutH PHYSICS

g..

1. List 10CFR20 limits can on personnel exposure to ioniming radiation.

2. When may the above Ifmfts be exceeded?

3. What is considered "whole body" for the purpose of radiation exposure?

4. What fast and thermal flux levels correspond to 100mr/ week? (based on 40 hrs).

5. What is Met Ed's administrative exposure limit?

6. What must be done to exceed this limit?

7. What are the maximum permissibic concentrations in air?

8. What are the radiation limits for vendors, visitors, and other non-plan : personnel?

9. What is meant by a "once in a lifetime dose"?

10. Define:

a. Unrestricted area - (include radiation levels)

b. Control area

h c. Radiation area

d. Hi Radiation area
Y

11. When is an area considered to be an airborne radioactivity area?

12. Give the limits 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. entry?

15. How do we control entry into radiation areas of greater than 1R/hr?
.

'10. Describe the operation of a film badge and dosimeter.

17. When must a dosimeter be rezerced?

10. What monitoring devices must visiters wear to enter the controlled area?

19. What is the normal sequence for removing protective clothing?

20. What is our radiation limit for laundered protective clothing?



.

C9 .

t .

21. When must a radiation work permit be issued?

22. Who initiates an RWP?
} .

23. Who approves and RWP?

24 What information is contained on an RWP?

25. Where do the copies of the RWP go?

26. What is done with the RWP when the work 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

f. cu[le

g. radiation

h. contamination .

.

1. restricted area

j. internal exposure

k. roentgen

d. RBE.

m. Effective half life

n. Biological half life

31. What types of personnel monitoring are used at TMI?

32. Basically how does a TLD work?
,m

C) 33. How do we check for contamination?

34 How do you count a smear?
.

35. What are the possible consequences for exposures of: -

d. 42.5"Sar c..> YSD2am



Q. 5;1k< -(.{{ea e%y a n s& made bm(h dscMe db&4s ofes+da,,, ,.
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a. E-520

b. Pad Owl
d

c. PAC-45

d. PRt!-4

e. Toletector

37. What is the action required on a radioactive spill?

38. What are the three basic principles of radiation protection 7

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 external or internal ha ard?

40. What is the .najor source of radiation inside the secondary shield? On the

operating ficor?

41. What is the primary source of alpha activity at Met Ed?

M 42. Explain how we get nitrogen 15 gamma.
U

43. Define each of the following and give CR0 required actions:

a. Loc 1 Emergency

b. Site Emergency

c. Local Emergency.

.

i

O
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, RADIATION MONITORING SYSTEM

1. List all automatic act5ons ' associated with d e Liquid monitors.
' '

'

2 .' List all automatic actions assoclated with the atmospheric monitors.
,

N 3. List immediate action on Hi RCS activity. -

4. What type detectors are used ihr the area monitors? Atmospheric monitorn?
' ~

Liquid monitors?

5. Where is the RMS powered from?

' ~ ' '~ '

6. iDhscribe the flow path thru an atmospheric monitor.

7. What is the function of the green pushbutton on the radiation monitor 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 monit r system trouble?

11. WhatisthedifferencebetweenRMk2particulatemonitorandtherestofthe
particulate monitors?

12. What is the function of the norm-off-prog. switch on RM-A27
,

.

13. Describe how radioactive iodine is measured.

"

14. How can the operator differentiate between a crud burst and failed fuel?

'

15. What is the purpose of the delay coll upstream of RM-L1?

p
16. If RM-G8 is reading 1R/Hr, what is the actual radiation level in the reactor

building?
,

_ _ _
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17. Of th'e monitors sensitive to radiation in the R.B., which is the most'

sensative? Which is second? What are their sensativities?

18. Is it ,necessary to have a radiation monitoring system channel operating in the R.B.
at power? Why? If yes, are there any exceptions?

. .

19. WhatchannelintheRMSwouldalerttheoperatortoaOISGtubeleak?

20. WhyistheRMSchanne3.inquestion19sensativetobetaandnotgamma? '
~' ' '

.

21. WhatarethemajorgassesexpectedtoberAleasedonaOTSGtuberupturn?
~ ' ' ' '

,

'' '

22. With respect to a steam generator tube rupture, what is a partitioning factor?

N

.

4

V

. . _ .
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i., ; 'Et! CLOSURE 1 - ,),, , ,

. .

CATEGORY IV CR0 STUDY ASSIG.'IMEf!T SHEET
i

'

'y!ANE: , ,, /,[' // START DATE: -

COMPLETI0'l DAT -
- I'

'. /3
'

ASSIGlit1E.'lTS Sth CYCLE 1st HALF '
)

-

.i
/.

,- |

1. Read the following: . ,

,

'a. Admin. 1003 Radiation Protection Manual /
b. Admin.1004 Emergency Plan / .

c. IIP 1613 RWP / J

.d. HP 1602 Rad. Dose Survey .T
-e. HP 1603 fleutron Survey i

sf. HP 1604 Alpha Survey
- -- - |

.

g. IIP 1615 Use of Personal Monitoring Devices
Nh. HP 1686 Use of Protective Clothing

2. Complete HP Questionaire

~3. Read OP 1105-5 (2105-1.8) RMS
'

4. Complete RitS Ouestionaire .

'
5. Read the first half of Environmental Tech Specs.

.

.
.

.

.

. . . . . . . .. .

TOTAL POIt!TS TO DATE FROM EHCLOSURE 2- 3 t ~ ~ : ::: 1 - :-
.- ..

. .. . .. . .. . .. .. .

URITTEtt TEST DATE RESULTS
~' -

~

OPAL TEST DATE RESULTS
-

At|SMERS 111SSED, !!All0ED Ill CORRECTED
-

.

DATE: . -

SIU!ATURE OF LICEtiSED TRAIrl!tiG .COORD.
.

to ..

.

u..
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, CATEGORY IV-CR'O STUDY ASSIGNMEilT SHEET

UNIT 2
NAME: START DATE:-

COMPLETION DATE:'

.

6ASSIGt!ME?lTS 5 CYCLE .I # HALF
-

1 Read the following:

a) Admin. 1003, Radiation Protection Manual '
- '

b) Admin. 10'04, Emergency Plan
c) HP 1613, RWP.~
d) HP 1602, Rad. Dose Survey .

-

.e) HP 1603, Neutron Survey
,

.

- f) HP 1604, Alpha Survey
g) HP 1616, Use of Respiratory Protection
h) IIP 1686, Use of Protective Clothing.-

i) HP 1621.2, Release Radioactive Liquidj) HP 1622.2, Release Radioactive Gas
k) Radiation Emergency Procedures (1670.1) (1670.2) (1670.3)
1) HP Handout-

-

m) HP 1684,

2. Complete HP Questionnaire
,

, 3. Read the following:

a) OP 2105-1.8, RMS ~

b). OP 2105-1.12, RMS Setpoints
-i RftS Handout

4. Complete Rt1S Questionnaire

S. Read the first half of Environmental Tech. Specs.
'

6. Read FSAR, Chapter 15, Section 1.18

7. Review B&R Drawing 3009
'

TOTAL POIllTS TO DATE FROM ENCLOSURE 2 -

' "

WRITTEli TEST DATE RESULTS -

'
' '

ORAL TEST DATE RESULTS
-

-

..

AflSWERS MISSED, HANDED IN CORRECTED

DATE:
SIGNATURE OF LICEllSED TRAINING COORD.

-

.
-

%

.

-

.,

. . . .



_ _ _

1

.-

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 Orawing 3009

. 9. Tech. Spec. 3.4.6.1
- 10. FSAR Chapter 15, Section 1.18 -

!

;
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a

f

.
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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 -

d. 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 *. a o the limits for " Emergency and Accidental :posure?
(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 requirements 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 produced. (Reference #1)

7. a) Lis't 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)

t
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....

8. For each of the following instruments provide;

i) radiation detected
fi) range (s) 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 dose 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 folicwing 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
not normally occupied)

1. High radiation area sign?
2. Radiation area sign?

(Reference #1, #2, & #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) '
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UNIT II RMS
QUESTIONNAIRE

1. List all the automatic 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 the following:

a) area monitors
b) atmospheric monitors
c) liquid monitors
(Ref. #5 & #6)

3. Describe the flowpath through the atmospheric monitors. (Ref. #5)
.

4. Describe the function of the " norm-off-prog" switch on ths 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 " partitioning factor" as it is used following an
OTSG tub'e rupture. (Ref. #10)

8. Which process (radiation) monitors, that have interlocks associated 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 enter 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 contamination 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:
i

1. Acute exposure - received in a shcrt 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. l
Disability - blood disorders and some deaths.

|

Above 300 Severe injury - same as above, exc'ept more severe
Disability - severe blood disorders and more deaths

e 400 LD-50

e 600 LD-100

_ _ -
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The acute exposure results in four (4) stages of illness, called radiation
syndrome.

The four stages are:

1) Initial illness -

2) Apparent recovery
3) True illness
4) Death or recovery

The enronic 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 has
time to repair itself.

'

The three (3) risks of chronic exposure are as follows: -

1) Increased risk of cancer.
2) Shortened life span.
3) Genetic mutation.

S. 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, Se-tion 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 QUALITY FACTORS

Radiation Type Ouality Factor

Gamma 1
Beta 1

!Thermal Neutron 3 I

Fast Neutron 10
Alona 20 |

6. Partial explanation of 10CFR20, Appendix B MPC Limits:

Figure 1 shows a portion of 10CFR20, Appendix B. 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 atcmic 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. I
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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
witti 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.B
.

TABLE 1 TABLE 2

Element (atomic number) Isotope . Column 1 Column 2 Column 1 Column 2

Air Water Air Water

(# CI/mi) { #C1/mI) ( #Ci/m0 t #C1/ mil

4
Cobalt (27) Co-58 s 8 x 10-7 4 x 10-3 3 x 10 8 1 x 10

.I 5 x 10-8 3 x 10-3 2 x 10~9 9 x 10-5
4 5 x 10-9Co 60 s 3 x 10*7 1 x 10-3 1 x 10

I 9 x 10-8 1 x 10-3 3 x' 10-10 3 x 10-5
4

Copper ( a Cu 64 S 2 x 10-6 1 x 10 2 7 x 10-8 3 x 10
4

I 1 x 10-6 6 x 10-3 4 x 10-8 2 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* XWeek Actual value Week

If area airborne contamination is >25% of MPC, it must be posted as an Air-
borne Radio +ctivity Area and if > MPC respiratory protection is required.

The in-plant Table 1 MPC's for water deal with 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 the dose rate at different distances from the source
of radiation, (Line, Point or Plane)2, sing the following formulas:

u

2=R0D,R1 = R , R D1 = R2 RD11 22 R = 6CE22 l,

| D2
l

| Where: R = Dose Rate C = Number of Curies
! D = Distance E = Total effective gamma energy (Mev)

- . . . - . . - . -- . . _
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Just as it is common sense to spend as little time as possible ii. 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 the relative physical size of the source.

!

The type of radiation emitted by a radiation source can be alpha, beta,
gamma 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 gamma radiation, we

|- will center ourdiscussion on gama radiation.

The way in which distance affects the dose rate from a source of gamma
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, there 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 sour ~ce 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 aimension, 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 swrce, 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 characteristics of a plane source, a line
source, or a point source, depending on distance. With a large tank, for

i example, if you are close to it, it has the characteristics of a plane
source. As you move fcrther away from it, it takes on the characteristics
of a line source, and, when you get far enough away, it assumes the charac-
teristics of a point source.

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 car. be used to calculate the change in exposure

|

- _ - __ _ .- . - . . , , . . _ , , _ . -
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as distance from the source varies. Theequatig=niscgiledtheinversesquare law, and it is written as follows: R101 R202

' Figure 2
..

i.

R 012 = R D2TANK R1=R2 R013=R022 1 2

.

a

'
s

*

*
..

(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=0.1x, 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 of 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 ThicEess for Various Staterials

Half.Value Thickness (inches)

# Water Iron Lead(Mev) (.tn mues) Concrete
.

0.1 0.022 1.634 0.688 0.101 'O.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 3.872 1.828 0.583 0.052
2.0 0.073 5.544 2.605 0.81S 0.527.

3.0 0.093 6.896 3.194 . 0.961 0.571-

4.0 0.107 8.049 3.667 1.052 0.573
6.0 0.132 9.928 4.331 1.142 0.552

.

8.0 0.149 11.379 4.779 1.177 0.524
10.0 0.164 12.464 5.05S 1.181 0.492

..

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



- - - -

6--

..

.
..

Table #4 Tenth.Value Thickness for Various Materials

Tenth Value Thickness (inches)
.

"N '

Water Iron . Lead !(Mev) (m. miles) Concrete
,-

0.1 0.071 5.425 2.2S2 0.335 0.015
0.2 0.089 6.667 3.112 0.835 0.089
0.5 0.125 9.388 4.432 1.391 0.551
1.0 0.175 12.849 6.069 1.936 1.168 !

2.0 0.242 18.400 8.647 2.715 1.748,

3.0 0.310 22.886 10.599 3.'190 1.896
4.0 0.356 26.713 12.169 3.490 1.901
6.0 0.439 32.951 14.375 3.789 1.831

. 8.0 0.496 37.767 15.S62 3.905 1.740
10.0 0.543 41.367 16.788 3.918 1.634

--

.. . . _ . ..

8. Radiation DeteeHon Principles
,

a) Photon I cT.1on (Gama)

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

iexplained by Einstein. He indicated that the type of interaction de- 1

pended to.a great extent on the energy of the photon. Based on Einstein's
thoughts, 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 gama disappears, and the energy is actually converted into
mass. Two particles are formed -- an electron and a positron. (A posi-
tron is a particle with the same mass as an electron, but with a single
positive charge.) The incoming gamma must have at least 1.02 Mev energy |because the mass of an electron and a positron is equvalent to 1.02 Mev.

iIf the gama 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 ionization. Eventually, the positron

ww



. - _ - . _ - . __ -. -. .- . - - - - .-

,

-7-
-.

interacts with an electron, the positron-electron pair disappears,
and two 0.51 Mev photons are produced. This reaction is called an
annihilation reaction and the 0.51 Mev photons are known as annihi-
lation radiation. If the elect.ron and the positron have exces:

;

kinetic energy when the annihilation reaction occurs, more 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.,

1

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 came 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 other 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, I,

and the photon continues at a reduced energy. I
!.

The photoelectric effect is the predeminant method of interaction for>

:I low energy range photons. As Figure #3 (c) indicates, in the photo-
telectric effect, a low energy photon strikes an electron. If the ,'

photon has the same energy as the. binding energy of the e M:t m (the |energy that holds the electron in its orbit), the photon All give c'l
its energy to the electron and disappear. The electron is knocked out
of the electron shells, forming an ion pair.

,

Therefore, in the photoelectric effed reaction, the phcton disappears
and an ion pair is formed. The photoelectric effect is ipplied in
light meters used in photography. Since visible light 's composed of
photons of low energy, the photons interact with orbiting electrons,
causing the electrons to be knoctial 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.

l'

The type of photon interaction, then depends upon the e1ergy 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 lergth of travel
of the photon. ' Figure #4 shows a graph that gives the linear attenua-
tion coefficient for gama interaction in lead. The g'aph shows u for
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 p takes the shape of the
photoelectric effect curve in low photon energy ranges, the Comoton

; . 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,

,

,

f

,,

. . - -. _ _ . _ - . - ..-.- _-
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Interaction of Radiation with Matter
-

.

.

(a) PAIR PRODUCTION

ELECTRON

> 1.02 Mew .

PHOTON

i! [N POSITRONs ,- -,

'-

0.51 Mew PHOTONs ,

's
%

(b) COMPTON SCATTERING 0.51 Mew PHOTON

HOTON-

. W . PHOTON
.

-
.

.

. -

- O
.

,

(c) PHOTOELECTRIC EFFECT '
,_

- m.
,

i

i
~
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o 3

U
.

I

#
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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 photon 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.

'
,

;

I

_.
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Tritium Production
.

1) Tertiary Fission
10 1 4 3

4 2 He ++ + 1H2) SB + On 4 5B 2

or

b Li7 4++#

H3 + 2e

3) 3Li7 +oni=> 3Li =P H 42 e ++ + 1H3 + 0"

i 4) LO=0"
3

3 4 li H8 +lH3 => 2
,

167N -(y) gamma *

M + 0" 9 0P N16 + p10 y 78 8

7N v80 +08 + y (6 Mev)
i

9. Detection of Interactions

Many different types of gas-filled detectors'use ' ionization reactions'

to measure radiation intensity. These detectors can be classified into
: three

and 3) general groups: 1) ionization chambers, 2) proportional counters,
Geiger-Mueller (GM) tubes. The categories depend on how pulse size

4

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
energy, etc.) are assumed to remain constant while the pulse sizes are
being measured. 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 low voltage; as voltage
-'ncrea::es, 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) region - pulse size increases slightly as vol- .

!tage increases, but not nearly as fast as in the limited propor-
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) Recombination Reofon

The recombination region is the region of lowest applied voltage.
f 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
appropriate electrodes, but, because voltage is low, the ions do
not move very fast. Because of tt;e slow movement, some of the
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positive ions have a chance to recombine 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 Region
,

In the ionization chamicer region, the applied voltage is greater
than it is in the recombination 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 region, the
number of ion pairs collected by the electrodes is ecual to the

'

number of ion pairs produced by the radiation in the detector. The
number of ion pairs collected does not vary witn tne voltage. That
is one reason why some detection instruments (ionization chamber in-
struments) are used in the ionization chamber region. Even if the
voltage varies a little, the same reading is achieved.

3) Procortional and Limited Proportional Regions

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 produced by the radiation.

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 factor at a certain voltage might. be
5. As the voltage increases, there is more gas amplification, and
the gas amplification factor might go up to 10 or 100.

The group of radiation detection instruments called proportional
counters can be operated in the proportional region. Operation
of these instruments is possible because the gas amplification fac-
tor at a specific voltage in the proportional region is the same
for 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 ion pairs,
500 ion pairs will be collected. If the radiation produces 10,000
ion pairs, 50,000 fon 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.
! As long as the voltage remains constant, the number of ion pairs

collected in the proportional region is proportional to the number
of ion pairs originally produced in the detector by radiation. This
means that operation of instruments in the proportional region re-
quires a very stable voltage supply. Many radiation detection in-
struments are operated in this region, because the effect of gas
amplification makes the instrument sensitive to low levels of

i radiation.

4) Geiger-Mueller (GM) Region,

'

In the Geiger-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 lon pairs. These ion pairs
would produce more ion pairs, until literally millions of ion
pairs would be produced. This effect is called avalanching. It

i 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 facs, chey tend to form a cloud
of ions that moves gradually to the ncgative chamber well.

The cloud of positively chargedions effectively forms a second "posi-
tive electrode," 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 between4

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
i not depend on the number of f an 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 effec + than
a large alpha, but the avalanche would become so large that .c 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 pairs -
collected is always the same, no matter now many ion pairs were
originally proauceo by the radiation.

,

I

._ . - - , ._. _ . . . . , . . _ . . . . _ . . . . ,-
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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 dies
and is

After the original pu
out another full-size pulse can be produced. The time before 1:his
full-sizegpulsecanbeproducediscalledtheresolvingtime,andis
about 10- seconds.

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 will be very small in comparison
with the millions of ion pairs already produced. Thus, the new
pulse would go undetected, and this would be the dead time.

As the positively 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 ber 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 chamber 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.

Resolvi g Time
4 !10 Sec.
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FIGURE #6 RESOLVING TIltE AND DEAD TIME
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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 sometimes 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 fon pair produced by radiation.

A GM detector that uses alcohol as a quenching ga.s has a definite
life based on the number of ion pairs it detects. When a 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 quenct.ing 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 Region

The last region in the six-region curve is the continuous discharge
region. In this region, the voltage across the electrodes is ex-

| tremely high, and there is continuous electric arcing across the
l electrodes. In other words, there is a constant pulse that is -

not caused by radiation entering the detector, but is due to the
continuous arc across the electrodes. A detector should never be
operated in this region. If it is, the detector could be damaged.

b) Detector Characteristics

| In this unit, we have mentioned three different types of gas-filled
detectors - the ionization chamber, the nroportional counter, and the
Geiger-Mueller tube. In this section, we will discuss and compare

I the specific characteristics of these detectors. Th- following
characteristics will be evaluated:

~

Sensitivity to low levels of radiation-

Ability to differentiate between different types and energies-

of radiation
Need to have an exact constant voltage-

Use of the detector in areas of high 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 pulse
; size. (Any radiation will produce an avalanche of ion pairs.) The

next most sensitive is the proportional counter, because some gas am-4

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 discriminate1

i

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 the 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-1

| tions, discrimination is usually performed using an external shield
on the detector.

Of the three detector types, only the proportional counter requires
j ar. . ct coastant 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

i 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 and for dose rate measurements, but Geiger-Mueller
tubes normally cannot. The GM tube will not 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- ,

i

person could be exposed. Resolving time is not a problem with ioni-
zation chambers and proportional detectors, because there is no avalanch-
ing. Some GM detectors have been designed with sophisticated external i
electronics suitable for high radiation levels and dose rate measure-

;

ments, but the ionization chamber is generally the best type of instru-
ment for these measurements. i

Figure 7 is a review of the six-region curve, with all of the regions
labeled. The ionization chamber region, the proportional region, and

ithe Geiger-Mueller region are the most important, because they are the I

regions in which detectors are operated. .

{
Remember, in the ionization chamber region, the number of ion pairs {collected in exactly equal to the number of ion 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.

<
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At a given voltage, this proportionality is the same for all types and
pairs collected is the same, no matter how many ion pairs are produced
by radiation, because of the avalanching effect.
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c) Other types of radiation datection and measurement instruments.

Scintillation detectors-

- Semicounductors (mentioned, not discussed)
- Heutron detectors (discussed under specific instruments)- Film badges
- Direct reading dosimeters
- Thermoluminescent dosimeters (TLD's)

, !

1

1) Scintillation Detectors !
,

| All scintillation detectors work on the principle that when radia-
tion-strikes a certain type of material, light is produced. This '

light can be leasured to determine the amount and energy of the
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; 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 anthrazine.

| 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

i 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 atoms then radiate this energy f'in the form of light. This entire interaction, from the time a j
,

'

gama 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. j

Crystals in the detector are canned in mei:al,'usually aluminum,
except for the end which is to be attached to the photomultiplier

j tube. Thh and is enclosed by a glass or quartz window, which will
) transmit z.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.

Figure #8 is a drawing of a gama scintillation detector. Like
the other radiation detectors we have discussed, it has three basic
components - the detector, an amplifier, and a measurfng 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.

At one end of the photomultiplier tube is a photocathode, and at
the other end is an arnde. The circuit is connected between the
photocathode and the anode. If there is a flow of electrons between
these two electrodes, there will be a current ficw that can be
measured on the measuring device.-

When 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-
- multiplier tube.

| To illustrate the third step, let's follow 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,
! 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 I

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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2) Semiconductor Detection Systems

The GeLi detector includes three basic components - detector,
amplifier and measuring device. A power supply p ovides 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

.

- '

Measuring Device

| | Amplifier [t
.

.

. -

Detector
.

Ge GeLi Li
- O G

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 measur?
instead the total amount of radiation that an individual is ex-
posed to. The three general types of personnel monitors are film
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 wrapped 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 with 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
interacting 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 window that allows for the entrance of beta--

and gama 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 gamma 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
gamas to penetrate them.

Plants that use film badges generally rdquire them to be worn in
all areas of the plant. They must be worn between the waist and
the neck so that they can accurately measure the whole-body dose. - 1

Special film badges for neutron exposure are issued to anyone who
~

goes 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
recoi'l. The recoiling protons cause ionization as they move through
the film emulsion. When the film is developed, there will be

, microscopic black tracks on it. By using a microscope and counting
the number of tracks on the film, we can determine how many fastt '

neutrons interacted with it.

i Film badges should never be mishandled or opened. Tampering with a
| film badge could cause the loss of a personnel exposure record.

| FIGURE #10 FILM BADGE
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! 4) Direct Readino Dosimeters

The direct reading dosimeter provides an indication of the
gama radiation dose the wearer has received. By checking
his dosimeter periodically, the wearer can get an up-to-the
minute estimate of the totarl gamma dose he has received. Only
gama 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 gamma 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

j amount of gama radiation absorbed by the detLor.

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 enables
you to read the scale and see_the total gama dose you have received.
By periodically checking the total dose, you can make sure that
plant guide values or fedc: 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
| badge, or a direct reading dosimeter and a TLD. Some plants re-
| quire that everyone in the plant wear a direct reading dosimeter.
| at all times.

Anyone who gets a direct reading dosimeter to wear should make
sure that it is properly charged. With a proper chcrge, 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
that the hairline be set at zero; otners accept any value below

,
'a certain number, such as 10 mR.)

!

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'

.

Aw
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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 Lave to be
readjusted so that the hairline will end up at or near zero.

Since the direct reading dosimeter measures the whole-body gansna
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 TLD 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 gamma exposure. A typical detector chip
is approximately 1/8 inch across and 1/32 inch thick.

,

1

To understand how a detector chip measuresradiation, we first need
i 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 especiaily true for a crystalline material. If'

radiation imparts enough energy to one of these electrons, the
el'ectron 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.

|i

' In TLD material, there is an in-between state called a metastable; ~

state, which acts as an electron trap. 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,

4

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 traterial. This means that the amount of light
emitted when the TLD is heated is proportional to the total amount
of beta and gamma radiation interacting with the material.

As shown in Figure #13, the TLD reader consists' of a heater and a
photomultiplier tube like the ones used in scintillation detectors.'

When the TLD chip is heated, light from the chip is directed into
the photomultinlier tube. In the photomultiplier tube, electrons
are produced 1.1 the photocathode, multiplied across the dynodes,
a' d finally collected on the anode. This then produces a pulsen

in the circuit that is proportional.to the total' uount' f beta-o '

- ; _
_ _. . _ _ - - . - - - _ . _ . _ - - - - _ -- - - - _ _ . _ _ _ -
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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 accurate 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.

,

!
-

.

!

t Alpha Pulses
/ . . . .

Discriminator Setting
;

Pulse Size :
,

, . .,

/ Beta Pulses
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. -
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.

(B) Window Discriminator-Counting pulses iri the window or channel.
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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-45

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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AIODEL RO-
,.

M -

w.
,y SECTION !!. ,

.n
. OPERATION

R
A. DESCRIPTION OF CONTROLS

, .

4. When measurin5 beta or low energy gamma or x-ray-.

emisdons, open the sliding bets shield on the bottom of theK 1. Fungtion Switch: Eic,ht position rotary switch that
case and face the bottom of the instrument toward the radi-9 turns the htstrument GFF, checks the condition orthe batter- stion source.

. ies, checks instrument ZERO,and selects the range of oper- To open or close the shield, depress the

*
ation to be used. friction release button on the left side of the esse and manu.,

ally move the slide or Ict it fall due to gravity. When the-

2. ZERO Knob: Used to set the meter to zero when shield is open, prc~tect the thin face sgsinst damsge by
puncture.

* ZERO switch position is selected or when in an insignificant
3 radiation field. . NOTESE

3. Calibration Controls: Four variable resistors, one for a. The zero setting of theinstrument maybechecked in any
*

each range. radiation field by merely selecting the ZERO posi:fon., ,

]d
.

B.1; SING THEINSTRU5!ENT b. When selecting that most sensitive tunge (5 mR/hr)
switching transient noise may cause a temporary deflection

q 1. Turn the function switch to BAT 1 and then to BAT 2 of the meter. This can be avoided by first selecting 50 mR/hr,

%g . positions. The meter should read above the flATT cut.off letting the needle settle,and then switching to 5 mR/hr.,

.line in both cases.p -

e. The effective center of the ion chsmber is marked by
eg 2. Turn the function switch to ZERO no6 tion. Check

dimples at the front and sides of the instrument esse.
did that the meter reads zero. If not, set it to zero with the

. ZERO knob. - .
d. Since the ion chsmber is vented to atmospheric pressure, -

*

it is sensitive to changes in both air pressure and temperature.
Tables 21 and 2-2 give correction factors to beusedif the,]~, 3. Set the function switch to the desired range ofoper. -
use conditions are different from the cshtration conditions.ation. The switch position selected is the full sesle reading
if both presst:re and temperature are different, multiply theof that range,
meter reading by botit factors.

. .

TEMPERATUREWHENCALIBRATED (F)*3 30 40 50 60 70 50 90' 100 110 120 130 140h 30 I .98 .96 .94 .92 .91 .A9 .87 .86 .84 .83 3 f.8240 1.02 I .98 .96 .94 .93 .91 .S9 .88 .8 6 - .85 .53g 50 1.04 I.02 LI .98 .96 .94 .93 .9 I .89 .SS .86 .35.14 TEMPERATURE 60 1.06 1.04 1.02 1 .95 .96 .95 .93 .91 .90 .83 .37% HEN USED 70 1.08 1.06 1.04 1.02 I .93 .96 .95 .93 .91 .90 .88, (p) 80 1.10 1.08 1.06 1.04 1.02 1 .98 .96 .95 .93 .92 .90! 90 1.12 1.10 1.03 1.06 1.04 1.02 I .93 .96 .95 .93 .92-!' 100 1.14 1.12 1.10 1.0s I.06 1.04 1.02 1 98 .97 .95 .93
I

i10 1.16 1.14 1.12 1.10 1.05 1.00 1.04 1.02 I 98 .97 .93120 1.18 1.16 1.14 1.12 1.M l 07 1.05 1.04 1.02 1 .98 97|"
130 1.20 1.18 1.16 1.13 1.11 1.09 1.07 1.05 1.04 1.02 I .93

,

140 1.22 1.20 1.18 1.15 1.13 1.11 1 04 1.07 1.05 1.03 1.02 i

MULTIPLY METER READING BY GIVEN CORRECTION FACTOR
!

.

Table &l. Temperansre Currectinois

' ORIGINAL.w ___ ^
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MODEL RO.2
3
+ A)
n
'I

SECTION 111,

THEORY OF OPERATION
~. /

/

A. GENERAL contains electronic components. including the amplifier, AI.,
< .e

' The chamber wall is 1/16 inch phenolic and the face is !"** | Refcr to Figure 31, a block disgram representing the basic mil aluminized mylar. Another I mil mylar Isyer is glued to
.

j operatio'n of the circuit. The ion chamber has battery po- the esse, making total thickness of 2 mits. The active volume' tential between tLe inside wall and the center electrode. of air in the chamber is 208 cc.My !' When the air in the chamber ionizes due to radiation, a
minute current flows through the chamber erusing the minus The inside of the chamber has a conductive costing of

*

. input lead.of the operational amplifier to go very sligh.ly ; sphite dag which is maintained st +bsttery voltage. The
f. positive. This results in a negative swing of the amplifier in:ide of the mylar face is also at the same voltsge. The^

cutput which is connected to the feedback clements through ou; side of the chamber is costed with dag sad is main-
a divider circuit. The feedbsck elements are connected to tained at ground potentist to provide electrostatic 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 generated in the ion chsmber. The -supported on the center conductor of the guarded feed-,= meter is also tied to the output of the amphfier and indicates through se the top of the chamber. The guard ring of the.

/ in proportion to amplifier output voltsge. Range changin guarded feedthough is positioned on insutstors between
is done by selecting different feedback clements and by the center conductor and the positive outer ring to prevent

,

9 selecting different points on the feedback divider, possible leakage from t!'e high micsge to the center electrode.Y[ ~ The guard ring and center electrode are maintained at the
: B. FUNCTIONAL THEORY

y J
, same potential (ground potential) so no leakage from the

guard to the electrode will occur.;.k 1. ION CHAMBER
,

The chamber is sealed except for a :., . . .iole 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 of
i diameter chamber assembly. T!!e remsinder of the volume the r:uin instrument case through a plastic hose connected

-
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12 s drying box filled with silics get desiccant. In this way, back e!:ments to exactly mtch the amount of current the
sny air drawn into the chamber (caused by atmospheric ion chamber is contributing. If a higher ion chsmber cur-

- ressure changes, temperature changes. transporting RO.2 rent occurs, the amplifier men produce a higher voltage
oy sir, etc.) must first pass over the drying desiccant. Dry across the feedback element to draw off the current. In
air in the chamber is necessary to help prevent leakage. this way, the amplifier volta;e output is proportional to the

chamber current which is. in turn, proportional to the rate
An ideslized air chamber the size of the one used on the of radiation in the chamber.

Model RO.2 produces approximately 1.93 x 10-'* amp's
per mR/hr at standstd temperature and pressure (STP is 3. METER CIRCUIT
O'C and sea level pressure of 760 mm of Hg). At 5 mR/hr
it should produce 9.65 x 10-'* smps and at 5000 r2R/hr The meter is driven directly from the octr'ut of thc amp-
it should produce 9.65 x 10-" amps. It is seen that at full lifier, pin 6. through dropping resistor R8 and one of four
scale on the most sensitive range (5 mR/ht),less than 1/10 calibrating res!stors, R9 through R12. Nominally, the meter
cf a micro.microamp is produced in the chamber which makes reaches fu!! scale on all rs: ges at approximately the same
protection against leaksge current paramount. The silica voltsge output from the amplifier. 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 elev:tions

and temperatures. Function switch S1, section C, deter.
The positive voltage supplied to the inside chamber wall mines which calibration 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 chamber and, there-
f:re, its current drain is insi;nificant and its life in indefi- 4. RANGE SWITCHING
nitely long (shelf life). For this reason,it is not checked
by the battery checking circuits. The. range that the Stodel RO.2 is opersting on depends ,

entirely on the feedback circuitry between the outputof 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 ncminal current
The operational amplifier, A1, is contained in a single - and voltage conditions of the circuit when at full sesle on

T0-5 size transistor package located in the top of the chamber the four ranges (sea level, O'C).
issembly. It has dust MOS FET inputs which results in a . '

gry high inputimpedance, on.the order of 10 ohms. The Feedback resistor R1 is conne ted to the circuit at all88

non-inverting input, pin 3,is connec::2 to ground and the times. When using tite 500 and 5000 mR/hr ranges, S3
cther input, pin 2, is connected to tie- ;on 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 RI, the effect of R1 is neg!!gible.
amplifier, pin 6, feeds the meter circuit and the feedback When on the ZERO, BAT 1. BAT 2 or OFF positions of
circuit. the range switch, 51 closes and shorts out the feedback

' resistors so that the feedback current cannot generate any
When ion chamber current flows toward the amplifier voltage across the resistors. When this occurs, any vo:tage

input at pin 2, the input becomes slightly more positive which remaining on the amplifier output and showing on themeter
causes the output to go more negative. This negative out- is zero offset error. This offset can be removed with the
put of the amplifier draws a current from one of the feed. ZERO control, R3, which re balances the amplifier with

' ION CIIAMBER VOLTAGE ON
RANCE CURRENT, AMPS FEEDBACK FEEDBACK VOLTAGE OUTSETilNG FULL SCALE ELEMENT ELEMENT OF AMPLIFIER

| 5 mR/hr 9.65 x 10-' * R1,3 x 10': ohm- 0.29 2.9
50 mR/hr 9.65 x 10-8 3 R1,3 x 10' 2 ohm 2.9 2.9,

500 mR|hr 9.65 x 10- 2 R2,3 x 10' * ohm 0.29 2.9
5000 nr R/lir 9.65 x 10-' ' R2,3 x 10 ohm 2.9 2.9

80

.~

Table 31. FuilScale Currentsand Voltages,
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MODEL RO 2

Y both inputs of Al at zero potentist.
i

or 500 mR hr pos::!ons. When using the 50 or 5 mR/hr,|" positions. the mare: is over the center of the chamber andSwitches S2 and S3 are glass enespsulated magnette reed
neither 52 nor 53 :s pulled in. This leaves R1 as the active

:

s, witches with a very high open circuit impedance. They are feedback resistor.
.

''S

sesivsted by a permanent magnet which moveson a swinging
arm on the outside of the chamberassembly. S2,the shorting

The second sect!0 . of 51 (St.D) selects full amplifier out-switch, is located in the right side of the chamber assembly.
'] The magnet is over S2 when the range switch is at OFF. DAT put voltage or one.:enth of that voltage to supply the feed.

1.. BAT 2 or ZERO. S3, the switch that ptsces R2 in thi* back elements. F4 smplifier voltage is used on the 5000,
,

;-

circuit. is located in the left side of the chamber asambly. 50. BAT 1 and BAT 2 positio.is and one. tenth output voit-
,

The magnet is over S3 when the range switch is at the 5000 sge is used on t!:e 500.5 and ZERO positions.. -
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.

SECTION 11-
.

OPERATION

A.. DESCRIPTION OF CONTROLS AND CONNECTORS B. PREPARATION FOR USE
.

1. EXTERNAL (See Figures 11 and 21) 1. INSPECTION
.

. . . .

a. Switch: Five position rotary switch that turns The instrument shoald 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 rate.
.

.
- a. Connect proper detector to DETECTOR con-

' .b. RESPONSE: Toggle 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 Hz line. AC ON light
should light. . . .

-

c. RESET: Discharges integration capacitor, bringing C. USING T!!E INSTRLilENT.

the meter reading to zero rapidly, also releasing an alarm
condition. I. STARTING

-

d. VOLUME: Varies loudness of speaker from no Turn the switch to battery check position. Theound to maximum loudness.
- meter should indicate in the BATT OK area.

.e. DETECTOR: Connection to detector. BNC series 2. OPERATION CHECKcoaxial. -

.

Place check source in a repeatable position adjacent'f. A'LARM SET: Controls point on meter scale that
to the detector to achieve an upscale reading. Note thatthe alarm will actuate.' Ntimbers I thru 5 correspond t the reading is sensitive to the position of the source. The

. bold increments on meter scale. reading may be recorded for future reference.
,

:g. TEST: Toggle switch inserts 3600 CPM into Push the RESET button and the reading should drop
' instrument when on,if power cord is plugged into ac line. to zero rapidly, then c!!-.b back to source reading when

RESET is released. The RESPONSE switch may be selected
h. Recorder: Connection for external 50ua recorder. for the best compromise between speed of reading andMay be changed to 10 mv. See Section lil,C,4

meter fluctuation.

i. Scaler: Connection for external scaler. BNC Rotate the ALAR 51 SET counterclockwise until
. ''fI*5 * ** I2I- alarm occurs.- ALAR 31 light should light and 1000 Hz

squeal will be heard on the speaker. Push the RESET
2. INTERNAL (See Figure 2-0) button; the alarm condi:fon should go away until reading

** *
a. Calibration Controls: One control for cach range

'

which individually calibrates that range to agree with input 3. INTERPRETATION OF INDICATIONS
count rate.

The meter read! .3 must be multiplied by the scale
b. Alarm Set Calibrate: Control to set currelation switch atting to obtain the proper number. The fluctuation

g between a! arm set and meter reading at alarm pumt. of the meter is normal and is caused by the randem
nature of radioactive decay.

3

.

CilA.N(;li ; 3
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SECTION 111

| THEORY OF OPERATION

A. CENERAL (See Figure 3-1) Wnen 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) clapses. l

applied to the geiger tube, giving it the proper operating ~ - '

voltage. When radiation resets in the geiger tube, negative 4. 31ETER DRIVER
,

,
puhes are generated. These pulses are coupled into the
arnplifier 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 511. When the trigger is on, Q9 is turned on and I.

]'
. size pulses of power. These standard pulses are applied to current flows. 'The amount of current is determined by the .

'

the meter driver which converts them to standard pulses of voltage on the base of Q9 and R22. The length of time that.

. current, averages this current and drives the meter. Thus the current flows is determined by the pulse width of the
meter deflection is proportional to the average rate of trigger. This (current times time) forms a certain chargei -

radiation at the geiger tube. which is transferred to C11 (or C11 and C12, depending on . .
"

response time switch position) for each event counted.
Th: voltage developed across the meter is applied to the C11 dis:hstges thru h!I, yielding a certain average current

3 differential alarm ampfifier whose reference voltage is dependent on the rate of input pulses. Changing the pulse
d controlled by the alarm set control. When the meter voltage width of the trigger (i.e., changing scales or calibration -

exceeds the reference voltage, the alarm amplifier rustains pet setting) changes the average current for a given input
n s! armed condition which lights the alarm light and

l, j : inserts the H.V. oscillator frequency to the speaker.~
pulse rate. "Ihis allows the meter to be calibrated to read
counts per minute at the detector.

B. FUNCTIONAL THEORY-(See Figures 3-1 and 6-1) The response time 'is - alled by tite RC time
.y

.

constant of C11 and R23 in the FAST position, or C11 +
j 1. !!!GH VOLTAGE SUPPLY _ C12 and R23 in the SLOW position.

- The oscillator transistor (Ql) drives Tl primary and
"

# gets its feedback from TI's red-orange winding. The voltage S. SPEAKER DRIVER No.1
is ' stepped up by TI's secondary, rectified, filtered _ and_

through V1 is sensed by Q2, amplified, and used to control Q20 and Q21 smplify the trigger pulse anf. Live the
the current through Q3. 'Ite current through Q3 controls speaker. One event is heard on the speaker for each event

'
the bias level of the oscillator Ql. This tends to hold the counted. Q21 also drives the extemal scaler. Speaker
current through V1 to a constant value, regardless 'of loudness is controlled by R104 setting.'-

battery voltsge.
.:
- 2. AhlPLIFIER 6. ALARh! Ah!PLIFIER

Q5, Q6 and Q7 amplify and invert the negative Q10,11,12 and 13 form a differential an$plifier
"{ signal from the detector. The collector of Q7 is near zero with the alarm ser, R103, controlling the reference side of*

.:.J until a pulse turns it on and the resulting positive puhe the amplifier. The voltage across R103 is held stable by
starts the trigger. current source CR12. Alarm point is set by adjusting the

reference voltage on the base of Q12. As the meter is
i 3. TRIGGER driven up sesle, the voltsge on.the base of_ Q10 increases
J proportionally with meter readin? When the voltage on

Integrated circuit Al is connected to operate as s Q10 equals, or exceeds, the vc.hm on Ql2, Ql4 will
monostab!e multivibratur whose pulse width is controll:d conduct, turning on Q15, lighting the sistm light and.,

"'} by tiie RC time constant between its pins 7 and 3. This activatin; the No. 2 speaker amplifier. The sisrm point.

time constant is estab!ished by the setting of S101 A (scale is chsn;ed by changing the voltage on the reference side,
i sel ction) which selects a particular R and C. The i.e., adjusting R103. The alarm condition is locked in by

*~~i calibr:aion control form the R for each ses!e. making the the feedbs:k loop consisting of R27 and CR7 which holds
J puise width continuously adjustable for calibration. Ql.t in cenduction.

I *

, . -
.
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When the RESET switch is closed, a voltage is collector of Q201 resulting from it turning on, is divided
app!!ed to &e base of Qi6 and Qi7, turning them on. Q17 by R203 and R204. then capacitively coupled to the TEST

i

retarns the base of Q10 to near z:ro and also removes the Avitch. With the switch off de pulse is grounded and has
charge frorr. ClI and Cl2, returning the meter reading to no effect. With the switch on the pulseisinserted into the
zco. Qi6 puts the base of Q15 at ground turning Q15 off.- amplifier and causes the ins:rument to count at a 3600
With Q15 off, the alarm light is turned off, the No. 2 CPal rate. -

speaker amp!ifier is disabled,'and Ql4 is turned off,
resetting the alarm amplifier. C. NIODIFICATIONS

7. SPEAKER DRIVER No. 2 1. HIGH VOLTAGE

When Q15 is turned on (alarmed condition) Ql8 and The high voltage can be changed from 900V to suit
Ql9 are crubled by grounding the emitter of Q18. The the type of detector being used by changing the regulator
potver supp!y oscillator frequency, approx.1000 Hz, is tube VI.

- amplified by Q18 and Qi9 which drives the speaker. *

-CR101 isolates the output from the volume control so 2. INPUT' SENSITIVITY
- alarm loudness is not affected by volume control setting.

The input sensitivity can be changed to 400 my to
8. POWER CIRCUITRY 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.

; rectified by A101 and is used to trickle charge BT101. The - - -

| charging current is set by R101. Since the line is not 3.ALAP31

| switched. the battery will be charging any time the instru.
-| m:nt is plurced into the line, and the AC ON light will be The alarm can be made non-locking by removing

lit.
~~

the jumper on the P.C. socke: between pins 18 and V.
,

The :aw voltage is regulated by Q4 and CR2. . 4. RECORDER OUTPCTs

d The output sigrral may be changed from % *mp to
| 9. TEST: Transistor Q201 is turned on during each 10 millivolts full sesle by adding a 200 ohm r :.; .. across
! positive ha:i cycle of T101 secondary. The pulse on the the output terminals.

..
.

.

.

!
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SECTION ||

M OPERATION
am

n
] A. DESCRIPTION OF CONTROLS AND CONNECTORS 2. CONNECTIONS

- t
1. EXTERNAL (See figure 2-1) Connect the probe cable to the probe connector.vn

3 .

iristrument OFF, checks battery condition and selects C.USING THE INSTRUMENT
a. Switch: Seven position rotary switch that turns

.

scale multipliers of X.01, X0.1, XI.0, X10 and X100.
3,

,

This number must be multiplied by the mecer indication to 1. STARTING
obtain the proper reading.a

Turn the switch to the battery check position. The
q b. RESPONSE: Controls response time of meter meter shouldindicate within the BATT OK area.j to the most desirable compromise between" speed and -

fluctuation for the particular usage.
.

2. OPERATION CHECK
m c. RESET: Discharges integrating capacitor, bring-
3 ing meter reading to zero rapidly. Place a check source in a repeatable position adjacent to

the detector and move the switch to a range that gives an
i

d. PHONE: Pulse output for use with earphone, Upscale reading. Note that the reading is sensitive to the j
i speaker or external scaler. Mating connector is BNC Position of the source. The reading may be recorded for '

'

series coaxial. future reference.
'

e. DETECTOR: Connection to hand probe. BNC Push the RESET button and the reading should drop to-,

I series co .xial. rero rapidly, then climb back to source reading when the |
*

RESET is released. The RESPONSE may be adjusted to
2. INTERNAL (See figure 21) get the most desirable compromise between speed of

response and meter fluctuation.
4 a. Cribration Controls: One control for each range

which indWidually calibrates that range to agree with the
input pulse rate. 3. INTERPRETATION OF INDICATIONS

B. PREPARATION FOR USE The meter reading must be multiplied by the scale
factor to obtain the proper number. The fluctuatica of

1. INSPECTIONS the meter is normal and is caused by the random nature of,

radioactive decay.
,

d
The instrument should be checked fer physical damage. !

1

m

i

a |a

|
l
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I
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*
Q1 RECTIFIER
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I
-%

- i i

I
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Q2,Q3 % V1 .,,,_ ,,,,,,, o7 --- PHONti

-

~

. _ _1 - .. .
-

-

__

.

PULSE
AMPLIFIER FRIGGER METER DRIVER METER

*
'Q4,05,03 - A1 J > Q3 Mt

^ a a -

.

SCALE SWITCH
a RESPONSE RESET

CALIBRATION R27 S2
CONTROLS

Figure 31. System Block Diagmm
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w
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J
SECTION III

:' THEORY OF OPERATION:y
.

,

.

II A. GENERAL 3. TRIGGER
21

The high voltage supply develops +900 volts, which is Integrated circuit Al is connected to operate as a
applied to the geiger tube, giving it the p oper operating mono. stable multivibrater whose pulse width is controlledj, voltage. When radiation reacts in the geiger tube, negative by the RC time constant between its pins 7 .d 5. This {4 pulses are generated. These pulses are coupled into the time constant is established by the setting sf SID (scale

, amplifier where they are amplified. They are then coupled selection) which selects a particular R and C. The cali-
.a . 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 adjustable for calibration,
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

g},
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. - - - - -

4. METER DRIVERI B. FUNCTIONAL THEORY (See figures 31 and 6-1)
.4

,

The driver QS is normally off, so no current flows
1. HIGH VOLTAGE SUPPLY through M1. When the trigger is on, Q8 is turned on and

,; currenr' flows. The amount of current is determined by
~

: j- The oscillator transistor (Ql) drives T1 primary and p:ts the voltage on the base of QS and R25. The length of time
its; feedback from T1's red. orange winding. The voltag e is that current flows is determined by the nuise width of the

:

stepped up by TI's secondary, rectified, filtered and ayp. trigger. This (current times time) for _ eertain charge
lied to VI. VI regulates at 900 volts. Tin current through which is transferred to CIO for cad. event counted.

- -

V1 is sensed by Q2, amplified, and used to control the CIO 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 orI current through VJ to a constant value regardless of calibration pot setting) changes the average current for a
battery voltage. The result of this is that power is not given input pulse rate. This allows the meter to be cali-.

wasted with new batteries, just so it will function with brated to read in CPM or mR/hr ,at the detector.
lower voltage batteries. This greatly extends battery life.~

'

The response time of Mi is controlled by the RC time
~

constant of C10 and R27, the response control With R27
'

2. AMPLIFIER set te low resistance the time constant is fast, and at
high resistance it is slow.

Q4 and QS form a feedback controIIed preamplifier^

which amplifies the negative pulses from the detector. 5. PHONE DRIVER
The feedback enhances stability and the biasing on Q4i

|' protects from overdrive. Q6 is biased just into cut.off Q7 amp!ifies and inverts the output pulse from the
Im so its output is near 0 volts. A pulse turns it on and the_ trigger, yielding a large amplitude negative going pulse

resuhing positive output pulse starts the trigger circuit. which is capacitively coupled to the PHONE connector.
.

m|

.

.

.

|

- Ol*!GINAL 7
.,
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EBERLINE PORTABLE NEUTRON REM COUNTER

*

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, polyethelenei
sphere.

- Operating Voltage: +1800 volts (Proportional Region)
,

Battery Voltage: 5.5 minimum to 8.0 maximum volts D.C.
l

External Description of Controls: '

Switch: (rotary) Off-On, and Battery Check '

High voltage adjust - turn clockwise to increase voltage
Earphone or speaker connection
Detector Connector

.

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 (Thermal) 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 are 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.
t

i

i

G
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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 "D" cells

Detector: Baron Trifloride tube BF3
f

Active area 1" diameter x 2" long
- Operating Voltage: 1500 volts D.C.

.

Moderator: 1 " of Parafin way enclosed in .03" of cadmium

External Description of Controls

Switch: On, Off, Battery Check
High Voltage Adjust
Phone Connection

THEORY OF 0PERATION
,

DETECTOR: The detector tube is sensitive to slow neutrons directiv. ~ ' tect fasti
neutrons it must be inserted in the moderator. Here the cadmium sin.'ng_coptures the
slow and passes the fast neutrons; the fast ones are then moderated by the parafin so
they are detectable by the tube.

When the B10 atom inside the tube captures a neutron, it releases an alpha particle.
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 amplification is controlled by the high voltage. The amplified current
pulse is coupled through the cable into the instrument, then to the amplifier.

.

O

, e m
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.

EBERLINE TELETECTOR.

TOTAL NO. 6112
*

.

.

Detects: Beta and measures G=- 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.
, _ . _

Detector: One High and one Lev Range G.M. Tube,
and a transistorized amplifier in the~

, measuring probe. .

.

Efficiency: 6010% (Calibrated with Co at 20 C)
e

'

Operating Voltage: 4.1 Volts to S.8 Volts.
a *

External Description of Controls:,

i

Switch - (Rotary): On-Off and five positions, Battery Check.
Earphone Connection.-

*

Slide scale operated by switch.
[ ritachable Beta Cap frcm end window. -

Telescopic Prob . I
1intomatic Scal- Illu=* nation. - .
.

Batteries contained in handle. '-

|

|

THEORY OF OPERATION:- .

i

-

Radiation enters the window in the tip of the probo, striking
| the high and low range G.M. tubes. Fulses are amplified and connected
i

to the cable inside of the telesecpic probe, and to the direct reading
scale. Earphenes are cennected to the amplifier. Selector switch
autc=atically cperates the =lide scale.

.

e

D

|

|
*

.
,

.

e .

f

I
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INSTRUCTION SHEET,

, HAND PROBE, MODEL HP-210

i.

GENERAL DESCRIPTION
! . j

.g The Model HP-210 Hand Probe is a rugged, sensitive detector for monitoring beta radiation
g from very low energies and up. This hand probe offers a thin mica window, a large open area

protacted by a sturdy wire screen which allows useful sensitivities for beta energies down to
about 40 KEY. It is ideal for contamination control when used as a personnel frisker, or for !

tu monitoring of tables, floors, equipment, etc. The high density tungsten shield makes it possi- |
| ble to monitor for low levels of beta radiation in a gamma field. '

'

Whett monitoring in a '.ow level radiation field you may use an aluminum probe housing in
place of the tungsten shield for considerable weight reduction.

JE The Model HP-210 Hand Probe may ce used on any +900 volt portable instrument or labora-
'

' , .
. tory monitor.

,,
,

-
-

*

SPECIHCATIONS
. .

OPERA'IING VOLTAGE: 900 -50 volts.
M PLATEAU LENGTH: 100 volts min.
d PLATEAU SLOPE: 0.le'/ volt max.c .

DEAD TIME: 100 usec max.
TE31PERATURE RANGE: -55'C to +75'C.

h LITE: Unaffected by operation.
,2En MICA WINDOW THICKNESS: j.4 to'2.0 mg/cm ,

MICA %3DOW AREA: 15 cm (1-3/4 in. dia.).

h SERIES RESISTOR fin pqbe): 3.3 magohms.
GAhi3IA SENSITIVITY (C-Co into window): Appi:x. 6,000 CPM /mr/hr.

E SHIELDING RATIO (front to baci: n0Co): Approx. 4:1.
'

* BETA EFHgtNC (1 in. dia. source 22).
Sr 9]' Y (E max. 54 - 2.2 MEV):Approx. 45%se

Id * SSTc (E max. 29 MET): Approx. 30%gs 14C (E max. 15 MEV): Approx.10%
CONNECTOR: BNC Series Coaxial.

-

SIZE: 6-1/2 in. L x 3-1/2 in. W x 3 ./C in. H.
WEIGHT: 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 will increase given efficiencies
by approx. 40%.

,

-

APPLICATION

When monitoring with the HP-210, .old the window as close as possit,te to the surface being
checked. The reading obtained frotu the counter used with the HP-210 will depend on the cali-

; bration method of that counter. If :te counter has a " counts per minute" (CP31) scale and is
. CM calibrated to true pulse r* petition rate, such as the E-120, it will read the true count rate from ,

|} the HP-210. If the counter has a "=r'hr" scalewhichtscalibrated to a gamma field with a
( different detector, such as the E-510 or E-500B with HP-177B, a conversion factor should be -

j developed to convert readings to CPM. This factor is appa oximately 1400 CPM per mr/hr for
the HP-177B with 60Co..,

i --

|n . -4 x
_f. N 1mtraumans

k Corporation~
,

| P.O. Box 2108 Sarnr Fe, New Mexico 87501
| Phone 505-982-1881 TWX 310-985-0678.
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FIELD TEST PROCEDURESM ~
.

SK-1 SPEAKER
,-

tA. APPLICATION: The following test procedures generally apply to- |all portable instruments with phone connections.

lB. REQUIREMENTS: .

: -

l
'

i
1., Portable instrument with speaker mounted and cable conNeted.

~

2. Check source of appropriate radioactive material.
~

''.

i.
-

. ' . *
**

:,?| < ,- - |
. .

. .

C. OPERATIONAL CHECK TO BE PERFORMED: -

j
.i

1. Turn instrument "ON", Range Switch to X1.0. scale and speaker'
~switch "ON".

2. Move probe part of instrument into radiation field until a st$ady
clicking sound is heard and the instrument meter reads upscale. Turn

. . 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. -

t

b '3. Replace speaker cable and turn speaker switch "ON". A 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 tha speaker. ~ Repeat
para.C2 for each step of the range scale switch.

.
,

,
_

.

.

.

.
-

.

-

.

._ .. .. . . .

?f E8 ERLINE IN STR LJ M ENT C O RP O R ATIO Pd
-

P.O. Box 2108 O Santa Fe, Ne.. Mexico 87501 O Phone 50s.932-1881 ~ G TV!X 010 935 03i
. . _ _ . . .- . . ..
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.

INSTALLATION INSTRUCTIONS.

'

i
.

These installation instructions adapt the Speaker SK-1 to Portable '

g Instruments having phone connections. -

A. MATERIALS INCLUDING SPEAKER.
. *!

1. Speaker Assembly SK-1 w/ cable. ;.
I

.
'

!,

,. ,

2 Mounting Clip w/ hardware, consisting of 2 ea. 4 - 40 x 1/4"
!

.

o-ring seal head, SS,. screws and 2. s. 4 - 40, SS, elastic stop nuts. |f
.

'

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 ~

special screws with o-ring seal. DO NOT substitute. These '

screws should'be used with the head inside measuring instrument'.'

case. Mount speaker on clip and connect cable. '

.

-
.

. . .._ . .
.

,
,

' . ...
- . . . '

u,-

p||
. '

,

I :
.

-

| '., . I
.

.
-
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-
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|
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i
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.
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.
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EBERLINE ALPHA INSTRUMENT

Model PAC-4S

Detects: Alpha
Range: 0 to 2 x 106 counts per minute
Battery Pack: Five Standard "D" cells
Detector: Zinc Sulphide, silver activated (scintillation)lar59 cm2- 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 Operation

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 amplifier.

1

I

|
1

I

|

:
-

'

_

, _ . . . , - - _ _
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UNITED STATES NUCL?.AR REGULATORY COMMISSION -52-

d'
. RULES and REGULATIONS

.

}

f - TITLE 10. CHAPTER 1. CODE OF FIDERAL REGU!.ATICNS-ENERGY
.

'#
' -

h

PART
'

STANDARDS FOR PROTECTION AGAINST RADIATION20
,
.

+

EXCEPTTONS AND ADDITIONAI. REQUIRE.
GENERAL PROVISIONS

Sec. 2 0.s 01 Applications for exemptione. ee onsMee h M
20.502 additional requirements. maintain radiation exposures, and re-20J Purpow.

leases of radioactive materials in eftfu-20.2 Sco pe..

s'iiation dose.
3ents to unrestricted areas, as far belowENFORCEMENT

!O.* Unt 20.601 Violations e spec ed in h part as prac-20.5 Units of radioactivity. g ticable. The term "as far below the limits20.6 Interpretations.
20.7 Communscatior.s. Appendix A-(Reserved! CrpeciSed in this part as practicable"

Appendia B-Concentratsons in air and water u.gneans as low as iJ practicably achiefa-
.. i

PERMISSIBLE DOSES. LEVELS. AND above natural backstound. c ble taking into account the state of tcch-
CONCENTRATIONS

Appendix C. "nology, and the economics of improve-Appendia D-United States Nuclesr Reeula*
ments in reladon M benents M the20.10t Exposure uf individuals to rsdia. Neke "RYgion bce " public hesith and safety and in relation

"

tion in resencred areas.
20J02 Determinatson of accumulated AUTHORITY: The provisions of this Part 20 to the u*.iaatics of atomic energy in the

, dose issued under secs. 5 3. 63. 6 5. St.10J.104, toi. E" 2 M terest.
.

*
20J03 Exposure of individuals to concen. 68 Stat. 930. 933. 935. 936. 437,948, as

trations of radioactive mater:11 in re. amended: 42 U.S.C. 2073. *o93. 2095, 2:11 320.., Scope.

suIe of minors. 6 a 8.sa nd d 4 . R De MMW b & pad appy M20J04 En

2273. |8 Stat. 950. as amended:161 o o { 20.4o120.4o9. issued under sec.m all persons Who receive, possess, use, or20JoS Permissible levels of radiation in"
onrestncsed areas 42 U.S.C. * transfer material licensed pursuant to9 .-(g. 20.106 Radioactivity in effluents to unre. s,2og . 2N'N'N *E N 38 88 the regulations in Part3 30 through 35ag 6 K_ - strteted ::ress.

o 40, cr "O of this chapter, including per.-

. , - 20.t07 Medicas diagnosis snd therapy. $ 20.1 Purpose. -' sons !!ce:rari to operate a pr:) duction or20.1o d requiring furnishing of bio.,

(a) The regulations in this part estab. utilizat: .i!!ty pursuant *o Part 50
% 11sh standards for prctection against ra. of this 4st.~7 PRECAtfTIONARY PROCEDURES 9 d!ation hazards arising out of activitias C'

s underlicenses issued by the Nuclear Reg. 4 20.3 D tfinitions..

!I.! 2 **
rionnet nonitoring. $ ulatory Commission and are hsued pur-.. fa) As tsed in this part:o 20.203 Caution signs, tabels signals, and * suant to the Atomic Energy Act of 1954 (1) "Act" mcans the Atomic Energy

20.20$" me: e sceptaun s. as amended, and the Energy Reorganiza- #

fu
em'[-

919) including any-

.

Ng. a opeEngpackas. . .I ACS 10E d) "Alrborne
' 8--

rac fonctive material"I 20.206 Instruction of personnel.
! means any radlosCt!YS material dispersed*0.207 Storage of licensed matena's. of ac e a

in the air in the form of dusts. fumes.
- WASTE DISPOSA!, by the Corr Mtstn" is not subject to the Q d ct erial** means a 1720.301 General requirement.

20.302 Method for oetaining approval of the purpose of the reguladons m this radioactiva matertal (except special nu-*

clear matt rial) yielded in or made ra-proposed disposal procedisres. . g part to control the possession, tise, and20.303 Disposal by release into sanitary g transfer of licensed material by any 11- d!oactive 27 e'tposure to the radiation
,

20.304 Disposal by burial in soi . g censee in such a manner that exposure Incident to the process of producing crsewerst r systems.

t 20.30$ Treatmeist or disposal by incinera. u. to such material and to radiation from titflizing necial nuclear :naterfal**8

| | tion. g such material, when added to exposures .

(4) "C2 endar'tuarter means notlessa

to unileensed radioactive matenal and
i RECORDS. REPORTS. AND NOTIFICATION to other un!! censed sources of ractation than 12 co .secutive weeics nor more than

20.401 Recoeds of surveys, radiation mon. In the possession of the licensee. and to 11 consect tive weeics. The nrst calenaar*

I
itorine, and dasposal. radiation therefrem, does not exceed the quarter of each year shall oegm in Jan-l

uary and subsequent calancar quarters20.402 Reports of theft or loss of ticensed standards of radiation protection pre- shall be n.ch that no na715 included inma terial. scribed in the regulations in this part. more than one calendar quarter or ocut-
'

| 20.4o3 Notifications of incidents. -

|
(Reserved)

ted from inclusion within a calendar20.404.

(c) In Sccordance With recc31 mends--' riuarter. No licensee shall change the
ta$ons. tions of the Federal Radiat:ou Council.
'

* cessive I and ce in method observed by him of deterrmning' 20.406 ( ReserveJ i g approved by the P esident. persons en* calendar cuarters except at the begtn-| *0.4o7 Personnet esposure and monitoring g gaged in actiV1t:es uncer 11eenses :ssued ning of a catendar year,a reports. - by the Nuclear Rea.htury Cummission pur- -I 20.408 Reports of personnet expnsure on I suant to the Atormc einervy Act ot' G34, as -* termination of .mployment or worn. -

(5) Commission means the Nuclear Regu.o amended, and the Energy Reorganization Act. -, 20.4o9 Notifications and reports no inca. ci
# "' of @ id,in Mmn to com. htory Commission or its duty authonzed

.? | plying with the requirements set forth in W " "'***".

w
t s

20-1 April:4* ,1975
~
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| PART 20 o STANDARDS FOR PROTECTION AGAINST RADIATION - 53 -
-

k @ "Oovernment agency" means any'1
p e n d e n t estabitshment, corporation.*k,ci*f4 agL'atg . 'J"43rg" .

' ulations in this part. any of the fo!!aw.-

executive department. commi con. inee- ; ing is considered to be equivaient to a! j o
rium or e any combmanon thereof dose of one um:

wholly or partly owned by the United 5 Source material does notinclude special (1) A dose of I r dus to X- or gamms,
.1-,

t States of America which is an inctru ,.quelearmaanal. radiation:mentality of the United Gtates, or anya
board, bureau, division, service, of".ce, h:: (2) A dose of 1 rad due to I . gamnh

or beta radiationt0:5cer. authority, administration, or -(IS) *Sontal nuclear material" means (3) A dose of 0.1 rad due to neutronsother establishment in the executive (D plutonium uranium 233. uranium or high energy protons;branch of the Government; , antiched in the isotope 233 or in the iso- (4) A dose of 0.05 rad due to part!cles
(7) "Individuil" medis any humangtope 235 and any other material which heavier than protons and with su2cient

~

.

being* -the Commi<mMn pursuant to the.prcti- energy to reach the lens of the eye:(8)
"I.! censed material" means source {to be special nuclear material bus doesIf it is more convenient to measure thesions of section 51 cf the set. determinee

, material.special nuclear material or by-e neutron fux, or equivalent than to de.
g product material received, possessed.nnot include tource material or UD sur termine the neutren dose in rads asused. or transferred under a general or material art **=Mr enriched by any of provided in subparagraph (3) of this 'ac.

) speciac license issued by the Ccmmissinn
the fongoing but does not inMnh sauce paragraph. one tem of neutron rsdiationpursuant to the regulations in this .matenal;

. this pu be assuaed to be Muffalent
may, for m;a, of the ngulacons in, a chapter- g

"bcense" means a license issuedg an(s a)ccess to which is not contmued by
*

(9) 17 " Unrestricted area * means any to 14 million neutrons per square centi-!

under the regulations in Part 30,Q thelicensee for purposes of protection of
the holder of such license.icensee. 40 ort 2

ater incident upon the body w. if70 of 'this chapter "I $indviduals Mm uposun to radiauon there exists s'zf!!cient information to esti-i . mate with namnsMe accmacy the a>*I (10) " Occupational dose * includt:s ex * and radonctive matenals, and any area mx! mate dsmuon in energy of me'

posure of an individual to radiation (t>[used M nsWd 6 neuhns. the incident ncnber W neu-in a restricted area; or sti) in the course" g tmns pe s@am cenumeter MMent.

of employment in which the individual's* (18) " Administration'' means the En.g to one nm may be esumted fica the
duties involve exposure to radiation:S ergy Research and Development Admin g foHowing table.,,

provided. that " occupational dose" shalic istration or its duly authorized repre-m Nsernas, rter Dess zeemtzms
'not be deemed to include any exposure $ sentatives. g

<

of an individual to radiation for the pur D
, w

Nmnber or Dasse! pose of medical diagnosis or medical
therapy of such individual. @ Denn: Mons of certain cther words ' Ne*n. dENe$os-

Namen enevr(me) tunner muutens a: - and phrases as used in this part are set -
minnent e ms~ ' (11) " Person" means (D any indi- forth in other sectons. Including * We,@ gp#,,,a

*

! vidual. corporation, partnership. Arm. (1) " Airborne radioactivity ares" de. r

menstaan*

association. trust. estate. public or pri. Sned in i E03*
I vate institution, group. Government (2) " Radiation area" ihd "high radi- pr.-n gxtos"" esagency other than the Commission or the ationarea"defnedin i M32; g Q$~~'

Administration (except that the Admin- (3) "Personne1 monitoring e@!pment" ,,,
om unxim y-1stration shall be considered a person defned in g :0.*02: y g% within the meaning of the regulatumP. (4) " Survey" defned in I 201;' E this part to the extent that its faat. u (5) Units of measurement of dose (rad. g g g'
u axim .

c and activities are subject to the licem.ng remi dennedin i 20.4;
. ' , $ and related regulatory authority of the 6 Un e ent of. radio-

u ax tos *rg '

yt* Commission pursuant to section 202 of* ,

! the Energy Reorganization Act of 1974 9 20.4 Uni:s of resiiatiour dose.! (88 Stat.1244)), any State, any foreign
government or nation or any political (a) " Dose." as used in this part. is the - (d) For determining exposures to Z or

,

! subdivision of any such government or quanuty of radation absorbed, per unit gamma rays up to 3 Mer. the dose limita

of mass, by the body or by any portion of specifed in H E01 to N, in@h.J nation, or other entity; and (11) any
legal successor, representative, agent. or the body. Men the regulations in this may be assumed to be equivalent to the'

part specify as dose during a penod of " air dose". For the purpose of this put j
agency of the foregoing.

I t' C O 'ime, the dose means the total quantity '' air dose * means that the dose is meas- I'

t radiation absorbed. per unit of mass und by a pmperly caWated appm@k li (12) " Radiation" means any or all of ~ U the body or by any portion of the' instrument in air at or near the body sm -
i

the followingt
alpha rays, beta rays.~ bocyduring tuchperionof ti;ne. Seversi face in me ngion of h4 hest dosase rate.,

$ speed electrons. high-speed protons, andEamma rays. X-rays, neutrons. high-N diferent un!ts of dose are in current use.
E

~

i other accmic particles: but not sound Dennitions r f units as used in this part 5:0.5 Units of rm.dioactivitI"g,

m or radio waves, or visible, infrared, or are set f613 pungraphs (b) and (c) (a) Radioactivity is commonly, and
i

for purposes of the regulations in this" ultravioletlight, seen. -e
part shall be. Inessured in terms of dis-

(13) " Radioactive material" includes (b) The Isd. a.s used in this part. is a *! integrations per umt time or in cunes.*

any such material whether or not subjm; measure of Ihe dose of anyionizing radi- 9 One curie =3."x10* disintesrations per
! to licensing control by the Commt"lon; ation to bcdy tissues in ter.a's of the [.second (dps) =2. x10* disintegrations*

."
energy absorbed per unit ' mass of the 7 per tmnute (dpm). Commonly used sno-(142 '* Restricted area" means any tissue. One rad is the dcse correspond e multiples of the cune are the millieu.teares access to which is controlled by the

y licensee for purposes of protection of ing to the absorption of 100 ergs per gram " and the microcurie:
of tissue. (One millirsd (crad)=0.001 (1) One millicurie (mC1) '=0.001 curiap individuals from expocure to radiatierr rad.) (CD *=3."x10' dvs.and radioactive matertals. "Restncted-

'

[ area" shall not include any areas used (c) The rem. as used in this part is (2) One nuerocurie 4CD '=0.000001a measure of the dose of any ionizing curte=3."x10' dps.as residential quarters, although a sepa* radiat!on to body tissue in terms of its -
; e

a rate room or rooms in a residentir.1.

building may be set apart as a restncted estimatr*1 biological e!!ect relatise to a ~

(b) For purposes of the regulations indose of oneroentgen (r) ofI-rays. (One this part it may be assumed that the, area;
millirem (mrem) =0.001 rem.) The reia-

" '#15) " Source material" mesns (11 ' * ' " # "*DI'ursntum or thorium, or any combina. PCnds upon the el e
ec un er should be written out' as* * '''e'''p'.'"'**::m' "at

l tion thereof,ln arly phydCal of Chemtui consleerstien and :pon the ecneitions of cu,1.<.i. o, = e,o os. .">. o.s s 3, e e,,.
eurt

| form: or (11) cres which contain by irradiation. For the purpose of the res- vtacions should i.os me used.

,
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'

daughter activity concentrations in the section. provided:
followinJ table are equivalent to an air (1) Dunng any calendar quarter the column s cohunn:

! [ Y|d Radon 222 per mmititer of air in equillb-concentration of 10 ' microcuries of dose to the whole body from radioactive Ammeed Aamrmed' material and other sources of radiation

. " . rium with the daughters RaA. RaB. RaC. in the Ucensee's possesnon shan not c . ,,,,,,,,,y t,ay, t,u,g
,,3,3,, egg,,

ceed 3 rems: and quarters quarters.w and RaC : (2) The dose to the whole body. when y,,r:7, ggg nyt,e,c
p t

Alpha.emittine dauffiter added to the accumulated occupational
,

Jan. I.1981
neurity councted per mun. dose to the whole body, shall not exceed

ut*"' *88. mm um em 5 tN-18) rems 'where "N" equais the in- wbsie nadv. connas. a i

eeuesta.a and measure. dividual's age inJesta ar.21sslast nirtns. active bloodaarmtes

'fg day; and IeM'e" yid *"" **"*8888 **"N *
%2 mriseras unas per (3) The licensee has determined theg mance per ' individual's accumulated occupational (2) The licorues shall retain sad preserve"

ac dose to the whole body on Forma NRC4. or records used in preparing Form NRC4.
*

"g f" $!$ I!a. ing all the informatien required in that cumulated occupational dose for a1

on a clear and lepbas remed contaan* If calculation of the individual's ac.

* tax e to:s form: and has otherwise ecmplied with periods prior to January 1.1961 yield.' aax e a mat. the requirements of 1 20.102. As used in-

a result higher than the applicable ac
* paragraph (b) " Dose to the whole body * cuztulated dose value for the individus(C) , shan be deemed to inclu:te any dose to as of that date, as specided in paragrapt'5 20.6 laterpretation the whole body. gonads, active blood- <b> of a 20.101, the exce ,s may be disre-.

1 Except as specUcally at torized by forming c.w. head and tmns. or W garded.
the Comr?tssion in wnting. no interpreta- Of 87'-
tion of the meaning of the regulations in 5 20.102 Determunenen of accumulated

8 20.103 Exposum of Individuale 34
concenardone of radionaive unathis part by any oScer or' employee of dose. terial in restricted areas.

.t the Committinn other than a wntten in. (a) This section contains require- (a) No licensee shan possess. use 'or
! terpretation by the General Counsel will ments which must be satisced b7 trsnsfer heensed materialin suen a man.
,' be recognized to be binding upon the Ucensees who propose, pursuant to pars- ner as to cause any individual in s;Commissien. graph (b) of I 20.101, to permit individ- restricted area to be exposed to atrborne
1 uals in a restricted area to receive eZ*- radioactive matenal possessed by the
} | 20.7 Communications. posure to radiation in excess of the limits licensee in an average concentration tr

Except where otherwise specined in, specified in paragraph ta) of 120.101.'
excess of the limits spec 1 Sed in Append 1)I this part, all communications and re.s ib) Before permitting any individual B. Table I. of this part. " Expose" as

e ports concerning the regulations in this 9 in a restricted ares to receive exposure used in this section metus that the in-R part should be addressed to the Execu :c to radiation in excess of the limits spec * dividual is present in an airtorne con.O a tive Director for Operations. U.S. Nu "; iSed in paragraph (a) of i 20.101, each! centration. No allowance shall te made% N $ clear Regulatory Commission. Washing-r. O) Obtaan a ceroficate on Form NRC 4.o' $ for the use of protective clothing orLicensee shall:
7 p ton, D.C. 20555. Communications. re. c: equipment, or particle size, except azports, and applications may be delivered on a clear and leyb6e zwerd u. authonzed by " ' "ommission pursuant

in person at the Commission's oSces at conwng au the information requiredN to paragraph ,f this section.
*

1717 H S'reet NW., Washmston. D.C.: or in that form, signed by the individual ab) The hns give t in Appendix BI st T920 F orfo!b Avenue. Bethesca. Mary- showing each period of time after the Table I. of this part are based upon* land. Individual attained the age of 18 in which exposure to the concentrations spec Sec-, the individual received an occupational for forty hours in any period of seven ,9 w rue - - Donas.te ma,ano dose of radiation; and

(2) Calculate on Form NRC4 in accord- consecutive days. In any such penocC""C'""""*

i ~g 20.101 Expmare of Isdividuals to re. ance with the instructions appear. where the number of hours cf exposure
is less ' an fm m le mmA. distion in restricted areas. ing therein, or on a clear and legible

record containing au the infonnation in the table may be increased prcpor-'
(a) Except as provided in paragraph tionately. In any such penod where

(b) of this section, no licensee shall required in that fann, the previously ac- the number of hours of exposure iruia oc p o [j ; possess, use. or transfer licensed mate-
' rial in such a manner as to cause any ,

gre .ter than forty the limits spec 1Sec
in the table saan be decreasec

individust in a restrteted area to receive aHowed for that individual under
proportionately., '

! in any period of one calendar quarter 1 0.101 b
adon of Fm NRC4 (c)(1) Except as authorized by the

1 from rad material and other( '

$ sources cr'!oactive or a clear and Leiptie record con, Commission pursuant to this paragraph.' radiation in the licensee's pos-
thing all the information required in no a110wance shall be made for particle

j g session a dose in excess of the limits
that form, the licensee shall make a res- size or the use of protective clothms

. u. spec 1 Sed in the following table:
sonable edart to obtain reports of the or equipment in determming wnether an

2 Aens per estendar quarter individual's previously accumulated oc- individualis exposed to an airborne con-
ce he Hmats spect-

l 1. Whole oody; tand and truna: neuve cupational dose. For each penod for
ged 89 d T le g-Woo.corming organs: lons of which the licensee obtains such reports..

(2) The Commission may authonze aeyes: or gonads-----.= - 1% the licensee shall use the dose shown in
2. Hands and forena mst fees and the report in prepanng the form. In licensee to expose an individual in a re-

any case where a licensee is unable to stricted area to airborne concentration:is%ankles = = __ -- ...

3. skin at wnote tody 7% obtain reports of the individual's occu- in excess of the hmits specided in Ap-.. - -

tb) A licensee may permit an indi- pational dose for a prevtous complete pendix B. Table I. upon receipt of an
vidual in a restricted area to receive a calendar quarter, it shall be assumed application demonstratmg that the con-
dose to the whole body greater than that that the individual has received the oc- centration is composed in who'e or in'

{ permitted under paragrapit (a) of this cupational dose specined in whichever pa of pa t cles c su t tsc
| : of the followmg columns apply._

the individual will not inhale tne con-
**"" "" *
Ilshed in Appendix B. Table I. "x.D.act" + :. t ne oorsnee er wnow cnmenon and the duretion

'

| et t easmewos samua w mmewnur omrt comparas', .

% to tu tune toten cwwn sno measurmni. .s aos application under this suoparagraph
,ie have a natuumur namesas enes uses tne resuaa.

8 -
shallincluse an analysis of particle sizes

. N,'Eded JNR
.

in the concentrations; and a descnption

*

20 3 April 30,1975
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PART 20 o STANDARDS FOR PROTECTION AGAINST RADIATION -55-

of the methods used in determining the ; mission will approve the proposed limits Mlluents released into air."
particle sizes. If the ap.t!! cant demonstrates that the (3) A description of the anticipatedj (3) The Commission may authorize proposed umits are not likely to cause human cccupancy in the unrestrictVj a licensee to expose an individual in a any individual to receive a dose to the area where the highest concentration

a' restricted area to airborne concentra- whole body in any penod of one calendar radioacti''e material from the emuetrtions in excess of the limits specified in yearin excess of 0.5 rem. expected. and. In the case of a river
Appendix B. Table I. upon recetpt of (b) Except as authorized by the Com. stream. a description of wr.ter uses down-
an application demonstrating that the Ulission pursuant to paragraph (a) of stream fr3m the P0 int of release of the
individual will wear apprognate pro- 2 this section, no licensee shall possess, use eSuent.

| tactive equipment and that the inoividualg or transfer licensed material in such a (4) Information as to the highest con-'

i will not inhale. ingest or absorb quanti- manner as to create in any unrestncted centration of each radionuclide in an
ties of radioactive matenal in excess of E area from radioactive mater'tal and other unrestricted ama. including anucipatedi

i those which might otherwise be permit- e sources of radiauon in his possessas: * e r e erkd Wted under this part for employees in " (1) Radiation levels which. if an indi- onei
In " air as any point of human oe.(1); restricted areas during a 40-hour week, vidual wene continuous!3 present in tho

j Each app!! cation under this subpara- area. could result in his receiving a dose cupancy*or

3 graph shall contain the following in excess of two miltire us in any' one (ID In water at points of use down-
t information: hour, or stream from the point of release of the

eSuent.(D A description of the protective (2) Radiation levels wilich. If an ind!- (5) The backTround concentration of
,

equipment to be employed, including the vidtt31 were contmuoualy present in the radionuclides in the receiving river oreSciency of the equipment for the ma- area. could result in his receiving a dose stream prior to the release of liquidterialinvolved; in excess of 100 millirems in any seven eSuent.j (1D Procedures for the fitting. main- consecedve days. (6) A description of the environmental
,

{ tenance and cleaning of the protective = monitoring eq*a=% including sensi-
i equipment; and ] E 06 MMy la dew tivity of the system, and procedures and(11D Procedures governing the use oft

the protective equipment. including su- umed - "*M*3 to determine concentradons
of radionuclides in the unrestricted areapervisory procedures and length of time (a) A Heensee ehall not onessen use.the equipment wt!! be used by the indi- or transfer !! censed materiai so as to re* and possible reconcentrations of radio-
nucHdes.

'
viduals in each work week. The pro- lease to an unrestricted area rudfaarttve (7)

. posed periods for use of the equipment
materialin concentrations which exceed r

A description of the waste treat.
' ment facilities and procedures used toby any individual should not be of such-

the limits specified in Appendix
"B". Q reduce the concentrationof radionuclides

' duration as would discourage observance TableIIof thispart exceptasauthonzad I
by the individual of the proposed pro- pursuant to 120.302 or paragraph (b) of cc in eSuents prior to their release.,

(d) For the purposcs of this sectioni cedures: and this section. Pbr purposes of this sec-
1 (iv) The average concentrations pres- tion concentrations may be average <iover a$ the concentration!!mi'.4in Appendix"B"*

w ent in the areas occupied by employees. a period not greater than one ye . I
,

8 n0.10. z.,.- a ,i => An appuca*= f- a Heeme or of the tr' es e,

(a) No !!ceaee shall possess, use or amendment may include proposed !!mits concenemuon of mdioacuve materia,'": g

e transfer lleensed material in such a higher than those specified in para- discharged through a stack. pipe or sim-. .

e graph (a) of thissection. The Commis* !!ar conduit may be determined witt
respect to the point where the matertai,

manner as to cause
',r $1dividual within sion wiH approve the proposed limits

leaves the conduit. If the conduit dis-! a restricted area n . under 18 years if the applicant demstrates:of ate, to receive in any period of one (t) That the applicant has made & charges wi:hin the restricted area. the,

; calendar quarter from radioactive ma- reasonable esort to minimize the mdio* concentrat'on at the boundary may be
detennined by applying apprognate

,

j terial and other sources of radiation in activity contained in eSuents to un-
the Itcensee's possession a dose in excess restricted areas; and factors for dilution dispersion. or decay

! of 10 percent of the limits specified in (2) That it is not likely that radio- between the point of dieharge and the
boundary.: the table in paragraph (a) of I 00.101. g active materiardieharged in the eSuent (e) In addition to limiting concen-| (b) No licensee shall possess. use or w would result in the exposure of an indi-

i * transfer !! censed material in such n - vidual to concentrations of radioactive trations in eSuent streams the Com.
manner as to cause any individual m!=mian may limit quantities of radio-
within a restricted area, who is urder 18 { material in air or water exceeding the anive materiais released in air or water

i

limits specided in Appendix "B", Table
years of age to be exposed to airborne n IIof this part. during a specified period of time if itm'

.

radioactive matertal possessed by the (c) An appHcation fw higher Umits appears that the daily intake of radio-
licensee in an average concentratton in pursuant to paragraph (b) of this sec- active matertal from air, water. or 'ard
excess of the limits specified in Appendix tion shall include information demon- by a suitabl? sample of an exposed pop--

B. Table II of this part. For purposes strating that the applicant has made a ulation group. averaged over a .'eriod
of this paragraph. concert! rations may nasonable esort to mWmW the radio * not exceedis g one year. would otherwtse>

tsceed the daily intake resultmg frem.'
'

be averaged over periods not greater achty discharged in ents to unn- continuous exposure to air or water con-
than a M stricted areas. and _ include. as.

tatning une. third the concentration cf
N'ormation as to f!ow rates, total| (c) The provisions of paragraph (c) E'

** * " " ^~of I 20.103. shall apply to exposures suo-+ ggg ab of
.

ject to paragraph (b) of this section. volume of ef!Luent. peak concentrattor. of
(f) The brovisiens of this section doeach radionuclide in the eSuent. and con *

$ 20.103 Perminible levels of radiatim centration of each radionucilde in the not apply to disposal of radioactive ma.
eSuent averaged over a period of one tenal into sanitary sewerage systems.in unrestricted areas.,

yearat the potat where the eSuent leaves which ja governed by 1 20.303
(a) There may be included in any ap-

I 20.107 Medical diagno.ie and thern'I*p1fcation for a license or for amendment a stack. tube. pipe. or similar conduit; l(2) A description of the properties of Iof a license proposed limits upon levels
the emuents. including: I Nothing in the regulations in this part

of radiation in unrestricted areas result * si) chemical composition: g shall be interpreted as limatmg the in-int from the applicant's possession or
suspended solids content in liquid edu $ tentional exposure of patients to radia-

(H) physicat charactenstics. including
use of radioactive material and other, , tion for the purpose of medical diagnosis,

tources of radiation. Such appilcations ents, and nature of gas or aerosol for air C or medical therapy,
i should include mformation as to antict . eSuents: '

e 9 20.108 Orders requirins furni.hing epated average radiation lesels and an- (iii) the hydrogen ion concentrations' bio. assay sersices.ticipated occupancy times for each (pm) of liquid eSuents; and Where necessary or desirable in orde.i unrestricted arca involved. The Com- (17) the size range of particulates in. to aid in determinar.g the extent of an
!

)
April 30.19754
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~

I ladividual's exposure to concentrations fa) General. (1) Except as otherwise quired. Wm posh centml m each
'

of radioactive matertal. the Commuston authortzed by the Commt" ton, sym- individual entry.
'

'

j ! may incorporate appropr:ste prov:sfons bois prescobed by this sect:on snall use (3) T.:e controis required by subpara-
aj d. In any license, directing the licensee to the conventionalradiation caution colo s graph (2) of thts paragrapit susu be
9" 3. make avadaQle to the mdividual appro- (magenta or purp?* on yellow back, establisM in nch a way that no indi-

: ..jl. pelate bio assay services and to furnish dual W be paventec imm leadng a
pigh radiation area.ground). The symbol peribed by this'

a copy of the reports of such serytces to section is the conventions! three-bladedthe N=mun.. design. (4) In the case of a high radiation. *

Pascacyrowaar Paocanvass Rastavroar svamos. ares established for a period of 30 days'

or less, direct surveillance to prevent un-t .; 20.201 Surveys. L C'''**h***h** **** 38 ** ** '**88885 8'n authorized entry may be substituted for
:, | (a) As used in the regulations in this *

h $3 ,"g this p
' *" ":3ackground is to be youow.

. part. " survey" means an evaluation of
j the radiation hazards incident to the pro- 60 g (5) Any ucensee, or applicant for so

! ence of' Nt17m$eN r# S Nf '' ' *
*

:
i [ sources of radiation under a specific set sub,

of conditions. When appropriate, such grap ace h
'

evaluation includes a physical survey of Y C ation arsas. The Commtanion w1B,
,

Co approve the proposed alternatives if thej thelocation of materials and equ2pment. N.
s'

;

and measurements of levels of radiation licensee or applicant demonstrates that ;'
i the alternative methods of control will; or concentrations of radioactive matertal

'

| (b) Each licensee shall make or cause
' % ,N preveas ruauthorized entry into a highPF""'*

1S''Q radiation area, and that the requirement i,

. of subparagraph (3) of this paragraphis |{ to be made such surveys as may be neces. * L
met.; sary for him to comply with the regula- 8 )'

ticas in this part. " , '| =

"" (d) Airborne radioactivity areas. (1)
$ 20.202 ~>ersonnel nionitoring. N As used in the regulations in this part.

*
g*

(a) Each !!censee shall supply appro- ""I# * """ "any mm."m2sm, w omsting amt' priate personnel monitoring equipment .

I in which airborne radioactive materials.
e
;

4 - N s'e se of such
) ut t , ' ,1 1 composed whouy or partly of licensed-

(1) Each in'dividual who anters a re- 4#' A | matedtJ, exist in entum m m
|'

'

'
stricted area under such circumstances AF ;../ g cess of the amants wm in men-! that he receives or is ilkely to receive *2

dx B. Tame I, Column 1 M this W M! e a dose in any calendar quarter in excess (H) any mm, mimum. e oWM
" of 25 percent of the applicable value ama in which akh mdWe N-

|| specified in paragraph Ia) of I 20101 (2) In addition to the contents of signs rial composed wholly or partly of licensedI~2 (2) Each individual under 18 years of ar.d labels pasch in this section.11 material exists in concentraticas which.
| " "w age who enters a restncted area under censees may provide en or near such averaged over the number of hours in'

such circumstances that he receives, or signs and labels any additional informs. any week during which individuals are
i is likely to receive, a dose in any calen- tion which niay be appropriate in aiding irt t., a. exceed 25 percent of the'

! dar quarter in excess of 5 percent of individuals to mmimize exposure to rada. an:o' a Jecifiedin AppendixB.TableI.
the applicable value specif!ed in para- ation or to ra_110 active matenal. Colu=na 1 of this part., , ,

j -

graph (28 of } 20.101. .(b) Radiation areas. 1 *h radiation (2) Ea*h airborne radioactivity ares#
(3) Each individual who enters a high area shall be conspicuously posted with shall be c1nspicuously posted with a sign

radiation area. a sign or signs bearing the radiation cau. or signs bming the radation caution
! (b) As used in this part, tion symbol and the words: symbol and the words:'

(1) ' Personnel monitoring equipmenta CatrMON: CAMONt
-

. y means devices designed to be worn or RADIAMN AMA AIRERM RADIOAWN AREA
! ; carried by an Individual for the pvrpose (c) Righ radiation creas. (1) Each (e) Additionalrequirements. (1) Eachof measuring the dose received (e. g high radiation area shall be conspicu- area or room in which Ucensed materialfilm badges, pocket chambers, pocket ously posted with a sign or signs bearing is used or stored and which contains any
, ,

dosimeters, filr2 rings, etc.); the radiation caution symbol and the radioactive material (other than natural
i

(2) " Radiation area" means any area words' uranium or thonum) in an amount ex-,

accessible to personnel, in which there ceeding M times the quam of swh
.

exists radiation, originating in whole or - EIGERADIA' MON AREA material opecified in Appendix C of this
*

In part within 11 censed material, at such part shal be conspicuously posted with! -

(2) Each entrance or access point to a sign of signs bearing the radiationlevels that a major portion of the body a high radiation area shan be:
i

; could receive in any one hour a dose in caution symbol and the words:
-

(11 Equipped with a control deviceexcess of 5 millitem. or in any 5 con-
which shan cause the level of radiat!cn CAtTMON S.

secutive days a dose in excess of 100 to be reduced below that at which an RA MOA N E N Ala@
millirems: Individual might receive a dose of 100 (2) Ea:h area or room in which nat-

.

(3) "High ran!ation ares" means any p mmlrems in 1 hcur upon entry into the
'
..

ural uramum or thorium is used or
area, accessible to personnel, in which 3 ""(11)

"; "
stored in an amcunt exceeding one-there exists radiation onginating in :: Equipped with a control deuce

] whole or in part within Heensed mate- $ [b
hundred times the quantity specified in

r bea Appendix C of this part shan be con-
rial at such levels that a make portion " manner that time individual enterms theuc a, spicumsy posted wtm a s@ w mof the l'ody could receive in any one hour,

} .a dose in excess of 100 minirem. hch raciation area ard the licensee or bearing the radiation caution symoci
; a superrtsor of the acuvity are made and the words:j
' *

sware of the entry; or : cAttrION ' !,
_ (111) Maintained locked except dunng

[ ' ' I 20.203 Cameian siens, falsels, sisnals, periods when access to the area is re- RADIOACTIVE MA"3RIAIM '

\.- and eenarole. (f) Containers. (1) Except as pro-| .-

vided in subparagraph,(3) of this para-
|g . or " car.gere graph, each container of 11 censed mate. iw

-.
* *

20-5 April 30,1975.
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PART 20 o STANDARDS FOR PROTECTION AGAINST RADIATION O

f ' rial shan bear a durable, clearly visible I patients contstning byproduct material
4 label identifying the radioactivs con- N provided that there are personnel in at. days and a tota! quantity of no more

than 100 m11Heuries.i tents. 3 tendance who will take the precatations 'Ihe menttoring shall be performed arf' (2) A label required pursuant to sub e necessary to prevent the exposure of anY :oon as practicable alter receipt, but -paragraph C) of this paragraph emit w individual to radiation or radioactive later than three hours after the pasbear the radiation caution symbol and g marial in excess of the limits estab- age is received at the !!censee's fac21
, the words " CAUTION RADICACL"/E gushed in the regulations in this part- if received dunna the Heen*ce's norm-MATERIAI." or " DANGER, RADIOAC-e

| TIVE MATE 3IAI.". It shall also provide (c) Caution signs are not required to ceived after normal working hours.
working tcurs, or eighteen hours if re--

4 su!5cient information * to penntt in- te posted at areas or rooms containing
(2) If removable radioactive contami-

''
dividuals handung or using the cen- radioactive materials for periods of less

nation in excess of 0.01 microcuriestainers,or working in the vicinity there* 2 thr.n eight hours provided that (1) the
*

(2').000 disintegravons per minute) 'perof, to take precautions to avoid or mini g materials are constantly attended durin8 100 squan centimeters of package sur-mize exposures.-

such periods by an individual who shall
face is fourd on the external surfaces of(3) Notwithstanding the provisions of E take the precautions necessary to pre- the packa J. the IIcensee shan immedi-subparagraph (D of this paragraph * e vent the exposure of any individual to.

" radiation or radioactive matenals in ex- ately notifT. the anal delivering carriertaming is not required:
and, by telephone and telegraph, the an-(1) For containers that do not con- cess of the limits established in the regu- ptspnate Nuclear Regulatory Commission in-tain licensed materials in quantities !stions in this part and: (2) such area or spection and Enforcement Re56onal Otficegreater than the applicable quantities room is subject to the licensee's control shown in Appendix D.

.

listedin Appendix C of this part. C 'rm.s or mawr m *rrys A Owams
|(11) For containurs containing only @ A rwn a N ans !s not n-

naturaluranluzn a morium in quanuWs qt. ired to be posted with a caution sign. i

l
funn knus

, ,, and control is not e vruired for each en- 1rsasport group a ganag g no greater than 10 times the applicable que
trance or access point to a room or other un = ==> un anma

- quantities !!sted in Appendix C of this * area whichis a high radiation area solely
7 , g,*

(11D For containers that do r<ot con u. because of the presence of ramach {g gmat
10 tain licensed materials in concentrations g materials prepared for transport and tv s ngreater than the app!Icable concentra- packaged and labeled in accordance with g- { y

. tions listed in Column 2. Table I. Ap- regulations of the Department of p v p :s.cou toon
,

(' pendix B of this part. Transportation. R 8P#''" ' '
I: (iv) For containers when they are at-

Fmeedures for picking op, "* $tended by an individual who takes the O '

W (U H upon neeipt of a
$ 20.005 * package con +nt*g quantities of radio-precautions necessary to prevent the

' exposure of any indivtdual to radiation or ceiving, and orening packages * R active material in excess of the Type A-

radioactive materials in excess of the (a)(1) Fach I!censee who expects to quantities specif.cd in paragraph (b) of
. Hmits established by the regulations in receive a package containing quantities this section. other than those transported

this part' containers when they are in of radioactive material in excess cf the by exclusive use vehicle, shall monitor'= (v) For Type A quantities specidedin paragraph ths radiation levels external to the packa-- transport and packaged and labeled in (b) of this section shall; age. The pactage shan be Inonitored as
accordam with regulations of the (D If the package is to be delivered soon as pmeticable alter receipt, but.nc.

Depa; of Transportation * to the Heensee's facmty by me canier. later man three hours aner the package
make arrangements to receive the pack- is received at the Heensee's fac1Hty ff.

(vD e..or containers which are acces-
3 sible * only to individuals authonzed to age when it is offered for delivery by the received dunng ~the I!censee's normal

carrier: orhandle or use them or to work in the working heurs. or 13 hours if received
(iD If the package is to be picked up after notmd working hours.,

vicinity thereof. provided that the cen- by the licensee at the carrier's termmat (2) If rarlation levels are found on thetents are identined to such individuals make arrangements to receive notiSca- external str? face of the package in excess,
by a readily available written record, tion from *.he carrier of the arrival of the of 200 mini em per hour, or at three feet(viD For manufacturing or procesa package. at the time of arrival. from the externai surface of the package

.

equipment. such as nuclear reactors, re- (2) Each licensee who picks up a in excess cf 10 mitifrem per hour, tne
,

; actor components, piping, and ranirt
yvarirare of radioactive material from a licensee shall Immediately rotify, by|

~

carriera terminal shall pick up the pack- telephone and telegraph the Snal de=-

$ 20.204 Samen esceptions, g age expeditiously upon receipt of-notifi- Hvering carner and the app-cur:ste
a

Notwithstanding the provisions of ci cation from the carrier of its srnval. Nuclear Regulatory Commission Inspectione
: (b)(1) Each licensee, upon receipt ci snd Enforecrr.ent Regonal Office shown in

,

g i 2033. E.

(a) A room or area is not required to w a package of radioactive material, shall Appendix D.
c be posted with a caution sign because of @ monitor the external surfaces of the (d) Each Heensee shan establish and

package for r'adjonctive contmination maintain piecedures for safely opening, the presence of a sealed source provided,
caused by leakage of the rMiwtive con- packages ic which licensed material iscw the radiation f * twelve inches from tents, except: received, and shall assure that such pro-the sttrisce or source container or (i) Psckages cor.Mie no more than cedures are foHowed and that due con-housing does : ' weed Sve millirem the exempt quantity spectaed in the sideration la given to special instructionsper hour.
table in this paragraph: for the type of package being opened.1 (!D Packages conta inine no more -(b) Rocms or other areas in hospitals

are not required to be posted with cau* than 10 millicuries of radioactive mate- f*$ 20.006 Instruction of personnel.
tion signs, and control of entrance or rial consisting solely of tntium, carbon- g

14. sulfur-35, or iodine-125;
Packages containing only radio y Instructions required for individualsaccess thereto pursuant to I 0.003(c) is (iH) , working in or frequenting any portion ofnot required, because of the presence of

active material as gases or in special C a restncted area are specified in i 19.12
form:

Packages cont 21ning only radio M cf this chapr,er.(iv) s
* As appropriate, the information wtit in- active material in other than 11 auld form

| ctude radiation levels, tmda or matertst. es- (including Mo 99/Tc-90m generators)
, umste of scurity. cate for whica acuvttr is and not exceeding the Type A quantity-

enumated. mase enricament. etc. Umit specided in the table in this para-8 For example. containers in !ccations such graph; andas water.aued canals, storate vaults. or hot
'' 2'* (v) Packages containing only radfo- g, g mm m'a sad ''ame,

nuclides with half.iives of less than.30 mre ste spamna t n.m ma caow.* Arnended 34 FR 19546.
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$ 20.207 Steense of licensed maserials. . day does not exceed the larger of sub- which must be maintained pt.rsuant t<.

q paragraphs (1) or (2) of this paragraph: the provtsions of paragrsch (as of thL
h materials stond in an unre- (1) The quantity which. If rilluted by 9 section and raecrds of bio-assays.icelud-

. stricted area shall be secured against un- the sverage daily quantity of sewage re- @ ing r-stdts of *zhole body counting exam-
[ p, q ,-, authorized removal from the place of. leased into the sewer by the Ucensee, c: instions. made pursuant to.1 :3.108 shal

'

jf WD1 result in an ave * age concentration "- be. preserved ladeamtely or unti the
*

~

'

WAcTE DIsFoSat, equal to the limits Specif!ed in Appendix $ Commisston authonzas their disposal.

'

3 20.301 Ceneral requirement. B. Table I. Column 2 of this part; or Eccords whica : ust be maintainetipur-8

f (2) Ten times the quantity of such scant ts this van tnay be mamtained !z

pgfa Insterial specided in Appendix C of this [*'
#**dispose of UcM ' * * * * ***8

(a) By transfer to an authorized re- part* and 9 20.102 Reporte af theft oc ! of
*

cipient as provided in the regulations in (c) The quantity of any Ucensed or licemed materi L.

Part 30,40. or 70 of this chapter, which. other radioactive material released in
! ever may be applicable; cr any one month,if diluted by the average (2) Esch licensee shall report by tele.
| tb) As a u &h o r12 e d pursuant to monthly quantity of water released by phone and R.m;h to the Director a:
' I 2fi.302; or the Heensee, wiu not result in an average the appromne Nuclear Reguistory Commis.

* " * " " ' * * * * * " * 'I*"*I-$e,$j13'o(c) As p rovided in i 20.303 or concentration exceeding the limits spec.
5:0.304. appucable respectively to the ifled in Appendix B. Table I. CJumn 2 h Appendix D. i= mediately after its oe.

-

disposal of licensed material by release of this part; and currence becomes known to the licensee
.

into sanitary sewerage systems or burial (d) The gross quantity of I! censed and any loss or theft of licensed material 1:

* d" en'tst other radioactive material released into such quantities and under such circum.
c

3 the sewerage system by the !!censee does stances that .t appears to the Heensei*
.

j 2 5 20.302 31ethod for obtaining appr.,31 not exceed one curie per year. ,that a substantial *--d may result *ae of propoeed disposal procedures. , persons in unrestricted areas.
Er reta from individuals undergoing (b) Each Ucansee who is required t. -

N u*c(en)se may!!censee or applicant for -
a Any a! hosts e hapy with radio- make a thon2 and telegraphic napply to th" Commission for

approval of proposed procedures to dis- a@e matedal shan be exempt from wt pumant to paranaph (a) of tM

pose of licensed material ir. a manner not any Hmitations contained in this section shall. within 30 days after h~ '

i otherwise authorized in the regulations section. . learns M Me loss e 2.d. make a repw
I

. . tn wnting to the Director of Inspection and
| in this chapter. Each application should , ( 20.304 Dhposal by burial is soil- Enforcer 9ent. U.S. Nuclear Regulatory Com-

7 ,) $,25**bo"r' o
0N Heensee shan d!spose of *1 censedteri da o er radi ac ive aterir D he a at Nu.

i Involved. Including the quantities angmn'erial by burial in soil unlesa: clear Regulatory Comnussen nsp tion andkinds of such material and the levels of C (a) U2e total quantity of Ucensed and Enforceinent Regenal Office listed in Appen,

radioactivity involved, and the proposedRother radioactive mateMals buried at ant dix D.
*

a"
appncation shcu!d also include an anal hemanner and conditions of disposal. The setting forth the fonowmg informationg ef 000 m e t(q

spec 1?ed in Appendix C of this part; and g ma(ted hved. Including h. quan ]i
1) A description of the license

ysis and evaluation of pertinentinforma* (b) Durial is at a minimum depth of a
-

y
7.c emkal.andphysicalfonn* '

C- tion as to the nature of the environment.. four feet; and m

including topographical, geological, me- (c) Successive burials are separated by 2 (0) A desenption of the circu=
teorclogical, and hydrological character- distances of at least six feet and not more ," OCU ' ' ider which the loss.of thez ,s tr."-*

istics; usage of ground and surface than 12 burials are made in any year.
] waters in the general area: the natun '

1 20.305 Treatment or disposal by incia. pr baile posf on of r |
and location of other pctentially affected eration. materi d involved *

' No Ucensee shan treat or dispose of (4) Radiation exposures to individ'
t the f w Ucensed material by incineration except tals. c:rc amstances under which the es

_ hazardous exposuns. as specifically approved by the Commis- posuras occurred, and the extent of pos
.

* [* (b) The CommWon win not approve sfon pursuant to 44 0.106(b) and 20.302. sib ha:ard to persons in unrestricte

4 g any application for a Ucense to receive azcomme, maroaTs. a2es woT:FreaTrow
*

g3) Actions which have been taken, c**
9 00.401,toring, and disposal. Records at , surveys, radi@n

win be taken, to recover the maten.tE
n t y e

moni andi e Federal government or by a Sta*e
'* government. (a) Each licensee shall maintain rec. (6) Proceduras or measures whic

ords showing the radiation exposures of have b?cn or will be adopted to prever
I (c) The Commission will not approve a!! individuals for whom personnel mon- a recu~rence of the loss or theft of 1.

censed material.I 8 any application fcr a license for disposal Ltoring is required under i 20.002 of the,

| ' M of licensed material at sea unless the regulations in this part. Such records shall (c) subsequent to filing the writte ,
| " appucant shows that sea disposal offers be kept on Form NRC-5. in accord. report *he licensee shall also report an |

E less harm to man or the environment ance with the instructions contamed in substar.o addiconal informauen ,c' 8 ,

the Io:s a theft wMet becomes avanag than other practical alternative methods that form cr on clear and legible rec- J
' Lof disposal. ords contaltung all the information re- to tho tacensee. witiun 30 days after h ;

learns of such Information.quired by Form NRC-5. The doses entered ,~

$ 20.303 Disposal by reiemme into sani. on the forms or records shat! be for (d) .tny report filed with L.:e Com*
|

tary newerage systems. periods of time not exceeding one calen, mission pursuant to this section shall b -
so prepared that names of mdividuni |

T No !!censee shall discharge 1! censed du quarter.
who may have received exposure t

8 material!nto a sanitary sewerage system r"" radiattort are stated ;n a aprate parg g
It is readily soluble or cirperstb'e h ords in the sazne units used in Wa part. [ d W#*I E (a

! e in water: and - showing the results of surveys required r-.
I (b) The quantity of any licensed or{ by 100.001tb) monitonng required by g 120.10a, Neiticacions of ,ncu, lene" i

%~ other rad!oacdve matetial released intom II:0.005(b) and 20.005(c), and disposals S <an immediate notidestros Each 11-*

-

the system by the Hcensee in any one C_. =ade under II:Q2. 20 M. and 24. = censee shall immediately noufy the Dt-
Records of individual exposurw to I rector of the appropnate Nuclear Regulatory

*

% . (c) Commusen Inspecuon and Enforcement Re-
Redesignated 36 FR t3133. radiation and to radioactive material 7 gmnal Office" *

1
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J
ahown in Appendix D by telephone and an unrestrt:ted area in *2:sss of ten activities covering the preceding calen.telegraph of any incident in7olving by. tignes any ripplicsble 11mt set forth 121 dar year *. *r, product. source or special nuclear mate. ,this part cr in the !!censee's 11ccuse.

(1) A report of either (D the totalha e caus or t. r ter ca Esch report required under n m n M M in h m M h m per-
~

(1) Exposure of the whole body of any this paragraph shall descube the extent sonnel monitoring was required undr*-

individual to 23 rems or more of rad.a. of exposurr of persons to radiation or to Il 20.202fa) or 34.33(a) of this chanttion: exposure of the skin of the wholo radioactive material, including estimates during the calend3r year or (!D the tctsbody of any individual of 150 rems or
i more of radiation; or exposure of the of each individuays exposure as reqmred number of individuals for whom person.
g feet, ankles hands or forearms of any by paragraph (b) of this section: levels of nel muitonng was provided during the
g individt.a1 to 375 rems or more of racia. n. radiation and concentrations of radfo. calendar yest: Provided, that such total

* active material involved: the cause of includes at least the number of indiv!d.; tion: or
$ the espodure levels or ccucen*. rations; uals required to be reported under para-(2) "Ihe re! case of radioactive mate-

*,
rlalin concentrations which. if averaced e and corrective steps tahen or planned tc graph (bs(1)(D of this section.The re-a assure against a recurrence. port shall indicate whether it ta sub8 Any 3tt e ho11mt i or su
materials in Appendix B. Table II: or 3100 pursuant to this section can in* mitted in accordance wm1 paragraph

(3) A loss of one workinst weelc or clude for es6ch individual exposed the (b)(1) W or(!D of thissection.
more of the operation of any facilities name, social security number. and date (2) A statistical summwy report of

the per*= mal monitoring ' informationaEccted; or of birth; and an estimate of tM indl*
. (4) Damace to recorded by the licensee for individualsHeo.000,4 7 property in excess of vidual's exposure. The report sail be , for whom personnel monitoring wast

prepared so that this information isM (b) Tacenty-four hour noti /lection. stated in a separate part of the report. either required or provided, as desenbed
go Zach !!censee sha!! within 24 hours in I:0.407(b)(1) !ndicating the number-

. E notify the Director of the appropriate ICI i of Individuals whose total whole body
Nucles Regulatory Commission Inspecnon g exposure recorded during the previousy a
and Enforcement Regional Office listed in $ 20.406 i - calendar year was in each of the follow-, c.

" Appendix D e~

$20.M Personnel esposure and mose."- ng estimated exposure rm2ges-by telephone and telegraph of any inct. isocing repersa. p rettmated whole Body Number of
' dent involving licensed matertal pos. D ** " #8"#8 '"##'" "sessed by him arid which may have (a secen appHes m each pn S (hp ceg.-

g caused or threatens to cause: censed by the Cornmission or the Atonue En-
- (1) Exposure of the whole body of any crly Commission to: No maneurable esposure. .

Measursale exposure less taan 0.1
individual to 5 rems or more of radia* (1) Operate a nuclear reactor de- 0.1 to 0 23
tion exposure of the skin of the whole signed to produce efectrical or heat C3 2 0 3

_

-

; tudy of any individual to 30 reme or energy pursuant to i 50.21(b) or I 50.22 0 3 ** 0 73 ~
of this chapter or a tes-ing facility as f'N1*~. more of radiation: or exposure of the

j feet, anklee, hands, cr ft. rearms to 75 def.ned in 150.2fr) of this chapter: ~
2 to

rems or more of radtation; or (:) pas.ess or use byproduct material a to [3t

(2) The release of radioactive mate * for purposes of radiograDhy ::ursuant to 4 to s_.

rial in concentrations which. If aver. Parta 30 and 34 of this caspter; s to s
*

""2 aged over a period of 24 hours. *vould (3) Pm-mm or use as any one time. ,a to 7,_
_

-

exceed 500 times the 11 mats spec:ded for f* pulvo4es of fuel processing fabrica- ,,

such materials in Appendix 3. Table II; 8 o 0-11.1. Or reprocessing. special nue! ear ma-
te'rint in a quantity exceeding 5.000 grarns 9 to toor

10 to 11- ~* (3) A loss of one day or rr. ore of the
of contained ursnium-235. uranium-233. 11 to 12.. _

- ._
operation of any fac111ttes afected; or g or plutonium or any combinatfort thereof 12 +~1 (4) Damage to property :n excena of g pursuant to Part 70 of this chapter; or ___

j _ 41.000. IJ J '
g (4) Possers or use at any one time. The low exposure range data are re-

,, (c for processirt or manufacturing for dis- quired in order to obtain better informa-. u.
{

@ prepa) ion pursuant to this section shall be -Any report Sled with the Com.g tribution ptrsuant to Part 30. 32. or 33
tion about the exposures actually re-m

i miss of this chapter, byproduct material tra corded. 'I211s section does not require;
red so that names of individuals quantities exceefting anyone of the fol improved measurements.E who have receitad exposure to radiation Iowing quantities:i

i g will b6 atsted in a sepoT*te part of the Jtadiontse!!de s Querstify M eistice 9 . Repwsure on terrna,ts p pe.wnd expo-sport.
Costum-137 -- nataan of employmentt,,J 20.m t Cobalt-60 of work.1. ~octo-19e too When an individual tarminates em-$ 20.405 Reports of owrerwesures ans! Iodine-131

1< ployment with a licensee subject toeseeenive lenta and concentratione. Iddlum-192 -
_ 10 1 ] 00,407, or an individual ass!gned to

, (a) In addition to any notideatfen umE7 - E work in such a licensee's facility, but notrequired by 120.403, each licensee shall Techneuum-9f m
,

make a report in witting within 30 days 1.000 *::: employed by the licensee. completes his

Each person described in para- 4 the licensee shall furnish * to the ExecutiveWork assignment in the licensee's facility.to the Director of Inspection and Enforce. (b)

{ appro. U.S. Nuc! car Regulatory Commission.
ment graph (a) o this section shall. within Director for Operanons. U.S. Nucicar Reiru-Washington, D.C 20555. with a copy to the the first quarter of each calendar year. latory Commission, Waslungton. D.C 20555,pnate Nuctear Regulatory Commission submit to the .xecutive Dtreew for Opera- a report of the in.

es

Inspecnon and Enforcement liegional Offica t'ons. U.S. Nu. lear Reirutatory v..nmisuon,e
listed in Appendix D. Washington, D.C. 20555. the following re- dividual's exposure to radiation and ra-A

of (1) each exposure of an individual to
radiation or r.oncentrattens of radioac.

ports. applicable to the desertbed licensed dioactive material. incurred dunng them
"

tive material in excess of any applicable
limit in this part cr in the lleensee's 2 A Wensee whose license espires or termi.license; (2) any incident for which not1 pates prior to, or on the Int day of the (s1

.

Scation is required by 100.403; and t3) endar year, shall submit retwrts at the espir.
| levels of radiation or concentratfor1 of * ne Commi ston may renture. as a !! cense arson or termination of the hcense, covenne8 ' radioactive material (not involvicg ex. condition. or be ruto. regulatloc or order that part of the yeJr dunnt which the license1

was in effect.cesalve exposure of any individual) in p t*{
i

uc u' j n n' 8 Individual values exactly equat to the,
' thle ust. In quantitaes sud.c4nt to cause valm separnung hposure Rar.ges snail be

comparable radlauon levela, rep rted in the Bigner range.$ Detered J8 FR ::200. t Deleted J3 FR 22:20. Amended 38 FR :* 0.*

April 30.1975
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l pertad of employment or work asst:n-
| ment in the 12censee's facility. contatn- APPfiNDEX A [ Reserved |6

% g ing information recorded by the licensee
a pursuant to || 20.401(a) and 0.*08.Such. v

* report sha!! be farnished wtthin 30 days
E after the exposure of the individual has

"

g been determined by the !!censee or 90
1 days after the date of termination of em-

ployment or voric assign nent, wh2chever
. ,is earlier.

-

| 20.409 NotiGestiene and repeees to
indivi4eals.

(a) Requirements for not:fications
and reports to Indaviduals of esposure to

g radiation or radioactive material are,

W apec1Aed in i 19.13 of this chaoter. '

N (b) When a iteensee is required pur-
g suant to II:0.405 or 20.408 to res, ort to

the Comnussion any exposure of an in-w
y dividual to r.u11stion or radioactive ma-a

terial, the licensee shall also notify ''ae =

indivtiual. Such not:ce shall be traa.s-
mitted at a time not later than the
transmittal to the Commission, and shall *

comply ' arith the provtstons of i 19.13(a)
,of tl.ls chaptes*.

ExcrPTtoss Asso Anotr2cN48.
Rsoonsuturs

$ 20.501 Appucations foe esemptions.
The Commission may, upon application

by any licensee or upon its a wet initir.tive.
grant such exemptions from tne requ2re-

, ments of the regulations in this part as

g will not result in undue hazarc1 to life or
it determiner are authorized by law and

- 5 property.
g g 20.502 Additional requirements.

The Commission may. by rule, regula-
tion, or order, impose upon any licensee
such requirements. in addition to those* established in the regulations in this
part, as it deems approprtate or necessary
to protect health or to mtnumza dan 2er

,,to life or p operty.

8 20.601 Violations. ,

An injunction or other court order
may be obtained prohibiting any viola-
tion of any provtsion of the Atomic
Energy Act of 1954. as amended, or Title "

II of the Ehergy Reorganization Act of *

1974 or any regulation or order issued
thereunder. A court order may be ob-
tained for the payment of a citt! penalty

Z imposed pursuant to section 234 cf the
Q Act for violation of section 53,57,62.63.
g 81. 82.101.103.104.107. or 109 of the

Act or section 20e of the Energy Reorga-u-

S nization Act of 1974. or any rule, re:;ula-
tion, or order issued thereunder. or any

| term, condition. or 11mitat:on of any
i license issued thereunder, or for any
i violation for which a 11 cense may be re.
I voked under section 186 of the Act. Any
I person who xillfully violates any pro-

vision of the Act or any regulatten or
order issued thereunder may be gutity of
a enme and, upon convietton, may be
punished by nne or impnsonment or i

both, as provided by law. I

J ttore.-t?.e reperune and record :ceeping
'

> ||

requirements con.atnee ta ts.s part asee
! been approved be the Demeral Accountice
( Ote under 3-18o2:S Roo43), (Roo44), and

tRooe48.
| '

l T
,

! v
20-9 May 20,1977,
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j f NOTE TO MPENDIX 8 -

3. !! any of the candit!ans spectaed below -67
" Noest la any caos where there is e alreare to air,o,rare met. the corresponding values specified

-a .

'4 ee -

weser of teore tasa ana twtionuetide, the timitte:s nhi
belo'T may be '.lsed in 11ets of those spectSed j)for purgenre of ta5 AppeGdts A4euld De determtead as t
in p1ragraph 2 aboTe. - . a

-

a t h e.de.o = zr = ia = =:r =< ~ = =at==ctiae i=, tabde ta o,e mi t, a.d,e_.new,s , toe i,m.c.,reo.a n
ret se , et ,

the =iaure : h= but = =n==tmuontu,e a tm . =
novuhl be derived as tot >>ws: IMermine, for *ech ra. <

E enownhis tne misture. tne retsa rerween the*nnittee mixture te notof one or tacre of the radionuclides in the
C a .

t at gne misture and tne iam:t otne wiw est*311mit Isr the mixture is the !!mithoirn. *te concentratton
11 ''

X
ta Appendts a for tan specine rsdannuete,** wne1= In Append!z "B" for the r dispectarci .g not ta a maature. The sure of suen rstwa fa

:ll the,. mixture having the lowesta onuclide in the a
t=fi-=Hea :n the mixture toer not eseed "r' (i.e M

g
- *

2 "usatf*'h concentration
graurt.s: If rufiennetktes .gc.. and C are present o"11: nit; Cr

p 5 :
ta - - C C e, and b. If t!*e 4dentity of esch rsdlonuc!!de in

ar.d at the appucanse"the mixture la not hon but it is hown
'

M PC's, are M PC s, and it PCs 's
, tively, thee the concenernoons sna. and M PCe resoee*

.

st be ilmated se that that certain radionuc!! des spec 1 Sed in Ap. 1

! " " " * * * " pendiz "3'' are not present in the mixture t.

C. . C. Ce the ecacentration limit for the misture is e
j MPCs'MPCe" E p the lowest concentrauca 11Ents spectaed in &

% . If either the kleetity or the tenerntration of es?
Append 1R "B" for any tsalonuclide wttica la i

not Itaown to be absent from the misture.
2;

t

todtanecthie in the misture ta not known, tae tuattins, cy
ven: ass for pwpawg of Appendt: D anall be: ""

, g a. For purposes of "Ihble I. Col.1-4 X 10"8
b. For purposes of Table I. Col. 2--4 x 10 'm,

g e. For purposes of ""able II. Col.1-2 X 10-u
d. For purposes of Table II. Col.2--3 X 104

8 ..

t
,-

._

Table ! Table II
eL Eleimona (aaense aanber) and tantopo .

Catama 1 Colums 2 Column 1 Cetumn 2
.

*
Air (pC&/IBO Water Air (,Cumi) water

(eC1/m0 6.Ctana)
D 18 Is known that Sr 90,11*3. I 1% I 129. I 13t. (1132

| taiste it enay). P3 0tG Pe itA At ;13. Ha J".3. Ra 7:s, eRa re. As ."f. Ra 2.21. T?s 23#. l'a ;:28. Th ;:32. Th.
nat. Cia 2 A C3 ".,4. and Fm 44 ore not present....--

-

|.
,

3 Ifit is known that Sr 90, t 823. I 109. I 1.*J. Il 141. i 133 9X104 3X!34.
i , as tabte 11 enty). Pb :tc. Po 213. Ra #2, na 7.% Ra 2.2d Pa st. Th.aas. Ca 2% Ct 34, and Fm :;.ie :.re not
' *

'

E ~

*n that N.~t l'itl'ia'5,' "

".Il .or). Po un. Ra z.w Ra 2.:s. C iIde' iEt'ibIe'il, * .

:w ar.u Cs se aree -.

O !! th'a'a'ii't'.Y's' aide"d'eni'['it' *25'"a'a23 are ses present . . . ... ... . ... .... . . . ... ... . . . ditE
.

La r l- -.

It it to knew's that mannwnitters and $r 90. I 129. Pb -
3X104 IX10 8

. . . . . .
.

210. As c. Aa 2::e. Fa 230 Pu ;48, and us Jae are not
''

t

* ~ ** **

an'ewit th'a't eEn'Estser's s2[l'EEi' TTid.' -
If,

Re 23. and Pu 244 are not teent........ 3X10 #If at is answe tana siphaetsieters sad As 2" se not 1X1ete. . . .

7

$
Il r$ deft that [[E.N.$kk[bi. [ME J-

~

220. P's test Pu 242. Fu 244. Ca 24e. C# 240 and Cf 34
.3X10-* IX10-8

I ase aos 6
-

I i

-

[" 6. If the taisture of radionuclides con.
,'

, ! g siste of ursnaum and its daughter products. .

-M in ore dust prior to chemical procesanng of|
g the uranium ore the values specified below|

j i w 'nay be used in lieu of those determined in
accordance with persgraph 1 above or those

I spec 1 Sed in paragrapne 2 and 3 above.
,

a. For purposes of Table I. Col.1-tX10-*
@ aC1/mi groes alpha activat7 or S X 10.u ,cgf *

mal natural urantum: or 75 micrograme per''
cuble meter of air natural uranium.E b. For purposes of Table II. Col.1--3 X 10~8

"" act/ml grone alpha act1TitY: or 2 X 10-* *C1/ .

@ al natural uranium: or a Inicrograme per
'.-

*

L cubl( meter of air natural urantum. '

! ""

| S. hr purposee cf this flote. a radio.
!

ntacijde may be considered se not present in '
a misture !! la) the ratto of the concentra.
tion |of that radionucilde in the misture

u (Cab to the concentratton limit for that
3 radasnuc!!de spect2H1 In I'able II af Ap. ;

= penas B (MFC.) does uct exceed he}
)x =

| y (t.#j'e,d) and (b) the sum of such <

N ratf65 for sti the radlocuc!! des conaldered as
anotgpresent in the mixture does not exceed

%i .

me[ J;,4;a. . . . . . w.
-

'

_
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PART 20 * STANDARDS FOR PROTECTION AGAINST RADIATION
~

Apuusta C Jfaseria# Jfterocurts' Any alpha emitting radionuc!!de
not 11sted above or mixtures ofMater ted Microcuries Camium.191m* 100 alpha emitters of unknown com.

Osmium.191 100 posttion . .... .= =Aaseric1tum.241 .01 _
. .01Comium.193 100

.

.., Antimony.122 106 Any radionuclide other than alpha-.. .. .
Antimony.124 . _ 10 Palladium.103 ._ 100 ematung radionuelldes, not listed.

Panadium.109 100 above er mixtures of beta emit.ra,;;1= ,g Ph.spamu 32 _ 20 ter, of mno.n com-uon... .1

.- ._
o

Armenic.74 * * " _ _ " Platinum.191 10010..
Platinum,.193m 100 Nort: For purposes of II 20.203 and 20. 304Armente.78 .. - 10 P1stinum 193 100 where there is involved a combination cf Iso.Armanic.77 100 _
Plaunum.197tn 100 topes in known amounts the Ilmat for theBarium.131 10 Platinum.197 100 M comD1 nation should be derived as follows:'9srtum.133 10 -

Plutonium.2".0Banum 140 As .01 $ Detrrmine, for each 1sotope in the combina.. Polonium.210 - 0.1 tion, the ratto between the quantity presentBlasautt. 210 1 Potaasium.42 10 m in the combination and the limit otherwtseBrnmtm.a2 .. 10 Fraseodym1uza.142 100 established for the spec 18e isotope when notCadmausa.109 __ 10.
Preseodyinium.143 100 8 in combination. De sum of such ratios forCadmiurn.115m 10_ Promethium.147 10 all *.be lootopes in .he combtnation snay notCadmium 115 .. - 100 Promethium 149 to encoed "1" (1.s. "un1C. hp1C N pur.__

Calcium.45. 10
Caletum.47 .. 10 Radium 226 .01 pocas of I 20J04. If a particular batch con..

Carbon.14 100 Rhenium.186 100 tains 20.000 ~(''t of Aud 8 and 50.000 aCit. .

of C'4. it may&.A include not more thanCerium.141 100 300 uCit of 1 This limit was determinedCertum 142 100 , 3 "'Rhodium.105 100. OrM a .144 1 Rubidium.86 10 10.oco wet a.194, 34,3ao et ele , met 1131, gCastum.131 1. 0M
IRubidium.47 10**3 ""* I '" I" 100.000 d4 20.000 WA 6.J00 na '~

3 g3 Ruthenium.07 100 The denominator la eacit of the aboveut entum.103 MCeslum.135 10 rauos was obtained by multiplying the figureRuthentum.108 10Centum 136 -*== 10
,

1A the table by 1.000 as providad in i 20.304.Ruthealum.106 1Centum.137 10 hmutum 151 10Chlorine.36 10 Samartum.153 100Chlmine.38 .__ 10 Scandium.46 10Chremium.51 - 1.000 Scar.dlum-47 100Cobatt.58m 10 Scandium.48 .Cobalt.54 10 10
Selentum.75 toCobalt.80 _. - 1 S111 con.31 100Copper.64 . 100 Silver los 10Dyeprostum.165 10 511Ter.110m 1

_

Lyeprosium.166 100 5117er.111 100.

Erbium.169 100 Sodium.24 10Erblum.171 ... . 100 Strontium *45 10Europium.!S2 3J2 h- 100 Strontium.49N Europium.1SJ 13 Tr. 1 N 1
Strontium.00 * 0.1E Europtem.154 . 1 E Strontium.91 10

, - g Europium.155 10 g Strontium.92 10u. Plucrtne.18 1.000 m Sulpttur.35 100
g Oedo111atum.153 . 10 g Tantalum.182 . 10. .

Oedo1&r.1um.159 . 100 Tec1tnettum.96 . 10Ga111ut s.72 .M - 10 Technettum.97m 100.

Germanium.71
Go14.It8 . .

__ 100 Technetium.97 100
100 Technettum.99m . 100001d.1159 100 Technettum 99 10Mainttra.181__

.

10 Te11urtum.125m 10Holmiu*n.184 '

100 Te11urtum.127m 10Hydrogen.3 ... 1.000 Te11urtum.127 _ - 100Indlum.113m . 100 Te!!urtum.123m 10
_

Indium 114m . 10 Te11urtum.123 100
.

Indium.115m . 100 Te11urtum.131m ._ 10Indium.115 . 10 Te11urium.132 10lodine.125 1 Terbium.160 to
_

lodine.128 1 Tha111um.200 100lodine. 29 .... _ . . . . 0.1 Tha111um 201 100Todine.131 1 Dallium.202 _ 100-_
fodine.:32 - _ 10 Thallium-204 10-

Iodine. 33 1 **1"hortum (natural)a 100.. _.
Iodine. 34 10 "Itu11um.170 10.. .

Iodine. 35 . ~ 10 Thu11um 171 10
.

. .Irtatum.102 . 10 'nn.113
tridium.194 . 100 T10 125

_ 10._

10_ . .Iron.55 . .- 100 Tungsten.181 10Iron.59 10 Tungsten.185 10..
Kryptoes.45 ... 100 Tungsten.187 100.-U _ _ . .Krypton.47 .- 10 Jranium (naturs&P 100
Lanthanum.140 . 10 Uranium.233 ... .01..Lutettum.177 . .. __ 100 Uranium.234-Crantum 235 .01Manganroe 52 . ' 10 vanadium-48 10.Mang.utese.54 10 X'QO2-131m . . - 1.000Manganese.66 . _ 10 %*D08 133 .. _ 100
Mercury.197m ...... 100 X'OOD.135 . - _ 100..Meteury.197 ... . 100 Ytterblum.175 100
Mercury.203 . . . 10 Yttttum.90 ....._ , ._~ 10.

Moly bde num.99 .... .... .. . 100 Yttrium.91 10... ... _
Neodymtum.147 .... . 100 Yttrium.92 ... . .. ._ 100..

Neodym1um.149 ..... 100 Yttrium-w3
_ 100_ - =....Micael.59 . . .. .... . 100 Zinc.65 5 Based on alpha disintegration rate of.

0Niemet.63 . ... . ... .. 10 1ac.69m .-- 100 D.232, n.233 sna their daugbter products.
{inc.69

.-

,/ N!ctet.4 5 ... 100 g __ ... 1.000 8 Based on alpha distntegration rate of..... ..

mobium.eam .. ....... .. . 10 ,10 ,1T.238. U.23,4, and U, 2,3,3.,,1reonium e3
:1rcontum.95

.- ..

N1obtum.93 .... ....... . 10 0 A ,,,,, ,, y g ,

0.trcontum 97 .........N1obtun .97 ..... 10 10 ** Amended 39 FR 23990..

Osmaum.185 10 Amended 38 FR 29314 '
. _ . . .
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UNIT II RADIATION MONITORING SYSTEM

1. Alarm light operation:

A) G-M tube area monitors - series 855

1. Fail Alam - 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 alam 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 alam 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.

8) 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 alam 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 alam j

trip setpoint.
)
i3. High alarm - Red button - indicator

a) High alarm ON (lit) indicates high radiation trip.

, _ _ _
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h) 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 alarm - 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 alarm button pressed resets the radiation alarms if the

displayed radiation level is below the alarm setpoints.
,

2. Alert alarm - amber button - indicator

a) Alert alarm ON (lit) indicates alert radiation trip,
b) Amber button pressed while function switch 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 'n - CAL, otherwise CAL is indicated with tin

-
- button released.

3. High Alarm - Red button - indication

a) High alarm ON (lit) indicates high radiation trip and associated
interlock if applicable.

b) High alarm button pressed while function switch is at the CAL
positio.1 causes the high alarm setpoint to be displayed on the
meter.

CAUTION: The alarm setpoint is displayed only with the button
pressed in - CAL otherwise CAL is indicated on the button
release.

Smal; pushbutton will only silence the local alarm on the atmospheric
monitors (series 842 monitors).

.

1



RMS INFORMATION UNIT II

1. RMS inter 1 k functions bypassep with keyswitch.

2. Particulate Monitors employ moveable filter capstan (Rotate) Solenoid /
Ratchet Drive of Capstan Normal 1"/hr Proc 4"/hr Advance (Tear) 7.5"/ min

<. Capstan activated every seven (7) niinutes. 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 *

LOCAL RAD. DETECTED, CllECK
MONITOR 10 MONITOR NAME MONITOR LOCATION READ 0UT DETECTOR SOURCE SETPOINTS (HIGH) CODE

Cont. Bldg. (305)
IIP-R-201 Control Room (Column c48/cA) NONE GAMMA /G-li CAN

1.4 mR/hr

Cont. Bldg. (305)
!!P-R-202 Cable Room (Column c47a/cC) M,IL,H GAMMA /G-M I 4 mR/hr CARL

llP-R-204 RB Emer. Cooling Aux. Bldg (280-6) M,IL ,ll GAMMA / G-M 2 MR/hr REALLYBooster Pump Area (Column AB/A61)
,

itP-R-205 RC Evaporative Aux. Bldg (280-6) M,IL ,Il GAMMA /G-M 2 MR/hr RAPE
Control Panel (Column AG/A63) '

Area

llP-R-206 Make-up Tank Aux. Bldg. (305) M,IL,ll GAMMA /G-M 20 MR/hr MOLLY: Area (entrance to MUTl) '

ilP-R-207 , Intermediate Aux. Bldg (305) M, IL ,il GAMMA /G-M 2 MR/hr IFCooling Pump Area (South of ICPlB)

IIP-R-209 Fuel llandling Rx. Bldg. (347-6) M.IL GAMMA /G-M S R/hr FREDBridge florth (Main F.H. Bridge) 1 R/hr Mode 6

ilP-R-210 Fuel llandling Rx. Bldg. (347-6) M,IL GAMMA /G-M S R/hr FONOLESBridge South sisux. F.ll. Bridge) 1 R/hr Mode 6
.

M-Meter For Infonnation
IL-Ind. Light on Setpoints Refer
ll-florn to 2105-1.12



_ _ _ _ _ - - _ _ _ _ _ _ _ - _ _ _ ._ __ _
_ _

'AREA; MONITORS-s

LOCAL RAD, DETECTED) CilECK "

M0filTOR ID M0tlITOR NAME MONITOR LOCATI0tl READ 0UT DETECTOR SOURCE SETPOINTS (HIGH) CODE

IIP-R-211 Personnel Access Rx. Bldg (305) M,IL,H k<tMA/G-M 50 MR/hr POLLY!!atch (On Elevator Wall

llP-R-212 Equipment llatch Rx. Bldg (305) M,IL,H GAMMA /G-M 50 MR/hr EN00Gil?
(Column R4)

IIP-R-213 Incore Inst. Rx. Bldg (347-6). M,IL,Il GAMMA /G-M 50 MR/hr I'DPanel Area (NorthsideA
0-rinq)

,

llP-R-214 Reactor Building Rx. Bldg ( ) NONE GAMMA / ION 8 R/hr RAT 11ERDome ,

9

!
IIP-R-215 Fuel Handling F.ll. Bldg (347-6) M,IL,H GAMMA /G-M 20 mR/hr FONDLEj Building (Fil Bridge)

IIP-R-218. Waste Disposal M, IL ,ll GAMMA /G-M 50 MR/hr WANDA !Storage Area

!
LIP-R-231 Aux. Bldg Sump Aux. Bldg (280-6) M,IL,H GAMMA /G-M 1 R/hr AND

|

Tank Filter Room (Column AQ/A6Zb)
-

. - - -

IIP-R-232 Aux. Bldg Access Aux. Bldg (305) M, .,H GAMilA/G-M 2 MR/hr REALLYi Corridor (Column AT/A61)
Radwaste Panel Area, _

.

|

|
i

|
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( AREA MONITORS !

LOCAL RAD. DETECTEDJ CilECK
N0filTOR ID MONITOR FLAME MONITOR LOCATI0tl READ 0UT DETECTOR SOURCE SETPOINTS (HIGH), CODE

!!P-R-233 Aux. Bldg Aux. Bldg (305) M,IL ,il GAMMA /G-M 2 MR/hr SWEET
Access Corridor (Column Atl/A63)

(S.F. Filter Area)
.

IIP-R-234 Cont. & Service Serv. Bldg (280-6) M. I L ,Il GAMMA /G-M 2 MR/hr COOKS
Bldg Corridor (Column CE/c50a) It{ Tile

(Cont. Den Tk f.ree.)

IIP-R-3236 Rx. Bldg Purge Aux. Bldg (328 M ,I L ,Il GAMMA /G-M 20 MR/hr R
Unit Area (Column AE/A64

llP-R-3238 Aux. Bldg Exhaust Aux. Bldg (328) M,$1.,H GAMMA /G-M 20 HR/hr A
Unit Area (Column AJ/A63)

.

!

.
IIP-R-3240 f.II. Bldg Exhaust Aux. Bldg (328) M, IL ,Il GAMMA /G-M 20 MR/hr F

| Unit Area (Columnal /A63)

.

e

9

!

!
-

! .

i

;

. - _ _ - _ _ _ _ _ _ - - _ _ _ _ _ _ __ _ __
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. .i.. . .

(PROCESS) i ATMOSPHERIC MONITORS
_

g
_

REttiE CHECK'

MONITOR ID MONITOR NAME MONITOR IOCATION READ 0UT DETECTOR S0llRCF SETPOINTS (HIGH) CODE

IIP-R-219 P Station Vent Aux. Bldg (328) , Monitor Beta Scint. CS-137 1.3E+3 CPM VICI (Near Column AB/Af 5) Ganna Scint. BA-133G 1,58E+5 CPMBeta Scint. CS-137 IE+4 CPM

llP-R-220 P Control Room Cont. Bldg (351-6) NONE Beta Scint. CS-137
300 CPM CANI Intake Duct Near Column T35/Cl] ) Gamma Scint. BA-133G 2E+5 CPMBeta Scint. CS-137 260 CPM

n

llP-R-221A P F.ll. Bldg Exhaust Aux. Bldg (328) NONE Beta Scint. CS-137
2E+3 CPM FLYI Duct (Before Northwall Ganna Scint. BA-133

G Filter) (Column AT/A63) Beta Scint. CS-137 2.5E+5 CPM
4E+4 CPM

llP-R-221B P F.ll. Bldg Exhaust Aux. Bldg (328) NONE Beta Scint. CS-137
7E3 CPM FORI Duct (After Filter: Northwall Ganna 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 Ganna Scint. BA-133 1 5
! G (Before Filter) (Column AT/A63) Beta Scint. CS-137 2E4 CPM

IIP-R-223 P Moveable Monitor F.ll. Bldg (347-6) Monitor Beta Scint. CS-137
1*1E3 CPM MILEI Spent Fual Area Eastwall Ganna Scint. BA-133 CPM

*

G (Column AH/A65) Beta Scint. CS-137 2YbCPM

llP-R-224 P Moveable Monitor Aux. Bldg (280-6) Monitor Beta Scint. CS-137 ~ 1.1E3 CPM MOREI Aux. Bldg Westwall Ganna Scint. BA-133 2.3E5 CPM tianG (Column AQ/A65) Beta Scint. CS-137 260 CPM

llP-R-225 P Rx. Bldg Purge Aux. Bldg (328) NONE Beta Scint. CS-137 IE4 CPM ROYI Air Exhaust Duct A West of Column Ganna Scint. BA-133 2E5 CPMG ABa/A64 Beta Scint. CS-13/ 8E4 CPM
'

,
'

-,

FOR MORE INFORMATION
ON SETPOINTS REFER
TO 2105-1.12'

;

i

_ _ _ _ _ _ _ __ _____ ______ _
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(PROCESS) ATHOSPilERIC MONITORS I--

REMOTE CilECK.

MONITOR ID MONITOR NAME MONITOR LOCATION READ 0UT DETECTOR SOURCE SETPOINTS (llIGH) CODE

ilP-R-226 P Rx. Bldg Purge Aux. Bldg (328) NONE Beta Scint. CS-137 IE4 CPM R0GERS
I Air Exhaust West of Column Ganna Scint. BA-133 2E5 CPM
G Duct B ABa/A64 Beta Scint. CS-137 8E4. CPM

llP-R-227 P Rx. Air Sample Aux. Bldg (305) Monitor Beta Scint. CS-137 5E4 CPM RAN
I Line Hear Column Gamma Scint. BA-133 SE3 CPM
G ABa/A64 Beta Scint. CS-137 2E4 CPM

llP-R-228 P Aux. Bldg Purge Aux. Bldg (328) NONE Beta Scint. CS-137 4E3 CPM AFTER
I Air Exhaust Northwall Ganna Scint. BA-133 lES CPM
G (After Filter) Column AT/A626' Beta Scint. CS-137 2E4 CPM :

llP-R-229 P 11 Purge Duct Aux. Bldg (328) NONE Beta Scint. CS-137 1.6E5 CPM |{{s2
I Westwill Gamma Scint. BA-133 4E5 CPM
G Colu.nn AE/A65 Beta Scint. CS-137 1.2E5 CPM

WOG-R-1480 C Waste Gas Dischart e Aux. Bldg (328) Panel Beta Scint. CS-137 4ES CPM WIFE
West of Column 302 B
AB/A62A

WDG-R-1485 G Decay Gas Tank Aux. Bldg (305) Panel Beta Scint. CS-137 DALE'S
A Discharge (WDG-T-1A Valve 3028

-

3E5 CPM
Room) -

.
.

WDG-R-1486 G Decay Gas Tank Aux. Bldg (305) Pio 1 Beta Scint. CS-137 DIRTY3E5 CPMB Discharge (WDG-T-1B Valve 302B
Room)

.

VA-R-748 G Condensor Vacuum Turb. Bldg (281- NONE Beta Scint. CS-137 CLOTilES
Poinp Exhaust 6) East of Columo 2E3 CPM

TG/T42

_ ___________ _ _ ___-_____ _ -_
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(PROCESS) LIQUID IDNITORS 6

Rt..ITE CilECK,

MONITOR ID MONITOR NAME MONITOR LOCATION READ 0UT DETECTOR SOURCE SETPOINT CODE

MU-R-720ll! Primary Coolant Aux. Bldg (305) NONE GAMMA Scint. BA-133 (GROSS) LOVELY
Letdown ill Outside North Wall SES CPM

Makeup Demin
(MU-K-1A)

HU-R-720LO Primary Coolant Aux. Bldg (305) NONE GAWlA Scint. BA-133 (ANALYZE) LUCY
Letdown LO Outside North wall SES CPM

Makeup Demin
inn v 1n\

IC-R-1091 Intermed. Cooling Rx. Bldg (282-6) NONE GAMMA Scint. BA-133 5,000 CPM INVITED
Letdown Cooler B Outside RB Sump
(MU-C-lB) Room

IC-R-1092 Intermed. Cooling Rx. Bldg (282-6) NONE GAPNA Scint. BA-133 5,000 CPM ILJES
Letdown Cooler A Outside RB Sump
(MU-C-1A) Room

IC-R-1093 Intenned. Cooling Aux. Bldg (305) NONE GAMMA Scint. BA-133 2,000 CPM INTOCooler Outlet East of Column
AB/A634

,

WDL-R-1311 Plant Effluent Aux. Bldg (280-6) Panel GAFNA Scint. BA-133 1800 CPM or EN0UGl
Unit II 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 DIRTY
A Loop Column AK/A67

-

1.

DC-R-3400 Decay lleat Closed F.ll. Bldg (280-6) NONE 6AMMA Scint. BA-133 2,000 CPM DEALS
B Loop Column AK/A67

1

}
_ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ . _ _ _ _ _ _ _ _ _ _ _ _ . . _ _ _ _ . _ _ _



__________ _ _ _ - _ __ _ ___

.
,

IIppnrrssi LI0lllD MONITORS
REH0TE CilECK -

,

MONITOR ID MONITOR NAME MONITOR LOCATION READOUT DETECTOR SOURCE SETPOINT CODE

NS-R-3401 Nuc. Serv. Closed Aux. Bldg (305) NONE GAM 4A Scint. BA-133 2,000 CPM NOW
Cooling (North of NS-T-2),

SF-R-3402 5 pent Fuel Aux. Bldg (305) NONE GAMMA Scint. BA-133 SilE
~

Cooling (WestofSF-P-1A) 1E4 CPM

WT-R-3894 Water Treatment Turb. Bldg (281-6: LOCAL. GAMMA Scint. BA-133 2,000 CPM WANTS.,

i & Condensate Southside Regen. ONLY

| Polishing Station East wall

WT-R-3894 Water Treatment Turb. Bldg (281-6; LOCAL GAMMA Scint. BA-133 1,500 CPM WEST
& Condensate Southside Regen. ONLY
Polishing Station East wall

, .

W .F.

1

i

! - |
J

i -
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UNIT 2 UNIT 1

from Evaporative | from Various %
Condensate Pumps Unit 1 Sumps |

UOLV-93A WDLV-500.

,,

a -N- y-
i

~ WDLV-501 RML-8 ,

h | V

To Hisc. Waste Storage Tk
3

I
-

WDLV- 24
fleut a iter WoLV-100 ,

Tank
Pumps RML-6 FT-84 WDLV-125

WTV-115
,

I fromV 1 r
Waste

UTR )WTV-121 ( 3 3r:
3 # #

3895 UNIT 2 UNIT 1 " * "*P
V HDCT MDCT

from Cond. 1 r :
Polishing Sump q j

)To Misc. Waste lloldup Tank
|

_

g y y ,

A
STATION DISCllARGE PIT

UTR WTV-119 A FR-146 }
3894 " ~7 )[leutralizi

V DISCllARGE TO"
[ MkWTV-118 RIVER

From Cond. Polishing
Regeneration Skid
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UNIT II RMS IN1 .. LOCKS
|

l

|
|

llPR-225 llPR-226 itPR-222 ilPR-228 ilPR-221A flPR-221B WDGR-1485 WDGR-1486;

.
.

_, e .

WDGR-1480
.

'

,, ir ,, , r 2r 1 r
- sr d v 1r

Open Open Close Stop Close Stop Close Close
05129-D D5129-C 04020-A AllE7A/B D5683 AllE9A/B WDGV30A WDGV30B
Close Close Open Open
05129-A D5129-B 040208/C D5671A/B ,

Stop Stop D40200/E a D5684A/B n a aAilE12A AllE120

o a

o -

Unit IilPR-219 WTR- 3894 llTR - 3895 WDLR-1311 RML-7

llPR-2203 r 1 r V -

ir 1 r , ,
*

' Close Close Close '
,

Stop WTV-118 WTV-115 WDLV100 Close
'

3rAllE23A/B Open Open WDLV93A/B WDLV-99
llTV-119 llTV-121 Stop Start

WDLP8A/B AllE-4A/B
WDLPllA/B Control RM.

on Recirc.,

i



-
. ~ . _

..

UllIT 2 RMS INTERLOCKS

P P P P P P1 1 1 1 1 1 1*
* *

'
2- G G G - -. G __ ., 3G

U 1 *

5-J ,

KL KL KL KL KL KL KL KL KL KL t.
1 6 2 4 5 7 3 8 12 13 (14
IIPR220 llPR222 IIPR228 tlPR221A IIPR2218 WDIR1111 IIPR714

* = Keyswitch Bypass
KL1 - Start AllE4A KL KL KL
KL6 - Start AllE4B 9 10 11
KL2 - Close 4020A; Open 40208/C/D/E (dampers)
KL4 - Stop AllE7A/B llPR225 llPR226
KL5 - Close 5683; Open 5671A/B, 5684A/B (dampers)
KL7 - Stop AllE9A/B P-- P-- *8 1- WDGR1486KL3 - Close WDLV93A/B,WDLV100 1 W T* hI [ *hIStop WDLP8A/B, WDLP11A/B '
KL8 - Close WDLV99 * h $ WDGR1485

,
,

KL9 - Close 5129A, Open 51290 (dampers) G-~ GT j lStop AllE12A -

_1_KL10- Close 51298, Open 5129C (dampers) *
r- WDGR1480Stop AllE128 ~

l-

KL11- Close WDGV30A/B
KL12- Stop AllE7A/B

.

KL13- Stop AllE9A/B
tiote: Interlocks not shown for WTR3894 and WTR3895 since theseKL14- Stop AllE23A/B

monitors are not indicated in the control room.
'

,

!

__ . _ _ _ . . __ _ ._
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ENCLOSURE 1

CATEGORY IV CR0 STUDY ASSIGNMEflT SHEET

NAME: START DATE:

COMPLETI0tl DATE:

ASSIGN? TENTS Sth CYCLE 2nd HALF

l. 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 Balance
b. Computer Calculation of Heat Balance (explain the printout)
c. Computer Reactivity Balance (explain the printout)
d. Reactivity Balance (SDM)
e. Reactivity Balance (ECP)
f. Reactivity Balance (change Baron)

3. Read second half of Environmental Tech Specs.

.

TOTAL POINTS TO DATE FROM ENCLOSURE 2

WRITTEll TEST DATE RESULTS

ORAL TEST DATE RESULTS

ANSWERS MISSED, HANDED IN CORRECTED

DATE:
SIGNATURE OF LICENSED TRAINING COORD.

.

.

-,
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EtlCLOSUPE 1

CATEGORY IV CR0 STUDY ASSIGNMENT SHEET

.

i

NAME START DATE:

COMPLETION DATE:

ASSIGfitiENTS 6th CYCLE 2nd HALF

1. Review Procedures

a. Administrative
- b. Emergency

c. Abnormal
.

d. Operating-

2. Review Tech Specs

3. Review Reactor Theory
,

,
.,

t

,

l

TOTAL POIt!TS TO DATE FROM ENCLOSURE 2,

WRITTUi TEST DATE RESULTS

ORAL TEST DATE RESULTS

AflSWERS f1ISSED,ilANDED Ifl CORRECTED

1

DATE: |

SIGNATURE OF LICEt1 SED TRAltlIf1G COORD.

|

1
.

[ , , , _ . . _ . I


