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Carolina Power & Light Company

JUN 25 1992

i Office of Nuclear Reactor Regulation
‘ ATTN: Mr. Steven A, Varga, Chief
Operating Reactors Branch No, 1
United States Nuclear Regulatory Commission
Washington, D.C. 20555

H. B. ROBINSON STEAM ELECTRIC PLANT, UNIT NO. 2
: ‘DOCKET NO. 50-261

! ' LICENSE NO. DPR-23

| PRESSURIZED THERMAL SHOCK

‘ Dear Mr, Varga:
During a meeting held on May 6, 1982, regarding the NRC Audit of
Operator Training and Emergency Procedures conducted at the H. B. Robinson
Steam Electric Plant (HBR) Unit 2, members of the NRC staff requested several

items from Carolina Power & Light Company (CP&L). For the benefit of
clarification, we have identified each request separately with our response.

NRC Request
Document the Pressur%ged Thermal Shock (PTS) training schedule.

! CP&L Response

The PTS classroom training commenced on May 10, 1982 and was
completed on May 18, 1982, The simulator training commenced on May 15, 1982
and was completed on May 25, 1982,
NRC Request

Provide copies of the PTS Training Lesson Plans.

CP&L Response

| The PTS Training Lesson Plans are provided as an enclosure to this
u letter.

| foyd

\
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NRC Request

Provide copies of the revised Emergency Procedures.

CP&L Response

Copies of the revised Emergency Procedures were provided to members
of the NRC Staff following the May 6, 1982 meeting.

NRC Request

Commit to conducting a walk—-through of fhe new procedures in the HBR
Control Room.

CP&L Response

Each new procedure will be walked through the HBR Control Room prior
to startup following the refueling which is now underway.

NRC Request
Document the content of the simulator exercises.

CP&L Response

v Copies of the Simulator Exercise Guides are provided as an enclosure
to this letter.

If you have any questions regarding the material provided, please
contact a member of my staff.,

Yours very truly,

S. R;filmmerman

Manager
Licensing & Permits

DCW/mf (125C6T1)
Enclosure

cc: Mr., J. P, O'Reilly (NRC-RII)
Mr. G. Requa (NRR)
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PRESSURIZED THERMAL SHOCK

LIST OF ENCLOSURES

Pressurized Thermal Shock Introduction

Brittle Fracture and the Reactor Vessel (Material Science Sessiop.1$)
Determination of'Heatup aﬁd Cooldown Curves (Material Science Seséion’IG)
LOCA Transients |

Loss oflRéactor Coolant (Proééaufe biscussion)

Steam Break Transients

Loss'éf Secoﬁdary Coolant (Procédure Discussion)

Steam Generator Tube Rupturé (Procedure Discussion)

Inadequate.Core Cooliﬁgr(Mitigating Core>Damage Session 8)

RCP Seal Failure (Transient and Accident Analysis Session 16)

Safe;y Valve Failure (Transient and Accident Analysis Session 14)

S/G PORV Stuck Opeﬁ (Transient and Accident Analysis Session 15)

R.E. Ginna Tube Rupture

PTS Concerns with EI-14, AP-19, AP-25,VGP—2, and GP-6

Student Handouts A, B, & C

?TS Final Exam | | -

Simulator Exercise Guides

Steam Generator PORV Failure

Small Break LOCA - Pressurizer PORV Fails Open

Main Steam Break (Downstream MSIV)
« ° Pressurizer Safety Leak Without Automatic Turbine Trip

oOwWEkE
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PRESSURIZED THERMAL SHOCK INTRODUCTION

Time: 30 minutes
Session 1 of 1.
OBJECTIVES: Upon successful completion of this
session, the student will be able to:
Define "pressurized thermal shock" and ex
plain why training on this subject is im-
portant
MATERIALS:
I. Training Aids
A. Whiteboard or equivalent
B. Overhead projector
1I. References

A. WCAP 10018

B. Plant Operating Manual Volume 6
Emergency Instructions

III. Supplies - Pencil and paper
INTRODUCTION:
I. Establish Class Relations

A. State Name

B. Ekplain procedures (asking questions, volun-

teering information)
Ii. Establisﬁ Learning Goals
A, .State.Title
B. State Oﬂjectives-(;;om Page 1)
PRESENTATION:
I. Pressurized Thermal Shock

A, Definition - A combination of a rapid

temperature reduction and excessive

pressure as to risk the vessel integrity.

B, Transients with vessel integrity risk from
PTS

TP-1

Tp-2
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-2«

Transients of interest include:
a. Thermal shock
b. High or increasing press

Reason these transients are poten-
tially limiting

a. Thermal and pressure tensile
stresses are additive on the
inside wall

b. Material toughness is reduced as
temperature decreases

Transients with a primary or secondary
leak that can create a significant
thermal shock, Significant events:

a. Primary leak

b. Steam break

c. Rx trip w/o turbine trip

d. Inadvertent steam dump

e. Inadvertent SI

Transients involving addition of

cold water (with no leak) are less

severe due to large water inventories
(at high temperature)

Reason for Study

1.

PTS can have serious consequences as

regards plant safety. The operator
must be able to analyze and identify
potential PTS situations

Operators must be able to correctly
use the plant operating manuals with

regard to PTS to protect reactor vessel
integrity.

II. List of Sessions to be Taught

SESSION 2: NDT-NORMAL CONDITIONS

A. Brittle fracture and the reactor vessel

1.

2.

Brittle fracture considerations

Reactor vessel stresses

LR

ol



-3-

B. Determination of Heatup and Cooldown Curves
1. Heatup/cooldown determination
2. Heatup/cooldown curves

SESSION 3: TRANSIENTS AND ACCIDENTS WITH PTS
CONCERNS AND EI-1 PROCEDURES

A. LOCA
1. 1LoCA tfénsienﬁs
Pressure and temﬁerature relationships
| é. LOCA - EI-1 Procedures
B. -Steam Break
1. Steam break.tfansients
‘Pressure and temperature relatiomnships
2. Steam Break - EI—I Procedures
C. Steam Generator Tube Rupture
EI-1 Procedures
D. Inadequate core cooling section'H from EI-1
SESSION 4: CASElHISTORIES WITH PTS CONCERﬁS

A. HBR RCP seal failure

B. HBR main steam safety valve piping failure

C. HBR stuck open steam generator PORV

D. GINNA Tube Rupture

SESSION 5: PTS CONCERNS IN EI-14, AP-19,
AP-25 AND GENERAL PROCEDURES

SESSION 6: EXAMINATION




PRESSURIZED THERMAL SHOCK INTRODUCTION

Objectives

UPON SUCCESSFUL -COMPLETION OF THIS SESSION,
THE STUDENT WILL BE ABLE TO:

DEFINE “PRESSURIZED THERMAL SHOCK” AND EXPLAIN WHY
TRAINING ON THIS SUBJECT IS IMPORTANT,



PRESSURIZED THERMAL SHOCK
- DEFINITION - |

A COMBINATION OF RAPID TEMPERATURE
REDICTION AND EXCESSIVE PRESSURE
*AS TO RISK THE VESSEL INTEGRITY.

TRANSPARENCY 2

Lt
Rt

Lo
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H.B. ROBINSON STEAM ELECTRIC PLANT UNIT NO. 2
INSTRUCTOR LESSON PLAN )

SUBJECT: Materials Science - o " SESSION: 15 of 16

SESSION TOPIC: Brittle Fracture and the PIME: 50 minutes
. Feactor Vessel

REVISION NO. O . " DATE: 1/5/82

INSTRUCTOR REFERENCES ° B

1. H.B. Robinson Unit No. 2, FSAR, Section 4
2. . H.B. Robinson Unit No. 2, Technical specifications

CLASSROOM EQUIPMENT-

1. Chalkboard, Chélk and Eraser
2. Overhead Projector

TRAINING MATERIALS REQUIRED

Transparencies:

i Lesson Objectives and Reason for Study -

2. Effect of Fluence and Copper Content on Shift of RTypr
3. Pressure Stress on Reactor Vessel.

4. Temperature Stress on Reactor Vessel

S. Heatup Stress Profile

6. Cooldown Stress Profile

7. Flence Over Plant Life

8. Charpy V-Notch

STUDENT REFERENCES

1. Student Handout: Materials Science
2. H.B. Robinson Unit No. 2, FSAR, Section 4
3. H.B. Robinson Unit No. 2, Technical .Specifications




LESSON PLAN

OUTLINE - KEY AIDS
f. INTRODUCTION
A. -LeSSOn Objectives Transparency
Upoh successful completion of this session you will. 15-1.
be able to: e ’
1. From memory. state the reactor vessel con=
) struction materials. : @
. . <
2. ° From memory, define RTypr and describe the
procedure and tests used to determine RINDT-
- 3, From memory, define ARTypy, describe what
effects it, explain how it is measured, and
state which vessel materials are more sensi-
tive to it.
4. From memory, state the stresses associated
with the reactor vessel for heatup and cool-
down of the reacior.r
5, From memory, state the 1im§£ing.stress condi-
tion and location associéteé with the reactor
vessel. : . . .
Be. Reason for Study

Heatup and cooldown effects during plant startup

and shutdown cause great stresses on the reactor




LESSON PLAN

OUTLINE - KEY AIDS

vessel. These effects éoupled with'high pressures
and radiation damage provide a.potenﬁial for brittle
fracéﬁre of the ;eactor vessel. This potential
catastrophic failure must be guafged against with

1imitations on the vessel.
II. PRESENTATION

_ A. Brittlé Fracture Considerations"

1. Reactor vessel
a. Construction materials . Ce e

1) Low-alloy carbon steel plates -
SA302 grade B

2) Steel plates welded togéther _

3) Typically over 8 inches thick
around core and 5 inches thick
at bottom o ‘ o B

4) Stainless steel cladding
- be Subject to brittle fracture

1) Must be protected against

RTNDT

| )




LESSON PLAN

OUTLINE

KEY AIDS

Reference temperature for nil-ductility

transition

Reference to provide protection

\

Change in NDT over material's life is

measured from this reference temperature

-

Dropweight referenced to Charpy V-notch test

a.

v
Temperature no greater than TNDT + 60°F

Specimens

1) 3 samples
2) Each 10 mm x 55 mm x 10 mm

3) 45° V-notch, radius of .25 mm
Test procedure

1) Peﬁdulums ) ‘ ~.

a) 120 ft 1bs or 220 ft 1bs

_b) Energy last determined by measuring

resultant energy of pendulum
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| LESSON PLAN

OUTLINE : ' KEY AIDS

2.

c) Sampie always broken on first

impact

2) "Requirements

r .
H

‘a) 35 mils (0.035 in) expansion

b) 50 £t lbs impact enexgy .

3) ' Conduct test until requirements are

net by increasing or decreasing the

specimen temperature

.....

4) Determlnes ch or charpy V—notch temperature

RTWDT

ae RTypT = ch - 60OF

(ReferencesTemperature for Nil ductility transition

Temp charpy V-notch - 60

b. Applies when RTNDT is

C.. procedure applies to

0°F. -
greater than TNDT

1) The base material
2) The heat affected zone (welding) . -

3) Weld material




LESSON PLAN

OUTLINE - KEY AIDS
-3, shift in RTypr: ARTNDT
a.. Due to fluence (neutron £lux)
b. Materiéls similar to vessel materials
_placed inside vessel wall ’?%'
1) Samples taken out periodically and ‘Eﬁ
tested for ARTypr using these tests
2) Conservative ARTypp because exposed
to higher f£luence
c. Weld material more sensitive
1) Based on copper content of weld material )
L L cwe LT Transparency
.2) Low amounts of nickel result in steels and P !
welds. which are significantly less 15‘2
susceptible to irradiation damage. HBR has .34Z cu.
' 1.2%Z Ni

cC. Reactor Vessel Stresses

1. Pressure

b.

-

- From coolant system pressure

Always tensile

1) ‘Both inner, and outer walls

2) Inside wall greatest

HBR has benefit of
low nickel content.

. TPransparency

15-3
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OUTLINE

KEY AIDS

2. Temperature
a. Gradients across wall
b. Either tensile or compressive . Transparéncy
| ' 15-4
1) Heatup
a) Outer wall temperature lags
the inner wall
b} Stress changes from-compressivé
to tensile’ through vessel wall
2)  Cooldown
a) Outer wall lags the temperature
drop of the inner wall
b) -'Streéses change from tensile
to compressive through vessel
wall o
3. Stresses caused by radiation damage

a. Called embrittlement stress

b. Caused by neutron {rradiation

C. Greater to inher wall

e . —

BT L VoY



LESSON PLAN

OUTLINE . " KEY AIDS
d. Tensile stress
4, Stress profile
a. Heatup stress profile - ’ Transparency
‘ 15-5

1) Atl/4T . - ' T is thick-

: ' ness of
a) Pressure and embrittlement : vessel wall

stresses tensile \
b} Tenmperature stress compressive
c) Tend to.cancel
2) at 3/4 T
a) " All stresses are tensile
b) Reinforce each other
c) Limiting during heatup
d. Cooldown stress profile | Transparency
15-6 '

1). At 3/4T

a) Pressure and embrittlement

stresses tensile

gttt Ll

- —— . pmrenreeE R
- .
i

Eh o



LESSON PLAN
OUTLINE KEY AIDS
b) Temperature stress compressive
c) Tend to cancel
2) CatlaT
a) All stresses are tensile
b} Reinforce each other
¢c) - Limiting durinq cooldown
5. Limiting condition
ae. ' Fluence 1
i) Greater at 1)4 T
2)  ARTypT yill be greater
3) Can be estimated by knowing full Transparency
service years 15-7
k. ?otal stress

1) - Cooldown

a) Total stgesé compacred with

total allowable stress

o n —— e

s -y



* LESSON PLAN

OUTLINE i KEY AIDS

b) Close at 1/4 T
" Ce 1/4 T value
1) Most conservative

2) Used for both heatup and cooldown

rate calculations .

I1I. SUMMARY

.Ao’

B.

OBJECTIVE l: From memory, state the reactor vessel

construction materials. .
1. Low-alloy carbon steel plates - SA302 grade B

2, . Steel plates welded together with stainless cladding

OBJECTIVE 2: From memory, define RTHDT and des~-

cribe the procedure:and tests vsed to determine
RTNDT-

-~ -

1. RTypr - reference temperature

2. petermination

10




LESSON PLAN

OUTLINE . - KEY AIDS

i
-

_"é; Charpy V-notch test

P

1) . Use temperatures no greater than

TNDT + GOOF
2) Requirements . P
- a) 35 nils expansion

b) 50 £t lbs impact energy

3) pDetermines Tgy

!

b RTypr = Tev - 60°F

C¢. OBJECTIVE 3: From memory. define ARTypT, describe

what effects it, explain how it is measurcd, and
gtate which yessel maﬁerials are more sensitive to-
it. C

1. Shift in RTypr due to radiaticn damage

2., Sample materials placed inside vessel wall

_a. Materials tested for ARTypr

b. Conservative

11 -

RERPUT UYL ol

N -:-«-—m.ar



LESSOM PLAN

OUTLINE

KEY AIDS

3. wWeld material more gsensitive — copper content.

OBJECTIVE 4: From memory, state the stresses

associated with the reactor vessel for heatup

and cooldeown of the reactor.
1. Pressure
2. . Tehmperature

é. - Heatup
b. Cooldown

3. Embrittlementistress
4. Stress. profile
. Heatup

1) /4T
2) 3/4°T

b. Cooldown

1) 14T
2) 3/4 T

12
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OUTLINE

KEY AIDS

A.

gtress condition and

OBJECTIVE 5: From memory, state the limiting

reactor vessel.

1.

2.

Fluence R

a. Greater at 1/4 T
b. - ARTypp greater at 1/4 T

location assoc{ated with the

1/4 T valve used in limitation calculations

(Most restrlctlve value on cooldown)

- IV. EVALUATION

OBJECTIVE 1 QUESTIONS

1.

State the reactor vessel construcfion materials.

Answer- The reactor veasel is constructed with

low-alloy carbon steel plates (sa302 Grade
The steel plates are welded together.

OBJECTIVE 2 QUESTIONS

1.

2.

Name the test -used to determine RTypDT.
Answer: Charpy v-notch test .o = -

B).

13
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LESSON PLAN

OUTLINE ‘ KEY AIDS

Aanswer: RTypt is the reference temperature

for nil-ductility transition. It is used as

" a reference temperature when measuring the

change in NDT over a material's life.

OBJECTIVE 3 QUESTIONS

}. Why is there a shift in RTypr during 3. reactor -
" gessel's lifetime? What is this shift called?
Answer: The shift is called ARTypr and is
caused by neutron fluence. .
OBJECTIVE 4 QUESTIONS *
1. State three stresses associated with the
reactor vessel.
Answers:.
a.> Pressure
b. . Temperature
C. Embrittlement
2.

How do temb.-induced stresgés;g;fjex;for heatup and cool-
down of the reactor? )

Answer: The temperature stresses differ for

heatup and coocldown of ‘he reactor. During

heatup the outer wall temperature lags the

inner wall. Stresses on the inner wall are

compressive and change to tensile through the

14
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OUTLINE
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vessel wall. During'cooldown the opposite

occurs. Stresses on the inner wall are tensile

and'ghange to compressive through the vessel
wall.

E. OBJECTIVE 5 QUESTIONS

1. " which location in the reactor vessel wall is

the value used calculating limiting conditions?'

Answer: 1/4 thickness.

ASSIGNMENT .
Read scction III.2.1, 111.2.2 and III.2.3 in the student

handout.

15
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PRANSPARENCY 15-1
LESSON OBJECTIVES '

successful complefion of this session you will be able to:

1. From memory, state the reactor vessel con=

struction materials.

2. From memory, define RTypT and describe the
.procedure and tests used to determine RTNDT-

3. From memory, define ARTypr. describe wvhat
effects it, explain how it is measured, and
state which vessel materials are more sensi-
tive to it.

4. From memory s state the stresses associated
with the reactor vessel for heatup and cool-

down of the reactor.

5. TFrom memory, state the limiting stress condi-
tion and location associated with the reactor

vessel.

REASOH FOR STUDY

Heatup and céoldown effects durlng plant startup and shut-
down cause great stresses on the, reactor vessel. These
effects coupiéd with high pressures and radiation damage
provide a potential for brittle fracture of the reactor
vessel. This potential catastrophic failure must be

guarded against with limitatiohs on the vessel.
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PRESSURE STRESS ON REACTOR VESSEL

TENSILE

O

. COMPRESSIVE

INSIDE " "OUTSIDE
WALL WALL



rddarhe e Siloiadnd AW

COOL DOWN

‘ ‘ |
- .

INSIDE QUTSIDE
WALL WALL

pd

TENSILE ‘
COMPRESSIVE
INSIDE OUTSIDE

" WALL WALL

TENSILE

COMPRESSIVE

TRANSFARENCY 15-4
TEMPERATURE STRESS ON REACTOR VESSEL
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Heatup Stress Profile
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H.B. ROBINSON STEAM ELECTRIC PLANT UNIT NO. 2
{NSTRUCTOR LESSON PLAN

SUBJECT: Materials Science’ o .* SESSION: 16 of 16

SESSION TOPIC:: petermination of Heatup and TIME: 30ﬁﬁinutes
Cooldown Curves - 4

REVISION NO. 0 : ©  DATE: 1/7/82.

INSTRUCTOR REFERENCES o e

1. H.B. Robinson Unit ﬁo.-Z, Techhical Specifications
2. ASME Boiler angd Pressure Vessel Code,. Section III, Appendix G

-4

CLASSROOM EQUIPMENT

1. Chalkboard, Chalk and Eraset
2. Overhead Projector

TRAINING MATERIALS REQUIRED --
pransparencies: 7 T T . |
1. Lesson Objectives and Reason for study .

2. Effect of Tluence and Copper Content on shift of RTypr

-3. Fluence Over Plant Life
~4.  Heatup Curve '

5. Cooldown Curve
r 4 : ” )

o

STUDENT REFERENCES : f oo

..

4. ‘Student Handout. - - = .
2. H.B. Robinson Unit No. 2, Technical Specifications

——— - . s @ v
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LESSON PLAN
OUTLINE o ~ KEY AIDS
I. INTRODUCTION
A. Lesson Objectives ) Transpatency
Upon successful completion of this session you 16-1

will be able to:,.

1. Explain how a change in fluence can result
in a change -in RTNDT and how this limits
heatup and cooldown.

2. From memory, state where the heatup and
cooldown limiting curves are found and

correctly use these curves.

Reason for Study

Heatup and cooldown effects during plant startup and

shutdown and accident or transient conditions can

cause great stresses on the reactor vessel. These
effects coupled with high pressures and radiation
damage provide a potential for brittle fracture of
the reactor vessel. This potential cataétrophic
failure must be guarded against with limitations on

the vessel.




"II’ LESSON PLAN
OUTLINE ’ , o KEY AIDS -

TI. PRESENTATION

A. Heatup/Cooldown Determination

1. ﬁTNbénmost limiting value

a.

b.

" Determine highest RIypT

l)u; For all reactor vessel ma;erials

, 2f For ﬁ.B. Robinsdn it is OOF

' gstimate radiation induced ARTNDT

1) Use Transparency 16-2 Transparency
' 16-2
"' "a) Must f£ind fluence

2) Neutron fluence at 1/4 T and 3/4 T

“a) ?Gnction'of'full power service
life
T _B{tj_yée Tfahspafeﬁéy 16-3 Transparency”

16-3

3) By knowing full'sérvice years

-'-d--o—- f- "l s g eSS
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OUTLINE | KEY AIDS

2. Allowable pressure - temperaturé relationships

- a. Calculated from ASME boiler and pressure
vessel code Section IV, Appendix G.
b. Calculations based on assumption that crack

ot crack-like defect does exist in the

structure. _
c. Stress Analysis Done to Insure’ Transparency
(1) Crack or crack-like defect does not 16-4
propagate

(2) Avoid brittle fracture

Heatup/Cooldown Curves Tech Spec
3.1.2.1

Transparency
16-5

1. Heatup curve

a. From cold shutdown to hot operations
(1) Heatup rate must be f_60°F/hour
(2) 1In any one hour

b. Applicability of curve




| LESSON PLAN
OUTLINE KEY AIDS
1) For first 20 effective full power
years '
c. Explanation of curve ;

*1) Heatup limit v

2) Leak test limit i tD OIS
3) Criticality limit : v "M PT

: . . . w——
. 4) Instrument error o, AaReAR

Cooldown curve

Qe

e o

b.

Ce

From hot operations to cold shutdown

1)

9

. Cooldown rate must be < 1000F/hour

In any one hour

Applicability'of curve

1)

For fifgt 20'effe§tive full power

"years

Explanation of curve

1)
2)
3)

Varying cooldown rates
pressure/temperature combinations

Instrument error

TR v

Transparcncy
16-6

- - . O ST
-



LESSON PLAN

OUTLINE KEY AIDS
3. Found in Tecﬁnicél Specificatidn 3.1.2.1
III. SUMMARY
A. OBJECTIVE 1:

Explain how a change in fluence can result in a Transparency .
change in RTNDT and how this limits heatup and
cooldown. .

1. Find neutron fluence from curves for full power 16-3
service years

2. Use the shift of RTNDT curve for the neutron 16-2
fluence

OBJECTIVE 2: From memory, state where the heatup

and cooldown limiting curves are found and correctly

use these curves., '
Technical Specification 3.1.2.1 _

2, Heatup curve 16-5
a. Rate< 60°F/hour
b. 20 effective full power years
e¢. Explanation of curve

3. Cooldown curve '
a. Rate S;IOOOF/hour 16-6

b. 20 effective full power years

c. Explanation of curve
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OUTLINE
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.IV. EVALUATION

A.

OBJECTIVE ! QUESTIONS

1. As plant life increases, how does fluence
change?

2. Will the change in (1) result in an increase

| 9

or decrease in RTNDT'

Answer:

1. Increase-

2. Increase

1.

OBJECTIVE 2 QUESTIONS

Name thé limiting heatup and cooldown rates
associated with H. B. Robinson Unit 2.

Answer: From cold shutdown to hot operatioms,
the heatup rate must be :ﬁOoF per hour in any
one hour. From hot operations to cold shutdown,
the cooldown rate must be'f}OOOF per hour in any
one hour. -

Where ‘are the heatup and cooldown limiting curves
found?

" Answer: Technical Specification.3.1.2.1

Using the heatup and cooldown curves, state

whether the following temperatures and pres-

sures for the moderator are permissible:

a. Heatup rate of 20°F /hr with temperature
450°F and the pressure is 2000 psig.
Answer: Not permissible.
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OUTLINE

. KEY AIDS

b.

Cooldown rate of 30°F/hr with temperature
450°F and the pressure is 800 psig.

Answer: Permissible. .
Heatup rate of 70°F/hr with the temperature
500°F and the pressure 2200 psig.

Answer: Not permissible.

Heatup rate of 20°F/hr with the temperature
520°F and the pressure is 2000 psig.

Answer: Permissible.

V. ASSIGNMENTS

A. The Student Handout

B. Read in H. B. Robimson Unit No. 2, Techﬁical

Specifications’the bases for 3.1.2.1.




TRANSPARENCY 16~1

' LESSON OBJECTIVES

Upon successful completion. of this session you will be able to:
1. Explain how a chénge in fluence can result in a change in
RTNDT and how this limits heatup and cooldown.
2. From memory, state where the heatup and cooldown limiting

curves are found and correctly use these curves.

REASON FOR STUDY

Heatup and cooldown effects during plant'startup and shutdown
and accident or transient conditions can cause great stresses
on thé reactor Qessel, These effects coupled with high pres~
sures and radiation damage provide a potential for brittle
fracture of the reactor §esse1. This potential cétastrophic

failure must be guarded against with limitations on the

. vessel,
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Neutron Fluence (M/cm?)

10% -
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1018

1017

TRANSPARENCY 16-3

T T1TH

T

\ ! |

10 15 20
Time {Full Power Years)

FLUENCE OVER PLANT LIFE

.25



Indicated Pressure (psig)
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TRANSPARENCY 16-4

Material Property Basis

Weld metal Cu = 0634%

Imtlal NTNDT = ( F

At 20 effective full power years
RTnpT at 1/4 thickness = 320°F

RTNpT at 3/4 thickness = 200°F

Leak Test Limit -—-7

_Heatup Rates
up to 60°F/hr

Criticality Limit

' Margins for Instrument
- Error —G0 Psig and 10°F
el 1 —1 1 1 L '
60 - 100 150 200 250 300 350 400 450 600 650

Indicated Temperature (°F)

H.B. ROBINSON UNIT NO. 2 |
REACTOR COOLANT SYSTEM HEATUP LIMITATIONS

(APPLICABLE FOR PERIODS UP TO 20 EFFECTIVE FULL POWER YEARS)
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Indicated Pressure (psig)

2500
2490
2200
2000
1800

1600
1400

1230

1000

800
600

400
200
0

b

100 _ » | )

1l ANSPARENCY 16-5

Material Property Basis

‘Weld metal Cu = 0.34% . -
Initial NTNDT = O‘F

At 20 effective full power years
RTNpT at 1/4 thickness = 320°F

RTypt 8t 8/4 thickness = 200°F

”

l—"‘.

o ,
Cooldown Rates F/Hr"

o8
60

Margins for Instrument
Error — 60 Psig and 10°F

50

100 160 200 250 300 - 350 . 400 . 450

Indicated Temperature (°F)

H.B. ROBINSON UNIT NO. 2

REACTOR COOLANT SYSTEM COOLOWN LIMITATIONS
(APPLICABLE FOR PERIODS UP TO 0 EFFECTIVE FULL POWER YEARS)

600

660




_ LOCA TRANSIENTS
Time: 1 hour -

. Session 1 of 1
OBJECTIVES: Upon successful completion of this session

the student will be able to:

1. Describe the progress of the two key
parameters during a LOCA transient.

2. Determine the limiting case for small
ppCA's using control room indicatioms.
MATERIALS:
I. Training Aids
A. White board or equivalent
.B. Overhead projeétor
c. Transparencies
1. Objectives

. . _ 2. 1" break

3. v b:eak

pressure vs, time

temperature vs. time

4. 1" break - pressure vs. temperature

S. 2" break - pressure vs. time |

6. 2" break - temperature vs. time

7. 2" break - pressure vs. temperature

8. 3" break - pressure vs. time

9. 3"'breék - gggperature vs. time
10. 3" break - pressure vs. temperature

II. References

A. WCAP-10019

B. Plant operating manual - Volume #6 Emergency
Instruction

. III. Supplies

A. Pencil and paper

B. Graph paper



INTRODUCTION
I. Establish Class Relations

A. State name

B. Explain procedures (asking questionms, volunteering
information)

I1. Establish Learning Goals
A. State title
B. State objectives (from Page 1)

PRESENTATION

LOCA Transient

I. Students sketch
A. Small break LOCA .
B. Label the sketches and give typical valves for

1. RCS press vs. time

2. RCS'rc vs. time

II. Large LOCA - greater than 4" break

A. Primary side pressure assumed to equal CV pressure

B. Will produce a thermal shock

1. Will not maintain elevated‘system pressure

2. Not a Eressurized thermal shock concern

». Core cooled by
1. Full SI actuation
2. Recirculation
ITI. $mall LOCA
A. Will consider breaks greathér than 1" but less than 4"

" B. These can be subdivided into "smaller break LOCA's"
and "larger break LOCA's"

1. Smaller break - distinguished by maiﬁtaining S/G
tubes full of water

2. Larger breaks - dump water from S/G tubes, stop
loop flow

C. Smaller breaks ' TP-2

1. Continuous flow in loops : . TP-3




3=

a. Downcomer is maintained

b. NAT circ.

Flow caﬁsed by density difference
a. Cold SI water

b. Heat addition in the core

As long as SI flow is greater than or equal

to break flow

a; Keeps the S/G tubes full

b. Loop flow continues

Results in higher downcomer temperature

a. Due to loop flow mixing with SI water

b. This is an asset since pressure will be

up v

¢. Mixing keeps downcomer temperature up

Larger breaks (towards 4")

1. Breaks that drain the S/G tubes
2. Causes loop flow to stop
3. No SI/loop flow mixing
4. Cold leg and downcomer temperature drop
rapidly
a. SI water replaces warmer water removed
by break.
- b. No mixing
Limiting case - =
1. Smallest break that fails to maintain loop
flow (or natural circulation)
2. Most severe combination of pressure/temperature

due to:

a. Rapid cold leg/downcomer céoldown because

of loop flow interruption

b. Slow depressurization because of relatively

small break size

TP-4

TP-5
TP-6
TP-7

TP-8

TP-9

TP-10

e

B |



Iv.

Loss of Coolant

A. EI-1 discussion

1.

Initially - max charging flow and seal in-
jection flow cannot maintain pressurizer
level '

Reactor trip and SI due to low pressure

SI flow increases with decreasing RCS pressure

Analysis has shown small break - worst case
LOCA

a. Large mass loss prior to actual injection

~

"b. "Hanging-up" of pressure caused by pres-

SUMMARY

I.
1I.

1II.

IV.

Drawing

surizer _ -
Main responsibilities of operator
a. Ensure all automatic actions have occurred

b. Carry out change over to recirculation
phase :

c¢. To check for a leak in the injection line

d. To carry out the relevant isolation pro-
cedure

Large LOCA

Small LOCA
with "smaller breaks" and
"larger breaks"

LOCA - EI-l1 Discussion

7Y



The following curves (figures IIIL. 1-16, 1-13, 1-15 & 1-12) are based on

 the following initial conditions and assumptions.

Small break LOCAs (1-4. inches)

Analyzed to obtain minimum fluid temperature in reactor vessel down-'

comer and maximize pressure in the RCS.

a. All systems that provide cooling to the RCS are assumed to opera

te

at maximum capability (i.e., all trains of SI, all aux. feedwater

pumps, etc.)
b. All warm sources at conservatively low temperature (40 )

¢. Core heat generation at a nominal value
Hot leg break location selected because

a. Ensures all SI flow delivered to the downcomer

bs Reduces primary load flow required fot‘b%eak(energy removal

c. Cold leg remains filled w1th subcooled liquid

d. Maximum cooldown rate for a given break size -

Automatic no-load Tave steam dump & max. AFW flow with condensate sto

tank at 40°F, S/G level maintained in narrow range

RCP trip is assumed to occur coincident with reactor trip

s

rage

il e



LOCA TRANSIENTS
OBJECTIVES

UPON SUCCESSFUL COMPLETION OF THIS SESSION,
THE STUDENT WILL BE ABLE TO: .

1. DESCRIBE THE PROGRESS OF THE TWO KEY
PARAMETERS DURING A LOCA TRANSIENT,

- 2, DETERMINE THE LIMITING CASE FOR SMALL
LOCA’S USING CONTROL ROOM INDICATIONS.
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11 DOWNCOMER PRESSURE(PSIA)
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LOSS OF REACTOR COOLANT

Time: 50 minutes

Session 1 of 1

OBJECTIVES:

I.

Upon. completion of this module-the student will be able to:

A. List the major symptoms of a loss of reactor coolant;

B. State the two major concerns the operator must be aware
of for this transient, from memory, including the major

steps he must take to protect the plant;

C. -State,from memory, the safety 1n3ection termination

. crlterla for a LOCA.

MATERIALS:'

I.

Training Aids
A, Writing board

B. Overhead projector

'C. Transparencies

II. References

A. ﬁmergency Instructions Vol.

B. GP-6

SUPPLIES: Pencil and paper

TP 1-1
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INTRODUCTION

I.

Establish Class Relatiomns

A{ State name - write on board

. B. “Ensure student comfort

C. Check on writing implements
D. Explain procedures
1. Ask qﬁestions
‘2. . Volunteer information
3. Note taking

4, Test on subjeét

II. Create General Interest
A, . Protébtion ofvreactor coré.and reactor vessel is
a major concern of this procedure
B, Procedure is basedvon Standard DBA
PRESENTATION
I. Symptoms
A. Reduction of RCS pressure and pressurizer level
B. SI flow will be automatically initiated |
1. required EI-1
2. maybe AP-25 ’
C. High rad alarms in CV
D. Increase in conatinment pfessure
II. Automatic Actions for SI (EI-1)

A. Verify they have occurred
B. Initiate any auto actions that have not occurred
1. from RIGB

2. locally (all possible methods)

TP 1-2

TP 1-3



A.

III.. Instrumentation-Needed

RCS Pressure

1.

2.

Wide range

‘Narrow range

RCS Temperature

1.

2.

5.

-1,

2.

.3.

Wide range TH
Wide range TC

a, PTS paramete?

b. Closest tempegature to vessel wall
Incore thermocou;les

Reactor vessel head thermocouple

a. Location

b. Purpose

Saturation monitor (prime subcooling indicator)

" Steam Generator

Pressure
Level

Aux. feed flow

Pressurizer level

NOTE: Valid except where primary mass loss is

1.

2.

through pressurizer steam space
Narrow range

Wide range

CV Pressure .

RWST level

CST level




Note: Inadequate
core cooling
session

Iv.

RECOVERY (EI-1 App. A)

A. Purpose

1.
2.

Adequate core cooling

Vessel integrity

B. Injection Phase

1.
2.

3.

4.

Reactor trip and turbine trip
SI actuation
Feed isolation

CV possible spray actuation - indicates
large LOCA

Control room ventilation isolation
Void formation possible
a. 40° subcooling required
1. 20°F errors pos;ible from press-temp.

2. 20°F to assure subcooled

-In case oﬁ blackout

a. Steam AFW pump status
b. Restart battery chargers

1. Trip on UV
2. .Manual reclosure
3. At battery chargers
¢. Restart inst. air compressors
1. Break trip on UV
2. Reset at MCC 9 and 10
d. CCW
1. Restart if no'spray (D/G capacity)

2. Locked out on SI signal

C. Reset SI

1.

2.

Shutdown diesels (if not needed)
Stop RHR pumps (pump protection)

a. 15 minutes at greater than 130 paig - 1
pump.




Termination of safety injection

1'

2.

. a. . Restore to acceptable band

~b. 30 minutes at greater than 130 psig-2nd pump

.40°F subcooled 65° if restart of SI pumps

5=

Trip RCPs at 1300 psig

a. Core blowdewn
1) Cold leg break
2) Prior to reflood:

b. Cavitation possible

RCS pressure greater than 1560 psig and in-
creasing :

a; Hi Head SI shutoff head (1450 psig)
b. Inst. error (W.R. Press) 110 psig
Pressurizer level at no load

§.4 RCS inventor}

b. Core covered

(1) $/G water level

a. Narrow range

b. Wide range (u-tubes cdvered)

c. . Ensure heat sink available

a. Reduce cycling on SI pumps

y. 25°F addifion base& on W.O.C.
Place SI in standby

a. Plant’ control regained

b. Shift to normal procedures

Press. & temp. violate C/D curve

b. Depressurize to achieve
c. Do not heét up if
1) Rapid C/D has occurred

2) Large C/D has occurred

Transparency
of curve 3.4
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3) Possible flaw propagation

2. Maintain 40°F subcooling -

F. Sample steam generators
1. Verify tube integraty
2, Minimize potential for r&dioactive.release
3. ' Isolate MSIVs if necessary
a. At 500°F RCS temp.

b. 1000 psig RCS press.

‘G.  Check coolant chemistry

1. ~ Boronm concentration
2. Fuel integrity

H.: Cooldown plant per GP-6

I. Aligh N, and sample valves in pipe allef
1. Rad. levels may increase

2. Post accident sample points

J. Terminate spray at CV pressure of & psig

1. Steam has been condensed
2. Major energy release if over

K. Prepare for recirculation (if‘necessafy)

| SUMMARY

I.

II.

III.

Symptoms of a LOCA
A. Press. & level
B. Rad.

c. sI

D. CV press.
Verify Auto Actions

Major Instruments

A, Press. ’




Iv.

B. Temp.

C. Heat sink

D. Subcooling

Recovery

A, Cool -core

B. Minimize fuel damage

c. Minimize challanges to R.V. integrity
D. '

Stabalize plant




| | | BEFORE REACTOR TRI! & “S" SIGNAL ‘ ‘

LOJ OR FALLING PRESSURIZER
PRESSURE & LEVEL™

// . ‘N\\

Continuously decreasing tavg indicates , . SUBSTﬁNTIALLY CONSTANT TAVG
a steam break ' . _ INDICATES LOSS OF COOLANT OR
' | TUgE RPTURE,__
Js- - ' ({f{dﬂ,/—” Q‘\\\\\‘bém '
Check for possible decrease in . C EITHER RISING CONTAINMENT Condenser air removal
steam generator pressure or " PRESSURE OR RADIATION radiation alarm or ‘steam
imbalance in pressures or flows " o INGICATES A LOSS O~ CCOLANT .- generator blowdown radia-
' HIGH LEVEL, THP,, AD | tion alarm indicates a
PRESSURE IN THE PRT IMDICATES | | steam generator tube
LOSS OF COOLANT THROUGH - rupture.
PORV'S OR SAFETIES. _
N\ ' \]/ ) /
Go to detailed recovery procedure - GO TO DETAILED RECOVERY Go to detailed recovery
in Appendix B. . ] ‘ PROCEDURE IN APPENDIX A. .procedure in Appendix C

*Pressurizer level may not fall if
the loss is in the steam space of
.the pressurizer.



" AFTER REACTOR TRIP & “S" SIGHAL

e et s e e .

LOW IR "A' LI.«G P,z”‘su'uzrp?
PRESSURE & LEVEL®

LR P

.. . - \\*"-\.
/ | . o \\\k.-
4{' ’ ’ . e M:“"\.v \ .
Abnormally low steam pressure in ‘ RISING OR NCHAL STE}H PRFSSU.%E IN
one or maore steam generators STEAY GENERATORS IHDICATES LOSS OF
indicates steam break. , CCOLANT OR TUBE RUPTURE,
74 T . NN - e //‘:-/\\"\\_"\-
Verify by checking for: EITHCR INCREASINF CONTAINMENT Condenser air removal
| PRESSURE OR CONTAINFENT HIGH . { | equipment radiation
1. Lower than normal steam generator RADIATION ALARM OR RISING SUMP ) '] alarm or steam generator
. ‘levels, _ WATER LEVEL INDICATES A LOSS . blowdown radiation alarm
2. A possible first out annunciation OF COOLANT, - , or possible observed
© of: < - —r -y differential rate cf
a) Steam/feedwater flow mismatch : ' rise of steam generator
b) Low-low steam generator water : . levels.
.7 level. '
3 c) High steam line flow.
E d) High steam line differential
‘g pressure.

/ . ST 7 _ N
Go to detailed recovery procedure in : " 1GO TO DETAILED RFCOVERY Go to detailed recovery
emergency instruction, Appendix B. PROCEDURE IN APPENDIX A. Lprocedure in Appendiy C.

2]
k1
3
i
i
{
i
i
:)
]
!

*Pressurizer level may not fall if
: . the loss is in the steam space of
[ _ the pressurizer.




Time:

1 hour

Session 1 of 1

OBJECTIVES:

MATERIALS:

~L.

II.

III.

STEAM BREAK TRANSIENTS

Upon successful completion of this session
the student will be able to:

1.

2.

Describe the progress of key para-
meters during a steam break transient. TP-1

Describe how reactor vessel integrity
could be challenged during steam break
transients, and how to avoid or if
necessary mitigate them.

‘Training Aids

A.
B.

C.

White board or equivalent

Overhead projector

Transparencies

.

s WwN -
-

Objectives

Large Steam Break
Large Steam Break
Large Steam Break
Large Steam Break
tripped)

Large Steam Break

" (RCP's tripped)

Large Steam Break
(RCP's tripped)
Small Steam Break
vs. Time

Small Steam Break

References

A'

WCAP-10019

Pressure vs. Time
Temperature vs. Time
Pressure vs. Temperature
Pressure vs. Time (RCP's
Temperature vs. Time
Pressure vs. Temperature

Pressure and Temperature

Pressure vs. Temperature

B. Plant Operating Manual Volume 6 Emergency
Instructions ' '

Supplies

A.

B.

Pencils and paper

Graph paper



_INTRODUCTION

I.

Establish Class Relatioms
A, 'State name

B. Explain procedures (asking questions, volunteering

information)
I1. Establish Learning Goals
A. State title
B. State objectives (from Page 1)
PRESENTATION

Steam Break Transients

I.

II.

Student's Sketch

A. A large steam break on A'S/G

'B. Label sketches and give typical values for

1. Tc vs. Time

2, RCS Press vs. Time

3. "A" S/G Press vs. Time
Large Steam Line Breaks
Af Description

1. Steam generator blows down to atmospheric
pressure )

2, Raﬁid decrease in RCS temperature due to:
a. Rapid energy release
b. Cold AFW to steam generators
c. SI flow to the RCS

3. RCS pressure decrease due to temperature
decrease (350-400°F; 700-1000 psig)

4, Pressure reaches a minimum when rate of RCS
shrinkage = rate of injection (SI & charging)



PRESENTATION (Continued)

. ’ 5. 1If ghe RCS has cooled down to approximately
350°F or less repressurization to SI shut-
off head could challenge reactor vessel
integrity.

6. RCS pressure tends to increase from
pressurizer steam space compression as SI
injection fills pressurizer.

7. Then RCS temperatures and pressures tend
to increase due to decay heat.

8. Pressure increase is. halted (or minimized)
when PTS

a. Operator secures the SI pumps
" b. Dump steam from good generators

9. Operators also must isolate AFW to faulty
steam generator PTS

a. Protect steam generator from thermal

shock
» ‘ . ~ b.  Prevent (minimize) excessive cooldown
B. Transients
1. With RCP's running - . TP-2
‘a., Rapid RCS temperature and pressure
drop TP-3
: TP-4
b. =4 minutes temp starts tg level off.
~ 10 min. temp. is = 200°F
l. Tc on affected loop
2. R.V. downcomer thermal shock
c. Operator assumed to isolate AFW. ) PTS

l. At = 4 min, press. is at minimum
( =~ 680 psig)

2. 10 min. press. peaks (w1000 psig)
3. Press increases

(a) SI flow >density increases

‘ | (b) Decay heat

d. Faulted S/G press.



' PRESENTATION (Continued)

2. Without RCP's running ‘ TP-5

a. Loss of power at time of steam break TP-6
b. Rapid drop in temperature and pressure TP-7
c. Temp. PTS

(1) = 3 ﬁin. temp leveling at 200°F;
(2)'z10 ﬁin. temp increases to :;ZZOOF
d. Press. .
(1) =3 min. press. minimum = 900 psig
(2) Press peaks 10 min. == 1300 psig
(3) Press. increases
(a) SI flow>density increa.se
, (b) .Decay heat
. e, Faulted S/G Press.
~ . . IITL. ©Small Steam Break
A, Method of Analyses f
1, Small break defined as equivalent to a
steam safety valve opening and remaining
open
2. Following conserﬁative assumptions made:
a. Regctor hot, zero power
b, Immediate Rx trip and SI
c. No decay heat [
id;' SI system operates at design capacity
and repressurizes the RCS in short
time

e. No credit for operator action



‘ PRESENTATION (Centinued)

B. Transients
1. Preas, and Temp, decreases due to | ' : TP-8
a. Energy release through-break .
b, Cold injecéion water (AFW & SI)

2. Temp continues to decrease untll 35
to 40 minutes later, then 270°F

3. Press. at min. (1845 psig)
9 minutes, then increases

4. Press reaches PZR PORV setpoint
a. approximately 35 minutes (after time = 0)
b. remains there

S. Main concern is to reduce system pressure . - TP-9
and maintain subcooling _ PTS

. : _ a. Tc low
b. Press high

¢. Must reduce press

SUMMARY
I. Drawing
II. Large Steam Break
A, Description
B. Tramsients
III. Small Steam Break
A. AMethod‘of analyses

B. Transient



STEAM BREAK TRANSIENTS
OBJECTIVES

UPON SUCCESSFUL COMPLETION OF THIS SESSION THE
STUDENT WILL BE ABLE TO:

1, DESCRIBE THE PROGRESS OF KEY PARAMETERS DURING
A STEAM BREAK TRANSIENT

2. DESCRIBE .H(M REACTOR VESSEL INTEGRITY COULD BE
- CHALLENGED DURING STEAM BREAK TRANSIENTS, AND
-HOW TO AVOID OR IF NECESSARY MITIGATE THEM.
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Assumptions and Conditions

1. Maximum SI and AFW flov} rate .
2. Minimum injected fluid temperature ., 12.603-6"
3. No decay heat (Maximum Cooldown Case) * o )

4. Initiating event is double-ended guillotine severcnce
5.
6.
7.

SI and AFW flow assumed to. start at time of break"

SI .causes repressurization following initial depressurization

Operator action terminates AFW flow and SI flow after 10 minutes

Cold Leg Temperature Versus Time:

M

600
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Figure III.1- 28 ‘i.nrg-: Steamline Break VWith Heoeror Coolant Pumps Running.

.ﬂﬁﬂSSﬂHd YOILVYIANAD HVILS

R A T I DN



ISR BE——

4oy | sdo

s

B R e

[ P [P SR

IR S U S NN SR D Rto

EEREATINNS UEANRATR I 1Y SR
R

JESSERYERURFNEIS SUNICEP 520

: It.l. . . - -
~ i ey .
R ! JHEEN TR NN D SO A il e
.Mu | -r .MIHU - [ I m\...ﬁ».ﬁ!.t?m
i 1
! - o U

RN I
.

v 7 1 ‘nl'l
A R T
N | 173 T8
: ; —— - S
[ _ V n L = AOM“ [
: Ty e amnean (i T
; “ “ | e o ]

batf

S TN U DO R G Y QO () SO

Aot des
]

;
3
g
|
l
|

AN REERra S N ~ RN
t e R ; : e i
H T i N B /T e
LY I 1N BN : RN B A NS
RN ; T :
R . :
L ' I R e ]
i —Tim T 1“ H

. .
‘ .
e TR e I e 2k Pt o]

S T R R dl Attt e b A

M ael et ® Nmm e 0L h ey e, MY 4 e emoys 1S AR 4 i oLt A eag e et tmm em mt emeed e e =



£

e

AN

PRESSURE (P3IA) . -

Dt el e ettt Fainn b L e ke e S LI T e e D e e e FoeET L

S 12,05

2250 k=

2003

i

!

175G =

750

1030 1250. 1500 1750
TTIRE(SECokDS Y S

1™ - e
1R

2000

. - -
g : - - - - -
v —'e LA RS - e v - -
.
- gy jamela
¢ sV, -
o e w -
.- .
.
-

Figure II1.1-29 Lzrgo Steamline Break With' Reactor Coolant Pumps Tripped.
Reactor Coolant Pressure Versus Time

.-
® A ¢ Y eer e e P L .
- e -, . . - 37 ete .

12

prey LT TR INUSU T & s

""""""""!!W"ﬁ



‘, .1, Maximum SI and AFW flow rate ) . IZ 083-7
¢ 2. Minimum injected fluid temperature : o
’ 3. No decay heat (Maximum Cooldown Case) .

. ,4. Initiating event is double-ended guillotine severence -

5. SI causes repressurization following initial depressurization
6. SI and AFW flow assumed to start at time of break - : :
,7. Operator actiom terminates AFW flow and SI flow after 10 minutes
8. RCP's tripped at time of steam break
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DIETZGEN TORPORATION

ND. 341-10 DIETZGEN GRAPH PAPER
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Time: 50 minutes
Session 1 of 1
Session Time: 50

OBJECTIVES: 1.

* LOSS OF SECONDARY COOLANT

minutes

Upon completion of this module, the student will be
able to list the major symptoms of a loss of second-
ary coolant. , .

Explain the major concern the operator must consider
for this transient, including the major steps he
must take to -protect the plant.

The student will be able to state, from memory, the

- two safety injection termination criteria for this

MATERIALS:

I. Training Aids

transient and explain the reason for each.

A. Writing board

B. Overhead projector

C. Transparencies

II. References

A. Emergency Instructions Vol. 6

B. .WCAP 10019

C. General Procedure #6 ==

III. Supplies

A, Paper and pencils



o -2-

| I. | Esﬁablish Class Relations
‘ A, State name - write on board
B. Ensure student comfort
c. Check on writing implements
D. Explain procedure.
1. . Ask questions
2. Volunteer information
3. Note taking
4, ‘.Test on subjecﬁ
II. Objectives *
A. Upon completion of this module, thé student will be

able to list the major symptoms of a loss of second-
ary coolant. .

TP 2-1

B.. Explain the major concern the operator must consider
for this transient, including the major steps he

‘ must take to protect the plant.

C. The student will be able to state, from memory, the
two safety injection termination criteria for this
transient and explain the reason for each.

III. Create General Interest

A, Protection of reactor core and reactor vessel is a
major concern of this procedure

B. . H. B. Robinson has already had several steam break
type events

PRESENTATION

I. Symptoms

A. Reduction of reactor coolant system temperature and
pressure - Dependent on break size and location

1. Pumps not tripped (worst case analysis)
Per WCAP 10019 ~ a. Temperature to as low as 200°F

b. Préssure to about 680 psig
. . .
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2. Pumpé tripped (worst case analysis)
a. Temperature to as iow as 225°F
b. Pressure to about 1100 psig
C. Steam préssure_decrease
d. Steam flow increase'(possibie)
e. SI flow will be automatically initiated
1) Steam line AP

2) Hi steam fiow

II. ‘Determination of Break Location ' ’ TP 2-2

A. MSIVs closed after initiation : TP 2-3
1. All s/G = equal
2. Break downstream of MSIVs
3. Break isolated .

B. Pressure lower in 1 steaﬁ generator
1. Break before stop valve

a. Rising containment pressure - break
inside CV

b, Check valve holding
2. Break between CV and stop valve
a; All stop valves closed or check valve
holding
: b. No inc;ease.in CV pressure
c. Noise .
3. Two closed MSIVs -~ no CV pressure
a. Break between CV and isolated MSIV
1) Steam pfessure in isolated S/G
2) Noise

b. Break down stream of CV steam press. in
S/G with open MSIV

1) Uninsulated liﬁe

2) Header




III.

IV.

I i AT e e

Auto Actions for SI (EI-1)

Al

B.

Verify they have occurred
Initiate any auto actions that have not occurred
1. From RTGB

2. Locally (all possible methods)

Instrumentation Needed

A.

1. Wide range T

RCS pressure

1. Wide range

2. Narrow range

3. Important for
a. Subcooling

b. Cooldown cﬁrve

" RCS temperature

h

2. Wide range Tc

a. PTS parameter

b. Closest temp. to vessel aowncover
3. Incore thermocouples - subcooling
4. Reactor vessel head thérmocouples

a. Location

b. 'Purpose

5. Saturation monitors - prime subcooling indicator

Steam Generator
l. Pressure

2. Level

3. Aux. Feed Flow

4, Used for
a. Break location

b.. Break isolation

¢. -~ AFW isolation
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V. Recovery Procedure from Loss of Secondary Coolant

A, Purpose

B.. Injection phase

1,

Stabilize plant

Minimize energy release due to break
Remove.decay heat

a. Prevent lifting of pressure séfety_valves
b. Reduce poésibility of overpressurization

Isolate auxiliary feed to faulty steam
generator(s) :

a.  Minimize energy lpés

b. Provide feed to good S/G's
Maintain'shﬁtdown margin

Prevent pressurized thermal shock to.réactor
vessel

a. Stabilize temp.

b. Stabiljize press.

c..v Keep in bounds of cooldown curve

Isola;e steam lines

a. May stop break

b: Limits energy release

Do not reset SI until status is to be changed
a. Auto restart problems

b. May have to rely on manual only

Ensure steam dump and PORVs on steam lines closed

a. Potential cause of steam break

b. Not needed . uncontrolled C/D

Diesel generators to remain in operation until
a.  Safeguards loaded .

b. Offsite power verified




. K : : 5. Récognize possibility of void formation in 3CS
.. ’ " a. Temp. - pressure relationships
1) Vessel head '
2) 8/G tube bundle
b. Pressure control
1. Spray
2. Pzr level changes
6. Trip RCPs at 1300 psig
a. Puts you in natural circulation
b. Pump protection

c. Affected loop T will drop rapidly -
thermal shock

7. Terminate appropriate auxiliary feed pump to
limit flow to good steam generators to <400

gpm
a. Water hammer
b. Possible damage to feed lines

8. Stop both RHR pumps if pressure >130 psig 15
minutes after accident

a. Not needed on steam break

b. Different from cirteria in other
procedures

9. Control repressurization of RCS by dumping
steam
NOTE: This is imperative as soon as faulty
S/G dries out to prevent preééurized thermal
shock to reactor vessel

a. Decay heat may repressurize
b. Thermal shock has probably occurred
¢c. - Keep temp. constant

c. Drop pressure if necessary




10.

11.

- b. - Major energy release is over

12,

Control level in good steam generators

a. Use AFW

b. Narrow range

cs Cold AFW can cause rapid temp. decrease-

Terminate spray when containment pressure is
less than 4 psig

a. Steam condensed

ST termination criteria

B. 1).- One wide®range RCS Tc less than 360°F

a. Caution

If reactor coolant system could leg temp.
is less than 360° F, SI MUST BE TERMINATED as
soon as SI termination criteria are met to
protect reactor vessel integrity. (SI + Chg.]

D ?c‘used
a) Indicates coldest temp.
b)  Affect on vessel wall
c) Assumes SI & RCS mix
2)  360°F cutoff
a) Only on steam break
b) Brittle fracture concerhs
1. <350%F
2. >700 psig

3. 100°F cooldown curve

a) Brittle fracture
b) One loop blowdown

2) RCS pressure >700 p51g (stable or in-
: creasing)

a) Press. control regained
b)  Set pt. above accumulator & errors|

3) Pressurizer water level >20% and rising

TP 2-4

TP 2-5°



4)  RCS subcooling >40°F
-a)  Fuel integrity
b)  Should not be a pr&blem

5) Water level in one steam generaﬁor
a) Narrow range
b) Wide range (u-tubes covered) 70%
c¢) Provides heat sink

c. 1) All wide range RCS Tc >360°F TP 2-6

2). RCS pressure >1560 psig (stable or-
increasing)

a) - 1430 psig + 110 psig error

b) Qutside brittle fracture region
3)  Water lével-in one steam generatbr

a) Narrow range

b) Wide range (u-tubes covered)

c) Heat sink
4) Pressurizer watef level >50%

a) If break inside CV

b) °~ Environmental effects on in-
struments )

¢) . If.break outside CV
1. Pzr level >20%
2.  Inst's. not affected

5) RCS subcooling >40°F

a) Press. & semp. instrument o
errors 20 F (actually 17.5°F)

b) 20°F margin

.13.  After termination of ST setup in standby

8.  An uncontrolled decrease of RCS pressure
of 200 psig or pressurizer level by 10%

requires reinitiartion of SI and return
to previous termination pressure ’




II.
III.

Iv.

14.

15.

16.

17.

Synmﬁoms.
“A. RQS temp. & préss. decrease
B. Steam pressure decrease

c. Steam flow increase
Determine Break L&cation

Auto Actions Occur

Major Instruments

A. Temp.

B. : Press.

C. S/G
Recovery
A, Stabilize
B. Terminate

c. Press, - temp. concerns

¢, If primary system pressure and temperature

. Reestablish normal RCS pressure control

-9-

b. Subcooling now changed to 65°F
1) Prevent cycling SI pumps
2) Additional margin
conditions violate the cooldown and heatup
curves, restore conditions to maintain
reactor vessel integrity by depressurization,
if necessary
1)  Thermal shock
1
2) Don't reheat immediately

3) Soak vessel

Reestablish CVCS to RCS

Borate cold shutdown
Restart RCP in loop with spray
a. Dry S/G -

b. GP-6

"SUMMARY

.
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LOSS OF SECONDARY COOLANT

OBJECTIVE

UPON COMPLETION OF THIS MODULE, THE STUDENT WILL
BE ABLE TO LIST THE MAJOR SYMPTOMS OF A LOSS OF

- SECONDARY COQOLANT.

EXPLAIN THE MAJOR CONCERN THE OPERATOR MUST CONSIDER
FOR THIS TRANSIENT, INCLUDING THE MAJOR STEPS HE
MUST TAKE TO PROTECT THE PLANT.

THE STUDENT WILL BE ABLE TO STATE, FROM MEMORY, THE
TWO SAFETY INJECTION TERMINATION CRITERIA FOR THIS

- TRANSIENT AND EXPLAIN THE REASON FOR EACH,



‘ . BEFORE REACTO@% "5 STGNAL - .

LOW OR FALLING PRESSURIZER
PRESSURE & LEVEL™

~

' CONTINUOUSLY DECREASING TAVG IM)ICATES 1 o Substantially constant Tavs
A STEAM BREAK indicates loss of coolant or
- tube rupture.

A
CHECK FOR POSSIBLE DECREASE IN ' Either rising containment - Condenser air removal {
-1 STEAY GENERATOR PRESSURE OR K , ' pressure or radiation ' 1 | radiation alarm or steam ‘-
IHBALANCE IN PRESSURES OR FLOWS | indicates a loss of coolant. generator blowdown radia-:
. High level, temp., and _ tion alarm indicates a o
pressure in the PRT indicates steam generator-tube
loss of coolant through - | rupture.
PORV's or safeties
W
‘\lY N\
GO TO DETAILED RECOVERY PROCEDURE Go to detailed recovery Go to detailed recovery
IN APPENDIX B. procedure in Appendix A. procedure in Appendix C.

*Pressurizer level may not fall if
the loss is in the steam space of

L B el el e R R



AFTER _REACTOR T” 8 "S" SIGNAL | . .

LOW OR FALLING PRESSURIZER
PRESSURE & LEVEL®

L

ABNORMALLY LOW STEAM PRESSURE IN
ONE OR MORE STEAM GENERATORS
INDICATES STEAM BREAK, .

VERIFY BY CHECKING FOR:
1. L%ESWAN NORVMAL STEAM GENERATOR
2. éFPOSSIBLE FIRST OUT ANNUNCIATION

A) STEAW/FEEDWATER FL(M MISMATCH
B) .LOW—LOW STEAM GENERATOR WATER

LEVEL

C) HIGH STEAM LINE FLOW,

D) HIGH STEAM LINE DIFFERENTIAL
PRESSURE.

GO TO DETAILED RECOVERY PROCEDURE IN

EMERGENCY INSTRUCTION, APPENDIX B.

Rising or normal steam pressure in
steam generators indicates loss of
coolant or tube rupture.

Either increasing containment Condenser alr removal
pressure or containment high equipment radiation
radiation alarm or rising sump alarm or steam generator
water level indicates a' loss blowdown radiation alarm
of coolant. or possible observed
differential rate of
rise of steam generator
levels.
Go to detailed recovery Go to detailed recovery
procedure in Appendix A. procedure in Appendix C.

*Pressurizer level may not fall if
the loss 1is in the steam space of
the pressurizer.
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LSS OF SECOITARY Qo AT
S.1. TERINATION CRITERIA

GIE WIDE RANGE RES Tc IS LESS THMH Z50°F, p1p
KIDE RANGE RCS PRESSURE 1S GREATER THAY 700 PSIG A'D
IS STABLE OR IKCREASING, Ao ~

PRESSIRIZER WATER LEVEL IS GREATER THEY 207 XD RISING

(HEATERS COVERED) A'D .

RCS SUBCOOLING IS GREATER THWI LO°F, A |
WATER LEVEL IN AT LEAST GNE STEAM GEHZIATOR IS 1N TE

- NARRDY RAVGE SPAN, OR IN THE WIDE RASSE SPAN AT A LEVEL
- SUFICIENT TO ASSURE THAT THE (-TIBES £RE COVERSD,

TR RIS M T N T S A DA R IR« SR O 00 VAT R A TR VYT MRS TS 505 7% ety
rofiias st < RG T 2 e X

I e A e e e
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LSS OF SECONDARY COOLANT
S.1. TERMINATICN CRITERIA

AL WIDE RAIGE RCS Tc INDICATORS ARE GREATER THN 280°F,
RO
RCS PRESSURE IS GREATER THAY 1560 PSIG 1D IS STRBLE R

- IRCREASIKG, AND

WATER LEVEL IN AT LEAST QNE STEAM GERNERATCR IS IN T‘r'-
NARRCH RANGE SPAM, OR IN THE WIDE RAMGE SPAN AT A LEVEL
SUEFICIENT TO ASSURE THAT THE U-TIBES ARE COVLRED, AND
PRESSURIZER WATER LEVEL IS GREATER THAN 50% G- SPAN, AAD
THE RCS SUBCOOLING IS GREATER THAN L4O°F.

" _ Note: If C.V. pressure, radiation level ﬁnd sump level

indications are in the normal (pre-event) range,
then a pressurizer level of 20% is acceptable due

~ to the absence of an adverse C.V. atmosphere effect
on the pressurizer level transmitters.

¢y
l"...




‘ ~ BEFORE_REACTOR T‘JS” SIGNAL | . o

LOW OR FALLING PRESSURIZER ' E
PRESSURE & LEVEL® -

CONTINUOUSLY DECREASING TAVG INDICATES Substantially constant Tavg L
A STEAM BREAK ' indicates loss of coolant or . :
' : tube rupture. -

b

CHECK FOR POSSIBLE DECREASE IN Either rising containment Condenser air removal i
STEAM GENERATOR PRESSURE OR _ pressure or radiation radiation alarm or steam L
IMBALANCE IN PRESSURES OR FLOWS indicates a loss of coolant. generator blowdown radia-] !-
’ . High level, temp., and tion alarm indicates a L

pressure in the PRT indicates steam generator tube

loss of coolant through rupture. “
PORV's or safeties if
[

GO TO DETAILED RECOVERY PROCEDURE Go to detailed recovery Go to detailed recovery :g
IN APPENDIX B, procedure in Appendix A. - procedure in Appendix C. ';

*Pressurizer level may not fall if
the loss is in the steam space of
the pressurizer.



STEAM GENERATOR TUBE RUPTURE

Time: 50 minutes

Session 1 of 1
OBJECTIVES: Upon completion of this module the

student will be able to:

1. List the symptoms of a steam generator
tube’ rupture

2. State the two major concerns the operator
must be aware of, from memory, for this
transient including the major steps he
must take-to protect the plant and public.

3. State from memory the s;fety injection
termination criteria for a steam generator

tube rupture.

MATERIALS: .
I. Training Aids
A. Writing board
B. Overhead projector
II. Refgrences

A. Emergency Instructions Vol. 6
B. GP-6
C. GINNA

.SUPPLIES:‘ Paper and pencils ~=



INTRODUCTION:

I. Establish Class Relations

A. State name -

write on board

B. Ensure student comfort .

C. Check on writing implements

D. Explain procedures

1. Ask questions

2. Volumteer information

3. Note taking

4., Test on subject

II. Objectives: Upon completion of this module the

student will be able to:

1.

2.

III. Create General
A. Protection
is a major

B. Tube leaks

List the symptoms of a steam generator
tube rupture
State the two major concerns the
operator must be aware of,from
memoryy for this transient including
the major steps he must take to pro-
tect plant and public.
State from memory the safety injection
termination criteria for a steam |
generator tube rupture.
Interest
of reactor core and reactor vessel
concern of this procedure

occur at HBR; therefore, .this is a

credible event.

cC. 'Protection

PRESENTATION:
I, Symptoms

A. Reduction of

of health and safety of the public

RCS pressure and pressurizer level

B. Further pressure decrease due to cooldown following

reactor trip
C. SI flow will

be automatically initiated

D. Determination of Accident Type

TP 3-1
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" | " PRESENTATION (Continued)
‘ 1. Steam generator pressure - Rising or normal
with low pressurizer pressure _ TP 3-2
2. R-15 alarm, R-19 alarm TP 3-3

3. One S/G only .
a. TAVG varies very little
b. AT runback may occur
II. Auto Actioms for SI (EI-1)
A. Verify they have occurred
B. Initiate any auto actions that have not occurred
1. From RTGB
2. Locally (all pessible methods)
III. Instrumentation Needed

A. RCS Pressure
See E-1

1. Wide range Procedure

2. Narrow range

3. Important for

. a. subcooling :
. b. cooldown curve

B. RCS Temperature
1. Wide range Ty
2, Wide range T¢
' a, PTS parameter
b. Closest temp to vessel downcomer
3. Incore thermocouples - subcooling
4. Reactor vessel head thermocouple
a. Location
b. Purpose
5. Saturation monitor - prime subcooling
indicator
C. Steam Generator
1. Pressure
2. Level
3. Aux. Feed Flow



III.

IV.

o = m 9

A

Instrumentation Needed (Continued)

Used for:
L. Locating faulted S/G
2. Cooldown on good S/G's

Pressurizer level - one of major indicators

CV Pressure
RWST Level
CST Level

Recovery Procedure Steam Generator Tube Rupture

Al

Purpose

1.

Maintain core cooling

a. Keep subﬁooled

b. Control cooldown

Reduce RCS pressure below S/G safety valve

setting - Minimize radioactive material re-

lease (

a. reduce possibility.df uncontrolled
release '

b. may not be monitored

Remove residual heat from RCS

a. Use good S/G's

b. Keep within coéldown curve

Maintain natural circulation

a. If RCP's unavailable

b. Use steam dump or S/G PORV's

Prevent overflooding of steam generators

"a. From primary to secondary

b. Solid S/G.
(1) challenge safety valves

(2) Water slug steam lines

Injection phase

}..

Do not reset SI until safeguards equipment

status to be changed



~5m

‘ ' IV, Recovery Procedure Steam Generator Tube Rupture (Continued)

Q | | 5 '
ion ‘on :
inadequate core
cooling

a. no auto reinitiation until signal
clears

b. must rely on manual

Reduce auxiiiary feed flow

a. Maintain minimum narrow range S/G level
(1) Helps locate faulted S/G
(2) Provides adequate heat sink

b. Terminate to S/G where level is rising
(1) Prevent solid S/G
(2) Assist feeding good S/G's

Dump sﬁeam to maintain no load TAVG

a. Prefer condenser

b. S/C PORV if needed

Maintain diesel generators at sync. speed

a. safeguards started

b. outside power available

Void formation possible . I

a. Excessive use of depressurization while
on nétural circulation

b. Maintain 40°F subcooling

c. Follow pressure temperature curve 3.5
of Vol. 15

Trip RCP's if pressure decreases below 1300

psig

a. After SI pumps running

b. Pﬁmp protection

c. Natuéal.circulation

Stop RHR pumps if pressure >130 psig 15
minutes after accident

a. Not needed

b. Pump burnup



8.
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' IV. Recovery Procedure Steam Generator Tube Rupture {(Continued)

10.

@ .

Identify S/G with ruptured tube
a. R-19 - A.0. must do
b. LAB samples
1. small leak
2. RCS activity low
C. Increasing level without feed flow
Stop auxiliary feed flow to faulted steam
generator
a. reduce possibility of solid S/G
b. not steaming ,
Isolate all steam from affected steam génerator
a. Eliminate release path
b. Start cooldown immediatély (GP-6)
c. Setpoint on faulted S/G PORV to remain
at 1000 psig
1. Prevent lifting safety
2. Minimize release
Reduce system temperature and pressure using
steam dump
a. Reduce RCS pressure to maintain 40°
subcooling .
1. Reduce leak flow
2. More time to cooldown
3. Maintain Press - Temp on cooldown

curve

* ¢. PORV - blackout operation

d. Bring temperature of RCS to 480°F(s/G
sat., pres. 550 psig)

e. Isolated steam generator temp. and

| pressure will be 530°F and 820 psig.
1.  Residual heat
2., Pressure tries to match RCS

3. S/G may become second pressurizer
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. Iv. Recovery.Procedure Steam Generator Tube Rupture (Continued)
’ 12. Reduce RCS pressure to 870 psig
a. Stop leak to S/G
b. Pressurizer spray
c. Aux. spray
d. PORV on pressurizer
e. Keep temp/pressure within cooldown limits
f. Stop when _
(1) Pressurizer water level >50% or
(2) RCS pressure equal to féulted steam
generator pressure
13. Monitor pressure and pressurizer water level -
use in determination of leak rate
a. Steady or increasing - leak stopped

b. Decreasing - possibly other problems -

C. Termination of safety injection
‘1. RCS pressure increase of >200 psig after
‘ : , " closure of spray valve and or PORV
2. Water level in pressurizer
3. No auto éI-reinitiation all signals not

reset.

4, RCS and S/G pressure equalize
5. Place SIS in standby
D. Return to normal

1. Return CVCS to normal

2. Returﬁ RCS pressure control to normal
a. Sprays
b. Heaters
¢. Manually maintain pressure

3. Start RCP in non-faulted loop with spray
valve or stop all but one in non-faulted
loop with spray

a. Aid cooldown

‘ e b.  Pressure control



.

. IVL Recovery Procedure Steam Generator Tube Rupture (Continued)

Chemistry control

Stop faulted loop RCP

(1) mixing S/G with RCS

(2) plant chemistry

Isolate warm-up line to sfeam feed
pump from faulted S/G

Cooldown I.A.W. G.P. and cooldown curve
Check coolant chemistry

Depressurize S/G to condenser or PORV
while doing cooldown

(1) monitor R-14

(2) 1£ cannot dump back to RCS

Drain faulted S/G



SUMMARY:
l. s/6 tube rupture symptoms

Major - R15,_R19 alarm

2. Two major concerns of operator and major steps to
mitigate
a. Protect plant - cooldown-and depressurize RCS

b. Protect public - isolate leak

3. SI termination
a. Core covered - preésurizer level
b. RCS pressure increasing due to SI flow greater than

break flow



. BEFORE REACTU”RIP 8 "S" SIGNAL | ‘

LOW OR FALLING PRESSURIZER |
PRESSURE & LEVEL" L -

: _ =,
"} Continuously decreasing Tavg indicates . o ' . ' SUBSTANTIALLY CONSTANT TAVG
a steam break. ‘ INDICATES LOSS OF COOLANT OR
. | TuBE RUPTURE
\ | | | / \\
Check for possible decrease in _ Either rising containment ONDENSER AIR REMOVAL
steam generator pressure oOr pressure or radiation RADIATION ALARM OR STEAM
imbalance in pressures or flows ' indicates a loss of coolant. [(GENERATOR BLOWDOWN RADIA-
? High level, temp., and ' ION ALARM INDICATES A
: pressure in the PRT indicates||[STEAM GENERATOR TUBE
- loss of coolant through RUPTURE.
; PORV's or safeties.
_ 4
N Go to detailed recovery procedure ' Go to detailed reccvery GO TO DETAILED RECOVERY
) in Appendix B. , procedure in Appendix A. PROCEDURE IN APPENDIX C,

*Pressurizer level may not fall if
the loss is in the steam space of
the pressurizer. ’



L

Abnormally low steam pressure in
one or more steam generators
indicates steam break.

\

Verify by checking for:

1. Lower than normal steam generator
levels.
2. A possible first out annunciation

of:

a)
b)

c)
d)

Steam/feedwater flow mismatch

Low-low steam generator water {

level. )

High steam line flow.

High steam line differential
pressure.

%

Go to detailed recovery procedure in
emergency instruction, Appendix B.

. AFTER REACTOR TRIP & “S" SIGNAL

LOW OR FALLING PRESSURIZER
PRESSURE & LEVEL*

STEAM GENERATORS

RISING OR NORMAL STEAM PRESSURE IN
COOLANT OR TUBE RUPTURE.

INDICATES LOSS OF

/H////” \ \

Either increasing containment
pressure or containment high
radiation alarm or rising sump
water level indicates a loss -
of coolant.

‘./l

Go to detailed recovery

CONDENSER AIR REMOVAL
EQUIPMENT RADIATION
ALARM OR STEAM GENERATOR
BLOWDOWN RADIATION ALARM
OR POSSIBLE OBSERVED
DIFFERENTIAL RATE OF
RISE OF STEAM GENERATOR
LEVELS.

N W
GO TO DETAILED RECOVERY

procedure in Appendix A.

PROCEDURE IN APPENDIX C.

*Pressurizer level may not fall if
the loss 1s in the steam space of

the pressurizer.
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H.B. ROBINSON STEAM ELECTRIC PLANT UNIT NO.. 2
INSTRUCTOR LESSON PLAN

. SUBJECT: Mitigating Core Damage o _ SESSION: 8 of 35
SESSION TOPIC: Inadequate Core Cooling TIME: 50 minutes
REVISION NO. 0 DATBE: 3/23/82

INSTRUCTOR REFERENCES

£

1. H.B. Robinson Emergency Instruction: Incident Involving Reactor
Coolant System Depressurization EI-1l
2. H.B. Robinson Technical Specifications Section 3.3

v

CLASSROOM EQUIPMENT

l.' - Chalkboard, Chalk and Eraser
2. Qverhead Projector .

" PRATINING MATERIALS REQUIRED

Transparencies: _
Lesson Objectives and Reason for Study

STUDENT REFERENCES

1. ' Student Handout: Mitigating Core Damage

2. H.B. Robinson Emergency Instruction: Incident Involving .Reactor
~ Coolant System Depressurization EI-1 :

3. H.B. Robinson Technical Specifications Section 3.3




LESSON PLAN

OUTLINE KEY AIDS
I. INTRODUCTION
A. Lesson Objectives Transparency
. Upon successful completlon of this sessxon you will 8-1 and
be able to: : N Student
: Handout
1. From memory, explain the causes of Inadequate

Core Cooling.

From memory, list the major indications of Inadequate

Core Cooling.

Llst and explain two alternative actions
to restore cooling to a core which is not ade—

quately cooled.

Explain the .effects of core
boiling on boron concentration and what action

is taken.

Reason for Study

In an accident situation, pafticulquy i€ natural

circulation is being used for core cooling, the

operator must be able to recognize indications

that cooling is not effective. Based on his indi-

cations and what he believes to bé the cause of the

problem, the operator must take action to restore

-Transparency
-8-1




LESSON PLAN

OUTLIKRE

KEY AIDS

core cooling and monitor the effects of his efforts.
The boiling situation can change system behavior

in ways that he may not expect.
II. PRESENTATION
A. Causes of Inadequate Core Cooling

1. Improper emergency systems lineup or loés

of éystem operation

(o] valves shut or power lost to prevent
' supply of cooling water to RCS or feed

to steam generators.
2. Void formation

a. gsaturation conditions reached either at
core exit or next to the vessel head

which is at high -temperature

1) Contains 1argé amoent of heat by
virtue of mass of metal

2) * - Decay heat rises

7) Has relatively poor circulation

even with RCP's running.

-t

-k

—



LESSON PLAN

OUTLINE KEY AIDS

4, 1Indications
a. Rapid increase in pzr level
b. Increase in pzr level exceeds mass injected
c. Bubble exists somewhere else
C 1. Rx vessel head
2. s/6G

b. Non-condensible gas accumulation under head
1. Dissolved gases normally in RCS
a, Insufficient to form a 1argg.bubb1e
b. Will not interrupt natural éirculﬁtion
flow 4
2. If core temperatures reach high levels
a. Zr—H20 reaction
b. Large quantities of gas are evolved
c. Could interrupt flow .
3., Failure in accumulator system
a. Injection of alrge quantity of nitrogen
b. Design features are provided to prevent this

c. High press. limit on accum.

1. Five incore thermocouples reading off scale,

greater than 700°F. 4

a; This one indication is sufficient to identify ICC
(also most rapid responsé).
1. All five did not fail
2, Trust your indication

b. Choice of TC's to monitor
1. One close to geometric center of core

2, One in each quadrant

o



LESSON PLAN

OUTLINE

KEY AIDS

c. Hot leg RTD's cannot be depended on in ICC

10

2.

4.

5.

React too slowly

Steam formed at core exit mixes with

reflux flow

a. éefore passing into hoﬁ leg

b. Lower temperature;than above core

Steam flowing in hot legs can interfere

with RTID measurement

a.. RTD in well

b. Response poor in steam environment

RTD's are indicative only of hot leg éonditions

TD's show local core exit temperature

d. Monitor TC's when in natural circ.

Saturation conditions reached in RCS as determined

by:

a. Incore TC's

b.  Wide range temperature instrumentation

¢. Saturation monitor

Loss of natural circulation as effective heat removal




LESSON PLAN

OUTLINE KEY AIDS

a. Rapidly increasing or excessively ﬁigh aT
1. above full load 4T
2, TH'?with Tc = orl’

b. Steam generator pressure &ropping rapidly
_while steaming with elevated primary temperatures
‘present.

1. Several hundred PSI
2.. Do not expect normal S/G press.
4, Sudden rise or erratié response in nuclear

instrumentation. .

a. Eitenéive voiding in core ana downcomer

b. Loss of moderator

¢. Increase in leakage neutrons reaching detectors.

C. Actions
1. Preferred and most effectiﬁe:' recover high
~ head safety injéction

a, Align charging pumps to RCS

b. Addition of water to cold legs
1. flows to downcomer
2. quenches and recovers core
3. May cause thermal shock to vessel

¢, TC response:

1. Slight increase as steam swept from core




LESSCN PLAN

OUTLINE s ~ KEY AIDS

Also possible for high head SI to cause
enough condensation of steam to cause
depressurization enough to cause accu-

mulator injection.

Depressurization of steam generators

Increase condensation of steam on pri-

mary side of tubes.

Increased rate of condensation - -
1. Local pressure droﬁ within tubes -
2. -More steam:drawn from loops and core

core.

Pressure in upper plenum of core drops.
1. Fluid mixture in lower plenum and down-
comer pulled up into core L e

2, . Quenches core

Possible injection

-

1. Due to pressure drop
N .

2. Provides cooling ) -

3. Start feeding.with low*head SI -— °~




LESSON PLAN

OUTLINE ' 'KEY AIDS

e. Incofe TC'S: rapid drop.

f. Steam generatqr depressurization
1) Steaming through PORV
2) Dumps
3) Feeding cold water to steam generator.

3. Starting RCP's

a. Effects of RCP operation in a voided RCS

1) Pumping two phase mixture.void—accumulation=—
a) Downcomer

b) Upper core regions

2) Restart of RCP's with partially uncovered core

causes sudden quenching of fuel rods
a) Thermal shock
b) Possible geometry changé

4. Controlled depressurization of RCS to increase rate of

" injection with gas bubble in upper head.
a. Natural circ.
1) Allow bubble to expand
?) Uncover top of hot leg
3) Establish escape path to PZR surge liné
‘ 4) Vent pressurizer - PORV

5) Core remains coveged '




LESSON PLAN

OUTLINE ' KEY AIDS

6) Use SI to cool core

With RCP in operation and steam bubble in pressurizer:

1) PORV used to slowly depressurize

2) Additional refined control if spray hand heaters

can be used.

3) As bubble grows to hot leg, small bubbles are

carried by flow into system.

*4) Degass RCS by: CVCS or pressurizer PORV

Non-condensible gas bubble binding steam generator

precluding heat transfer

1) Loss of natural circulation -

2

b)

c)

d)

e).

Higher than full load AT

5/G pressure low - increasing RCS temp.
Abnormal ihcreése in NIS indication
Incore or wide range indicates saturatiog

5 incore Tc greater than 700°F

2) Establish SI flow from SI system and out

pressurizer PORV. If previously terminated

a)

PORV will provide 3" break




LESSON PLAN

OUTLINE . KEY AIDS

b) Enough for cooling
c¢) Break size
1) PORV = 3"
2) Other break greater than 1"

D. Long term effects

1. With significant core boiling, boron will be driven

out of solution and accumulate in hottest regions.

a. Decreases heat transfer by reducing thermal

conductivity at clad edge. .

b. May accumulate in sufficient quantities to

interfere with flow.

2. 18 hours into the accident approximately 600 gpm SI
flow is directed to hot legs.

a. Injection of cool water into upper plenum suppresses

residual boiling and helps collaps steam bubbles.

b. Reversal of flow will help re-dissolve plated boronm.

* III. SUMMARY

A. OBJECTIVE l: From memory, explain the causes of Inadequate
Core Cooling.

10



LESSON PLAN ' e

OUTLINE " KEY AIDS

'~ Two main conditions can degrade core cooling:

. 1. Improper or loss of emergency system operation:

2. Void formation

OBJECTIVE 2: From memory, list the major indicatioms of

Inadequate Core Cooling.
1. 5 or more incore TC's above 700°F
2. Saturation conditions reached .in RCS

3. Sudden or erratic response in nuclear instrumentation

OBJECTIVE 3: From memory, list and explain two alterna-

tive actions to restore cooling to a core which is not

adequately cooled.

1. Preferred an@Imost effective is restoration of high

head safety injection.
2. Dump steam and feed S/G's ..

3. Controlled depressurization of the RCS may be used

to increase the rate of injection.

OBJECTIVE 4: Explain the effects of core boiling on boron

concentration and what action is taken.

T 11
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OUTLINE ‘ © KEY AIDS

. /
Boiling in core will cause plating out of dissolved

boron onto core surfaces.
1. Decreases the thermal conductivity

2. Causes flow blockages.

- 12
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MITIGATING CORE DAMAGES

OBJECTIVES

UPON SUCCESSFUL COMPLETION OF THIS SESSION YOU WILL BE ABLE TO:
1. FROM MEMORY, EXPLAIN THE CAUSES OF INADEQUATE CORE COOLING.

2. FROM MEMORY, LIST THE MAJOR INDICATIQVS OF INADEQUATE CORE
COOLING. |

3, LIST AND EXPLAIN TWO ALTERNATIVE ACTIONS TO RESTORE COOLING
TO A CORE WHICH IS NOT ADEQUATELY COOLED, .

4, EXPLAIN THE EFFECTS OF CORE BOILING ON BORON CONCENTRATION
AND WHAT ACTION IS TAKEN,

REASON FOR STWDY

IN AN ACCIDENT SITUATION, PARTICULARLY IF NATURAL CIRCULATION IS

BEING USED FOR CORE COOLING, THE OPERATOR MUST BE ABLE TO RECOGNIZE
INDICATIONS THAT COOLING IS NOT EFFECTIVE. BASED ON HIS INDICATIONS
AND WHAT HE BELIEVES TO BE THE CAUSE OF THE PROBLEM, THE OPERATOR
MUST TAKE ACTION TO RESTORE CORE COOLING AND MONITOR THE EFFECTS OF
HIS EFFORTS, THE BOILING SITUATION CAN CHANGE SYSTEM BEHAVIOR IN WAYS
THAT HE MAY NOT EXPECT,
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H.B. ROBINSON STEAM ELECTRIC PLANT UNIT NO.. 2
INSTBUCTOR LESSON PLAN

SUBJECT: Transient and Accident Analysis SESSION: 16 of 16

SESSION TOPIC: Loss of Coolant Event of PIME: 50 minutes
May 1, 1975

REVISION NO. O SN : _ DATE: 4/27/82

'?

INSTRUCTOR REFERENCE'

1. H.B. Robinson Abnormal Occurrence Report 50-261/75-9

2. H.B. Robinson Abnormal procedures: Reactor Coolant Pump Abnormal
Conditions AP-18 : . '

3. H.B. Robinson File Number 2-0-1-a

4. 'shift Supervisor Logs of 1-2 May 1975

K]

'CLASSROOM EQUIPMENT

1. Chalkboard, Chalk and Eraser
2. Overhead Projector

TRAINING MATERIALS REQUIRED

Transparencies: .

1. Lesson Objectives and Reason for Study

2. RCPs Seal Water Flow

3. Initial Accident S/G Level, Steam Flow, PZR Level, and Pressure
4. PZR Level and Pressure During Subsequent Running of RCP nce

5. RHR and PZIR Pressure .

STUDENT REFERENCES )

1. H.B. Robinson Abnormal Occurrence Report 50-261/75-9

2. H.B. Robinson Abnormal Procedures: Reactor Coolant Pump Abnormal
Conditions AP-18 :

3; H.B. Robinson File Number 2-0-l-a
4. Shift supervisor Logs of 1-2 May 1975
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I. INTRODUCTION
A. Lesson Objectives ‘ Transparency
Upon successful completion of this session you will 16-1 and
be able to: : Studeﬁt
Handbook

1. From memory, state how RTGB and local indi-
cations were used by the operators in analy-
zing and mitigating the effects of this loss -

of coolant event.

2. State the conclusions and lessons learned from
this event including depressurization and

pressurized thermal shock.

Reason for Study - Transparency
The purpose of this lesson is to familiarize you‘with 16~-1

the events which occurred on May 1, 1975 concerning

the failure of RCP "C" seal, resulting in the dis-

charge of reactor coolant fluid to the containmeﬁt

floor. The faﬁlliarization with this and other éVents

will enable you to be better prepated to handle plant

emergencies of thls nature which should arise whlle

you are on shift.




U O R

p
P
A
X

LESSON PLAN

OUTLINE ~ KEY AIDS

II. PRESENTATION
A, Conditions Prior to Event
1. Reactor operating at full power

2., All systems opefating normally

2

a. 573°F
avg
b. PZR level 53%
‘ c. Plant pressure 2245 psig
, RCP "C" seal flow 3.7 gpm
e. RCP "C" labyrinth .= 64 inches H,0

3. Deborating to compensate for xenon buildup
B, Description of the Event

1. During boron dilution RCP "C" seals were very

sensitive to all additions

a. Sensitivity had existed since its replace-

ment a week earlier
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b. Leakoff was within prescribed limits
_ &. Variations were gradual rather than spiking
d. It was considered safe to operate with this
seal
2. 1750 - RCP "C" seal leakoff spiked several times Transparency
- 16-2 and
a. Monitored for vibration and found normal Handout
b. No other alarms noted
3. 1811 - RCP "C" seal ;eakoff oscillated full
range then stabilized off scale high
4. 1811 - Commenced a load reduction at a rate Trahspatency
of 10% per minute 16-3 and
Handout
a. Procedure required idling RCP mc"
b. Can operate at = 40% powef on two loops
5. 1617 - component cooling water valve CCW-626

closed due to high flow

we
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Combined return isolation valve for com-
ponent cooling water to all three RCP

thermgl barriers

Initially thought to be caused by the fail-
ure of the cooling coils in the thermal
barrier of RCP "C"

Coincident with the closure of CCW-626 the fol-

a.

b.

e.

£.

' lowing alarms were received

Seal water injection filter Hi AP
RCPs labyrinth seal Lo AP

R;P shaft #l.seal leak Hi temperature
RCP seal leakoff Hi flow

RCP sh;ft seél water Lo AP

RCP thermal barrier cooling water Hi

temperature
RCP 3 bearing Hi temperature

RCP thermal barrier cooling water
1o flow

r
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i. YNo 3 RCP stand pipe Lo level
©j. No 1 RCP stand pipe Hi level

1818 - Load reduction was stopped at 36% and

RCP "C" was de-energized

1819 - Reactor trip s | Transparency
' ' 16-3
a. Caused by turbine trip due to high level

in "B" steam generator

b. Righ steam cenerator jevel due to steam

flow spike during load reduction

0 Steam spike apparently from lifting
of PORV

1822 - Stopped RCPs "A" and "
-9 Flashing in seal water return lines

thregtened to cause lost- of seal flow

" due to pressure surges

A



LESSON PLAN

OUTLINE . ' KEY AIDS

10.

1l.

12.

13.

b. Flashing was caused by high temperature
coolant flowing past RCP “é" thermal
barrier and failed number 1 seal, and
entering the relatively low pressure

of the seal water return lines

1841 - Received automatic letdown isoclation Qdue Transparency

to low level in the pressurizer : 16-3
a. Low pressurizer level resulted from rapid
cooling caused by a sudden spike in steam

£low

b, Shifted charging supply from volume control

tank to the refueling water storage tank
1854 - Pressurizer level above letdown isolation
setpbint, returned charging supply to volume
control tank "

1915 - Seal water flow lost to RCP "A"

(o] valve 303C closed to reduce pressure surges

in letdown line

1928 - Seal water flow lost to RCP "B"




LESSON PLAN

OUTLINE ) ' ' KEY AIDS

14.

a. Water from RCP "C" seals had filled and
overpressurized the reactor coolant

drain tank and vent header
b. Thé RCDT vent was shut

c. WD-1708 opened to drain RCDT to the con-

tainment sump 4

Entered the containment to insﬁect RCP "C" and

to close valve CCW-728C, thermal barrier outlet

manual isolation valve

a. Valve CVC-303C had not fully isolated the
leakoff which was still causing steam -

formation in the thermal seal

b. It was not possible to’'enter RCP "C" bay
due to steam leaking from number three

seal .

c. As previously'stated it was initially
"thought that the cooling coils in the
thermal barrier had failed, closing CCW-626

d. Based on the following information the

cooling coils were determined to be intact
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15.

16.

b.

2000

sump

1) No increase on radiation monitor R-17

2) No increase in component cooling water

expansion tank level

3) ° The high flow rates were not continuous

The high flow rates were determined to be Boiling determined

caused by boiling in/the component cooling ' later. Boiling

water coils, accelerating fluid past the could occur in any

flow detector V . system. Need to
be aware

- Blocked open CCW-626

This reduced temperatures below boiling in

the thermal barriers

CCW~-626 was unblocked and returned to normal

operation

- Breakers were.pulled on the containment

pumps

Thi's was to prevent the overfilling of the

waste holdup tanks
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17.

18.

19.

20,

b. The water was originating from the reactor
coolant drain tank and thé sump in RCP "C"

bay.

After opéning CCW-626 seal water flow in RCP "C"
had returned to normal; RCP "pA" and "B" seal

water flow had not retu:ned

Inspection of RCP "C" revealed no steaﬁ or
leakage from the seals; this indicated that

the number 2 seal was holding

The objective now was to cooldown the plant;

this would require running a RCP to

a. Equalize temperatures throughcut the

reactor coolant system

b. Equalize boron concentration throughout

the reactor coolant system

Attempts to restore seal water to RCP "A" and

sp" were unsuccessful

a. Running bearing lift pump to lower the

shaft and provide more bearing clearance

10
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21.

b. Attempting to ;otate the pumps by hand
o It is postulated that the pressure 1700 PSIG
on the reactor coolant system pre=
vented the pumps from rotating
c. Making adjustments to
1) Seal injection flow
2) _ Bearing lift oil lineup
3) Seal leakoff
4) Seal bypass
Consideration given to running RCP neH

a. Seal‘water flow was present

b. The number two seal was apparently holding
pressure

c. RCP technical manual states the pump can be

run for 24 hours Qith s failed number 1 seal

and number 2 seal holding full pressure

d. Telephone conversations with the Westinghouse
pump representative indicated that pump with

failed nuﬁber 1 seals had successful run

1l
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22,

23‘

1) Recommended starting pump with seal

leakoff open

2) Moni tor standpipe levels and temper-
atures to insure integrity of number

2 seal

3) Then shut the seal leakoff to number
1 seal to cause the number 2-seal to

become a film riding seal

2242 - Started RCPO"C“ with RCS Pressure of 1700 PSIG and
temperature of 480°F :

a.

b.

Ce

d.

Shut number 1 seal leakoff
Seal leakoff pegged high at 300OF

Stator temperature and bearing temperatures

remained normal

Pump seemed to be operating satisfactorily

2257 - Prepared fbr cooldown bsing the main

condenser

a.

b.

Opened the MSIV bypasces

Commenced drawing a vacuum
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24. Problems developed in maintaining pressurizer
_ level
a. Increased seal water to RCP "C" by a
' factor of 5
b. No standpipe alarm but suspected number
2 seal failing .
c. Using first 2 then 3 charging pumps
d. Received indication of 0.5 ft of water
in containment sump
25. Boron concentration analyzed to be at approxi-
mately shutdown levels '
26. 0015 - Pressurizer level began falling rapidly Transparency
due to failure of number 2 seal 16-4 and
' ‘ _Handout
a. Received highlstandpipe level alarm
b. Secured RCP "C"
c. This terminated any cooldown in progress
27. 0016 - Started safety injection pumps to hot leg Transparency
safety injection to loops "B" and "C". Source of 16-4

water was RWST which was at approximately 65°F.

13
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a. Strip chart recorder level indicated
zero '
~ o b. Level indicator LI-462 indicated 6%
c. .Pressurizer level decrease stopped
~d. Level maintained between 20 and 80% by - )
. cycling SI pumps,

. - 28. 0036 - Diverted charging flow from loop "B" Tténspax_"ency
. cold leg to auxiliary pressurizer spray to 16-4

29.

30.

3l.

32.

‘lation valves were shut -

reduce system pressure. At this point pressure7
was 1150 PSIG and temp. approximately 310°F.
Pressure rapidly reduced to 500 PSIG with spray.
Started the fourth containment recirculation

fan and cooler to reduce containment pressure

~ and temperature.

The SI accumdlators'partiaily discharged into

the reactor coolant system;. accumulator iso-

-

Reactor coolant system boron concentration
1521 ppm

Containment pressure reached its maximum of

3 psig

Maiﬂtain subcooling
and monitor for PT 5

HVE-4

14
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33,

34,

35.

36.

b.

gtarted "D" service water pump

Started "B" service water booster pump

0215 - Shut main steam isolation valves and

secured cooldown through the main condensers

Heatup of the RHR system was delayed due to

the air line to LCV-460B being broken

This prevented the pressurization of

a.
the RHR system
b. The air line was subsequently repaired
and the RAR sysiem warmed
0341 - RHR system placed in service ' Transparency
- 16~5 and
Reduced reactor coolant system pressure from _ Handout

400 psi to 100 psi

a.

This was accomplished by‘éharging through

auxiliary pressurizer spray

Wwhen spray was initiated the following

occurred

15
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1) Pressurizer pressure did not signi-
 ficantly decrease
2) There was a rapid rise in pressurizer
level ;
3)  Upon shutting valve 311, pressurizer
level dropped rapidly
4) Thermocouple temperatures indicated Check for
’ reactor»temperaturé to be stable sub-cooling

c. It was determined that a steam bubble had

formed in one or more steam generators

1)

2)

Due to loss of circulation and limited
steam being drawn the steam generators

were relatively hot

The pressure reduction.allowed the
bubble to-form

0517 - Reduced reactor coolant system pressure

from 100 psig to 0 psig

Sgcured charging and allowed water to drain

until leak stopped

Steam bubble
could also be
in reactor head

area

16
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Final Conditions

1. Approximately 12-inches of water on the contain-

ment floor
2. Primary temperature approximately 100°F,at 0 psig
3. Boron concentration 1694

4. RCS level was 39-inches below the reactor vessel

f;ange
Technical Specification consideration
1. Primary leakagg from‘the seal of RCP "C" exceéaed 10 GPM
2. Contaiqment préssure excegd the Tech. Spec. setpoint of 2 PSID

3. As a result of the forced cooldown, excessive cooldown

rates were éxperienced.

a. Cooldown was from 450°F to approximately 310°F in % hour.

Cooldown rate was approximately 280°F /Hr.

b. Prior to auxiliary spray, pressure transient was 1700 to

1150 PSIG.

17
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_E. Analysis

1. It was determined to be acceptable to operate
on a seal which had shown unusual and highly
jrregular traces since its replacement a week

earlier
2. IF CVC-303C would have been shut initially

. a. 'The flow through the thermal Batrier may

have been reduced

b. The steam formation in the thermal barrier
cooling coils might have been prevented’
and cooling would not have been lost to
RCPs "A" and "B"

C. The pressure surges in the seal water return

lines would have been prevented

d. It would not have been necessary to secure  AP-18 - Seal
RCPs "A" and "B" | ' failure
' | Immediately shut,
3. If the reason for the closure of CCW-626 could 303 valve
have been determined not to be caused by failed

thermal barrier earlier

18
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CCW-626 could have been blocked open main-

taining flow to the thermal barriers.

1. Safety function override

R

2. Must station a watch.

- 3. Immediate closure of 303 valve

a) May have avoided CCW-626 problem

b) Procedure revised

The amount of water/steam leaking from RCP.

"C" would have been greatly reduced

RCPs "A" and "B" would not have had to be
.secured. They could have been utilized for

normal cooldown

The maintaining of either seal injection or com-

ponent cooling to RCP "A" and "B'" would have al-

lowed them to remain running

a.

This would have prevented having to run the

damaged pump for cooldown

19
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b. It should be noted that whén valve 303C was
shut and component cooling was restored to
the thermal barriers, the number 2 seal

stopped leakage from the primary

c.. The subsequent running of RCP "C" caused
the failure of number 2 seal and it was
after this seal failure that the -majority

of the liquid loss occurred.

d. The large liquid loss resulted in SI which
resulted in very rapid cooldown and pfessure

maintained at >1150 PSIG

Some indirect results of not being able to run

RCPs "A" and "B"

a. The loss of normal spray which necessitated

auxiliary spray from the CVC system

b. The overpressurization of the containment
due.- to the loss of additional fluid after

the failure of number 2 seal .

20
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c. Due to poor thermal balance in the RCS the Steam Generators
steam generators remained. considerably secured before RHR

hotter than other parts of the system; this ©placed in service

resulted in the formation of a steam bubble and RCPs in service
in the steam generators on a pressure re-

duction

Lessons Learned.

1. The closure of CVC-303 woﬁld have prevented the
loss of RCPs "A" and "B"

2. Do mot run RCP in which the number one seal has

failed. (Procedures now prohibit this)
3. . Once SI is actuated the operator must consider
a... Uncontrolled cooldown,

b. Depressurize to minimize pressure thermal

shock yet maintain sub-cooled status

c. Can anything be done to limit cooldown to
minimize PTs. (i.e., limit pressurizer level .
band to low end to minimize amount of cold

water added to system)

21

L4



‘ ) ' LESSON PLAN

OUTLINE KEY AIDS

III. SUMMARY

A. OBJECTIVE 1: From memory, state how RIGB local indi~
cafions were uéed by the operators in analyzing and

mitigating the effects of this event

1. Immediately commenced load reduction on indi-
cation that seal was failing
2. When flashing and the resulting pressure surges
threatened to cause the loss of all seal water,
0 ’ RCPs "A" and "B" were secured to prevent their-

damage

3. Based on radiation, expansion tank level, and
flow surges, closure of CCW-626 was determined
not to have been caused by a leaking cooling
coil and component cooling was restored to the

thermal barriers

4. Sudden high standpipe level alarm and rapidly
decreasing pressure level indicated the loss
of number’ 2 seal and resulted in stopping RCP
"C" . ) N

B. OBJECTIVE 2: From memory, state the conclusions and

lessons learned from this event

22
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1. The closure of CVC-303 would have‘prevented the
loss of RCPs "A" and "B"

2. Do not run a RCP in which the number one seal

has failed

i

3. The automatic safety features work satisfactorily

to protect the reactor
4. . The operator must: be aware of rapld uncontrolled
_ cooldown and take actions such as depressurizatlon
0 'to minimize pressurized thermal shock

Iv. EVALUATION

A. OBJECTIVE 1 QUESTfONS'

1. During the loss of coolant accident of May 1, 1975
at H. B. Robinson, what indications were used to
determine that the isolation valve for component
cooling water réturn‘frop the RCP thermal bar-
riers could be reopened?

Answer:

a. The high flow rates through the return line

were not consistent but were surging.

b. No increase in the readings on radiation

monitor R-17.

23
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c. No increase in component cooling water

expansion tank level.

. During the loss of coolant accident at H. B.

Robinson on May 1, 1975 wh%le pressure was
being reduced from 400 psi to 100 psi it was
depermined that a bubble had been drawn in
the steam generator. What indications/events
were used to make'this determination? |
Answer:

U§0n the initiation of auxiliary spray pres-—
‘sure did not decrease significantly. There
was a rapid rise in pressurizer level. Upon
securing the auxiliary spray, pressure still
remained relatively constant and pressurizer

level dropped rapidly..

- B. OBJECTIVE 2 QUESTIONS

RY

What procedural modifications were made as a
result of the loss of coolant actident which
occurred at H. B. Robinson on May 1, 1975 which
would prevent the loss of the undamaged RCPs?
Answer:

The closure of valve CVC-303. This will
prevent the buildup of high pressures in the
seal water return lines due to steam formation
and prevent the loss of_seai wéter to the re-

maining RCPs.

.24
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2. During the loss of coolant accident at H. B.
Robinson on May 1, 1975, the major portion of
the coolant was lost after the failure of the
No. 2 seal on RCP "C". What procedural changes
have been incorporated which would minimize the
likelihood of this seal failing during a similar
accident?

Answer:
The data indicates that the No; 2 seal was
intact until the RCP "C" was restarted to ‘
commence the RCS cooldown. At that point the
‘ seal féiled resulting in the -loss of a signifi-~
. cant amount of reactor coolant. The AP has now
been modified such thét Jnce the damaged pump

has been secured, it cannot be restarted.

3. Besides maintaining the reactor in a sub-cooled
copdition,'what other temperature pressure con-
dition should the operatof consider?

Answer: )
Limiting the effects of pressurizer thermal shock

by limiting cooldown or controlled depressurization.
V. ASSTGNMENTS
A. Read H. B. Robinson Abnormal Occurrence Report 50-261/75-9

B. Read H. B. Robinson Abnormal Procedure: Reactor Coolant

‘ » Pump Abnormal Conditions (AP-18).

25
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‘ | TRANSIENTS AND ACCIDENT ANALYSIS

OBJECTIVES
UPON SUCCESSFUL COMPLETION OF THIS SESSION, YOU WILL BE ABLE TO:
-1, FROM MEMORY, STATE HOW RTGB AND LOCAL INDICATIONS WERE USED
BY THE OPERATORS IN ANALYZING AND MITIGATING THE EFFECTS OF
THIS. LOSS OF COOLANT EVENT,

2. STATE THE CONCLUSIONS AND LESSONS LEARNED FROM THIS EVENT
- INCLUDING DEPRESSURIZATION AND PRESSURIZED THERMAL SHOCK,

~ REASON FOR STUDY

THE PURPOSE OF THIS LESSON IS TO FAMILIARIZE YOU WITH THE
EVENTS WHICH OCCURRED ON MAY 1, 1975, CONCERNING THE FAIL-
URE OF RCP “C" SEAL, RESULTING IN THE DISCHARGE OF REACTOR
COOLANT FLUID TO THE CONTAINMENT FLOOR, THE FAMILIARIZATION
WITH THIS AND OTHER EVENTS WILL ENABLE YOU TO BE BETTER
PREPARED TO HANDLE PLANT EMERGENCIES OF THIS MATURE WHICH
SHOULD ARISE WHILE YOU ARE ON SHIFT.
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TRANSPARENCY 16-4
PZR LEVEL AND PRESSURE
DURING SUBSEQUENT RUNNING OF RCP “C”
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I. INTRODUCTION
A. Lesson Objectives Transparency
Upon successful completion of this session you will 14~1 and
be able to: Student
Handout
1. From memory, correctly evaluate the event.
2. From memory, correctly state the conclusions and-
lessons learned from this event.
B. Reason for Sﬁudy Transparency
14-1

The reasons for studying this session are:
1. To familiarize you with the effects an uncontrol-
led steam generator blowdown and the resultant

uncontrolled cooldown have on the plant,

2. To familiarize you with the procedures for miti-

gating the effects of an uncontrolled steam gene--

rator blowdown.
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II. PRESENTATION

A. Plant Conditioms Prior to Event

1.

2.

5.

6.

7.

8.

10.

Date - April 28, 1870

No f&el loaded - No decay heat
During hot functional testing
Three RCPs in'operation

RCS pressure 2225 psig’

RCS témperature'533?F.

Steam generator steam pressure controlled at 880

to ‘900 psig by controlling -RCS temperature

All three steam generator isolation and isolation

bypass valves closed

Motor driven auxiliary feedwater pumps feeding

the steam generators as needed to maintain level

Steam generator blowdown valves open
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11.

Steam generator levels maintained at .about 70%

on wide range

Event Description

1,

2.

3.

5.

7.

Secondary safety valve iift pressures were being

checked
Safety valves on S/G 1 and 2 checked satisfactory

Test rié'moved to 5/G 3 safety valve nearest the
turbine deck (set to lift at 1140 psig)

At 3:20 pm an exceptionally loud steam release

was heard

Subsequent investigation revealed the pipe stub

to S/G 3 safety valve (1140 psig) had severed (360° Circumferential Break)
This left a:6-inch diameter hole open to atmos-
phere with no isolation valve between it and

S5/G 3

A sharp decrease was observed in:




LESSON PLAN

OUTLINE

KEY AIDS

8.

9.

10.
11.
12,

13.

14.

15.

16.

a. Pressurizer pressure (Decreased to 1862 psig)
b. Pressurizer level

c. No. 3 steam generator level

d. RCS temperature (cooled to 320°F in 1 hour)

All RCPs were immediately tripped .

mwo additional charging pumps were put in
service. No SI occurred. Source of water was

probably at 65°F.

Charging pumps set at maximum flow
All pressurizer heaters @anually tripped
Letdown secured

Blowdown valves for $/G 1 and 2 closed and S/G

3 blowdown;valve opened full

Restriction orifice bypass for 5/G 3 blowdown
line fully opened '

Two boric acid pumps started, taking suction
from boric acid tanks (which contained primary
grade water) and discharging to charging pump

suction

Demineralized water system put in service
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17. Transients observed were:

a. Pressurizer pressure decreased to a low of

1862 psig in about ten minutes and then stabilized.

b. Pressurizer level immediately dropped from
- 23% to 0%

c. RCS temperature dropped from 5330F to. 3200F

in about 55 minutes béfore stabilizing

d. S/G 3 level dropped from 68% to 0% (wide

range) in about 50 minutes

e. S/G 1 and 2 levels remained relatively
constant
¢
18.. As pressuriier pressure began to increase again
{after ten minutes), one charging pump was

stopped to provide better control of the pressure
increase. Pressure was increased to 2050 psig.

l8. Pressurizer level indication;returned after about
30 minutes and increased to normal operation
level (no load, 22%) 30 minutes later
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20'

21.

22.

23.

24.

25.

26.

27.

28.

At 20% pressurizer level, the second charging
pump was stopped and the control group of heaters

was energized

At 22% pressuiizer level the control group of
heaters was placed in automatic control. Pressure
being maintained at no load conditioms.

Boric acid pumps were stopped and VCT makeup

system returned to normal operating condition
Twenty minutes after preSSurizér level reached
22%, feedwater was added to S/G 1 and 2 and their
blowdown valves were opened 3 turns

S/G 3 blowdown valve was closed

At 5:30 pm S/G 1 and 2 isolation valve bypass
valves were opened and reheater purge lines
opened to atmosphere to lower pressure and

temperature in S/G's (830 psig)

At 200 psig in S/G 1 and 2, "C" RCP was started PTS
(RCS temperature 3200F, pressure 1260 psig) -

RCS pressure increased slowly to 1300 psig

RCS temperature increased rapidly to 360°F
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28.

30.

31.

RCS cooled to 345°F and 425 psig

RHR system placed in service

RCS pressure maintained at 425 psig and RCS -

temperature decreased to 180°F with RCPs

running (to complete required run time on

reactor internals with 3 RCP's running)

4

c. Event Evaluation

1.

Operator actions

d.

RCPs tripped to eliminate source of heat
to RCS

All charging pumps running at maximum flow

to makeup water volume lost by rapid cooling

of RCS

Pressurizer heaters were tripped to prevent

overheating them due to loss of pressurizer

level

Letdown was secured to reduce loss of RCS

volume

Back within

cooldown curve

No fuel loading
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e.

f.

-

Blowdown valves to S/G 1 and 2 closed to
prevent §/G 1 and 2 from a;ting as heat

sinks

o This reduces the RCS cooldown

Blowdown valve and bypass around restric-

tion orifice to S/G 3 opened to reduce the
water level in the S/G as quickly as

possible )

o This reduces the RCS cooldown _ _
Uncontrolled plant cooldown occurred due to S/G

bléwing dry and addition of cooler RWST water for makeup

Equipment failures

ae

b.

‘Blowdown was caused by the severing of one

of the S/G 3 safety valves

All other equipment performed as expected

D. Conclusions and Lesson Learned

1.

If RCPs had not been tripped, the RCS pressure

and temperature transients would have been less

"severe. Procedure now prevents this.

This was potentially serious pressurized thermal shock
situation in that nlant experienced 213°F/hr. conldown rate
with pressure maintained ereater than 1862 psig. Pressure
was then increased to 2050 psig which added to potential

severity.

TAVE 320°
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A. OBJECTIVE l: From memory, correctly evaluate the

event:

1. §/G blowdown was caused by severing of the 1140°
psig safety valve to S/G 3

2. RCP tripped - elimates heat source -

3. Charging‘pumps running at maximum flow - makeup

volume lost by rapid cooldown of RCS

' 4. Pressurizer heaters tripped - prevents over-

heating
5. Letdown secured - reduce RCS volume loss

6. S/G 1 and 2 blowdown secured - prevents S/G 1 ,

and 2 from acting as heat sinks (MSIV's already To minimize

closed) ’ . . " ecooldown

7. $/G 3 blowdown valve and restriction orifice
bypass valve opened - reduce water level in S/G To minimize

as quickly as possible cooldown
8. Uncontrolled plant cooldown occurred due to S/G

blowing dry and addition of cooler RWST water for

makeup

‘ B. OBJECTIVE 2: From memory, correctly state the con-

clusions and lessons learned from this event

1, If RCPs had not been tripped, RCS pressuré and

A ]
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temperatufe transients would have been less
severe. (Procedures now prevent this)

\
This was potentially serious pressurized thermal
shock situation in that plant experience 213°F/hr
cooldown rate with pressure'baintained greater

than 1862°F. Pressure was than increased to 2050

psig which added to potential severity.

‘A, OBJECTIVE 1 QUESTION

1 . .

Why were all three charging pumps running at
maximum flow at the beginniﬁg of this accident?
Answer: To makeup RCS water volume lost by

the rapid cooldown

How was RCS temperature being maintained prior to
the event on April 28, 1970 at H.B. Robinson

Unit 22 ,

Answer: No fuel was loaded and all 3 RCPs were

used to maintain temperature.

12
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B. OBJECTIVE 2 QUESTIONS

1. How could the RCs pressure and temperature tran-
sient have been reduced in this accident involv-
ing an uncontrolled steam generator blowdown?
Answer: By not tripping the~RCPslwhich were
the only means of supplying heat to the RCS.

2. Once the operator recognized that the cooldown
rate was in excess of 200°F/hr should he have increased
pressure? Explain. '
Answer: . No. Should be concerned with pressurized
thermal shock and operator should have decreased

pressure.

- V. ASSIGNMENTS

A. Read H.B. Robinson Emergency Instructions EI-1,

Appendix- "B"

13



TRANSPARENCY 14-1
LESSON ORJECTIVES

UPON SUCCESSFUL COMPLETION OF THIS SESSION YOU WILL BE ABLE TO:
1. FROM MEMORY, CORRECTLY EVALUATE THE EVENT.

2 FROM MEMORY, CORRECTLY STATE THE CONCLUSIONS AND
LESSONS LEARNED FROM THIS EVENT

REASON FOR STUDY
THE REASONS FOR STUDYING THIS SESSION ARE:

1. TO FAMILIARIZE YOU WITH THE EFFECTS AN UNCONTROL-
LED STEAM GENERATOR BLOWDOWN AND RESULTANT UNCONTROLLED
COOLDOWN HAVE ON THE PLANT,

2, TO FAMILIARIZE YOU WITH THE PROCEDURES FOR MITI-
GATING THE EFFECTS OF AN UNCONTROLLED STEAM GENE-
RATOR BLOWDOWN,
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BE.B. ROBINSON STEAM ELECTRIC PLANT UNIT NO. 2
INSTRUCTOR LESSON PLAN

SUBJECT: Transient and Accident Analysis SESSION: 15 of 16

SESSION TOPIC: Event of November 5, 1972 ’ TIME: 50 minutes
(S/G PORV Malfunction)

REVISION NO. 0 DATE: 4/28/82

INSTRUCTOR REFERENCE

H.B. Robinson Incident Report No. 50

CLASSROOM EQUIPMENT

- 3. Chalkboard, Chalk and Eraser
2. Overhead Projector .

TRAINING MATERIALS REQUIRED

Trransparencies:
1. Lesson Objectives and Reason for study

STUDENT REFERENCE

Student Handout:
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I. INTRODUCTION
A. Lesson Objectives Transparency
Upon successful completion of this session, you' 15-1 and
will be able to: Student
Handout
1. From memory, correctly evaluate the event.
2. From memory, correctly state the conclusions
and lessons learned from this event.
B. Reason for Study Transparency
To familiarize you with the consequences of a steam 15-1

generator power operated relief valve sticking open

and the resultant uncontrolled cooldown.
II. PRESENTATION
A. Plant Conditions Prior to the Event

1. Date - November 5, 1972
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2.
3.
4.

Reactor power level - 70%
Generator load - 520 MW

Turbine valve test in progress

Event Description

1.

5.

6.

8.

9.

Right stop valve push button was depressed
Load decreased from 520 MW to 150 MW

Reactor manually tripped at 0103

Reactor trip tripped the turbine and steam

dump was commenced

When no load Tgvg was reached, PORV RV-1

remained open for 5 minutes
RCS cooled down to 509°F

Emergency boration was commenced and secured

‘after two minutes |

Startup requirements were insured and at 0156,

shutdown banks were pulled

At 0326 reactor startup was commenced
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10. RCS temperature being maintained at 5460F by PORVs used to
steam dump valves and PORVS trim S/G
) levels
11. At 0333, with reactor subcritical, PORV RV=-2
opened and failed to close (causing RCS cool=-
down)
"12. RV-2 is a fail closed valve but control air
isolation and pulling of electrical fuses did
not close the valve
13. Control and shutdown rod banks were inserted
14. Emergency boration began at® 0345
15. Safety injection actuation occurred at 0349 S/G blowing dry &
due to low pressurizer pressure and low level, cold SI flow re-
RWST water added that was at approximately 55°F sult in uncontrolled
16. MSIV V1-3B was closed at 0402 to allow S/G 2 cooldown
to blowdown and minimize the RCS temperature
and pressure transient
17. Emergdgency boration secured a€HD440
18. Safety injection pumps secured at 0506
Later éetermined to
19.

At 0508 PRT level noted at 98%, up from 70%
] ‘ ' be caused by letdown

prior to the incident
relief valve opening
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20. DPRT drain and vent valves were opened to re-
duce the level ’
21. At 0509 containment sump high level light
indicating 0.5 feet level was received
22. Valve WD-1708 was opened to dump PRT to con-
tainment sump
23. At 0515, R-11 alarmed at 130,000 cpm
24. At 0520 received condensate collection system From Aux.
high level (1.5 feet and increasing) and dew Operator
point recorder increased to 170°F from 160°F
25. At 0540 component cooling water surge tank Later determined to
Jevel had dropped from 49% to about 4% be caused by the ex-
. cess letdown relief
26. Containment vessel inspection at 0607 noted: valve opening
a. Water on floor '
‘b No visible damage was apparent
27. A second containment vessel inspection at 0705

noted:

a. Ruptured disk on west end of PRT
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b. Other disc was deformed and possibly

ruptured

¢. About four feet of water was found in

reactor vessel sump
28. At 0900, RHR was placed in service
- 29, Byv1$00 RCS temperature was about 200°F

" 30. Activity releases

a. Gross beta and gamma - 0.217 mCi
‘b, Particulate - 0.217 mCi
¢. Tritium - 1.561 mCi
"d. Values are within release rates permitﬁed
C. Event Evaluation
1. Operator actions - were appropriate and timely
2. Equipment failures
a. PORV RV=-2
1) Jammed open because the valve's inner

valve and inner valve guide bushing

were scored
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C.

:do

2) RV-1, 2, and 3 were disassembled and

repaired
Turbine’ stop valves
1) Disassembled and cleaned

2) Problem caused by phosphate buildup
between valve shaft and valve bushing.

Relief valve €S-715 « CV isolation caused to 1lift
1) Dumping CCW to CV sump

2) Additional cause - excessive CCW press.

Relief valve CV-203

1) To re~establish letdown flow, upstream
isolation valve was opened before

- downstream isolation valve

2) Cv-203 jammed open due to valve
bellows having unscrdwed

3) Relieves to PRT (which dumped to
containment sump)
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4) Made it difficult to establish let-

down flow
e. Boron injection tank boron concentration
1) Changed from 21, 424 ppm to 10,785 ppm

2) SI pumps were dead headed because RCS
pressure remained above pump discharge
head

3. System responses - except for the failures that
caused the accident, the plant responded as

expected
a. Uncontrolled cooldown in this transient
1) 157°F in 2 hours - TAVE-389°F

2) Less severe than LOCA or MSLB that occurred
at HBR ’

b. Closing of affected S/G MSIV sooner may have

further limited cooldown. (Check valve leakage)
D. Conclusions and Lessons Learned

1. This is an example of an uncontrolled blowdown

of a steam generator

Indicates pressure

greéter than 1450

psig
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2. The effects are the same as if a small main steam

line break has occurred upstream of the MSIVs

3.. The blowdown plus SI actuation results in uncon-

trolled cooldown.
III. SUMMARY
A. PBJECTIVE l: From memory, correctly evaluate the event{

1. Operator actions appropriate and timely

2. Equipment failures
é. PORV RV-2
b. Turbine stop valves
c. Relief Qalve Cs-715
d. Relief valve CV-203
e. High head SI to BIf isolation valve SI-867A
f. Boron injection tank boron concentration

3. System responses were as exﬁected

a. Cooldown of approximately 80°F/hr was experienced
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B. OBJECTIVE 2: From memory, correctly state the con-

clusions and lessons learned from this event.

Example of uncontrolled blowdown of a steam

generator
Effects same as small main steam line break

The blowdown plus SI actuation resulted in uncontrolled

coolant cooldown.

O IV. EVALUATION

"A. OBJECTIVE 1 QUESTIONS

What was the primary cause of the event on
November 5, 1972 at H.B. Robinson Unit 27
Answer: The failing open of power operated

relief valve RV-2

B. OBJECTIVE 2 QUESTIONS

The event on November 5, 1972 at H.B. Robinson
Unit 2 is an example of what type of accident?

Answer: An uncontrolled blowdown of a steam

- generator. The effects are the same as a small

main steam line break upstream of the MSIVs.

what factors contributed to the resultant uncon-

trolled coolént cooldown.

a. SI actuation with colder makeup water -

10
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b. S/G blowdown

V. ASSIGNMENTS

Read Student Handout

11



TRANSPARENCY 15-1
LESSON OBJECTIVES

UPON SUCCESSFUL COMPLETION OF THIS SESSION, YOU WILL BE ABLE T0:
1, FROM MEMORY, CORRECTLY EVALUATE THE EVENT,

2, FROM MEMORY, CORRECTLY STATE THE CONCLUSIONS AND LESSONS
- - LEARNED FROM THIS EVENT. |

REASON FOR STUDY

TO FAMILIARIZE YOU WITH THE CONSEQUENCES OF A STEAM GENERATOR
POWER OPERATED RELIEF VALVE STICKING OF‘B\J AND THE RESULTANT
UNCONTROLLED COOLDOWN

-
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INSTRUCTOR LESSON PLAN

SUBJECT: Mitigating Core Damage ) : Session:

SESSION TOPIC: R.E. Ginna: Steam Generator
Tube Rupture Time: 50 minutes

REVISION NO. O . DATE: 5-6-82

INSTRUCTOR REFERENCES

1. NRC report on the January 25, 1982 steam generator tube rupture at R.E. Ginna
Nuclear Power Plant NUREG-0909 April, 1982

CLASSROOM EQUIPMENT

1. Chalkboard, chalk and eraser

2. Overhead projector

TRAINING MATERIALS REQUIRED
Transparencies:

1. Lesson objectives and reason for study
2. Figure 3.3 reactor cold loop temperatures from Ginna report

3. Figure 3.1 reactor coolant system pressure from Ginna report

STUDENT REFERENCES
Student Handout
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I. INTRODUCTION
A. Lesson Objectives _
Upon successful completion of this session, you will be TP-1

able to:

1. Bfiefly describe the initial symptoms.and alarms which

alerted the operator to- this event.

2. List of the operator steps taken to mitigate this

O event

3. Correctly state the conclusions and lessons learned

from this event.

B. Reason for Study ‘
The Nuclear Power Industry has experienced many steam
generator Fube problems. The event at the R.E. Ginna Power
Plant was a catastropic failure which could occur at HBR. ‘
It is important that the operator know the sequence of events,
actions taken (both automatic and manual), and concerns for
core cooling, PTS and release of radionuclides to the environs.

Note: (This particular event has not been evaluated as it may pertain
to HBR. This lesson is presented for information)

II. PRESENTATION

A. Initial Conditions

m 1. Date - January 25, 1982

2. Power - 100%

"'q, " RCS pressure 2197 Psig
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4, RCS temperature 572°F

'5; No indicated primary to secondary leakage

B. Event Description

-

1. 9:25 a.m. the following alarms and -indications were received

a. Charging pump speed alarm

" b. B S/G level deviation alarm
c. Bs/le steamfflow/feed—flow mismatch alarm
d. Pressurizer level and bfessure dgviatioﬁ alarms
e. Air ejector radiation ﬁonitor (R-15) alarm

"f. Pressurizer low pressure alarm (2185 psig)
2."9:26 power reduction commenced; steam dumps armed Pressure 2064
| “Temp. increasing
3. 9:37 third charging pump started due to load re-
_ duction
4. 9:28 steam dumps modulating shﬁg auto reactor trip
(Lo—pfessure 1873 psig) auto safety injection (1723
(U ' psig) feedwater isolation - auto start motor driven
AFW pumps ‘
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5. 9:29 RCP's tripped manually, pressurizer indicated Procedure
empty. Turbine driven AFW pump started (Lo-Lo level requires at

in S/G) » : . 1715 psig

6. 9:30 Initial RCS depressurization stopped at 1200 psig
(Note: Later concluded that stéam bubble probably formed

in vessel head. This coupled with SI/flow terminated

pressure drop) -
7. 9:32 'B' steam supply to turbine driven AFW pumﬁ secured Concerned about
release of
8. 9:38 operator used steam dumps in manual to cooldown radioactivity
plant
9. 9:40 isolated 'B' S/G TP-2

Tc 'B' loop commenced dropping to approximately 340°F

10. 9:48 secured AFW pumps to control level in 'A' S/G

11. 9:53 shut manual isolation valve to 'B' S/G PORV HER does not

(This made PORV unavailable and resulted in 5 challenges have manual

violation valve

on S/G PORV's

to an unisolable S/G safety valve)

12. 9:55 'B' S/G level off-scale high on narrow range

indication
13. 9:57 SI and containment isolation reset
14. 10:07 pressurizer PORV cycled twice (charging pumps were

secured prior to this step but indicates SI pumps still

running)
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15.

16.

17.

18.

19.

20.

21'

10:09 cycled pressurizer PORV again. This time valve 'B' loop Tc

stuck open RCS pressure dropped to 900 psig & pressuriZér dropped to 240°F

level increased rapidly (first clear indication to and then
control room operators that bubble had formed in upper . to 340°F
head. Actually was second time a steam bubble had TP-2 & 3
formed in head) ' . ~ Pressure

- A 800-1350
10:11 PORV block valve fully closed; pressurizer level

off-scale high SI/flow now increasing RCS pressure

10:19 one 'B’ S/G safety valve lifted and closed

(Note: SI & charging flow maintained RCS pressure high

resulting in continued RCS inleakage into faulted S/G)

The.safety valve lifted 4 more times during event
10:38 SI flow was terminated but charging flow maintained

10:42 energized pressurizer heaters to re-establish

pressurizer steam bubble

11:21 started 'A' RCP
(Note: Any steam bubble in head would now have condensed

due to cooler water in loops)

Approximately 2:00 p.m. plant cooldown and controlled
depressurization in progress. Cooldown via 'A' S/G PORV
with 'A' RCP providing flow through 'A' loop and backflow
th;gugh 'B' loop;operators maintained RCS pressure 25 psi
below 'B' S/G pressure. 'B' S/G was being cooled by intermit-
tently feeding it with AFW ﬁhile bleeding it via the ruptured
tube to the RCS ‘

returned

cycles

psig’
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Event Evaluation

1. Upon analysis of tube rupture in 'B' S/G based on
initial alarms and indications, operators commence
turbine unload. Continued RCS pressure drop resulted

in automatic reactor trip and safety injection actuation.

2. The préssﬁrizer emptied and initial depressurization
reached 1200 psig. Later analysis showed probable
steam bubble formation in vessel head.. Later SI flow

would have collapsed this bubble.

3. Affected $/G was used to dump steam for 15 minutes after

initial indication.

4. Affected S/G PORV was manually blocked rather than
placing controller in manual and shutting down on signal.
This resulted in total reliance on S/G safeties to relieve

any high pressure situation in affected S/G

5. . Pressure PORV was operated in attempts to equalize the
pressure differential between RCS and 'B' S/G. When
valve stuck open on fourth attempt steam bubbles forced in

upper head region and in top of tubes in 'B' S§/G

6. Affected S/G safety valve lifted 5 times. This resulted
in release of radioactively to environs. Operators showed
concern about radioactivity releases by securing steam

from affected S/G to turbine driven AFW pump early in event.
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III.

D. Conclusions and Lessons Learned

>1.- Affected S/G PORV should not have been manually blocked.
It could have been used to control pressure in affected

S/G rather than rely on safety valves.

2, Operators'showed appropriaté concern for the following:

-

a. Radioactive releases

b. Cooldown & depressurize to minimize extent of leak

and to aviod high pressure situation in affected S/G

¢. Maintain subcooling and recollapse bubbles that may

form in other locations than pressurizer.

3. Although later ayalysis has shown that a significant
thermal shock did not occur, the potential existed for one.
Operators must be aware of cold loop temperatures and poten-

tial affects with RCS pressure still high.

SUMMARY

A. Objective 1: Briefly describe the initial symptoms and alarms

which alerted the operator to this event.

1. The operators had initial indication of the event and its

magnitude

2. The following initial alarms were received:




LESSON PLAN _ o

OUTLINE _ KEY AIDS

/
a. Charging pump speed alarm - indicated high speed~

potential leak

b. B S/G level deviation alarm indicated high level -

results of primary to secondary leakage:

c. B S/G steam - flow/feed-flow mismatch alarm - high

-

vsteam flow
-\ . s
d. Pressurizer level and pressure deviation alarm

_e. Pressurizer low pressure alarm - D and E indicated

ﬁotential primary leak

f. Air ejector radiation monitor ~ key indicator of

primary to secondary leak

Objective 2: List the operator stepé taken to mitigate this

event

1. Operated charging and SI pumps to makeup for leakage &

initial cooldown shrinkage

2. Attempted to keep RCS pressure low and still maintain sub-

cooling

3. When conditions warranted, operators draw bubble (in
pressurizer and started a RCP to collapse any bubbles that

may still have existed in vessel head or steam generator tubes.

4. Took steps, such as securing steam from affected S/G to turbine

_driven AFW pump.to minimize radicactiue Treleases




LESSON PLAN ’

OUTLINE . : ) KEY AIDS

C. Objective 3: Correctly state the conclusions and lessons

learned from this event

1. Affected S/G PORV should not have been manually blocked.
It could have been used to control pressure in affected

S/G rather than rely on safety valves
2. Operators showed approptiate concern for the following:
a. Radioactive releases

U 4 b. Cooldown and depressurize to minimize extent of leak .

and avoid high pressure situation in affected S/G

¢. Maintain subcooling and recollapse bubbles that may

form in other locations than pressurizer.

3. Although later analysis has shown that a significant thermal
shock did not occur, the potential existed for one, operators
must be aware of cold leg temperatures and potential affects

with RCS pressure still high

IV. EVALUATION

A. Objective 1 Questions-

1. List the ‘alarms that the control room operators initially

U ' received to indicate the source and magnitude of the casualty.

a. Charging pump speed alarm

“b. 'B' S/G level deviation alarm
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c. 'B' S/GC steam-flow/feed flow mismatch
d. Pressurizer level and pressure deviation alarm
e. Pressurizer low pressure alarm

£. Air ejector radiation monitor

.

B. Objective 2 Questions

U 1. What actions did the operators take when they became

aware that a bubble had formed in other than the pressurizer?
a. Maintained SI & Charging flow

b. Monitored temperatures

c. When conditions warranted drew bubble in pressurizer

and started RCP
2. What actions did operators .take to minimize radioactive release?
a. Secured affected S/G as soon as possible

b. S/G to steam supply from affected S/G to steam driven AFW

pump
O , c. _Attempted to keep RCS pressure low to minimize chances of

affected S/G safeties from lifting

1N
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C. Objective 3 Questions

1. List the conclusions and lessons learned

Affected S/G PORV should not have been manually
blocked. It could have been used to control pressure
in affected S/G rather than rely on safety valves.

Operators showed appropriate concern for the following

" 1, Radioactive releases

2. Cooldowm & depressurization .
3. Maintain subcooling

Later analysis showed no significant thermal shock yet

operator should be aware that potential existed.

11



TRANSPARENCY 1

LESSON OBJECTIVES

UPON SUCCESSFUL COMPLETION OF THIS SESSION YOU WILL BE ABLE TO:

1, BRIFFLY DECRIBE THE INITIAL SYMPTOMS AND ALARMS WHICH ALERTED
THE OPERATOR TO THE EVENT.

2. LIST THE OPERATOR STEPS TAKEN TO MITIGATE THIS EVENT,

3, CORRECTLY STATE THE CONCLUSIONS AND LESSONS LEARNED FROM THIS
EVENT. '

Fel

REASOM FOR STLDY

THE NUCLEAR POWER INDUSTRY HAS EXPERIENCED MANY STEAM
GENERATOR TUBE PROBLEMS. THE EVENT AT THE R.E. GINNA
POWER PLANT WAS A CATOSTROPIC FAILURE WHICH COULD
OCCUR AT HBR. IT IS IMPORTANT THAT THE OPERATOR KNOW

~ THE SEQUENCE OF EVENTS, ACTIONS TAKEN (BOTH AUTOMATIC
AND MANUAL), AND CONCERNS FOR CORE COOLING, PTS AND
RELEASE OF RADIONUCLIDS TO THE ENVIRONS.
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PTS CONCERNS WITH EI-14, AP-19, AP-25, GP-2, GP-6

Time:

50 minutes

Session 1 of 1

OBJECTIVES: Upon successful completion of this session

the student will be able to:

1. Recognize condition or statements with
PTS implications in the following

procedures
a. EI-14
b. AP-19
c. AP-25
d. GP-2
e. GP-6

2. Describe the actions that can be taken
to reduce the likelihood of a thermal
transient (PTS event) occuring, given
the initial plant conditions an
initiating problem. '

MATERIALS:

I.

II.

III.

Training Aids

A. Chalkboard, chalk and erasers
B. Overhead projector

c. Transparencies

Referenﬁes

A. Abnormal Procedures AP-19, 25
B. General Procedures GP=2, 6

C. Emergency Instructions EI-1l4

Supplies - pencil and paper

- student handout




" INTRODUCTION

I.

Establish Class Relations
A, State Name

B. Explain procedures (asking questions, volunteer-
ing information)

II. Establish Learning Goals

A. State title

B. State objectives
PRESENTATION
I. Procedures That Have A PTS Concern

A. EI-1l4 Reactor Trip (Part A)

B. AP-19 Malfunction of Pressure Control

’C. AP-25 Spurious SI Safeguards Actuatioﬁ ‘

D. GP-2 Plant heatup from cold conditions.

E. GP-6 Plant cooldown from hot shutdown conditions
II. Concerns

A. EI-14

1. Part A - Reactor Trip
a. Section C.2.c
_ "Check that turbine stop valves, governor
valves, intercept and reheat stop valves
are closed"

b. Section D.2

"Avoid allowing the transient to bring
Tave below 530°F."

2. Concern - possible excessive cooldown of the
reactor vessel due to:

a. Turbine not tripped (valves not closed)
b, Steam dump’

1. Control malfunction

2, Steam dump stuck open

c. Stuck open PORV




B‘

3‘
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Operator actions

a. Manual trip turbine

b. Shut MSIVs

c. Isolate air to PORVs if stuck open

AP-19

1.

High RCS pressure -."high pressure must.be
avoided due to the possiblity of over-

- pressurizing the system."

Concern
a. During solid plant operation, heatup or
cooldown possibility exists to exceed

the pressure/temperature limits

b. Possible causes of excessive pressure
are: -

1. Soiid'Plant
a. Excessive charging flow
1. Controller malfunctions
2. Operator error
3. Loss of instrﬁment air

b. Letdown flow reduction caused

by PCV-145 or HCV~142 malfunction

1. Loss of instrument air
2. Operatér error

c. PORV's blocked

Operator actions

ae

Solid

1. Correct charging/letdownflow imbalance
a. Use of HCV-142
b. PCV - 145

c. Charge pump speed




- b.

- C.  AP-25

l.

2.

Spurious safeguards actuation

ae.

b.

Concern

a.

A

2. Increase heat removal

a. Increase flow through RHR heat
exchangers

b. Start other RHR pump
Bubble

1. (1.4.1) De-energize pressurizer heaters
it they failed to cut off automatically

2. (1.4.2) If pressurizer spray control is
in automatic and spray has not initiated,
shift spray control to manual and adjust
spray to decrease pressure

3. (1.4.3) Use auxiliary spray, if necessary,
and the AT between the pressurizer and
TE 123 (CVC charging line temp) is below
320°F -

Inadvertently actuated due to human or logic
error, etc. ' '

Necessary to terminate and return the plant
to normal condition

If safe operations dictates, actions required
may be performed simultaneously or out of
sequence

If initiation is at other than normal
temperature and pressure (during heatup/
cooldown) the conditions for SI termination
in EI-1 should not be established if the
heatup/cooldown curve would be violated

1. RCS pressure 1560 psig

2. Pressurizer level at no load

3. Water level in narrow range of one S/G
-or U tubes covered wide range -

4. 40°F subcooled

SI pump shutoff head ~ 1450 psig + 110 psig
instrument €rror




D.

b. SI pump BKRs not racked out/in until 350°

c. Between 350° and 435°, curve may be violated
due to SI pumps '

3. Operator action

Terminate SI in this region as soon as possible
by stopping all operating safety injection
pumps

GP-2

1. Plant heatup- Instruction 4.0
Qverpressurization Caution - "If all three RCPs
were stopped prior to heatup do not start a RCP
when the RCS is solid, stagnant and S/G tempera-
ture is greater than the RCS. Measure S$/G ’
temperature 4 ft. above the tube sheet. Area
shall be covered with insulation prior to
measuring. This temperature must be less than
or equal to loop surface temperature of RHR-750.

a. Steam generatof will act as heat source
b. UneQen RCS heat disfribution
2. Concern
a. Rapid heatup of RCS
b. Subsequent uncontrolled pressure increase

3. Operator action if S/G temperature is greater
than RCS

a. Allow plant to Heatup

b. Cooldown S/G by feed and bleed

Note: Low temperature overpressure protection
system should prevent this, however the

possibility still exists.

4. Turkey Point Event

Conditions

1. Temperature - 106°F
2. Pressure - 310 psig

3. RHR in service - solid plant

Event

1. RCP - start

2. High pressure signal isolates RHR loop -

pressure greater than 465 psig.




Corrective Actions

. problem.
2. Place excess letdown infservice
3. .Trip charging pump oﬁ pumps
" Notes: See attached Turkey Point Event
GP—6
Plant cooldown ~ precautioﬁ 3.8 "compiete PT 2.7,

1.

—6-

Seal injection continued - pressure to 1100 psig -
Seal injection can be terminated at low temp.

.2.8 prior to going solid if it is suspected they

Operator opens PZR. PORV - failure of automatic
low pres. protection system.

RHR isolates 2nd time - pressure 355 psig trans-
mitter failure. .

Pressure increase to 750 psig - seal injection
continued.

Terminate seal injection - at low temperature no

will become due during the outage. These should
not be run when water solid due to potential for
overpressurization of the RCS. '

a. Concern - even though SI & RHR pumps operate
on recirc., system isolation valves may leak
by causing an overpressure condition while
water solid.

b. Action - follow procedure

Precaution 3.9 (applicable to heatup/cooldown)
“SI pump breakers must be racked out when RCS
temperature is less than 350°F and system not
vented to C.V."

a. Concern - above 350 but below 435°F, should
the SI pumps start, unless terminated the
potential exists for violation of P,T curve
due to shutoff head of SI pump.

b. Action - terminate SI as soon as possible to
preclude an overpressure condition.

Instruction 4.9

"With the steam dump via the condenser or PORV
on manual control, slowly increase the rate of
steam dump by adjusting the pressure control
setpoint" '
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a. Wide range RCS temp.
b. Wide or narrow range pressure
c. S/G level
1. Concern - that using a PORV particularly, is
that it or a steam dump valve may become stuck
open yeilding an excessive cooldown and exceed-
ing P,T curve - overpressure reactor vessel,
2. Action
a. Exercise extreme caution

b. Shut MSIV's if necessary - above 200°F

c. Isolate air to PRVs if necessary

SUMMARY

A.

Objective one is to recognize in procedures EI-14,
AP-19 & 25, GP-2 & 6 places or statements that are
of concern with PTS.

Problems Encountered

1. EI-1l4, excessive cooldown - follow1ng Teactor
trip; use of steam dump

2. AP-19, overpressurization - failure of pressure
control - Turkey Point event

3. AP-25, violation of P,T curve particularly in
the region of 350° - 435° during heatup or
cooldown - ensure termination of SI if not
needed

4., GP-2, uncontrolled temperature and pressure
inérease resulting in violation of PT curve -
S/G can be a . heat source

5. GP-6
a. Overpressurization of solid plant
b. Same as AP-25

c. Excessive cooldowm

d. Malfunction of HCV142, PCVl&S




Subject:

Reference:

Description:

Cold Pressurization of Reactor Coolant System

INPO/NSAC Significant Event Report 2-82
Turkey Point 4 Event in November 1981

While in cold shutdown with the system solid

at 106°F and 310 psig and on the residual heat
removal (RHR) system, an RHR system inlet isola-
tion valve closed due to a high pressure signal
generated after starting a reactor coolant

pump. This isolated the letdown path which
comnects directly to the RHR system. Since
reactor coolant pump seal injection continued,
system pressure increased to 1100 psig before
the operator opened a relief valve. The over-
pressure mitigating system (OMS) did not auto-
matically open a relief valve because a signal
summator (Hagan Model #l11, Part 411-084-004) had
failed high, increasing the opening setpoint.
Once the RHR system inlet isolation valve closed,
an interlock prevented opening the isolation
valve while the pressure exceeded 465 psig.

After restoring the system and plant para-
meters, a second RHR system inlet isolation
valve closed two hours later at 355 psig due

to a transmitter failure. Reactor coolant pump
seal injection continued, and system pressure
increased to 750 psig before the operator opened
a relief valve. The transmitter failure was
caused earlier by unintentionally hydrotesting
the transmitter's sensor line with a leaking
isolation valve to the transmitter.

Suggested Action:

Include this event in plant training as an
example of the potential for overpressurizing
the reactor vessel while cold and below the

‘vessel's reference temperature for nil-ductility

transition. -In this case the overpressure pro-
tection system did not fuction because of an
equipment failure. When in cold solid conditions,
operators should not depend totally on the over=
pressurization protection system, but should also
monitor RCS pressure and temperature conditons
closely and ‘be prepared to take necessary actioms.

A similar event at H. B. Robinson could entail

considerable investigation and justification for

a subsequent start-up because of the particular
vessel chemistry and irradiation time. No action
other than training emphasis appears necessary as
it would require at least two failures to produce
such an event.




PTS_CONCERNS WITH EI-14, AP-19, AP-25, GP-2, GP-6
OBJECTIVES

* UPON SUCCESSFUL COMPLETION OF THIS SESSION, THE STUDENT
WILL BE ABLE TO:

1. RECOGNIZE CONDITIONS OR STATEMENTS WITH PTS IMPLICA-
TIONS IN THE FOLLOWING PROCEDURES:

A. EI-14
B, AP-1S
C. AP-5
D, GP-2
E. GP-6

2. DESCRIBE THE ACTIONS THAT CAN BE TAKEN TO REDUCE THE
LIKELIHOOD OF A THERMAL TRANSIENT (PTS EVENT) OCCURRING,
“GIVEN THE INITIAL PLANT CONDITIONS AND INITIATING PRO-
BLEM.
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CAUTION
IF THE SI PUYPS ARE STOPPED
 WITHIN THE FIRST TWO MINUTES OF
A SAFEGUARDS ACTUATION, THE FUSES
MUST BE PULLED AD REINSERTED AT
BREAKERS TO ALLOW THEM TO BE

RESTARTED!



PRESSURIZED THERMAL SHOCK

STUDENT HANDOUT
‘ Y All

(EI-D)



Whenever you enter EI-1, there are three primary concerns that should
be at the front of your mind.

1. Protect the health and safety of the general oublic

2. Keep the core cool

3. Maintain RCS and reactor vessel integrity ‘

By following EI~1 which requires you to verify that all automatic actions
have occurred (and initiate any that have not occurred) you are showing
concern for the public. This is reinforced by taking the appropriate actions
to stabilize the plant.

When you take the correct actions to establish core cooling (forced
or natural circulation) and 40°F subcooling you have addressed the second
major concern.

' Finally, by monitoring reactor coolant éystem temperature and pressure
and cooldown rate, you are prepared to address the thirdAconcern. Keeping
the temperature and pressure within the bands of the cooldown curve and
taking actions to avoid repressurization following a thermal transient (due
to cooldown) will reduce the possibility of comp%omising reactor vessel
integrity. o

Understandlng the reasons for each step in EI-1 will help you to correctly
respond to reactor coolant system depressurlzatlon events., Make every effort

to understand why you take an action when you are requlred to take that

-action by procedure.
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DISCUSSION

The behavior of many nuclear plant parameters, which the operator can
observe in the Control Room, will be similar in many respects following

either a loss of reactor coolant, steam line Tupture Or steam generator

tube rupture. For instance, che symptoms of all three 2ccidents which should

immediately become apparent to the operator are falling pressurizer pressure

and level, and in the casc of slower accidents, increased charging pump speed

and turbine runback on AT protecction prior to trip. The operator must accu-
rately determine the accident type as soomn as possible so that he can carry
out the required'checks'and initiate the relevani Tecovery procedure. A

brief description of the accidents and objects cf the recovery procedure are

.

given below.

1. Loss of Coolant

'Tﬁis_emcrgency résults in a2 breach of the primary pressure boundary
such that maximum charging flow and reactor coolant pump seal in-
jection flow can mo longer maintain pressurizer level. A safety in-
jection aﬁd a reactor trip-will be initiated by the falling pressurizer
pressure'on-a time scale which is dependent upon the magnitude of the
break. Injection fiq@ will increase with decreasing reactor coolant
EyStem pressure. fhe accumulators will adtomatically discharge their

fluid inventory when the recactor coolant system pressurce drops below

the accumulator pressure. In the case of rapid depressurization leading

to very low reactor coolant system pressure, the residual heat roemoval

pumps will commence injection and refill the reactor vessel.
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DISCUSSION (Continued)

'Analysis has shown that a small break is the worse case break for this

design. This is primarily due to the very large mass loss prior to

. actual injection of replacement fluid. The "hanging-up" of pressure

is caused by the pressurizer, similar to iﬁs normal control mode. Reactor
coolant pumps are tripped at 1300 psig to prevent léng term core uncovery
duriﬁg a "worse-case" small break: long term control and cooldown of the
reactor coolant system is achieved through recirculation ofquilléd
reactor coolant from the containment.sump. This is carriéd out by the
reéidual heat removél pumps and the Safety Injection Pump taking suction
from ﬁhe outlet of the residual heat exchangers. Containment pressure
increases due to the release of energy from the'reactor coolant system
to the_containment. Containmeat isolation, phase A, and containment
ventilation isolation will result from the safety injection signal at

4L psig. Spray actuation and containment isolation, phase B, will occur

at approximately 507% contaipment design pressure (20 psig).

The main functions of the operator in this type of accident is (1) to
insure all automatic actions have occurred, (2) to carry out the change-
over from the injection phase to the recirculation phase, (3) to check

for possible existence of a leak in an injection line and (4) o

carry out the relevant isolation procedure.

The volume of water in containment may be determined by referring to
Curve No. 7.2 in P.0.M. Volume 15 based on the containment water

level readings. Also, the equipment possibly affected by the water
level may be determined by reférring to the In-Containment Equipment

Elevation List in Appendix A of S.D.-35.
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A. DISCUSSION (Continued)

2, Loss of Secondar& Coolant

This emergency is the result of a break'in_a main stéam, feedwater or
blowdown line and will>result iu a reduction in reactor coolant tempera-
ture and pressure at a rate which is deéendent upon thé size and location
of the break. The reactor automatic p;otection system is designed to
shut ‘the plant down safel&. The action of the safety injection system in.
pumping boric -acid to the reactéf cooiant system will ensure continued

shutdown.

In the case of a full blowdown -of one steam gener;tor (this results
from.eiéher a:break upstream of a main steam isqlation valve or a
break downstream of the‘main steém isolation valves coupled with one
failéd main sieam i;olation valve), reactor coolént temperaturés and
pressures will have fallen to the region of 400°F ;nd 700-1000 psig in
two or three minuteg and ;aféty injection flow will be underway. Some
voids will form but will not interfere with cooling. The continued
l action oé safety injection will‘éggg{to re-pressurize the reactor coolant
system to the shut-off head of the safety injection puhps with little
change in reactor coolant temperature. At this stage, wager level
will have returned in the pressurizer and in fact the pressurizer may
be full of subcooled fluid and noncondensible gases, The subsequent
course of thé accident would be for the reactor coolant system temperatures

and pressure to increase under the influence of residual heat. E;——ﬁ? Dozt
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A. DISCUSSION (Continued)

If no action is taken to reduce the temperaturc of the good steam genera~
tor by stean dump, the reactor coolant system will be rc-pressurlved to
the pressurizer safety valve setting (2485 psi) with discharge of '

reactor coolant to the pressuriz or relief tank with subsequent release
h subsSequ=t,

e i e

" to the containment. 1f the reactor coolant system has cooled down

significantly during the accident (to 350 F or less), repressurlzatlon
all the way to the shut off head of the S.I. pumps could ¢ challenge
reactor vessel 1 1nLegrity. Operator action should therefore aim to
eliminate, oT at least minimize, ‘these effects by dumping steam from
the good steam generators to maintain temperature. At an early stage
in the accident, t the operator must also isolate auxiliary feedwater
flow to the faulty steam generator toO protect it from thermal shock,
to prevent excessive cooldown of the reactor coolant system, and

prevent'exceSSive auxiliary feedwater spillage to the defective loop.

.. Steam Generator Tube Rupture

This accident results in leakage of reactor coolant into the plant

steam system and as a result, pressurizer pressure and level will '

decrease jeading to a low pressure reactor trip. The cooldown

following plant trip will further decrease pressurizer pressure

and actuate safety 1n3ectlon. Pressurlzer level indication may be lost
and requlre use of spray or the PORV's to return on scale. If the reactor
coolant pumps are operating, the spray will collapse the bubble and

safety injection will refill the pressurizer. Use of the pressurizer
PORV's is necessary if normal spray is not possible. The relief tank
will cbllapse the bubble in much the same manner as spray. Auxiliary
spray should never be used when letdown is isolated due to increased
stress on piping and the pressurizer vessel as cold water enters. After:

passing through a minimum pressure, dependent upon the size of the leak,

the reactor pressure will increase to a stable value of about 1400 psi by

the continued action of safety injection. In the absence of action by
the operator, continued 1eakage "i{nto the stean gencrator together with
auxiliary feedwater flow would result in the steam generator water level -
rising into the steam lines of the faulty steam generator as it beccomes

water solid.
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A. DISCUSSION (Continued)

pb

Operator action should aim to minimize the contamination of the sﬁeam
system and water carryover by prompt isolation of the faulty steam

genérator. To acﬁieve-this, étéam dunmp ﬁust be carricﬁ out using all
steam generators initially and auxiliary feedwater flow to the faulty

steam generator should be cut-off when it has been identified.

The reactor automatic protection equipment is designed to shut the
plant down safely in the event.of any of the above emergencies.
The safety injection system is designed to provide emergency core

cooling and to maintain the reactor shutdown.

The plant safeguards systems operate fromloffsite power or from on-

site emergency diesel power if offsite power is not available;

Due to the inability to develop an emergency prﬁcedure tﬁatlwould totzlly
apply to every possible seq;en;e ;f evenﬁs during a plant transient or |
event, specific plant recoverf metho#s may have to be developed on a cass

by case basis. TFor example, it may become desirable to terminate safety

~injection under conditions other than those described in this procedure,

or restart one or more reactor coolant pumps if they were secured during
the initial transient.. (Forced circulation is the preferred method of
plant cooldown. It may be desirable to restart a RCP. -+ 1f plant pressure
and temperature coétrol have stabilized, subcqoled conditions exist, and
pumb operating requircments can beimet;) Deviatiéns from the plant
emergency procecdurcs must be reviewed and approﬁed by the appfopriate
members of plaht-maﬂagement.

Consultation with the applicable vendors

and/or the NRC may be desirable and prudent.
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B. SYMPTOMS

The following symptoms-may arise in a plant which has undergone or

.undergoing one of the above accideats.

1.
2.
3.
4.

9.
10.
11.
12.
13,
14.
15.
16,
17.
18.
19.
' 20.
21.
22,
23.

24.

Pressurizer Low Pressure Alarm and Indication.
Pressurizer Low Level Alarm and Indication.

low Tavg Alarm and Indication.

 High Containment Pressure Alarm and Indication.

Conﬁainmgnt High Radiation Monitor Alarm, R-2, R-7, R-11 & R-12.
Condenser Aif Removal Equipmen; Radiation Monitor Alarm, R-15.
Steam Generator Blowdown High Radiation Alarm, R~-19.

Containmegt High Sump Level Indicaiion.

Rapidly Decréasing Reactor Coolant Average Temperature.
Steamline Low Preésure Alarm and Indication.

Sceamlihé.nigh Flow Alarm and Indication.

Low Steam Generator Water Level Alarm and Indication.

‘Steam Flow/Feedwater Flow Mismztch Alarm and Indication.

High Steam Line Differential Pressure Alarm and Indication.

Increased Charging Pump Speed.

Pressurizer PORV Line High Temperature Alarm and Indication.

Pressurizer PORV Position Indication and Annunciator Alﬁrm.
Safety Valve iiﬁe High Temperature Alarm and Indicatiem.
Pressurizer Relief Tank High Temperature Alarm and Indication.
Pressuriécr Relief fank High Level Alarm and Indication.
Pressurizer Relief Tank High Pressure Alarm and Indication.
Press;rizer Safety Relief‘Valve'Open and Annunciator Alarm.

Auxiliary Feedwater Flow Indication.

Increasing Containment Hydrogen Concentration.
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B. SYMPTOMS  (Continued)
NOTE: Many of the process variahles noted above are typically.

 NOTE:

he

monitored by more than one channel. Always verify

indication-on redundant channels.

There are situations when the pressurizer water level

" yndication is not a valid indication of primary system

inventory such as a stuck open pressurizer PORV or when_

a steam bubblg,eg;s;swin,;he”reagggg vessel head or steam_

%EEEEEESI-UZEgbes' Therefore, this level indication should

always be used in conjunction with other system indications

to verify primary coolant inventory.

RESTPAL
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PROC. NO.

IDENTIFICATION OF ACCIDENT TYPE

The manual actions and precautioné in Section ﬁ & F afe those which require
the operator's -immediate attention in the event of a 1arée loss of reaétor
coolant or secondary fluid leading to rapid reactor trip and actuation of
safety injection. The operator will determine the accident type subse-
quently. However, in the evént of a slow transient in which reactor trip

is delaycd for a few minutes, the operator may be able to decide which

type of fault has occurred prior to reactor trip and initiation of safety

injection.
1. After Reactor Trip and S.i.'Actuation: (Refér fo Figure 1.
‘a. Observe the steam pressure in the.steam generatérs.
b. | If.the-pressu;e is rising or normal in the steam génerators
.tqgether with lo& pressurizer pfcssure, the accident is either
‘a loss of cooiant accidéﬁt Or a steam genmerator tube rupture.
These caﬁ be distinguished as follows:
1. 1f theré is'aﬁ increase in containment pressure, a coa-
.£5inment high radiation alarm, rising sump water level or
any combination of these symptoms, the situation is uniquely
defined as.a loss of coolant accident
2. If there is a condcnser air removai eéquipment radiation alarm

or a steam gencrator blowdown radiation alarm, the accident

is uniquely defined as a steam generator tube rupture.

T . s . X - .o . ) - Rty v-. e —— -——‘
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C. - . IDENTIFICATION OF ACCIDENT TYPE (Continued)

Lo et

C.

e

[

3

£

@R v ) L‘.‘f’.hil S I s

[ Bl wes

3

-3

a1

1. All main stecam isolztior valyes closed and similar

If the pressure is abnormally low in one or more steam generators,
coincident with low pressurizer pressure and level, the accident
is a main steam line break.

In the case of a stecam break, the approximate break location may

be determined as follows:

béhavior in cach steamugenerator indicates that the break
is downstream of these stopﬁﬁalves.
2.-V Pressure in one steaﬁ,genepatqr sﬁbstan;iaily lover . than the
others together with rising containﬁent'pressure indicates
‘that the break is in the lower pressure sieam line and in-
-siae the containment.
3. As in (2) above but with no increase in containment pressure,
contsinment sump level, and with all main steam isolation

valves closed indicates a break in the lower pressure steam

line outside the containment and upstream of the main steam

isolation valves. .

4.  As in (3) above with only two main steam isolaticn valves

closed invokes two possibilities. (1) If the lower pressure

steam line is one with a closed main steam isolation valve,
the break is ocutside the containment and upstream of the

closed main steam isolation valve, (2) If the higher

pressure stecam lines contain the closed valves, the break is

outside thc containment but not upstream of the closed main

steam isolation valves.

' NQTE: An operator car be dispatched to verify Items 3 & 4.
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8. :

4 c. IDENTIFICATION OF ACCIDENT TYPE (Continued)

m 2. Before Reactor Trip and S.I. Actuation

In a slow loss of coolant aéci.dcnt or a steam generétor tube Irupture,'
Tavg will vary very little and a AT protective runback may occur

before reactor trip wherecas a defi.nite and continuous decrease in

Tavg will be obscrved in the steam break accid.e.nt. The loss of

coolant accident and the-t\.ﬂ;vc rupture accident can -then be differentiated

as described in Figure 2.
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2 W TIGURE 1
m .
AFTER REACTOR TRIP & '"S" SIGNAL
o o
m —

Low or falling pressurizer
pressure & level¥*

Abnormally low steam pressure in
* opne or more steam generators
indicates steam break.

=\

Rising or normal steam pressure in
steam generators indicates loss of
coolant or tube rupture.

12

Either increasing containment
pressure or containment high
radiation alarm or rising sump
water level indicates a loss
of coolant.

Tncident Involving Reactor Coolant Sys. Depress.

N

Go to detalled recovery
procedure in Appendix A.

w W
E Verify by checking for:
1. Lower than normal steam generator
levels, )
2. A possible first out annunciation
of: '
a) steam/feedvater flow mismatch
b) low-low steam generator water
level.
¢) high stecam line flow.
d) high steam line differential
pressure.
. 2
] [Go to detailed recovery procedure in
w | | Emergency Imstridction, Appendix B.
0 w ;
Z o
a.
(]

et -EJMQ'IW?J Bei €23 03 €. €] rz:..].

the pressurizer.

Condenser air removal
equipment radiation
alarm or steam generator
blowdoun radiation alarm
or possible observed
differential rate of

risa of steam genarator
lavels,

4

N

Go to detailed recaovexry
procedure in Appendix C.

*Pressurizer level may not, fall 1f
- the loss is in the steam space of

£ 3 sn, SO
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REFORE REACTOR TRIP & "'S" SIGNAL

Low or falling pressurizer
pressure & level *

2=

Continuously dacrecasing Tavg indicates
a steam break.

A}
4

Check for possible decrease in
steam generator pressureé or

iwhalapce in pressures or flouys

0
& N4
Go to detailed recovery procedure
X iin Appendix B. )
[sa)
nl
w |
O w
< O
o
o
4

R e B I = B &

N\

tube rupture.

Substantially constant Tavg
indicatas loss of coolant or

)L

=\

Either rising containment
pressure Or radiation
indicates a loss of coolant.
High level, temp., and
pressure in the PRT indicates
loss of coolant through
PORV's or safeties.

W

Condenser air removal
radiation alarm oY stean
generator blowdcwn. radia-
tion alarm indicates 3
steam generator tuba
rupture. :

Go tp detailed recovery
procedure in Appendix A.

W
Go to detailed recovery
procedure‘in’Appendix c.

*Pressurizer level may not fall 1if
the loss 1s in the steam space of

tha pressurizer.

(o PR S ETD BEDD O PT r’e."' -
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REV.

19

PROC. NO. |
£.1.-1

D.1 AUTOMATIC ACTIONS FOLLOWIRG THY GENERATION OF THE SATETY INJECTION SIGNAL

a. Reactor trip, resultant turbine trip.

b. Normal feedwater isolation to the stcam generators results in:

1.

2.

Steam generator main feedwater pumps trip out of service.

valves close.

c. Both diescl generators stact and come up to speed.

Steam generator main block feed regulator; and bypass feedwater

d.  The non-essential breakers will trip to prepare 480V Bus El and

L8OV Bus E2 for the subsequent safeguards starting sequence.

NGTLE:

If 2 site blackout should occur during the interval be-

tween SI initiation and reset, the equipment start sequence

may not reactivate. It will then be neéessary to manually

reinitiate the SI sequence as conditions dictate.

e. The following valves are actuated to the position indicated below at

the initiation of the safeguards components starting segquemce.

’ 1 .

The boron injection inlet and discharge valves SI-867A, SI-8&7B,

- 8704, and 870B are opened.

3.

Core deluge valves from the residual heat femoval pumps RHR-744A

and RHR-744B are opened.

The boron injection tank recirculation return valves SI-841A and

SI-841B arc closed.

f. Safeguards equipment for the injection phase will receive a signal to

start sequentially in the following order:
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_; TRAIN A (Safeguards Bus E-1 Energized) - TRAIN B (Safeguards Bus E-2 Energized)
wj 1. Safety Injéction Pump A 1. Safety Injection Pump C
2 I 2. Safeﬁy Injection Pump R 2, (If Bus E-1 is not energized safety
K‘i 3. Residual Heat Removal Pump A o injection pump B is running with
gz 4 Service Water Pump A and Service . Train B)
— Water Booster Pump A 3. Residual Heat Removal Pump B
éﬁ 5. Service Water Pump B 4, Service Water Pump C ané Service
% 6. Coﬁﬁéinmcﬁt Fan HVil-1 | » ] Water Booster Pump B.
L‘ 7. 'Containmegt Fan HVI-2. » 5. Service Water Pump D
a S.Y Auxiliary Febdwatér‘?ump A 6. Containment Fan HVH-3
;; | 7.  Containment Fan HVH-4
§§ . . ' 8. . Auxiliary Feedwater Pump B
:. g The contaimr;ent; isolation, phase A, signa; will be generaﬁed and close
L the following isolation valves:
?; ' CvC-2004 Letdown orifice isolation )
;; CVC-2003 Letdown orifice isolation
%j A CvC-200C ) Letdown orifice isolation
| | CvC-2044 Letdown line isolation

CVC-204B }etdown line isolation

PS-95064 Samplé,line isplation (pressurizer steam)

"PS-956B Sample line isclation (pressurizer stecam)

PS-9$6C Sample line iéolat;on (pressurizer liquid)
PS-956D Sample line isolation (pressurizer liquid)

PS-956E " Sample line isolation (hot leg)

b=l
o

d """1‘31 (E "3 3 e

"
| 1
.
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16 prF 33 Tncident Involving Reactor Coolant Sys. Depress. 28 . E.I.-1
D.1 g. Continued

PS-956F Sample line isolation (hot leg)

PS-956G Sample line isolation (accumulator)

PS~956H Sample line isolation (accumulator)
RC-HC-516 Pressurizer ralief tank to gas analyzer
RC-HC-5194 Primary water to pressurizer relief tank
RC-HC-519B Primary water to ﬁressurizer relief tank
RC-HC=553 pressurizer relief tank to gas analyzer
CC-HC-739 Component cooling from excess letdown heat exchanger
SI-855 Nitrogen suppl§ for the accumulators

FP-248 Fire Protection Containment Isolation

FP-249 Fire Brotection Containment Isolation
FP-256 Fire Protection Containment Isolation
FP-258 ~ Fire Protection Containment Isolation
WD-1721 Reactor coolant drain tank pump discharge
WD-1722 Reactor coolant drain tank pump discharge
WD-1723 Containment sump to waste holdup tank
WD-1728 Containment sump to waste holdup tank
WD-1786 Vent header from reactor coolant drain tank
WD-1787 Vent header from reactor coolant drain tank
WD-1789 Gas analyzer from reactor coolant drain tank
WD-17.94 Gas analyzer from reactor coolant drain tank
SGB-FCV-1930A Steam generator A blowdown line

' SGB—FCV-19BOB Steam generator A blowdown line
SGB-FCV-1931A Steam generator B blowdown line

_ SGB-FCV-1931B Steam generator B blowdown line |

- SGB~-FCV-1932A Steam generator C blowdown line
SGB—FCV-lQSZB Steam generator C blowdown line
SGB-FCV-1933A Steam generator A sample line

pb "
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D.1 g. Continued.
SGB-FCV~19333 Steam gencrator A sample line
SGB-FCV-1934A Steam geﬁcratqr B sample line
SGB-FCV-1934B Steam-generator B sample line '
SGB—fCV-lQBSA Steam generator C sample line
SGB-FCV-1935B Steam generatof C sample line
RC-550 ‘N supply to Pressurizer Relief Tank
- RM=1 ‘ Radiation Monitoring Pump cutlet .
RM-2 - Radiation Monitoring Pump inlet
: RM=-3 " - Containment Outlet
RM-4 Containment Inlet ;
h. The containment isoiation phgsg A signal, initiates Isolation Valve
| _ Seal Water.System (IVSWS) by opening valves IVSW-PCV-1922A and -
IVSW-PCV-1922B. -
i, The containment vgn:ilafion isolation signal will be generatea and
the following isolation valves will close.
HVAC-V12-6 | | HVAC-V 12-13
HVAC-V12-7 " HVAC-V 12-10
HVAC-V12-8  EvACY 12-11
. HVAC-V12-9. " HVAC-V 12-12
j. The;steam driven au#iiiary feedwater pump will start automaﬁi;ally on
loss_of.voltage on 4160V busses 1 and 4 or Lo-Lo level in two steam
gencrators. -
k.

Each accumulator will begin discharging its contents to its respective

loop when the RCS pressure drops below the gas pressure in the

accumulator.
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18 o 33 Incident Involving Reactor Coolant Sys. Depress. 29 £.I.-1 \
D.1 1. The control room ventilation isclation s? ignal will be ge anerated,

tripfing 1VE-16, stsiting HVE-19; closirg ;hc intaké damper to HVA-1
And opening the bypass damper for MVE-16.

m. Verify that heat is being removed from tﬁe RCS through the steam generator
by noting autbmatic steanm dump to the'CundLn ser or to atmosphere and that

~ the average coolant temperature decreas=s towards no-10ud (530°F) .

n.. Instrument air isolation to thc contaimaent (IA-1716) will close (ma:
be overridden for operation of various pneumatic valves in the conta n-
ment; if safety injection is reset then IA-1716 must be independently

reset ﬁefore it will réopen).

AUTOMATIC ACTIONS FOLLOWING THE GEX ERETION OF THE HIGH-EIGH CONTATNMENT

PRESSUPE SLG“AL

a. ~ 'The splay pumps start and thelr dischaige valves to the Containment,
S1-8804, 51—880 °I—880C and SI-880D cpen.
Spray additive tank discharge valves S..~845A and’ SI 8453 wlll open.
b.  Main-steam.iso1ation valves clcse.
c. _The cdntainment isolation phase B signil will be.generated and close
the foliowipg isolation valﬁes: .
cvec-381 . Reactor coolant pumps scal water return line
CC~¥CV-5626 keacﬁor coolant pumps thermal barrier cooling water
return line
CC~735 . Reactor coolant pumps tiermal barrier cooling wa;er

return line

CC~7106A Reactor coolant pumps cooling water inlet line.
CC~71GB Reactor coolant pumps cooling water inlet line

cCc-720 ' Reactor coolant pumps tearing oil cooler cooling water

e return line

~
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E. IMMEDIATE OPERATOR ACTIONS

If a safety injection signal has been generated or if indications suggest

that a signal should have generated, but automatic initiation of safety

Po .

injection has not occurred, manually initiate the safety injection signal,

E g |

then;

1, Verify that reactor trip, turbine.trip and safety injection have

£33

all taken place following the gt signal. -

Verify that containment spray has taken place following the Phase B

S

YP" signal.

w'ffﬁ
w30

3, Verify that the safety injection system is pumping in boric acid from

boron injection tank and from the refueling water storagé tank.

>

Verify with the monitor lights that the valves associated with safety
injection, Phase "A" and/or "B", are in the proper positiocn after

safety injection initiation. (Light indicates when valve 1s in

safeguard position.)

. | -5, 'Vgrify that the main feedwater puﬁps have tfipped and that the
;} | auxili;ry feedwater pumps and the respective automatic wvalves are
Eg i ‘ actuated. Check the auxiliary feedwater flow indicators on the RTGB
& l to verify auxiliéry feedwater flow.
g} o 6. Check for proper operétion'qf both diesel generators & emergency busses.

7. In the event that the safeguards equipment has not been properly

actuated, the operator will place ‘the eﬁuipment in operation manually.

\
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F, PRECAUTIONS ATFTER A SAFETY INJECTION SIGNAL

1. Do not reset Safety Injection until the stétué of the safeguards
equipment is to be - changed, (i.e. stopping equipmeht or changing
valve lineup). »

2, If two residual heat.removal pumps are operating, stop one for pump
protection {f the reactor coolant system pressure is still above
130'psig'15 minutes after the accident.

-3, Do not terminate highihead safety i%jection untils
‘- a. The reactor coolant pressure is greater than ;jgg_psig and in-

creasing, and

b. Pressurizer level is at no-load level an& fesPSnding, and

‘ . . _r;.. 'Ehe water jevel in at least one steam generator is om narrow

. :range span or in the wide range span at a level sufficient to
‘assure that the U-tubes are covered, 222‘

d. At least 40°F of subcooling exists im the primary system.

NOTE 1: If.40°? ;ubcooling can not be maintained after termi-
nation of safety injection, manually re-initiate
safety injecfién.- |

NOTE 2: . Stopping and starting of the SI pumps can cause pump
motor ovérheéting of reduced motor life. If the SI
pumps are restarted once after termination, ensure
the RCS is at least 65°F subcooled prior té the

gsecond SI termination.
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F. PRECAUTIONS AFTER A SAFETY INJECTION STGNAL (Continued)

4, As a minimum, operational decisions should be based on the following

indications:'
a. Narrow range pressurizer pressuré if available.
éi b.  RCS wide range temperature and pressufe.
» ¢c. Steam pressure.
Z! [ d. Steam generator water level aqd/or auxiliary feedwater flow.
gi e. Containment pressure.
£f. RWST lével.

i
5

i

L &

<y

e
* aand

.2

Ei

Condensate storage tank level.

Pressurizer level.

5. The Diesel Generators are to.remain in operation at synchronous
speed until all safeguards equipﬁent‘has loaded ont§ the.émergency
buses and the incoming power sources are verified to be properly
'aligned;

6. Insure that RCS depressurization is not due to the opening of

one oOT both pressurizer PORV'S. If so, close the associated block

valve.

7. If the reactor coolant pressure drops below 1300 psig, trip all

coolant pumps to prevent long term core uncovery during a ''worse case"

small break. If the pressure remains above 1300 psig, at least two

Eg ' reactor pumps should continue to run to force flow through the core

: . ‘ unless pump seal or motor destruction is imminent as noted by;

a.

RCS loop flow is extremely erratic and RCP vibration is beyond

operating limits indicating excessive puﬁp cavitation, or;
- * }
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ti F, PRECAUTIONS AFIER A SATETY INJECTION SIGNAL (Continued)

) b. lCQmponcnt cdoling to the RCP is l§st resulting in motor bearings

5? ’ approaching ZOOdF orIVindinés'approaching 248°F, or;

- c. The No. 1l seal leakoff is not within the range of installed

i‘ . indication, or;

f% d. Seal injection flow or ﬁomponent cooling water lost to the therﬁal

= barrier causing pump bearing:t;mperature to approach 20Q°F, .

"3

NOTE: The reactor coolant pumps can be restarted if the

ey

pressure transient is stabilized and subcooled
conditions exist.
@
8. The operator should recognize that, while unlikely, the possibility

of reference leg boiling exists in a depressurized pressurizer or

steam generator. If reference leg boiling is suspected in a depres-

B T’“‘br“’ vUES

surized steanm genefator, the operator should use several other plant'

.'9 N
-

parameters such as auxiliary feedwater pressure, steam generator pressure,

52

-
[)
-

énd RCS wide range temperature to verify the existance of water in one
or more_ﬁtéam generators; For absolute determination of level after a
high energy rupture, refér to Section G. Abnormal containment environ-
ments (high temperature, condensing steam) may cause level and/or
pressure in@icating insqrumentsvto fail.

9. Should a blackout occd; dﬁring the injection pﬂase prior to resetiing
“the Si signal, manual action will te required to reload the safeguards
equipment onto theAemergency bus. A manual SI initiation can accomplish

this action.

‘.‘i B+ B oot T " BT I

=
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F. PRECAUTIONS AFTﬁR A SAFETY INJECTION SiGNAL (Continued)

10.

11.

12.

13.

14,

15..

During a LOCA, ﬁonitér the in core thermocouples frequently. If five
incore thermocouples go off scale high (greater than 700°F) an inadequate
core cooling situation exists. Sece Séction H for recovery from an
inadequate core cooling after a LOCA situation.

During a LOCA and the subsequent recovery, the Teactor céolant,system

saturation monitor should be used as a rapid method of determining

" the pressure margin to saturated conditions (the monitor will give a

direct indication of the diffé;ence betﬁeen saturation pressure for the
RCS temperature and actual kCS pressure), amount of subcooling in OF,
and the effectivenéss'of the core booling_method (natural circulation,
forced circulation, S.I., etc.). Always verify the inaications of this
monitor using othér available plant ins:rumentatiﬁn;

If it has been determined that the safeguards actuation is the result

of equipment malfunction or human error and that operation of safety

injection or containment spray is not necessary, refer to AP-25,

Initiate Emergency Plan, Volume 13, if necessary by definitions given

in the plan.

Establish an open line of communication with the NRC within one hour

after it has been determined that the reactor is not in a controlied

or expected mode of operation.
If at least one reactor coolant pump cannot be restarted, refer to

GP-5A for plant temperature and pressure control on natural

~circulation.
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G. STFAM GENERATOR ARD PRESSURIZRR INDICATED LLVEL CORRECTION PROCEDURE
The various level indicating instruments for the stecam generators and
pressurizér are calibrated for either normal operating conditions or cold

shutdown conditions. Following a high energy line break in the containment,

Cid  Eod Lo

(steam line rupture, OTr LOCA) system pressures and containment temperature .

can vary significantly from the calibration reference values. This varia-

Leead

tion causes three separate but significant sources of error in indicated

SER

levels depending on the severity of the incident’ (reference leg heating,

transmitter heating, and transmitter depressurization). The procedure out-

ES |
Bt

4

lined below will allow the operator to determine actual water inventories
. ’ 2
from indicated narrow range steam generator. levels and the three normal

operating (hot calibration) channels of pressurizer level. The effects on

indicated level of abnormal containment temperature and abnormal component

pressure are additive.

£l

Methodology

1, Determine containment temperature, indicated narrow range steam

(.3

generator levels and/or indicated pressurizer level.

o

i{ containment temperature is normal, (approximately 90°F) go to

3. Fpom Volume 15 (Curve Book), Curve 7.10, determine the correction

s'. Mh |

factor (in % of level span) due to abnormal containment temperature.
Note that there is one curve for the steam generators and a separate

curve for the pressuvrizer.

| s |
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G. STEAM GE VTRATO? & PRESSURIZER INDICATED LEVEL CORRECTION PROCEDURE (Continued)

4. Subtract Lhe correction factor from indicated leve] Divide the result

‘ by 1.02 to account for an approximately. 2% error due to transmitter

heating. The result is component water level corrected for abrormal

containment temperature only. If component pressure is at its normal

Lad

. operating pressure, omit Step 5.

D)
e

. 1
From Volume 15 (Curve Book), Curve 7.11 (for the steam generators) or

Curve 7.12 (for the pressurizer) determine true component water level.

<)

Use the level determined in Step &4 above as indicated level (horizontal

axis) when entering the curve. If containment temperature is normal,

tiesd

enter the curve with instrumentbindicated_level directly. (Steps 3

3

O

4

and 4 need not be performed). Interpolate the compcnent pressure curves

provided if necessary.

P

£
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25 oF .52

H. INADEQUATE CORLE COOLING AFTER A 1.CCA

3
:} The following indications can be-uscdvto verify and/or determine a loss of
Z§ . 'core.cpoling capabili£y. ' |
- Rapidly increasing or excessively ﬁiéﬁ AT due to the loss of natural

Z} ci:culation. | |

*~ Decreasing steam generator pressure at elevated primary temperature

E} WhllL steaming the gencrators. This is a result of a loss of eneroy

:3 transfer between the prlmary and secondary plant.

- Abnormal increase in source and intermediate nuclear instrumentation due
m , ; : ' —

§ to void formation in the core causing a loss of shielding.

it

- - Ingore thermogguplgs or wide range temperatuge instrumentation indicatiag
Ei saturation,tcmperétpre'or greater.

— Five incore thermocouples indicating off scale (greater than 700°T).

= Available indications on the Reactor Coolant System saturation monitor.

*

To recover from this condition, the following gencral steps should be taken:
E] - 1. Continue to provide constant safety'injection and/or charging flow
- to the RCS, and maintain the water inventory in all operable steam

generators.

2. Monitor primary temperatures to determine the effectiveness of subse~ -

-,

b

quent actions.

3. Depressurize the RCS by:

a. Dumping steam to the condenser oT atmoaphere, oOr;

b, Open'g pressurizer PORV with safety injection and/or charging

flow available.

NOTE: Use the pressurizer PORV as a last choice to. depressurize.

pb
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INADEQUATE CORE COOLING AFTER A LOCA (Continued)

'41

If no means for RCS depressurization are available or effective,

then start a reactor.coolant pump, if possible.

The most likely source of inadequate cooling is void formation due to

saturation conditions or non-condensible gas formation in the coolant

system. With a gas bubble located in the upper reactor vessel head,

several methods of core cooling are unaffected.

1.

The steam generators caﬁ be used to remove decay heat using réactqr

coolant pumps,forﬁed flow.of naﬁural cigcul;tion.-

The safety injection system can be used to cool the core while

&enting through the pressurizer power oper;tcd relief valve. Core

ccoling by any of these meéhods can ﬁroceed indefinitely if the

primary coolant pressure is held constant.

If a lower system p;essuré is -desired, a controlled depressurization

will allow the bubble to grow slowly'uptil it uncovers the top of the

hot legs. |

This coutr;lled depressurization can be performed in two ways:

-a. If the reactor coolant pumps can be operated, depreSSufization
can be performed with a steam bubble in the pressurizer. De-
pressurization would be through the pres;urizer po&er operated
relief valve, Ektra coqtrdl is achieved with the pressurizer
heatefs and sprays if available. As the bubble grows to the

top of the hot leg, small bubbles are carried through the system.

. Dégassing is done with the spray line and/or the Chemical and

Volume Control System. The steam generators will carry away

decay heat.

Incident Involving Reactor Coolant Sys. Depress. 19 £.I.-1
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_El.op:ﬁl : Incident Involving Reactor Coolant Sys. Depress. 15 E.I.-1

H. 'INADEUUATE CORFE COOLING AFTER A LOCA (Continuecd)

1. If the recactor coolant pumpé cannot be operated or their opera-

tion is undesirable, the pregsurizer can be made water solid

Lot

with the safety injection pumps running and the power operated

]

:
Qe

relief valve. Depressurization is .controlled by judicious

L

use of the various valves, lines and pumps available in the

safety injcction system and the pressurizer relief valve. As

the bubble grows to the top of the hot leg, it slides across

3 o

the hot leg and up into the steam generators. As depressurization:

. continues, the gaé bubbles grow in the steam generators and the

upper head but the core remains covered and cooled by safety in-

L. 13

jection water. If there is enough gas, the pressurizer surge line

would eventually be "uncovered". Some of the gas would burp into
the pressurizer aid out the valve. This burping process weculd con-
{} ' : tinue until the system was at the desired pressure. At that time,

the current cooling mode could be continued or the'system could be

placed in an RER mode (special care is needed for operation).

1 ' Note that a gas bubble cannot be located in the steam generator

with the reactor coolant pumps running. If a gas bubble forus

a3

in the steam generator during natural circulation, the reactor

coolant pumps could be restarted for degassing or safety in-

Vasid

jection flow could be initiated with the power operated relicf

=

valve .open. AT will become excessively large as natural circula-

tion is lost. The steam generators will losc their ability to
transfer heat, and-will lose pressurc rapidly under steaming
g} conditions while primary temperature increases.

ax:al

pb
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\ " Completed By

Approved By

Date

H. B. ROBINSON STEAM ELECTRIC PLANT
UNIT NO. 2
APPENDIX "A" CHECKOFF SHEET .

DETAILED RECOVERY PROCEDURE - LOSS OF REACTOR COOLANT

1.0 PURPOSE

This procedure is.to be used to insure that proper cooling is provided to

l the core/ and the integrity of the reactor vessel is maintainediafter a

safety injection occurs due to a loss of primary coolant. It is divided

_ . 4nto the following sections:
. . | (2) Injection Phase
(3) Initial Recirculation Phase
| (4) Long Term Recirculating Phase
(5) Aiternate Recirculation Flow Paths (Long Term Only)
(6) ‘Cooling With Non-Condensible Gas Voids in the Reactor Coolant
System
" All precautions noted in Section F of E.I.-1 apply to this aﬁpendix. The
magnitude of the coolant loss will be deciding factor in'the use of the
injection and cooling equipmeht. ..

2.0 INJECTION PHASE

2.1 Ensure the following has occurred:
2.1.1 Reactor and turbine trip.

¢ 2.1.2 SI equipment has started.

‘ ' , 2.1.3  Feedwater has isolated.

\

O———————
T —————
S—————
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REV. PROC. NO.
E.I.-1

2.0 INJECTION PHASE

(Continued)

2.2 All SI valve status light

2.3

2.3

valves wi

not necessarily energize.
Verify that th

insure injection flow reaches the co

2. 3'. 1
2.3 Q2

2.3.3 .

. 2.3.4

2.3.5
2.3.6
2.3.7
2.3.8

2. 3.9
2.3.10

2.3.11

"2.3.12

2.3.13
2.3.14
2.3.15
2.3.16

NOTE:

11 not have monitor lights enérgized.

c.v. Sumé to RHR Suction

C.V. Sump to RHR Suction ’

c.V. Sump to_RﬂR Suction

C.V. Sump to RHR Suction

SI Pump Miniflow Recirc.
S1 Pump Miniflow Recirc.
wAY RHR Pump Suction
"B"IRHR Pump Suction

“A" RHR Pump Discharge to
S1/Spray Suction

wg" RHR Pump Discharge to
S1/Spray Suction

RWUST to SI/Spray Suction
RWST to SI/Spray Suction
Hot Leg Injection”

Hog Leg Injection

. Hot Leg Injection Header

s are energized.

R-15 provides their actuation.

NOTE: De-cnergized

FCV-1436A and B do

e following valves are in the position noted to

re, log any discrepancies:

SI-860 A
SI-860 B
SI-861 A
SI-861 B
SI-856 A
SI-856 B
SI-8624

SI-8625

SI-863A
S1-863B

S1-864A
SI-864B
ST-866A

- S1-866B

SI-869

safety Injection Flow Verified.

Closed

Closed

Closed

Closed

Open

Open

Open

Open

Closed

Closed

Open

Open

Closed

Closed

Open

The following valves are de-cnergized and have no -

status indication on the safe guards status

SI-865A, B, & C.

The following valves are de—energized and

position indication; SI-878A & B.

panel;

have no
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Incident Involving Reactor Coolant Sys.'Depress.

REV.

2.0 INJECTION PHASE

2.4 If containment spray ha

(Continued)

equipment status:

2. 4.1
2.4.2
2.4..3

2.4 O4

2¢4o5 B

2.4.6

2.4.7,

2.4.8

Containment Spray Status Lights Energized.
SI-844A A Spray Pump Suction Valve

SI-844B B Spray Pump Suction Valve

’ §I-845A Spray Additive Tank Outlet

SI-845B Spray Additive Tank Outlet

A Containment Spray Pump

B Containment Spray Pump

SI-845C Spray Additive Throttle Valve
Adjusted to Deliver 12 GPM on FI-949.

Spray Flow verified.

s been initiated, verify the following

-Open
Open
bpen
Open

Running

Running
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23_ Incident Involving Reactor Coolant Sys. Depress. 27 E.I.-1

2.0 INJECTION PHASE {(Continued)

2.5

2.6

2.7

pb

that emergency recirculation ventilation has been initiated.

NOTE: Close valves SI-845A, B, & C when the level
in the spray additive tank reaches 0%.

Verify that Control Room intake duct isolztion has occurred and

The operator must recognize the possibility of forming voids in
the primary coolant system large enough to compromise the core

cooling capability, especially if natural circulation is used.

Void formation can be minimized by maintaining RCS pressure

with the safeguards equipment. Temperatures should be controlled

at least 40°F below the saturation temperature for the RCS pres-

sure. Refer to pressure/temperature curve 3.5 in Volume 15

. (Curve Book).

For a coincidén; station blackout, the following additional actions

are required:

2.7.1 Verify automatic start of tﬁe steam driven auxiliary
feedwater pump and the openiﬁg of its automatic dis-

charge valves.

i

2.7.2 Restart both battery charges.

2.7.3 Restart B & C component cooling pumps if no containment

spray  pumps are being powered by the diesels.

2.7.4  Restart A& B Instrument Air Compressors.

l
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2.0 TINJECTION PHASE (Contirued)
2.8 The following steps are to be performed -on an as necessary basis

depending on the severity of the coolant loss. Conditions for

‘ altering equipment status are stated in precaﬁtiqns, Section T
of E.I.-1.
I 2.8.1 Reset safety injection signal if equipment is to be stopped.
Lﬂ . .
'2.8.2 If all safeguards equipment has cowmpleted loading on

emergency buses, the power sources are verified to be

properly aligned, starting air receivers have repressurized,

o T |

and a blackout did not occur, shut down the diesel

'}

generators.

2.8.3 If two (2) residuval heat removal pumps are operating and

reactor coolant system pressure is greater than 130 psig
. 15 minutes after the accident, stop one RER Pump. (The second
{} . X ’
pump mcy be stopped at 30 minutes provided it is not expected to

provide cooling flow in the immediate future.)

2.8.4  1f the reactor coolant pressurc drops below 1300 ﬁsig,
4 o - trip all coolant pﬁmps to prevent long ferm cOTe uncovery
during a "worse case" small break. If the pressure remains
above 1300 psig, at ieast two reactor éoolént pumps should
continue to run to force flow through tpe core unless pump

seal or motor destruction is imminent as noted by:

pb A S
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2,0 INJECTION PHASE (Continued)

a. RCP flow is erratic and pump vibration is excessive
{ndicating pump cévitation) or;

b. Compoﬁent cooling to the pumps is lost, resulting in
motor beﬁring approachiﬁg 200°F, or wiﬁding approaching
248°F, or pump leakofé approaching 200°F, or;

¢. The No. 1 seal jeakoff is not within the range of
installed indicafionﬂ

d.; Seal injection is lost énd component cooling water is
not available to thermal barrier.

“2.8.5 Do not terminaté high head saféé& injection unless:
‘ " ' S T The reactor coc;lant pressure is gréater than Qgg-psig
| and increasing, and
b. Preésurizer level is at no—loadAlevel and responding, and
c., Water level in at least-one steam'generator is on
na}row'rénge or in the.wide range span'at a level
gufficient to assure that the U-tubes are covered, and
d. At least 46°F of subcooling exists in the primary system.
NOTE 1: ;f 4Q°F.subcooling cannot he maintained after
terﬁingtion of safety injection, manually
rfeinitiate safety injection.
;NOTE 2: StOppingvand stérting of the SI pumps can cause
pump motor overheating or reduced motor life. if
. the SI pumps are restarted once after termination,
‘ | o . | -~ ensure the RCS is at least 65°F suhcooled prior to .

the second SI termination.
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2.0 INJECTION PHASE (Continued)

NOTE 3: 1f the loss of coolant appears to be large and
the RHR system will be used for injection, go
directly to Step 2.1l '

2.9 If safety injection is terminated, place all safety injection pumps in

2.10

he

standby m

ode and maintain operable safety injection flowpaths. If subcooled

conditions can be maintained and plant pressure & temperature control can

be returned to normal, continue plant operations in accordance with

applicable G.P.'s or A.P.'s.

If pressure is decreasing slowly or has stabilized above the dead

head pressure of the SI pumps and cannot be returned to normal range,

use steam dump (pressure mode or atmospheric steam relief) and

pressurizer pressure control (normal spray, auxlllary spray if available,

or manual cycling of the pressurizer PORV). (Use of the PORV

should only be used if both normal and auxiliary sprays are not available.)

to decrease reactor coolant temperature and pressure. Do not use auxiliary

spray as long as letdown is isolated to prevent thermal shock to the

pressgrizer. Maintain 40 F subcooling condition per Curve 3.5 of the

Curve Book. | If primary system temperature and pressure cond1tion§‘~_"‘)

"|violate the heatup and cooldown curves, restore conditions to maintain /

reactor vessel integrity by depressdrization, 1f necessary.

NOTE:

——— e+ e
i

1f RCP's are still operating their steam generator
pressure is roughly the same as the RCS saturation
‘bressure. If no RCPfs are operating, good natural
circulation can be assumed if the AT will vary pro-
portionately with the amount of steam dump applied
and the stecam pressure does not rapidly decrease .
in an unexplaind:ie manner in the steam gencrators.
NOTE: Natural circulation on 3 steam gencrators will
develop a 50°F AT at 9% reactor power.,)

S L b
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Tncident Involving Reactor Ceoolant Sys. Depress. 217 E.I.-1

e e e

2.0 IRJECTION PHASE (Continued)

pb

2.10.1

2.10.2

2.10.3

Sample S/C's as soon as possible. Log all results.
Record any jumpers installed in the Jumper Log.
2.10.1.a To sample "A" S/G, run a jumper bctween terminal points

1 and 67 on Auxiliary'Panel "™MC".

2.10.1.b To sample "B" S/G, run a jumper between terminal points

1 and 69 on Auxiliary Panel "MC".

2.10.1.¢c To sample "C" S/G, run a jumper between terminal points

1 and 71 on Auxiliary Panel "MC".
2.10.1.d The switches on the stcam generator blowdcwn and

sampling parel in the Auxiliary Building across from

the Samﬁling Room can now be used to obtain the samples.

NOTE: If there is.gg alarm condition existing
on Radiatioﬁ-uonitor R-19, the S/G -
sampling.valves will 6pen as soon as

B ghe jumpers arc installed.
If_a leak ekists that could.endanger the site or general'

public, reduce RCS temperature to less than 500°F before )

closing MSIV's.

1f the safety injection pumps have not already borated the

reactor coolant system to cold shutdown, use the charging

[

pumps to borate the system.
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2.0 INJECTION PHASE (Continued)

2.10.4 Cooldown using applicable sections of GP-6 if the pressure

)

and temperaturc can be controlled. Ensure that all steam

4 generators are cooled to prevent their acting as pressurizers
! once the primary system pressure is reduced.

- .- NOTE: Tripping of the RCP's is not required if the

‘:! . 3 . .

1 cooldown zand depressurization can be con-

-

trolled to maintain subcooled conditionms.

byeind QR |

bisd

bowd

bicu.ad

‘t.i.J

pb
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53 Incident Involving Reactor Coolant Sys. Depress. ' E.I.-1

2.0 INJECTION PHASE (Continued)

in

2.11

Dispatch an operator to the pipe allcy to isolate nitrogen to the
reactor coolant drain tank, and open CV aLmosphere post accident

\sample valves.

2.11.1 WDS-1793 Nitrogen supply to RCDT _ "Closed

. ;Z;ilgﬁy'”‘VCT;IS Hi Point CV Sample Line Isol. Open
i2.11.3 VCT-19 Mid Point CV Sample Line Isol. Open
\2 11.4  VCT-20 Lo Point Cv Sample Lime Isol. Open’
Subinmal L=

2.12

2,13

If contalnment spray has been actuated, and if the containment
pressure is reduced to less than 4 psi internal pressure, reset
containment spray. Shut down the spray puﬁps and close the

'SI-880 valves. The spray should remain in standb&-mode.

If it appeafé that the loss of coolant cannot be terminated or
stabiiized without gonsuming tpe available contents of the RWST,
procéed with alignment for recirculation; Initidte the alignment
procedure no 1ater than the point at which the réfuéling water
storage tank reaches the low level alarm (27%). One of three safety

injection pumps and one of two spray pumps have to be stopped at

27%Z on the RWST.levelﬂ
NOTE: See Curve No. 7.2 in P.0.M. Volume 15 to determine
' the yolume of wat;r in con;ainment baéed on the
extended range water level jndicators on the core
;ooling and containment panel. Also see the.in-
containmcgt equipment elevation list in Appendix A
.0f $.D.-35 to determine what equipment may be

affected by the level of water in containment.

.o = ow L e e m— -
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3.0 INITIAL RECIRCULATION PHASE

3.1

3.2

3.3

l 3.4

3.2.1 = SI-862 A& B : . . Energized
?.2.2 SI-863 A & B ' . Energized
'3.2.3 .. SI-864 A& B T Energized
3.2.4  SI-866 A & B - Energized

The maximum time betwecn termlnatlon of the RUR flow during the

injection phase and reinitlation of RHR flow on the recirculation

phase should be less than ten (10) minutes to avoid damage to the

fuel. Therefore, as much as possible of the alignment should be

completed prior to stopping the injection phase.

On the "Safety Injection Valve Control Power Defeat Panel", located

in the back of the RIGB, energize control power for the follow1ng valves:

NOTIE: If operation of the following valves is required, the

breakers on MCC-5 and MCC-6 must first be closed.

McC-5 o MCC-6
SI-865 A & C, SI-865B
SI-878 A SI-878 B

The operator on the control panel verifies that the controllers
for RHR-605 and RHR-758 dre in the closed position.

Dispatch an available operator to enter -the RHR heat éﬁchanger
yoom and align the following:

3.4.1 RHR-760 RHR tetdown to Purification Open

3.4.2 . CvVC-205B RHR Letdown to Purification ‘ Open
3.4.3  IA-291 Air Supply to RHR 605 Open

3.4.4 TA-292 Air Supply to RIR 758 Open

i
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3.0 INITIAL RECIRCULATION PHASE (Continued)

| 3.5

[.a.s

3.7

When the low 1eve1 alarm point (27%) is reached in the RWST, stop

one of three safety,

conserve the injection supply.

and stop one of two contaimment spray pumps to

1

Align hot leg high head injection by first closing SI-869, then

3.6.1
3.602

3'6.3

_open both SI-866A and SI-866B.

' 6I-869 Hot Leg Injection Closed
SI-866A Hot Leg Injection Open .
SI-866B Hot Leg Injection Open

When the RWST reaches the low-low level alarm at 9%, stop the

"remaining safety injection pump, RHR pumps, and spray pumps.

Complete the valve realignment for recirculation within 10 ninutes.

3.7.1
3.7.2
3.7.3
3.7.4

3.7.5

13.7.6

3.7.7
3.7.8
3.7.9

3,7.10
3,7.11
3.7.12

3.7.13
3.7.14

Stop the
Stop the
Stop the
SI-856A
SI-856B
SI-864A
SI-864B
SI-862A
SI-862B
SI-863A
SI-863B
SI-860A

SI1-860B

SI-861A

operating safety 1njection pumps.
operating residual heat removal pumps.
0perating containmant spray pumps.

SI Miniflow Recirc. |

SI Miniflow Recirc.

RWST to SIS

RWST to SIS

RHR Suction from RWST

RHR Suction from RWST
RHR to SI/RWST

RHR to SI/RWST

CV Sump to RHR Suction

CV Sump to RHR Suction

CV Sump to RHR Suctiom

T ————————————
C————————te—

Closed

C———————

Cloaed

————————

Cloaed

Closed
Closed
Closed
Open
Open

Open

]

Open

Open
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3.0 INITIAL RECIRCULATION PEASE (Continued)

3.7.15
3.7.16
3.7.17
3.7.18

3.7.19

3,7.20

l 3.8 Verify

operating.

l 3.9 Eansure

"to the

‘ 3 10 Start one (1) residual heat removal pump and two (2) s.I. Pumps.

SI-8613 CV Sump to RHR Suction "~ Open
RHR-759A RHR Outlet 'A' RHR Heat Exchanger Closed
RHR-759B RIR Outlet 'p! RHR Heat Exchanger Closed
CcH-749A Cooling Water for RHR Hx - | Open |
CCW-749B Cooling Water for RHR Hx Open
RHR-FCV-605 RFR HEX Bypass Closed

e
that two (2) component ébbling water pumps are
_ ,
that no low flow alarmé are present on the component cooling
following pumps:
safety Injection Puxﬁp§
Residual Heat Removal Pumps

_Spray Pumps

\\H

CAUTION: The S.I. Pumps nust be started as soon as possible after

starting the RHR pump to ptevent possible RHR pump
damage. With valves RHR-759 A & B and FCV-605 shut,
the RHR pump will run deadheaded until the S.I. pumps

are started.

\ 3.11 Verify the flow to the cold legs.  FI-943 GPM.

3,12 If containment spray is desired, start one (1) spray pump.

Throttle flow to 1160 gpm as read on FI-958A or FI-958B by

openin

g the discharge valve breaker at the desired flow.
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PROC. NO.
E.I.-1

3.0 INITIAL RECIRCULATION PHASE (Continued)

‘ 3.13 If it appears tﬁﬁt the loss of coolant cannot be terminated or
stabilized within 18 hours after the accident, continue the

procedure for long term recirculation.
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4.0 LONG TERM RECIRCULATION
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4.1

Eighteen hours after the accident, the mode of recirculation must

be changed to reduce the boron concentration in the reactor vessel.

It has been estimated that the boron concentration would be

approximately 237% at eighteen hours after a break on one of the

4.2

4.3

cold legs. The flow path changes from cold leg injection to a

split flow between hot and cold leg injection.

At eighteen hours after the accident, stop the operating safety

injection pumps and the operating RHR pump.

Align for hot leg injection as ‘follows:

4.3.1  SI-870A BIT Outlet Closed
4.3.2. SI-870B BIT Outlet Closed
_4.373 51—869 Hot Leg Injeétion Open

- 4;3.4 Staft an RHR Pump (See Caution Under Step 3.12)

4.4 Start two (2) safety injection pumps and verify flow on

4.5

4.6

4.7

FI-940 __8pm.

Start the second RHR pump.

Align for cold leg injection using the

systém as foliows:
4.6.1 Throttle RﬁR—ZSQA by opening
reaches 1100 gpm.'
4.6.2 Throttle RHR-759B by opening
" increcases to 2250 gpm,

The plant is now aligned for long term

residual heat removal

its breaker when

its breaker when

cooling.

the flow

the flow
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5.0 ALTERMATE RUCIRCULATION FIOW PATHL (1.ONG THR.M OHLY)

5.1 In the cvent of a failurc of a pump or flow path, this section
vprovides alternate cquipment or paths that may be substituted for
the normal equipment.

5.2 "“Failure of One of Two Residual Heat Removal Pumps"'.

5.2.1 Remove the affected pump from service.

’;:;i
3
i

5.2.2 Do not use the 744 valves as a flow path. Use only

the high head injection lines.

5.2.3 ‘Alternatc every twelve (12) hours between hot and cold

leg injection using the SI-870's for cold leg and

E}

Si-869 for hot leg.
5.2.4 - Repair the affected pump and return to service using

long term recirculation in section 4 of appendix A.

5.3 "Loss of High Head Hot leg Recirculation'.

-

i} | _ 5.3.1 Isolate the failed section of pipiﬁg using SI-869 or
other valves upstream. | —_
Ea 5.3.2 " Continue cooling through the RHR—744‘5 and cold leg
oy | ' . high head injcction-$70's;
gj 5.3.3 The alternate flo& path will be thrﬁugh letdown-purification
. from RHR and return through. the hot leg c;harging line.
| 5.3.4 Align the CVCS letdown to receive the RHR flof, bypassing

purification, reactor coolant pump seal injection, and the

charging pumps as follows:

pb
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5.0 ALTERNATE RECIRCULATION FLOW PATH (LONG TERM ONLY)

. 5.3.4.1 TIsolate cover gas to the VCI.
5.3.4,2 Bypass and isolate the reactor coolant
filter. - | CVC-250  Open
| CVC-249 Closed
CvVC-253 Closed
. 5.3.4.3 Open "A" Chafgiﬁg fump recirculation line.
| CVC-277C  Open
5\3,4;4 Isolate réactor coolant pump seal
injection filters. _ CVC-293B Closed
CVC-293D Closed
5,3.4Q5' HCV-121 Charging flow control. Open
5.3.4.6 CVC-TCV-143 VCT/Demin. Dive:gion. VCT
5.3.4.7 Re~establish instrument air to containment.
| 1A-1716 Open
5.3.4.8 CVC-310A Hot Let charging. Open
5.3.4.9 CVC-310B Cold Leg charging. Closed

5.3.4.10 PCV-145 Letdown pressuﬁe control. Full Open

5.3.4.11 LCV-115A VCT/CVC HUT Diversion. VCT
5.3.5 Open RHR—HC&—142 letdown to purification to initiate

flow. N | | ’
5.3.6 | Adjust RHR-HCV-758 énd/of 744A and B to provide sufficient

backpressure to force a flow of 50 to 100 gpm through the

charging line.

pb
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5.3.7

5.3.8

5.4 “Loss

B A5.4.2

E}

5.4.4
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gl 5.0 ALTERNATE RECIRCULATION TLOW PATH (LONG TERM ONLY) (Continued)
L : '

5.4.1

5.4.3

Repair, if possible, the normal hot leg injection line
.and return to service using long term recirculation in
Section &4 of Appendix "A".

For informational purposes, a third option is available

using the RHR pump recirculation line and backflow through

RHR-750 and 751. However, radiation levels méy be pro-

hibitive in the pipe alley and RHR pit for vaive alignment.

of High Head Recirculation'.
Secure all safety injection pumps.
~Continue cold leg recirculation:with the residual heat
removal pumps through RHR-744A and B.
Align the letdown purification system as in previous
Scction 5.3.
Continue recirculation in this manner until the high

head pumps can be recturned to service.
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Date:

"H. B. ROBINSON STEAM ELECTRIC PLANT
UNIT NO. 2
APPENDIX "B" CHECKOFF SHEET
DETAILED RECOVERY PROCEDURE - STEAM LINE OR FEED LINE RUPTURE
(LOSS OF SECONDARY -COOLANT)

1.0 PURPOSE

-

The objective of this checkoff is to protect the reactor core by:

‘1.1 Establish stabilized temperature and‘p:essure conditions prior to

plant cooldown.

1.2 Minimize the energy release due to the break.

1.3 ~Prevent the pressurizer safety valves from lifting by dumping steam

from the good steam generators.

1.4 Isolate the auxiliary feedwater flow to the faulty steam generator
to- protect it from thermal shock and limit auxiliary feedwater flow

to <400 gpm to the undamaged steam generators.

1.5 To borate the reactor coolant system and maintain reactor shutdown margin.

-

\1 .6 Maintain reactor vessel integrity by preventing pressurized thermal shock
\

... conditions. : : : -d

2.0 INJECTION PHASE

2.1 Verify that steamline isolation has occurred. If not, manually

initiate steamline isolation.

2.2 Do not reset Safety'Iujection until the status of the safeguards
equipment is to be changed.

S————————

2.3 Verify that the steam dump valves and the atmosphere relief valves

are closed to insure that the emergency has not resulted from an

inadvertent opening of these valves.

2.4 The diesel generators are to remain in operation at synchronous
speed until all safeguards equipment has loaded onto the emerpency

buses and the incoming power sources are verified to be properly
aligned. '



PAGE : TITLE - REV, | PROC.NO.
A5 oF 53 Incident Involving Reaclors Coolant Systcm Depress. 25 £.1.-1

SE—

2.0 INIFCLTON PUASE  (Continuced)

3

e

2.5 1t is importuant to recognize the possibility of forming voids in
the reactor coolant system large cnough to compromise the core

cooling capability, espccially if natural circulation is used.

Void fermation can be minimized by maintaining RCS hot and cold

leg temperature at least 40°T below the saturation temperature

zg

for the existing RCS pressure. Refer to Pressure/Temperature

CurveJ3.5 in Vol. 15 (Curve Book).

2.6 If the recactor coolant pressure drops below 1300 psig, trip all
E% : reactor coolant pumps after safctyvinjection pump operation has been
: verified. If the pressure fémains above 1300 psig, at least two
ga : _‘rcactor co&lant pumps shogld continue to run to force flow through the
» core unless pump seal or motor destruction is lmminent as noted by:
a. RCS lecp flow is e#tremcly erratic and RCP vibration is beyond
operating limits indicating excessive pump cavitation, or;

b. Component cocling to the RCP is lost.resulting in motor bearings

approaching 200°F or windings zpproaching 248°F, or; ;

The No. 1 seal lcakoff is not within the range of installed

a
e

indication, or;

d. Seal injection flow and component cooling water to the thermal

_ . barrier causing bearing temperature to approach 200°F.

2.7 Duz .to the arrangement of main steam isolation valves and check

I

valves, it is impeseible for more than one steam generator to blow-

down to ambient pressure even in the event of failure of one main

steam isolation valve. Therefore, determine if one steam generator
has blowdown by observation of steam pressure and isolate the

auxilizry feedwater flow to that steam gererater.

S ———————

CAUTION: To provent the possibility of severe water hammer in th2

- feedwater lines, prior to isolating auxiliary [cedwater
flow to the damaged S/G, secure ecither the steam driven
AFW pump or beth motor driven AFW pumps. This will limit

l "7 flow to each of the good S/G's to <400 gpm.

pb .
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2.0 INJECTION PHASE (Continued)
2.8 Stop both residual héat remoyal-pumps if RCS pressure is above
. 130 psig 15 minutes aftexr the accident.
2.9: The drop in reactor coolant temperature reaches a minimum as the

ja

1

affected steam generator starts to "dry;out“. Temperéture and
pressure will tend to increase rapidl& as the procéss progresses,
therefore, it is imperative to establish steam dump from.the "good"
generators to st;bilize températuresligq_control repressufization
SELEPE"RE?marY system to ensgre_reactor‘vessel integrityﬁ This
can be done by using dnévof thé followiﬁg methods:

2.9.1  Use the atmospheric dgmp valves, ‘or;

'2.9.2 . 1If.the break is upstream of aﬁ MéIV and off-site power
is available, reset the safety injection signal and
steam iine isolation. Open the MSIV's from the "good"
steam generators and establish condenéer vacuum and use

" the condenser dumps..

NOTE : . Do not allow the RCS pressure to decrease to
the steam pressure in the undamaged steam

generators.

Subsequent actions to restore primary system pressure and temperature
conditions in acéordanée-with the heatup and cooldown curves (curves
3.3 or 3.4, Vol. 15, Curve Book) should be taken by reducing primary

system pressure while avoiding further primary system cooldown.

- 2.10 Control ievcl in the good generators using the auxiliary feedwater

system.

2.11 Terminate sodium hydroxide addition if spray has been initiated.

When containment pfessure has been reduced to less than 4 psi

" internal pressure, reset spray, stop the spray pumps and close

the SI-880 valves.
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2.0 INJECTION PHASE (Continued)

2.12 Do not terminate high head safety injection until the precautions

1isted below have been reviewed and the.neccssary conditions met:

CAUTION:

or

IF REACTOR COOLANT SYSTEM COLD LEG TEMPERATURE IS LESS
THAN 360° F, SI MUST BE TERMINATED AS SOON AS sI TERNINATION
CRITERIA ARE MET TO PROTECT REACTOR VESSEL INTEGRITY.

One wide range RCS Tc is less than 360 F, and

Wide range RCS pressure is greater than 700 psig and is stable
or increasing, and - o
Pressurizer water level is greater than 20% and rising (heaters
covered) and - ' -

RCS subcooling is greater than 40° F, and

Water level in at least omne steam.generator is in the narrow

range Span, OTr in the wide range span at a level sufficienf

to assure that the U-tubes are covered.

All wide range RCS Tc indicaﬁors are greater than §§ggF, and

RCS pressure is greater than 1560 psig and 1is stable or |

{ncreasing, and | -

Water level in at least one steam generator is in the narrcg,‘ .
: - SN

range span, OT in the wide range span at a level su

to assure that the U-tubes are covered, and

‘Pressurizer water level is greater than 50% of "span, and

NOTE: 1f C.V. pressure, radiation level and sump level indi-
cations, are in the normal (pre-event) range, then a
pressurizer level of 20% is acceptable due to the absecnce
of an adverse C.V. atmosphere effect on the pressurizer
level transmitters. |

The RCS subcooling is greater than 40°F.

-— gy "




prrrnpT et SRR

PAGE .+ TITLE
47aoF .33

-

Tnecident Involving Reactor Coolant Sys. Depress.

REV, PROC. NO.
E.I.-1

2.0

bs

INJECTION PHASE (Continued)

2.13 When SI termination gonditibns have been met,

stop all SI pumps and

close the S1-870's and SI-867's. Leave the injection system in

standby.

CAUTION: Unless a controlled evolutio; is in progress,
RCS pressure decreases by greater than 200 psig
from the value established in‘2.12 a or b above,
or pressurizer level decreases by 10% or more
from the level established in 2.12 a or b above,
manually reinitiate safety injeg;ioh and/or re-
start any charging pumps that were secured to
return RCS pressure to the value which existed

when SI was reset (case 2.12a) or to 1560 psig

(case 2.12b).

ROTE: Stopping and starting of the SI pumps can

cause pump motor overheating or reduced

motor life. If the SI pumps are restarted

once after termination, ensure the RCS is

at least 65°F subcooled prior to the sec=

ond Sf-terﬁination.
2.14 Re—estgblish normal makeup and letdown t

within the normal operating range.

'2.15 Re-establish operation of pressurizer heaters after verific

o maintain pressurizer level

S ——————

ation of

sufficient level. 'Refer to Section G if elevated temperatures

exist in containment,
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‘ . 2.0 INJECT10il PHASE (Continued)

2.16 Verify that RCS boron concentration mcets cold shutdown reguirements.

[Spp—

S ———————

2.17 1f the RCP's were secured during earlier stages of the transient,
restart at least'oﬁe RCP in an intac; loop (a loop with a spray
liﬁe if possible) when RCS pressure and temperature have been
stabilized, subecooled conditions exist,Aand RCP operating pre-

requisites are met. A .

2.18 After stabilizing the reactor coolant system temperature and
pressure, proceed with plant cooldown using forced flow from the
reactor coolant pumps or if a RCP can not be restarted, natural

circulation. Refer to the applicable GP's. » '

ps
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1. B. ROBINSON STEAM ELECTRIC PLANT
UNIT NO. 2
APPENDIX "C" CHECKOFF SHEET
DETAILED RECOVERY PROCEDURE - STEAM GENFRATCR TURE RUPTURE

1.0 PURPOSE -

2.0

pb

This checkoff has-been developed to“achieve the following objectives:

1.1

1:2

1.3

1.4

1.5

To maintain core cooling by replacing excessive coolant loss and
preventing the primary system from reaching saturation.

To redﬁce the r;actor ccolant. system pressure below the steam
generator ;tmosphéric safety valve setting and minimize the dis-
charge of radioactive material to the outside atmosphere.

To maintain the ability to remove thefnecessary residual heat

-from the reactor coolant system.

To maintain the system natural circulation by assuring sufficient
overpressure over localized coolant fluid temperatures.

To prevent overflooding of the faulty steam generator and water-

"slugging the steam lines.

_INJECTION PHASE : '

2.1 Do not reset Safety Injection until the status of the safeguards

equipment is to.be changed.
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2.0 INJECTION PHASE (Continuved)

2.2 Reduce auxiliary feedwater flow as necessary to the steam
generators to maintain minimum narrow range water 1evel. or wide
range level sufficient to assure that the U-tubes are covered, as
no-load temperature and pressure are established.

NOTE: If the water level increases in one steam generator,
completely isolate auxiliary feedwater flow to that

steam generator.

" 2.3 If outside power is available, verify that condenser steam dnmp
maintains the no-load Tavg. (or that tne steam dump valves are
jclosed if Tavg. is less than 547°F), and transfer steam dump to
steamfheader pressure controi. 1f off'si:e power or the condenser

‘ : is not _avaiiable, use the steam generator PORV's to stabilize the
RCS at approximately no~-load temoerature.

2.4 The diesel generators are to ‘remain in operation at synchronous
speed until all safegvard loads have been assumed by the
emergency_buses and incoming power supplies have been verified
to be aligned properly. _

2.5 It is important to recognize the possibilit§ of forming voids in

" the reactor coolant system large enough to compromise core cooling
| capabilitylthrough excessive use of RCS depressurization methods, E;
especially-if natural circulation is used. Void formation can be
minimized by maintaining RCS hot and cold leg temperatures at least

. 40°F below the saturation temperature for the existing RCS pressure.

Refer to Pressurc}Temperature Curve 3.5 in Vol. 15 (Curve Book) .

’  Section 1l discusses the cooling of the reactor coolant system with

voids present. ' )

-
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2.0 INJECTION PHASE (Continued)

eird I W

L3

2‘8

-
LA

.
T

b

Curve 3.5.

2.6 Maintain RCS prcssuré and temperature within the limits shown on

2.7 If the reactor coolant precssure drops below 1300 psig, trip all reactor

coolant pumps after safety injection pump operation has been verified.

If the pressure remains above 1300-psig, at least two reactor coolant

pumps should continue to force flow through the core unless pump seal

or motor destruction is imminent as noted by:

a. RCS loop flow is extremely erratic and RCP vibration is beyond

operating limits indicating excessive pump cavitation, or;

b. Component cooling to the RCP is lost resulting in motor bearings

approaching 200°F or windings approaching 248°F, or;

c. The No. 1 seal leakoff is not within the range of installed

indication, or;

d. Seal injection flow and component cooling water to the thermal .

barrier causing bearing temperature to approach 200°F.

Both residual heat removzl pumps can be stopped if RCS pressure is

above 130 psig 15 minutes after the accident.
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3.0 RECOVERY PHASE
3.1 Identify the steam generator with the ruptured tube by one oOT more of

the following methods:
3.1.1 Steam genefator samples or blowdown monitof R-19. To obtain
either: |
3.1,1.1 Reset containmen£ isolation.
3,1.1.2 Alternately open the blowdown sample isolation to
‘receive saﬁple to R-19 or sample sink.

3;1.1.3 Identify the generétor with high activity,

steam generator .

E————————

3.1.1.4 Manually isolate the blowdown and sample lines
from the affecced ;team generétor.

‘ Ny ..3.1.'2 . An unexpected rise in one steam geherator water le\}el with

| AFW flow reduced or stopped; -

3.2 Stop auxiliary feedwater to the faulty steam genérator to prevent
flooding. '

3,3 Isolate main feedwater to the faulfy steam generator.

3.4 Isolate the affected steam generator by closing its main steam
{solation valve, its .bypass valve,iigguﬁyé_steam_admission
valve to the steam drivehlAfﬁipump{

NOTE 1: Cooldown mist immediately follow step 3.4,

NOTE 2: The setpoint of the affected steam generator PORV should

|' ' not be raised above 1000 psig. While a release to atmosphere
would occur at a slightly lower pressure should the steam
generator become oveipressurized. the PORV is much more likély )

‘ | to reseat than a steam generator safety. Thus, any relcase

" that might occur is wore likely to be terminated quickly.
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3.0 RECOVERY PUHASE (Continued)

3,5 Reduce system temperature and pressure using steam dump.
3.5.1 £ off-site power is available, dump steam to the
condenser. Ensure that the vacuum pump exhaust has

been diverted to the plant vent. Maintain pressuriz

7

er

jevel on scale through the use of normal spray or the

PORV}s, the SI pumps should continue to rumn througho
this phase to maintain pressure. .
3.5.2 .If blackout conditions exist;
3.5.2.1 ﬁse atmo;pheric_dgmps on the two good stea
generators. :

' 3.5.2.2 Reestablish charging pump operation.

3.5.2.3 Reestablish power to station service bus 1

ut

m

i

2A, or 2B from offsite sources or the emer-—

gency diesels and energize pressurizer
heaters per E.I.-7, Appendix A",
3.5.2.4 Ensure that at least one component cooling

wvater pumﬁiis in operation.

"3.5.3 Continue steam dump until the reactor coolant average

‘ A temperature is less than égg:g, (This corresbonds to
steam gene;ator pressure of 550 psig.).
NOTE: | By cooling down with the steam generator
isolated at approximately 530°F, its press

will remain near 870 psig.

[OORTORCEY TR I T S
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3,0 RECOVERY PUASE (Continued)

‘ 3.6 ﬁeduce reactor system pressuée to approximately_§zg psig-as follows:
3.6.1 Manually initiate charging flow to ghe RCS from_gll.avaii-
able charging pumps. Do mnot reinitiate letdown. _
ROTE: DPuring controlled feactor coolant system
depressurizatidn, the 1300 psig reactor
coolant system pfessure criteria for

tripping the reactor coolant pumps

DOES NOT APPLY.

3.6.2 1f the RCP's are in service, use the pressurizer spray to

reduce the pressure.

3.6.3 1f offsite power is not available, or the RCP's are not

{n service, open one pressurizer PORV to decrease

pressure. '
NOTE: If the pressurizer PORV is opened, an
increase in pressurizer level is ex-
pected aé liquidlreplaces the escaping
steam. - o
-3.6.4 Stop the depreésurization.opcration if:
3.6.4.1 If the indicated water jevel in the pressurizer
| rises above 507 of span OR,
3.6.4.2 As soon as the reactor coolant system pressure
decreases to ; value equal to the faulted steam
generétor steam pressure.

|
At 55 b Fial v s o s b
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3.0 RECOVERY PHASE (Continued)

3.6.5

3.6.6

pb

After the depressurization opecration has been terminated,

monitor the system pressure and the pressurizer water

4

level for the following:

3.6.5.1 If the pressurizer water level continues to rise
© or remains nearly constant concurrent with a
~reactor coolant system pressure decrease, suspect
additional RCS léakage other than a steam genera-
‘tor tube ;ﬁpture and investigate and correct as
necessary.
3.6.5.2 If the pressu?izer water level continues to in-
crease concurrent with a reactor coolant systeﬁ
preésure increase, the safeﬁy injection flow is
greater thaﬁ the leak.
When reactor coolanﬁ system pressure has increased by at
least 200 psi (after shutting the spray valve or verified
closure of the pressurizer PORV) and an indicated water
level has.returned in the pressurizer, stop zll operating

safety injection pumps and chargihg pumps~ndt needed for

normal charging and reactor coolant pump seal injection

flow. ‘ . '
CAUTION: utomatic reinitiation of safety injection
will not occur since all actuating signals

are not reset.
NOTE: Following termination of safety injection,
pressurizer pressure should decrease to a

value equal to thc faulted steam generator

steam pressure.

-g o e - . i e e — JpU—— —
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3.0 RECOVERY PHASE (Continucd)
3.6.7 Place all safety injection pumps in a standby mode and

pb

3.7

3.8

maintain operable safety injection flow paths;
CAUTION: If, during subsequent recovery actions,
pressurizer water level can not be main-
tained above 20 percent indicated level,
manually.initiatc safety injection flow
to re-establish pressurizer water level in
the operating range.
Re—establisg letdown and normal charging to facilitate control and
maintain prcssurizér level in the operating range. Re—estéblish use
of pressﬁrizer heaters. }
3.7.1 If the reactor coolant pumps are secured, establish the
required conditioms for operation of a reactor coolant
pump and.start the pump in a non-faulted loop (prefer;bly-
in the loop connected to tﬁe pressurizer, or if this is
the faulted loop, in the éther loop to which a spray line
is gonnected){ If all reactor coolant pumps are running,
trip all but one reactor pump SO as to maintain one pump
operating in the loop connected to the pressurizer, or if
this.ié in the:ﬁaultéd loop, in the other lodp to which a.
spray linec is connectcd.
Is&latc the supply and warﬁup stcdm to ﬁhe steam driven auxiliary

feedvater pump from the affected stecam generator.
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33qr 23 Incident Involving Recactor Cuolant Sys. Depress. =/ E.I.-1

3.0 XECOVERY PUASE (Continued)

3.9 Proceed with plant cooldown using steam dump and the appropriate

GP's. The primary pressure should not be allowed to exceed the

pressure of the isolated steam gencrator vwhile maintaining sub-
ij o cooled conditions.
&

NOTE: Throughout the cooldown (even after the plant is on

RIR and the RCP's have been secured) maintain a

steam bubble in the pressurizer. Solid water pressure

control may not be ecffective.

;3 3.10 Periodically sample the RCS boron to ensure that the affected
steam gencrator is not diluring the coolant.

3.11 Simultancous with the cooldown, slowly reduce the faulted steam

enerator's pressure by venting it through ité bypass valve to
g 3P Y g g yP

the condeaser. Monitor R-14 to ensure release limits are not ex-

ceeded (vacuum pump exhaust diverted to plant vent). This method

A

La can continue after vacuum is lost by operating the vacuum pumps

S% and manually opening'ohe steam dump valve. If the condenser is
not available, use thc affected steam generator's PORV to reduce

-y

its pressure as RCS pressure is lowered. _(This will minimize
leakage flow.)

3.12 An alternéte method Of‘AiSpOSing of the water in the affected steam
generator so as to minimize the %eleases, ig to allow it to dfain
inéo the.RCS as it is cooled down and depressurized. Sufficient

CVCS HUT capacity must exist to accept the additional water.

pb



RS I A

A

£

—p
o v

2 I v

o~

I E;..JIL;.;J s

PAGE
533y 33
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PROC. NO.

L.I.-1

3.0 RECOVFRY PHASE (Continucd)

pb

Care must be taken to ensure the steam generator water does not dilute

the RCS boronm below the required concentration. Due to the lack of

flow in the affected steam generator, the steam temperature in the

affected gencrator will be higher than the remaining generators.

Thus, level in the affected generator must be kept above the top of

the U-tubes to prevent a rapid, dnplanned steam generator depres-

surization caused by the hot stecam coming into contact with the

relatively cold U-~tubes. If this method of disposing of the affected

steam generator water is used, maintain level above the top of the

U-tubes in the affected steam generator until the steam pressure is

reduced to near atmospheric pressure.



BASES FOR PTS-RELATED CHANGES TO EI-1 PROCEDURE

Tc will be used instead of Th as a dual criteria with RCS pressure for

operator termination of SI following a loss of secondary cooling event.

Basis -~ Tc is a more direct indication of the most severe temperature

experienced by the reactor vessel inner wall during this event under the

assumption that good mixing exists between SI flow and reactor coolant.

SI termination criteria for minimum RCS pressure will change based on
value of Tc with respect to 360°F and for loss of secondary cooling events

only.

Basis ~ Fracture mechanics studies performed by Westinghouse indicate

that for reactor vessel material temperatures below 350°F, brittle
fracture is a concern for RCS pressures above 700 psig. 1In order to
establish.a conservative reference point for reactor vessel integrity,
CP&L selected a temperature of 360°F which corresponds to an RCS pressure
of 700 psig on the 100°F/hr cooldown curve. Purdent operation would
dictate that operator action mitigate prolonged exposure of the reactor
vessel to pressures in excess of 700 psig when Tc is less than 360°F.

(700 psig equivalent to accumulator setpoint plus uncertainty.)

SI termination on RCS pressure is 700 psig for Tc less than 360°F and

1560 psig for Tc greater than 360°F for loss of secondary coolant.

Basis - See .item 2 for ekplanation of criteria for Tc less than 360°F.

For Tc greater than 360°F the allowable pressure conditions for assuring
reactor vessel integrity are not as stringent and 2000 psig was used
previously in assessing SI termination. The 2000 psig criteria has been
reduced to 1560 psig since this conforms more closely to the actual HBR
SI pumps shutoff head plus uncertainty characteristics. The earlier
2000 psig criterion constituted a carryover from the small break LOCA

event and the need to maintain subcooled core cooling and minimization of

core voids. Specialnote should be taken that the dual SI termination criteria
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is only applicable to EI-1l, Appendix B. The operator also has gained
additional margin to exceeding PTS conditions during a transient.
SI termination for LOCA events on RCS pressure has been reduced from

2000 psig to 1560 psig minimum pressure.

Basis ~ This change is consistent with HBR SI pumps shutoff head plus
uncertainty. Westinghouse has concurred with this change for plants with
low head SI pumps. This change is more significant to the LOCA then other
depressurization events since it addreéses reactor vessel integrity
through a significant reduction in SI termination pressure criteria

and since no dual criteria exists as yet for low Tec. ‘

Operator should restore RCS pressure and temperature’ within normal heatup/
cooldown limits as soon as he can after transient condition stablizes if

he is unable to do so earlier in transient.

N

Basis ~ This should be normal operator response to any transient in addition

to adequate core cooling.

I would recommend that you depict effect of these changes with regard.to

reactor vessel brittle fracture as follows:
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Subject:

Reference:

Description:

-

Cold Pressurization of Reactor Coolant .System

INPO/NSAC Significant Event Report 2-82

. Turkey Point 4 Event in November 1981

While in cold shutdown with the system solid

at 106°F and 310 psig and on the residual heat
removal (RHR) system, an RHR system inlet isola-
tion valve closed due to a high pressure signal
generated after starting a reactor coolant

pump. This isolated the letdown path which
connects directly to the RHR system. Since
reactor coolant pump seal injectiom continued,
system pressure increased to 1100 psig before

the operator opened a relief valve. The over-
pressure mitigating system (OMS) did not auto-
matically open a relief valve because a signal .
summator (Hagan Model #111, Part 411-084-004) had
failed high, increasing the opening setpoint.
Once the RHR system inlet isolation valve closed,
an interlock prevented opening the isolation
valve while the pressure ¢xceeded 465 psig.

After restoring the system and plant para-
meters, a second RHR system inlet isolation
valve closed two hours later at 355 psig due

to a transmitter failure. Reactor coolant pump
seal injection continued, and system pressure
increased to 750 psig before the operator opened
a relief valve. The transmitter failure was
caused earlier by unintentionally hydrotesting
the transmitter's sensor line with a leaking
isolation valve to the transmitter.

Suggested Action:

Include this event in plant training as an
example of‘ the potential for overpressurizing
the reactor vessel while cold and below the
vessel's reference temperature for nil-ductility
transition. In this case the overpressure pro—

tection systeme.id not fuction because of.an

equipment failure. When in cold solid conditions,
operators should not depend totally on the over-
pressurization protection system, but should also
monitor RCS pressure and temperature conditons
closely and be prepared to take necessary actions.
A similar event at H. B. Robinson could entail
considerable investigation and justification for

- a subsequent start-up because of the particular

vessel chemistry and irradiation time. No action
other than training cmphasis appears necessary as
it would require at least two failures to produce
such an event. '
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Reactor Trip(Part A)S

TITLE REV.

Turbine & Generator Trip (Part B)

FROC.NO. |

E.I.~14

‘ _2 or b

c.

tm

TMMEDIATE ACTYON

l.

_ Automatic

a. Reactor trip.

b. Turvine trip.

c. Automatic steam dump actuation.

d. Gererator breakers trip open aft:r 1 minute time delay.

e. TFeedwater regulator valves clasxe when Tavg decreases to 533.5°F.

Manual

a. Che.ck éll control rods fully inserted (if reactor has not
tripped perfofm Step 3 in addition to the following agtions).

b. Start a second charging pump.

¢. Check that turbine stop valves, governor valves, intercept and
reieat valves are closed.

d. Ch:ck that Tavg is decrcasing.

e. Insure auxiliaries shift to startup transfofmer and that

geaerator lockout occurs 1 minu:e after reactor trip.

If the reactor did not trip automati:ally or more than one rod does

not incicate in the bottom, perforn ny/or all of the following:

a.

b.

Depress manual trip butron (two available), of.

If manual trip did'not-function, immcaiatcly drive réds in
m¢ nually, and

Fnergency borate in accordance vith AP-2 and

Trip Rx trip breakers and/or

Trip rod drive MG sets motor and generator breakers and/or

Trip rod drive MG sets from 480V buses.



PAGE TITLE REV. | PROC.NO.
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3 6 Reactor Trip(Part A)&Turbine & Generator Trip (Part B) 7 E.T.-14
D. SUBSEQUENT ACTIONS -

1. If the reactor trip is a result of safety injection refer to EI-1,
Incident Involving Reactor Coolant System Depressurization; if the.
trip is a result of a loss of reactor coolant flow refer to EI-4,

Loss of Reactor Coolant Flow; if the trip is a result of a loss of
feedwater refer to LI-6, Loss of Feedwater; if at any time forced

: circulat.on is lost refer to GP-5A, Plant Temporature and Pressure
Control using Natural Circulation.

2, Check Tavg approaching no load Tavg of 530°F, Avoid allowing the
transient to bring Tavg below 530°F.

3. Insure pressurizer level returns to no load level 39.2%.

4, Check main feedwater control valves are closed when Tavg reaches 535.5°,

5. Identify reactor trip prior to resetting f}rst out annunciators.

6. Transfer control of steam dump to main steam header pressure control
when syétem pressure and temperature are stable. Insure steam dump
maintairs 530o Tavg. |

7. Manually operate the feedwater system as required to maintain steam
generatcr level approximately 397 no load level.

8. Insure fressurizer pressure returns to normal.

9. Stop both heater drain pumps and leave one condensate pump and one
feedwatcr pump running.

10. Insure the tprbine(generator goes on turning gear 1 minute after
zero speed alarm is received.
11. If the time to return to critical is in excess of lé hours, and an
ECP has not been performed for a planned startup, and a'plant cool-
down is not required, boratc the reactor coolant system tc the hot
shutdown, xenon free concentration. B
12, If the cause of the trip cannot be corrected and cooldown is rcquircd,‘

proceed to cold shutdown as per GP-0 “plant Cooldown From Het Shutdowm

to Cold Shutdown Conditions."
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‘ 1 o 3 Malfunction of RCS Pressure Control System .4 AP-19

1.0 HIGH RCS PRESSURE

1.1 Discussion
A malfunction in tﬁe RCS Pressure Control System canvcause a high RCS
pressure. High pressure must be avoided due to the possibility of
. overpressurizing the systeﬁ. Three safety relief valves, which lift
at 2485 psig have the combiﬁed capacity to relieve greater than the
maximum surge rate resulting from complete loss of load. This
procedure is to lessen or alleviate the pressure increase before.it.
feaches that pressure.
1.2 Symptoms
1. Pressurizer Protection High Pressure Alarﬁ
2. Pressurizer Control Figh/Low Pressere'Alarm
O o 3. High Pressure Indication oa RTGR Indicators
4, Pressurizer Pressure Controller High Output Alarm
5. Pressurizer Power Rellef Line High Temperature Alarm

6. Pressurizer Relief Tank High/Low Level-High Pressure/Temperature

Alarm.
- R ":ff\"“'7;>’ Pressurizer Safety Valve High Temperature.
i vt e b MS,,Z_Prz..PORV/Saﬁety Valve Open Alarm.

- 1.3  Automatic Action

RIS PN Power Rellef Valve Operation (2335 psig) I T e L

PORRY LIRS PURY RN S R e SR kS TR

2. Pressurizer High Prebsure Reactor Trip (2376 psig)

o R 3.'F"§ressurizer Safety Valve Operati&ﬁ‘(Z&SS psig)

[ R R e e ]

- et e Bs v M meat e

B R T L L L BN

1.4 TImmediate Actiomns

B O R ' 1l.4.1 - - De—cnergize pressurizer heaters if they failed to cut off

.automatically.

c -

|
T he "7 . o o 0w .o : L e e - .

B P S T RIIACE 278 Vo MGHNATPOS P ALTE P SIS SRR P PTG ATV TR
N : o e . o
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5 Malfunction of RCS Pressure Control System 3 AP-19

1.0 HIGH RCS PRESSURE (Continued)

as

1.5

1.4.2 If pressurizer spray control is in automatic and spray has
not initiated, shift spray control to nanuai and adjust sﬁrav
to decreaée pressure.

1;4.3 Use auxiliary spray, if necessary, and the AT between the

pressurizer and TE 123 (CVC cherging liné temp) is below

320°F.
Subsequent Actions
1.5.1 _ Observe pressurizer water leve. and reduce if high.
1.5.2 ‘ f pressurizer pressure controller PC-444J has failed, do

the‘following steps:
1.5:2.1 Operate the controller PC~444J in manual or
take manual_control of pressurizer spray and
heaters as stated above. o
1.5;2.2 If PCV-455C has been erroneously opened, close
pCV-455C. If PCV-453C will mot close, then
close RC-536 (block valve).

1.5.3 If pressurizer pressure contrcller PC~445 has faiied high,
and caused PCV-456 to open, close PCV-456. If PCV-456 will.
not close, then closé RC-535.

1.5.4 If pressure cannot be contrplled, trip tﬁe reactor and
refer to EI-l4.

1.5.5 If PCV-455C and/or PCV-456 has opened they may be closed
or blocked using RC-536 and/or RC-535 when the RCS pressure

has returned to or dropped below normal.



1

PAGE

5

TITLE : REV.
Spurious Safeguards Actuation 0

PROC. NO.
AP-25

1.0 DISCUSSION

There may arise instances during operatio

is inadvertently i

~ etc.

n wherein a safeguards actuation

nitiated due to human error, logic system malfunction,

When this occurs, it is necessary to terminate the safety injection

or containment spray and return the plant to a normal condition.

1f the safe efficient operation of the plant so dictates, the actions

required by this procedure may be performed simultaneously or out of

sequence.

2.0 SPURIOUS ACTUATION OF SAFETY INJECTION

2.1

Symptoms

2.1.1 Phase "A" isolation.

2.1.2 Starting of safeguards trains "A" and "B".

2.1.3 Reactor Trip and subsequent gurbine trip.

2.1.4 Diesel Generators "A" and "B" start.

2.}.5 Both main feedwater pumps trip.

2.1.6 Steam generator main block, feed regulator, and bypass
feedwater'valves close.

2.1.7 All non-essential breakers trip.

2.1.8 The following valves will actuate to the positions

indicated.
a. SI-867A, 867B, 870A, and 870B are opened.
b. RHR-744A and 744B are opened.

c. SI~-841A and 841B are closed.
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Spurious Safeguards Actuation 0 AP-25

2.0 SPURIOUS ACTUATION OF SAFETY INJECTION (Continued)

2.2

2.3

2,2.1

2.2.2

* Precautions

Refer to E.I. - 1 and Qerify that the safety injection
initiation is indeed spurious and that the safety injection
termination criteria are met.

If the initiation is at other than normal temperature
and pressure (i.e., during a cooldown or heatup), thg
conditions for safety injectioq termination as described
in E.I. - 1 should not be established if the heatup/
cooldown curves would be violated{‘ A safety injection
initiation at other than normal teﬁperature and pressure
should be conéidered to reflect an actual condition
requiring safety injection until careful observation of

plant conditions verify the initiation to be spurious.

Recovery Actions (Subsequent Actions)

2.3.1

2.3.2

2.3.3

2.3.4

2.3.5

2.3.6

Reset safety injection, feedwater isolatign, phase MA"
isolation, and containment ventilation isolation.
Reset instrument air to containment valve IA11716 and
ensure thag-it indicates .qpen. -

Restore the electrical‘syétem to its normal lineup

per 0OP-3. . .

Stop all operating safety injection pumps.

Stop ‘both residual heat removal pumps.

Close the boron injection tank inlet and discharge

valves SI-867A, 867B, 870A, and 870B.
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O 15 op 22 "Cold Solid to Hot Subcritical at No Load T-AVE 33 GpP-2

4.0 INSTRUCTIONS (Continued)

OVERPRESSURIZATION CAUTIQN: If all threé reactor coolant pumps were stopped
prior to heatup, after completing GP;l perform the following. To avoid an
overpressure transient, do not start a reactor coolantApump when the RCS is

"solid, gtagnant, and the steam generator temperature is greater than the balance
of the RCS. Due to the lack of installed temperature indication on the steam
generétors, their temperature shall be determined by measuring steém generator
shell temperature approximafely four feed abpve tube sheet. ThisSarea.shall
be covered with insulation prior to measuring. This temperature shall be less
than or equal to temperature of loop surface at valve RHR-750. If steam
generator is greater, the temperature may>be equalized by either of the two

‘ following methods.

1. Allow RCS to heatup on.decay heat by stopping or reducing LUw Iiow thru

the RHR heat e#changers.

2. (ool the steam generators by filling and draining.

A S)G Shell Temp. Temp.
B S/G Shell Temp. ' Temp.
C S/G Shell Temp. ‘ Temp.
RHR 750 Temp. on loop surface - Temp,
3. Temp. Detector (Type) o B v : | Serial f

Calibration Date

4.10 The RCP's were started during GP-1, the fill and vent procedure. If the
RCP's were stopbed prior to commencing the heatup, restart them.

A RCP running_

’ ' ) B RCP running _,

C RCP running

aes
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O 12 OF_l.i Cooldown From Hot to Cold Shutdown 4. GP-6

3.0 PRECAUTIONS
3.1 Be assured adequate space is available in the Gas Decay Tanks ﬁrior to
degassing.
3.2 At least one Reactor Coolant Pump or the Residual Heat Removal System
must be in service when a reduction is made in RCS boron concentration.
3.3 At least two steam generators shall be operable whenever the average
primary coolant temperature is above 350°F.

3.3.1 For RCS temperatufes above 330°F, the discharge valves of the
auxiliary feeqwater pumps'muSt be in a throttled position as
described in GP-2, 2.6.2. |

3.4 The pressurizer cooldown rate must ﬁot exceed ZOOOF/Hr.
3.5 The geactor Coolant Pumps must not be operated when the No. 1 seal
. dif.feren.ti'al pressure is below 200 'psig, or when the VCT pressure is
below 15 psig, or when RCS pressure is below 325 psig.

3.6 The Reactor Coolant System cooldown.rate must not exceed that of
"Reactor Coolant System Cooldown iimitations" Curve 3.4 of Volume 15,
Curve Book. |

3.7 Be assured.the RCS has beén completely degassed before the system is
made solid.

3.8 1If the RCS is to reﬁain solid or if cold shutdown is to be established
during the outage, complete.?T—2.7 and 2.8 prior to going solid if it
is suspected they will become due during the outage. These should not
be run when water solid due to potential for overpressurization of the RCS.

3.9 Safety InJection Pump Power Supply Breakers must be racked out when RCS
temperature is <350 °F and the system is not vented to C.V,

O 3.10 If RCS is <350° and not vented to CV two PORV's must be operable Ref.

Tech. Spec. 3.1.2.1.D.
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Cooldown From Hot To Cold Shutdown CP=h
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.

4.0 INSTRUCTIONS (Continued)

rnd

4.7

4.8

4.9

Hydrogen (ce/kg)

Boron MC (ppm)

Boron Prz (ppm)
Pla-e the reactor makeup control on "AUTQ” and'

adjist controls for the proper shutdown concentration

aftar the sample results confirm the boron concentra-

tion to be adequate.

Verify the alignment of the overpressurization protection

prutection system as per QP-50. Checkoff OP-50A. Completed L

PT-5.8 Completed within last month.- - Completed _
Resz2rve N2 bottle pressure =800 PSI., . PSI

With the steam dump via'gondenser or PRV on manucl
control, slowly incre;se the rate of steam dump by
ad:usting the pressure control sétpoinﬁ. Commence
reuctor system cooldown. Do not éxceed the cooldown

1initation set below:

. »53)01“ to 350°F 100°F/Hour maximum

35 °F to 300°F 60°F /Hour maximum

30C °F to 25G°F 300F/Hour maximum

25¢ °F to 200 °F ' 159F/Hour maximum

20( °F to 160°F . ' 10°F/Hour maximum

less thaA 160°F 5°F/Hour maximum .

Thase rates were established to avoid violation of the

prassure/temperature curve 3.4 (Ref. Volume 15,

-

Curve Book) duc to excessive pressure.
NCTZ: Ensure condenser vacuum and circulating water

. are maintained during the cooldown operation ,

when condenser dump valves are being usecd.
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TRANSPARENCY 16-5

Mzterial Property Basls

Weld metal Cu = 0634%

Imtlal NTNDT = 0 F C L l

At 20 effective full power years '
i

Leak Test Limit ;i

RTNDT at 1/4 ‘thickness = 320°F
RTNpT at 3/4 thickness = 200°F

Heztup Rates
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Criticality Limit
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1 tANSPARENCY 16-C
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Material Property Basis
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The following curves (figures III. 1-16, 1-13, 1-15 & 1-12) are based on

the following initial conditions and assumptions.

Small break LOCAs (l1-4 inches) ,
2. Analyzed to obtain minimum fluid temperature in reactor vessel down-

comer and maximize pressure in the RCS.

a. All systems that provide cooling to the RCS are assumed to operate
at maximum capability (i.e., all trains of SI, all aux. feedwater
pumps, etc.) _

b. All warm sources at conservatively low'temperature (40°F)

c. Core heat generation at a nominal value
3. Hot leg break location selected because
a. Ensures all SI flow delivered to the downcomer
~ b. Reduces primary load flow required for break energy removal
c. Cold leg remains filled with subcooled liquid

d. Maximum cooldown rate for a given break size

4. Automatic no-load Tave steam dump & max. AFW flow with condensate storage

tank at 40°F, S/G level maintained in narrow range

5. RCP trip is assumed to occur coincident with reactor trip

n
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Assumptions & Conditions:

1. Maximum SI and AFW flow rates
2. Minimum injected fluid temperature .
3. No decay heat (maximum cooldown case) y 293
4, 1Initiating event is double ended guillotine severence
5. SI causes repressurization following initial depressurization
6. SI & AFW flow assumed to start at time of break -
7. Operator action terminates AFW flow and SI flow after 10 minutes
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Figure II1.1-27 Large Steamline Break With Resctor Coolant Pumps Ru~=-.=sz.
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Maximum SI and AFW flow rate .
Minimum injected fluid temperature ' )

No decay heat (Maximum Cooldown Case)

Initiating event is double-ended guillotine severence’
SI causes repressurization following initial depressurlzatlon

SI and AFW flow assumed to start at time of break

Operator action terminates AFW flow and SI flow after 10 minutes
RCP's tripped at ‘time of steam break
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Assumptions & Conditions
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PRESSURE (PSI1A)
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Minimum injected fluid temperature s - 12,0838
No decay heat (maximum cooldown case) '

Initiating event is double ended guillotine severence

SI causes repressurization following initial depressurizatlon

SI & AFW flow assumed to start at time of break

. Operator action terminates AFW flow and SI flow after 10 minutes
RCP's tripned when steam break occurred
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Maximum SI and AFW flow rate

Minimum injected fluid temperature

No decay heat (maximum cooldown case)

. Initiating event is double ended guillotine-severence : )

SI causes repressurization following initial depressurization
SI & AFW flow assumed to start at time of break

Operator action terminates AFW flow and ‘SI flow after 10 minutes
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Graphs and charts for the seal failure event at H. B. Robinson will be

included in the student handout by 5-10-82.

These include:

Seal Flow

Initial accident S/G level, steam flow, pressurizer level and pressure

Pressurizer level and pressure during subsequent running of RCP "C"

RHR and pressurizer pressure
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TRANSPARENCY 16-3
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TRANSPARENCY 16-4

PZR LEVEL AND PRESSURE
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: |
PRESSURIZER LEVEL

100

/ ‘
40~ . |
PROGRAM' LEVEL / \/
~ o | N ~
20 \(\4’/\-\ : 4 |
ol ACTUAL LEVEL U
2300 ‘ ' ) -
N— ' PRESSURIZER PRESSURE
2000 - \’\ |
1700}
PSIG
| 1400 (-
1100
800 |-
500 L= : .
O 9PM 10PM 11PM MID 1AM 2AM 3AM

NITE

C21)
(21)




7199\

TRANSPARENCY 16-5
JRHR TEP. ‘4D PRESSURIZER PRESSURE
350 o
PUMP A —————- -
PUMP B ——=—rp
HEAT - B
EXCHANGER A
op 250 : : al
’ij:
'*Mm— R ~
¥ ¥ . ,
I A e
. i \-ﬁ.gl__“-.--_..‘\.—_ P, .
150 ”"Tg“
o iy
_....n--a-—-ahﬁgf':f" ¥
ST T N
50 . *
PRESSURIZER PRESSURE
200 '
l\\
psic 100 N ‘
. -
2AM 3AM 4AM 5AM 6AM
(2e)



PRESSURIZED THERMAL SHOCK

Student Handout C

Sequence of Events
for CaseHistories
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Abnormal Occurrence Report

Report Number 50~261/75-9
Report Date May 9, 1975
Occurrence Date May 1, 1975
Facility HE.B. Robinson Unit No. 2 |

Identification of Occurrence

Failure of reactor coolant pump (RCP) seal resulting in discharge'of reactor

coolant fluid to containment floor.

Condition Prior to Occurrence

The reactor was oéérating at full power. All systems were normal. Dilution
of the primary coolant boron concentration was in progress to compensate for
the buildup of Xenon. The plant had just reached full power operation early

in the morning on May 1, 1975 following a maintenance outage.

Description of Occurrence

Durihg dilution of primary coolant boron concentration, No. 1 seal leakoff
from "C® pump flow responded sensitively to all additions. This sensitivity
had exiéted since its éeplacément earlier during the week. Since the
leakoff was within the prescribeé limits and the variations in flow were
gradual instead of "spiking", it was considered safe to operate with this

seal.

'

- The dilution was still in process when the following events transpired:



:§' May 1, 1975:

- ’ 1750 -

1811 -

1817 -

1818 -

1819 -

1832 -

184l -

non Reactor Coolant Pump leakoff "spiked" several times. The pump

was monitored for vibrations and found to be normal.

nc" RCP seal leakoff oscillated full range several times and then
stabilized high with a seal flow greater than 6 gpm. A load
reduction was commenced at a rate of 10% per minute so that "C"

pump could be idled as per plant operating procedutes.

Just prior to reducing load below‘38% power, component cooling
water valve 626 closed due to high flow from the reactor coolant
pump thermal barrier. This was caused by sudden steam formation
in the thermal barrier created wﬁén the pump seal failed open.
The open'seal allowed hot (540°F) primary coolant to surge upward

through the thermalzbarrier. Load reduction was stopped at 36%

power.
"C" RCP was deenergized.’

Reactor trip occurred due to turbine trip on high level in "B"

steam generator. Level instabilities created from the rapid load

reduction induced the high level.

P

_ Stopped "A" and "B" Reactor Coolant Pumps. It was the Shift

Foreman's decision to stop "A" and "B" RCP's when flashing of
primary coolant in the seal water return line threatened to cause
loss of seal flow due to the pressure surges. The flashing of
primary cooiant waé created by the high flow rate of coolan£
through the No. 1 seal of "C" RCP. Valve 303C, leakoff isolation

from "C" RCP, was not closed prior to stopping RCP's "A" and "B".

Received automatic letdown isolation due to low level in the
pressurizer. Supply to charging pump suction changed from volume-

control tank, (VCT), to refueling water storage tank, (RWST).
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1854

1915

1928 -

1942 ~

1945 -

1850 -

Pressurizer level returned above letdown isolation setpoint.

Returned charging pump suction to VCT.

Seal flow was lost on "A" RCP. Closed valve 303C to decrease

pressure surges in letdown line.

Seal flow was lost on "B" RCP. Opened valve WD-1708 to relieve
pressure in Reactor Coclant Drain Tank (RCDT). Pressure buildup
was due to leakage through No. 2 seal of "C" RCP. WD-1708 allows

drainage of RCDT to containment sump.

First entry following seal failure was made into containment,
Purpose of the entry was to observe "C" RCP and to close valve
CCw-728C, "C" pump thermal barrier outlet manual isolation valve.
The control panel-operated valve CCW-303C had not fully isolated
the leakoff and was still causing steam formation in the thermal
barrier. It was not possible to enter "C" RCP bay.due to steam
escabing from No. 3 seal. It was previously thought that the
thermal bafrier on "C" RCP had failed, but with no increase on
R-17, Component Cooling Water Radiation Monitor, and the high flow
through No. 1 seal it wés determined that steam formation in the
thermal barrier had caused surges in the outlet'line. The surges
in flow caused automatic closure of CCW-626,.which isolated all

three'Rc2 thermal barriers.

Valve CCW-626 was manuaily blocked open. This allowed cooling
water to flow:through the thermal barriers thus reducing
temperatures below the beiling point in "C" RCP. After
temperatures were reducéd Céw—626 was unblocked and returned to

normal operation in the open position.

Containment inspection complete. All personnel exited containment

and entrance locked.




j 2000 -
3 2007 -
3 2013 -
2015 -
3 2026 -
3 -
3 . 2110 -
% 2206 -
,.3 2215 -
2242 -
- 2257 -

Breakers were pulled on containment sump pumps to prevent
overfilling of waste holdup tank. Water was originating from

reactor coolant drain tank and floor drains in "C" RCP bay.

personnel entered containment to take air samples, and noted no

steam or leakage from RCP's.

Started "B"™ RCP bearing oil lift pump in an attempt to lower

shaft, provide more seal clearance and re-establish seal flow.

Stopped "B" RCP bearing oil lift pump. Failed to establish seal
flow through No. 1 seal.

Personnel exited containment.

An entry was made into containment to manually rotate "A" and "B"
RCP's in an effort to re-establish seal flow. No inspection of

nee bump was performed during this entry.

Personnel exited containment. Failed to establish seal flow -

through No. 1 seals.

The Operating Supervisor called Westinghouse project gngineet and
notified him that seal flows on "aA" and "B" Reactor Coolant Pumps

were lost, and that "C" pumps's No. 1 seal had opened. It was

" decided that coolant pump dperation was desirable for proper

mixing of boron in preparation for cooldown. Also a more
controlled cooldown would be possible with pump operation.
Westlnghouse advised that "c" pump could be operated with No. 1

seal leakoff isolated as long-as Wo. 2 seal remalned intact.

Started "C" RCP.

Prepared for cooldown by use.of main condenser.
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2308 - Bloéked valve CCW-626 open to prevent possible loss of thermal

' O barrier cooling water.

v 2310 - Increased seal water injection flow to RCP "C" by a factor of 5 to

prevent possible overheating of pump bearing.

anrerspe

2316 - Received control panel indication of 0.5 £ft. of water in

containment sump not later than 2316 hours.

St s 208

2330 -~ Reactor Coolant System boron concentration was 1038 ppm which is

[ )

approximateiy cold shutdown concentration.

0015 - Pressurizer level started faliing rapidly due to failure of No. 2
and No. 3 seals of "C" RCP. Stopped "C" reactor coolant pump. '

dii3

0016 - Started "A safety 1n3ectlon (SI) pump. Opened valves SI-866A and
' SI-~ 866B, hot leg safety injection to loops "B" and "C". Lowest

level reached in pressurizer was 6% on level indicator LI-462

3. (cold calibration). Strip chart indication reached zero and
, remained there for about 10 minutes.
“3 0018

Started "B" and "C" safety injection pumps. Pressurizer level

decrease stopped.

0035 - Opened valve CVC-307, seal water bypass, in an attempt to reduce a

" source of the 1oss of prlmary coolant to containment.

0036 - Diverted charging flow.from the cold leg of loop "B" to auxiliary

pressurizet spray (opened valve CVC-311) to reduce Reactor Coolant

1%3 System pressure, (1150 péig at. this time). The pressurizer steam
‘“eg void was rapidly collapsed by the auxiliary spray and pressure

dropped accordingly. It was necessary to use auxiiiary spray

since normal spray was lost when the coolant pumps were stopped.

J e amiidd 1" 2 -2
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0039

0043

0048

0100

0145

0151

0215

0223

0230

Stopped "C" SI pump due to rising pressurizer level. The safety
injection pumps and valve CVC-311 were used during the remainder

of the cooldown to control pressurizer level and pressure.

Started HVH unit no. 4, (containment recirculation fan and cooler)
to reduce containment pressure and temperature. Prior to startup

of the fourth unit, three HVH units were in operation.

The SI accumulators partially discharged their volumes into the
primary system. The discharge isolation valves were closed at

this time to_terminate this injection phase.

Reactor coolant system boron concentration at 1521 ppm.

Containment internal pressure reached a maximum of 3 psig.

Opened condenser vacuum breaker in preparation to terminate

cooldown through. the main condenser. °

Started "D" Service Water Pump and "B" Service Water Booster Pump
(cooling water to HVH units) to aid in the reduction of

containment pressure and temperature.

Shut main steam isolation valves. Cooldown through the main

condenser was terminated.

Started "A" component cooling water pump in preparation to go on
residual heat removal system (RHR).

Started operating RHR pumps éne at a time and opened valves 744A
and 744B (discharge valves) and 750 and 751 {suction valves) to
warmup RHR system. Pressure in the primary system was
approximately 400 psig. Proceeded with piant cooldown as per

&

General Operating Procedure GpP-1D.



0330 - Reactor coolant system boron concentration at 1861 ppm.

0341 ~ Residual Heat Removal System in service. Cooldown proceeding as
per GP- lD . ‘
’ 0440 - Stopped using S.I. system to maintain level.
E . .
{ 0448 - Reactor coolant system at cold shutdown, (less than 200°F).
i 0517 - Commenced decreasing primary system pressure from 100 psig to 0
. psig.
0629 - Entry into containment was made for purpose of 1nspect10n.

Contained air supply packs, (Scott Air Packs), were used durlng

entry. The bottom floor of containment was flooded to a height of

8 to 10 inches. No further inspection was made. ‘Recovery phase

1
a

‘initiated at this time.

Designation of Apparent Cause of Occurrence

The failure of the reactor coolant pump seal system created the occurrence.
This is classified as an abnormal occurrence under Technical Specification
l.8.e, abnormallﬁegradation of one of the several boundaries designed to
contain the radiocactive materials resulting from the fission process. This
seal system consists of three seal surfaces - No. 1 seal is the point of
primary pressure &rop, No. 2 seal maintains back pressure on No. 1 and
diverts seal leakoff from No. 1 seal to the volume control tank, and No. 3
seal helps maintain standpibe backpressure on No. 2 seal. Both No. 1 and

No. 2 seals are designed to maintain system pressure.

-

Analysis of Occurrence

The occurrence resulted in no offsite releases or exposures. At no time was
there any danger to the personnel involved. Due to the seal failure,
6ve:heating of the pump shaft and seal housing occurred. This will
necessitate the replacement of the seals and housing, pump shaft, and

assocliated equipment.

\
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puring the transient, there was no reversal in coolant flow and the core

Maximum temperature reached at the core exit was

remained covered.
About the time that cold

approximately 5500F shortly after the trip.

shutdown conditions were reached, it was determined that another steam

bubble existed in the RCS. To reduce the leak rate it was ' desirable to

This was attempted by opening valve 311 (auxiliary

reduce system pressure.
When valve 311 was opened the

spray) to collapse the pressurizer bubble.
but the pressurizer level increased

RCS pressure did not drop noticeably,
When valve 311

rapidly (more rapidly than charging and SI would raise ig).

was shut, pressurizer level decreased rapidly as the bubble reformed in the

Core thermocouple temperatures showed the reactor temperature
as or

pressurizer.

to be stable and later when the reactor head vent was opened, little g
steam escaped. The second bubble probably existed in the steam genetator

tubes. Due to loss of RCS circulation and the limited steam that had been
drawn during the cooldown, none after placing RHR in service, the steam

generators'remained relatively hot. When pressure in the system was reduced

from 4d0 psig to 100 psig, a bubble could have formed in one or more steam

generators.

Proper operation of safeguards equipment and actions taken by the control

operators prevented more extensive damage after the seal failure. All

systems functioned as designed during the transient and the expected results

were achieved.

Apparently pressure surges and high seal leakoff temperatures damaged the

No. 2 seal of "C" RCP.

As a result of this incident sederal:other abnormal occurrences took place
which were a directlresult of the original problem. .The primary leakage
exceeded those limigs given in Section®3.1.5 of the Technical
Specifications. This i{is classified as an Abnormal COccurrence under
specification 1l.8.b, violation of a limiting condition for operation
established in the Technical Specifications. As the leak increased in

magnitude the containment pressure, (3 psig at maximum) exceeded 2 psig

R i
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which is a violation of specification 3.6.2. This is
jfication 1.8.b. As a

internal pressure,

also classified as an abnormal occurrence under spec

result of the subsequent forced cooldown, excessive cooldown rates were

experienced, resulting in a violation of Section 3,1.2 of the Technical

specifications.

Corrective Action

plant cooldown was initiated as soon as conditions permitted. When No. 2

and No. 3 seal failed, operations personnel st

as conditions would allow in order to reduce the coo

arted depressurizing as fast
lant loss through the

safeguards equipment was used as needed in order to maintain the

Proper operating and emergency procedures were

seal.

reactor in a safe condition.

used to reduce pressure and temperature to cold shutdown conditions.

To prevent reoccurrence of this situtation new seal and associated parts are

being installed under the direction of

pump vendor representatives and CP&L
All parts being installed shall be certified and necessary

job coordinators.
quality assurance documentation and control maintained.

Since this was the first major incident involving a sizable loss of coolant
at H.B. Robinson, the special procedures used to gain control over the

transient will be reviewed to determine if any areas warrant revision.

Failure Data

No previous seal fajlures that resulted in loss of primary coolant to

containment free space have occu}redgat H.B. Robinson.

10
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CAROLINA POWER AND LIGHT COMPANY
H.B. ROBINSON STEAM ELECTRIC PLANT
UNIT NO. 2

INCIDENT REPORT NO. 4
MAY 5, 1970

Robinson File Nd. 2-0.1-a

At 3:20 P.M. on April 28, 1970, while setting safety valves on the secondary side
of the three steam generators, a rupture occurred which resulted in a partial
depressurization of the RCS and an uncontrolled steam release from No. 3 steam

generator. This incident occurred during a period of Hot Functional testing

before any fuel had been loaded in the reactor.

v

Seven men were testing and observing the safety valves in close proximity to the
failed component. .At the time of failure they suffered burns. and other injuries

as a result of the erupting steam.

‘Five of the seven were admitted to a hospital after emergehcy treatment. Three

additional men were on the turbine deck at the time of the failure and witnessed

flying debris before taking cover.

Initial Conditions

A. Primary System

1. = Three (3) reacfor coolant pumps. in operation.

2. - RCS pressure on‘automatic control at approximatély 2225 psig.

3. RCS tempefature was approximately 533°F, being controlled by pump heat
and steam generator blowdown in conjunction with limited feedwater
- addition,

4. One (1) charging pump in service on automatic control.




Gaasad

Makeup to the volume control tank from the two monitor tanks was being
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controlled automatically. } . ,
6. Letdown was through the 45 gpm orifice and through "A" mixed-bed

demineralizer.

B. Secondary System

1. Steam pressure was being controlled at 880 to 900 psig by control of
the RCS temperature. These pressures were being verified by local

pressure gauges at the safety valve level.

2. All three steam generator isolation valves were closed.

3. All three steam generator isolation bypass valves were closed.

4. The motor driven auxiliary feedwater pﬁmps were lined up to take
suction from the condensate tank and feed the steam generators as
needed to'maintain proper-leVels. '

5. 'Thg steam generator bottom blowdown valves to the 5.G. blowdown tank
were open and the needle valves at the blowdown tank throttled to
approximétely one half turn open on all three generators.

6. All three steam generators were being maintained at apptoximately 70%

level as indicated on the wide range level recorder.

Cause of Steam Release

Representatives of Crosby Valve Company had been at work on the secondary safety

valves since 8:00 A.M., checking lift pressures, Westinghouse, Carolina Power and

_Light Company, and construction personnel were observing and assisting in these
_ tests. At approximately 3:00 P.M. all safety valves on steam generators 1l and 2

had ‘been checked and the control room notified that the crew was moving to steam

generator No. 3. The test rig was set up'én the safety valve located nearest the

turbine deck. This valve was "factory" set to lift at 1140 psig. At 3:20 P.M.,

an exceptionally loud steam release was heard. Subsequent investigation revealed

-ty that the pipe stub from the No. 3 steam generator main steam line to the 1140

. psig lift pressure safety valve had ruptured. This rupture was a complete 360°
circumferential bfeak, resulting in the safety valve being blown "clear" and
1éaving'a 6" diameter hole open to atmosphere with no isolation valve between the

rupture and the‘éfeam generator.




Operator Action

o

1 1.
2 2.
3.
4.

‘he operator immediately observed a sharp decrease in the following:

Pressurizer pressure
Pressurizer level
No. 3 steam generator level

RCS temperature

The following action was taken:

All reactor coolant pumps were immediately tripped.

3 1.
3 2. Two additional charging pumps were put in service and all pumps set at
5 maximum flow.
;3 3. all pressurizer heaters were manually tripped off.
: 4. All letdown was secured. ' : v
:3 5. Approxzmately f£ive minutes later, the blowdown valves from No. 1 and 2
steam generators were closed and No. 3 steam generator blowdown opaned
3' full. Approximately ten minutes later, the bypass around the
. testrlctlon orifice in the No. 3 steam generator blowdown line was
:3 fully opened. )
. 6. Two boric acid pumps were started taking suction from the Boric Acid
- tanks (which contained primary grade water) and discharging through
g% valve 350 to the charging pump suction.
- 7. The demineralized water system was put in service and makeup supplied
;g to the boric acid tanks and the monitor tanks.
Transients 0 oesamd oo (W
1. ©Pressurizer pressure decreased to-a low of 1862 psig in approximately
ten minutes. '
2. Pressurizer level immediately dropped from an indicated 23% to 0%.
3. RCS temperature dropped from 533°F to 320°F in approximately 55 minutes
before stabilizing. '
4.‘ No. 3 sEeam generatsor level decreased from approximately 68% to 0% as

indicated on the wide range recorder in 50 minutes. No. 1l and 2 steam

generator levels remained relatively constant.
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Recoveries

2.

5.

7.

pPressurizer pressure decrease was terminated after ten minutes. AsS
pressure increased, one charging pump was stopped to provide better

.

control of the pressure increase.
pressurizer level indication was regained in approxzmately 30 minutes

and was increased to normal operating level (no load, 22%) thirty
minutes later. At 20% level the second charglng pump was stopped, the
control group of heaters energized and at 22% level the level control
was placed in automatic control.
The boric acid pumps were stopped and VCT makeup system was once again
in a normal operating conditien. ’
Twenty minutes after pressurizer level had been 1eveled out at 22%,
feedwater‘was added to No. 1 and No. 2 steam generators and the
blowdown valves to the steam generator blowdown tank set as follows:
No. 1 and No. 2 open three turns, No. 3 closed. This was done to aid
in equalizing temperatures between the primary and secondary system
prior tg'restafting the reactor coolant pumps. A maximum of 100°F
differential was desired.
At 5:17 P.M. steam generator No. 1 had 830 psig aﬁd steam generator No.
2 had 825 psig. Steam generator No. 3 had zero preséure and all valves
closed which could enable water to be added under any circumstances.
At 5:30 P.M. No. 1 and Né. 2 steam generator isolation valve bypass
valves were opened and the reheater purge lines opened to atmosphere to
lower pressure and temperature in the steam generators.
At 200 psig on No. 1 and No. 2 steam generators (which corresponds to
approxiﬁately 3870F sat. temp.) "C" RCP was started with the RCS
temperature at 320°F ana RCS pressure at 1260 psig. "C" RCP was chosen
as No. 3 steam generator was cooler than No. 1 and No. 2, therefore,
the expected pressure spike would be less. The RCS pressure increased
slowly to 1300 psig and RCS temperature increased rapidly to 360°F.
-The reheater.purge lines were used in conjunction with the steam
genérator bottom blowdown and intermittent feedwater addition to cool

the system to 425 psig and 3450F in preparation for putting the RHR

system_in service.
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3 ' 8. Due to necessity of completing the required run time on the reactor

O internals with three reactor coolant pumpé operating, it was decided
that the RHR system would be placed in service, RCS pressure maintained

3
2 at 425 psig, RCS temperature decreased to 180°F and all three RCP's
3 . kept in service for approximately 36 hours.
= 9. With 425 psig and 3450F on the RCS, valve 142 was opened to pressurize
~ the RHR system, valves 750 and 751 (No. 2 loop to RHR pumps suction)
55 were opened and flow established through valve 142 (RHR letdown to the
purification system) to warm up the RHR ‘loop piping.
EE 10. At 12:10 A.M., April 29, 1370 "g" RHR pump was put in service and run
for five minutes. "A" pump as started and run for forty minutes at
7? which time "B" pump was restarted.
B 11. At 1:08 A.M. valves 744 "A" and "B" (RHR return to RCS) were opened
i; : with all flow bypassing the RHR HEX'S.
12. All steam dump to atmosphere on the secondary side was secured to

prevent excessive cooldown rates. 7

:3 13, Pressurlzer level was xncreased by increasing charging flow and RCS
temperature decrease to collapse the steam bubble in the pressurizer.
4 Minimum temperature in the RCS were 2600F while maintaining 450CF in
. - the pressurizer.
M 14, The system went solid at 5:15 A. M. and sprays were used to cool the
. pressurizer to RCS temperature.
’43 - 15. At 7:30 A.M. with 230°F on the RCS, the teheater purge valves were
o _ reopened to prevent pulling a vacuum on the steam generators as cooling
decreased below 21202 on the primary system.
16. RCS temperature was decreased to 1800F until such time as the reactor

coolant pumps were stopped.

Points of Interest

1. The steam generator isolation valves and the steam generator isolation

e ®

valves bypass valves had been closed approximately 30 hours prior to

the incident.
::3 _ 2. The steam line from No. 2 steam generator had been used to supply steam
= to operate the steam driven auxiliary feedwater pump for test purposes

approximately three hours prior to the incident.
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np" and "C" steam generator steam line drains had been blown before the

"B" was blown down for at least one hour dicharging a
sc" was blown only a short time with the

incident.
mixture of steam and water.

same results.
An operator was dispatched to the charging pump room dutring the

blowdown and reported no unusual occurrence while operating three

charging pumps at maximum speed.
All operators on duty outside of control room had reported in person

" within two or three minutes’

The P.A. system was useless during the blowdown due to excessive noise.
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MALPUNCTION Of POWER OPERATED RELIEF VALVE $2

Wi .4,

INITIAL CONDITIONS
prior to the incident reactor power had been reduced to approxlmately 70% at 2330

kil

on November 4, 1972, in preparation for running the turbine valve test. Problems
had been encountered with the left stop valve. On the first test this valve

would not close. The valve did close after being struck with a hammer. A

“ o a

Westinghous e representative involved in the valve test indicated that a buildup

of phosphate between the valve shaft and bushings was the probable cause of the

‘»r-,l-“a

valve sticking. It was recommended that the valve be exercised several times.

The valve was exercised approxxmately flfteen times and was left operating

satisfactorily.

Testing then proceeded to the right valve group. The right governor valves were

,closed, and the right stop valve was ready for tésting. When the right stop

valve test push but@on was depressed, a simultaneoué rapid load decrease from 520
MW to 150 MW was observed on the gross output meter. As the loéd decrease chowed
no sign of stabilizing, the reactor was manualiy tripped at 0103 hours on
November 5, 1972. The reactor trip tripped the turbine. After the trip, steam
dump was commenced. When the no load Tayg was reached, power operated relief
valve RV-1 remained open for five minutes causing plant cooldown to S09°F.

puring this event the control operator commenced emergency boration and secured
{t after two minutes as conditions had stabilized. Startup requirements were
insured and at 0156 the shutdown banks were pulled. At 0326 reactor startup was
commenced. At this tlme the Reactor Coolant System temperature was being

maintained at approximately 5460F using the condenser steam dump valves and power

bl bd b wﬁl

operated relief valves. The power operated relief valves were being used

primarily to trim the steam generator levels.

SEQUENCE OF EVENTS
At 0333 while maintainiﬁg the reactor coolant temperature at 546°F, with the

reactor subcritical, the power operated relief valve, RV-2 opened and failed to
- close, thereby, initiating a cooldown of the primary system. Efforts were made
:zg by'the control operator to close the valvg wiih no success. The valve is a fail
close valve but isolation of control air and pulling of electrical fuses failed

to close the valve. The control and shutdown rod banks were inserted, and the

2



rod bottom signals received for all rods by 0346. Emergency boration was begun

At 0349 safety injection occurred as a result of coincideni low

0345,
Main steam isolation valve v1-3B was closed

pressurizer pressure and low level.
"g" séeam generator to blow down and

at 0402 with the intention of allowing the
at 0430

primary system temperature and pressure transient.

thereby minimize the
the plant to the cold chutdown conditions. Emergency

it'was decided to cool

boration was secured at 0440. At 0506 the safety injection pumps were secured.

At 0508 an increase from a 70% level prior to the incident to a 98% level was

noted in the pressurizer relief tank. The tank drain and vent valves were opened

At 0509 a containment sump high level light indication
Shortly thereafter valve VD-170B was opened to dump
At 0515 radiation monitor

td reduce the tank level.

0.5 feet level was received.

the pressurizer relief tank to the containment sump.

R-11 alarmed at 130,000 cpm and at 0520 the following information was conveyed to

the control operator from the auxiliary operator:

[ SRV

1. A high level alarm existed on the condensate collection system on EV-CMS-1

_at 1.5 feet, and level was continuing to increase.

0°F to 170°F.

b

’ Point number 3 on the dew point recorder increased from 16

ropped

ed that component cooling water surge tank level had 4
t 0607

At 0540 it was not
from 49% to abut 4%.

with the following observations:

A short containment vessel inspection was performed a

1. Small amounts of water were observed on the containment vessel floor in the

vicinity of the reactor coolant drain tank.
the excess ;etdown heat exchanger, and the area beneath

The RHR pump suction from the

containment floor,

the refueling canal.

2. No visible damage was apparent.

n was performed at 0705, and a ruptured disc

A second containment vessel inspectio
surizer relief tank. The other disc

was discovered on the west end of the pres
An estimated depth of four feet of water was

g&é&

was defogmed and possibly ruptured.

found in the reactor vessel sump.
and by 1500 the reactor coolant system temperature was

At 0900 thelresidual heat removal system was

g;;ﬁ

laced in service,
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approximately 200°F with preparations being made for repairing the components
damaged during the incident. During these events the reactor coolant system had
been borated to a concentration of 1780 ppm of boron. By 1700 this concentration
had been reduced to approximately 1075 ppm of boron which is 200 ppm above cold

shutdown concentration.

CAUSE OF THE INCIDENT
The indicent was a result of the power operated relief valve, RV-2, having stuck

in the "open" position while controlling reactorfcoolant system temperature.
After disassembling the valve, the valve's inner valve and inner valve guide

bushing were found to have been scored. This caused the valve to jam in the

"open" position.

CORRECTIVE ACTION )
Action taken to correct the cause of the incident consisted of removing and

repairing the power operated relief valves RV-2. The surface of the inner valve
and the valve guide bushing were polished correcting the cause of RV-2 having
jémmed. The same disassembly and repair was performed on RV-1 and RV-3 as a
precautionary measure, .Additional maintenance was done on other components as

necessitated and convenienced by the incident. These are discussed later.

‘COMMENTS .

The raéid load decrease ocdur:ing‘at 0103 on November 5, 1972, resulted in a
pressurizer pressure of approximately 2320 psig. The.pressurizer relief valves
are set at 2335 psig aﬁd did not lift. An analysis of the attached data
indicétes that the differential pressure across the steam generator tubes did not

exceed that of normal operation at 100% power.

' The primary system cooldown rate is shbwn‘plotted for the transient indicating

that cooldown due to the relief valve (RV-1l) remaining open was within Technical

Specifications.

The steam generator differential pressure and the reactor coolant system
temperature during the transient resulting from RV-2 hanging open is shown on the

attached data. Cooldown of the primary system was within specifications.

© e —————E A




Maximum differential pressure of the S/G tubes occurred at 0408 with the
pressurizer pressure being 1760 psig and secondary pressﬁre being approximately '

1 ‘ 364 psig.

3

The maximum steam generator diffg:ential'pressure during the entire incident was
"1376 psig. The safeguards equipment perforﬁeé its intended function during this
incident. All safeguards equipment operated properly except valve SI-867A which
did not open. The redundant valve in this system (867B) performed as designed

allowing the safeguards system to perform its intended function. This valve was
checked immediately follwing the incident and was found torqued out. The torque
switch was reset and the valve was test»operated satisfactorily. The valve was

then test operated several times with satisfactory results. During safety

injection the boron injection tank concentration of boron changed from 21,424 ppm
- to 10,785 ppm. Approximately 690 gallons of refueling storage tank water of

:;a 2,228 ppm boron going into the safety injection system would result in :his
concentration in the boron injection tank. The refueling storage tank water was

at 70°F during most of the 77 minutes of operation of the safety injection pumps,

the pumps were dead headed as primary system pressure remained above the pump

discharge pressure.

Several events occurred during the safety ‘injection which explain the reason for

some of the observations made during the incident. Several low level alarms were

received on the colume control tank resulting in charging pump header supply

being provided from the refueling water storage tankithrough LCV-1188. The loss

of component cooling water surge tank level from 49% to 4% (900 gallons) was a

24 result of relief valve CS-715 dumping component cooling water to the containment

- vessel sump. This occurred.due to the safety injection isolation of return
component cooling water from the excess letdown heat exchanger. The pressurizer
relief tank disk rupture occurred as é result of the low pressure letdown relief
valve, valve 203, lifting and remaining open. With safety.injection-the
isolation valves on both sides of this valve had closed. 1In the attempt to re-

establish letdown flow following safety injection, the cdontrol operator opened

the upstream isolation valve before the downstream valve was opened. AsS a
result, valve 203 opened to relieve the pressure.  The valve remained opened
following the pressure decrease and continued to £111 the pressurizer relief

tank. This later also resulted in difficulties while trying to establish letdown

el
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" £1ow to go onto RHR es letdown was being dumped to the pressurizer.relief tank.

Qater investigation into this problem revealed that the valve bellows had
s ed the valve to jam open.

crewed from the valve stem and caus
e been investigated, and it is

The consequences of the safety injection hav
graded in any way. Thermal

juded that the primary system has not been de

conc
effects were minimal as only a small quantity of water was injected by SI, and
whatever was injected was added at a slow rate. Data is attached showing the

time response of the primary system temperature. NO safety limits were exceeded

Westxnghouse was conferred with, and it was also their

during the injection.
at no degradat;on of the primary system occurred

t were less damaging than those of analysis done

conclusion th as the conditions
previously on

: of this inciden

’ other similar plants. A copy of the letter from Westinghouse substantiating this

is attached.

| N

rom the relief valve RV—2 has been calculated. Gross

The release of actxv;ty p
ed was 0.217 millicuries. particulate activity

beta and gamma act1v1ty releas
released was 0.217 millicuries,
'illicuries. These values are very small and well within the release rates .,

Laiie

and tritium activity released was 1.561

l-:, .

permitted;

-

aAs a result of the investigation of the incident, several repairs were made to

The turbine stop valves were

correct or improve the plant equipment.
e valve shaft and valve bushing was

A phosphase buildup between th
The valves were cleaned, then reassembled.
A carryover test will be

: disassembled.

zg

found as ant1c1pated. The problem of

-the phosphate buildup will be analyzed furhter.

conducted follwoing the return t0 power.

The low pressure letdown relief valve was disassembled, repaired, and

reinstalled.

New rupture discs were installed on the pressurizer relief tank.

performed on the power operated relief valves as discussed under

Maintenance was
W.K.H. Company, was consulted, and

corrective actions. The relief valve vendor,

they indicated that the valves could be returned to service. A possible future

1 - .
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on of ‘the valve material was discussed as a preventative measure to

aificati
This will be investigated further and

vent future valve scoring problems.

action taken if it is deemed necessary. Valve operation will be minimized until

! a conclusion is made.

1972, the plant nuclear safety committee held a meeting to discuss

It was concluded during the meeting that the safety of the plant

The committee decided that the incident shoul

g on November 5,
the incident.

was insured. d be reported to the

A.E.C. -

£ the company nuclear safety committee was held on November 7, 1972.

emded that a leak check of the prxmary system and an inspection of
e made prior to making

A meeting ©
It was recomm
all safety injection penetratlons into the primary system b

the reactor critical.

ﬁ.-:...‘;n’ Yiteaidl Rl rrbiat

8, 1972, the plant nuclear safety committee met to discuss the

After reviewing the data "it was concluded that no safety
the plant could return to power following

on November

incident further.
question was unresolved; and therefore,

Ohe precautions recommended by the company nuclear safety committee.

As recommended, the Reactor Coolant System piping was inspeéted at the following

:3 conditions prior to startup:

E DATE PRIMARY TEMPERATURE OF ‘ PRIMARY PRESSURE PSIG
11/7/72 . 255 . 400 :

3 11/8/72 C a0 o 650
11/8/72 . s00 1500

11/8/72 500 2235

::g The areas where SI penetrations enter the primary system weée given a thorough

visual inspection, and no abnormal condition was observed.

At 1317, on November 8, 1972, a primary system leakage rate test was performed

with a normal leakage rate of 0.17 cpm being determined.




The three power operated relief valve
cessfully by fully opening and closing t

c
‘g and 700 psig. The later test was obse

[T

| L3 il T

s on the steam lines were also test operated

he valves at secondary pressures of 85

rved by Mr. Dick Cubitt of the A.E.C.
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‘ SEQUENCE OF IMPORTANT EVENTS FOR INCIDENT AT R.E. GINNA POWER PLANT

9:25

9:26
9:27

9:28

9:29
9:30
9:32

9:38

9:40

qﬂl". 9:48

The following alarms and indications were received:
(1) Charging pump speed alarm

(2) B S/G level deviation alarm _

(3) B S/G steam-flow/feed flow mismatch alarm

(4) Pressurizer level and pressure deviation alarms
(5) Air ejector radiation monitor (Rf15) alarm

(6) Pressurizer low pressure alarm (2185 psig)
Power reduction commefnced; steam dumps armed
Third charging pump started

Steam dumps modulating shut | .
Automatic reactor trip (Lo-Press 1873 psig)
Automatic safety injection (1723 psig)
Feedwater isolation - automatic start
Motor driven AFW pumps start

AS

RCP's tripped manually

.Pressurizer indicated empty

Turbin driven AFW pump started (Lo-Lo Level in S/G)
Initial RCS depressurization stopped at 1200 psig

'B' S/G steam supply to turbine driven

AFW pump secured

Operator used steam dumps in manual to cooldown plant

Isolated 'B' S/G

Cold leg temperature for 'B' loop dropped to approximately
340°F

Secured AFW pumps to control level in 'A' S/G

enc



9:53
9:55
9:57
10:07

10:09
10:11
10:19

10:38

10:42

11:21

14:00

-2
Shut manual isolation valve to 'B' S/G PORV
'B' S/G level off-scale hiéh on narrow range indication
SI and containment isolation reset
Operatér.cycled pressurizer PORV-twice

Cycled pressurizer PORV again this time the valve sticks
open :

Pressurizer PORV valve fully closed. Pressurizer level
off-scale high :

'B' S/G safety valve lifted and closed (safety valve
lifted four more times during event)

Safety injection flow terminated

Energized pressurizer heaters to re-establish pressurizer
steam bubble

Started 'A' RCP

Plant cooldown and depressurization in progress

-~ e——
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11.

12.

13.

14.

15.

PTS FINAL EXAM

State three stresses associated with the reactor vessel.

Why is there a shift of RT T during a reactor vessel's lifetime?

ND

Using the given heatup and cooldown curves, state whether the follow-
ing temperatures and pressures for the moderator are permissible.

a. Heatup rate of 20°F/hour with temperature at 450°F and pressure
at 2000 psig.

b. Cooldown rate of 30°F/hour with temperature of 400°F and pres-
sure is 800 psig.

What changes in boron concentration could be observed in an RCS in
which significant boiling is occurring? Why?

What are four indications of a loss of coolant accident?

. What instrumentation would you use to determine whether or not you

had exceeded pressure-temperature limits for the reactor vessel?
(Be specific) Explain why. '

On a large steam break accident what is the SI termination criteria?
Define - Pressurized thermal shock (PTS).
What are three indications of a steam generator tube rupture?

After the operator has depressurized the RCS to 870 psig during the

.recovery from a steam generator tube rupture, what criteria is then

used for SI termination?
Why is a large LOCA not a PTS (pressurized thermal shock) concern?

a. For a LOCA, which is the most limiting case for PTS (pressurized
thermal shock) consideration?

b. Why?

On a large steam break transient how may the operator halt the pres-
sure increase? : '

Make a graph of:

a. Pressure vs. time

b. Temperature vs. time

for a main steam line break with RCP's running

During a spurious safeguard actuation, is the operator required to

meet the EI-1 termination criteria prior to securing the safety
injection system? Explain.

(1.5)

(1.0)

(0.5)
(0.5)
(1.0)
(1.0)

(1.0)

(2.0)
(1.0)
(1.5)

(1.0)

(1.0)

(1.0)

(1.0)

(1.0)

(1.0)

(1.0)



17.

18.

19.

-2-

0f the following conditions, state if a PTS issue is or is not a

concern.

a. Reactor trip, turbine valves stick open.

b. Reactor trip one~rod stuck out

¢. Solid plant, PCV-lQSifails shut thle'charging
d. Refueling outage and steam generator overfilled

.The low pressure setpoint for SI pump termination in a LOCA has been

changed.

a.

b.

What is the setpoint?

Why was it changed?

On November 5, 1972, HBR experienced a S/G PORV malfunction. What
two factors contributed to the uncontrolled cooldown?

a.

What were the initial indications (alarms) that were recelved
in the R.E. Ginna incident? g

Were these indications adequate to alert the operators to the
magnitude of the problem?

When the PORV stuck open, it resulted in a rapid pressure de~
crease and increase in pressurizer level. What did this indicate
to the operator? .

(.5)
(.5)
(.5)
(.5)

(1.0)

(1.0)

(1.0)

(.5)

(1.0)



SIMULATOR EXERCISE GUIDE
EXERCISE: Stm. Gen. PORYV Failure FILE NO. PTS-l TIME 2 Hrs.

OBJECTIVES: Upon completion of this exercise, the student will be able to:

I Correctly analyze a small steam line break accident.
2. Take the proper actions to minimize the plant cooldown following a steam break in

accordance with EI-l.
3. Limit RCS repressurization following S/G dryout to ensure limits of the cooldown
curve. :

REFERENCES - RELATED LER'S:

HBR incidenté: 1)  Separation of steam gen. safety valve
2) PORV failed open = power

~ INITIAL CONDITIONS: IC 12 Present Previous
100% PWR 100%
5860 Tavg 5860
380 ppm Boron 330 ppm
208 D Rod Hgt. 208 D

INSTRUCTOR GUIDE:

Update Prodac.

SHIFT TURNOVER INFORMATION:

Give plant conditions. Equilibrium full power conditions. Air is isolated to "A" MSIV to
repair fitting (accumulator is holding valve open). Anticipate 15-30 mins. to repair. "A"
S/U transformer 00S for routine maintenance. All other conditions normal.

MALFUNCTIONS v OVERRIDES REMOTE OPS.
T-O HBR Runback T-10 "A" MSIV shut
T-0 S/U Trans Failure (Both) T-0 "A" S/U Trans Differential
T-10 "A" Main Steam PORV Trip Annunciator (Ann. Tableau)
open

SUPPLEMENTAL INFORMATION:

Trip results from stm. line flow SI. Blackout follows & cannot be restored. This causes a
1OQ°F cooldown in approx. 15 mins. on "A" reactor coolant loop.

EXPECTED RESPONSE: AS PER EXERCISE PERFORMANCE CHECKOFF PTS-1

SUCCESSFUL COMPLETION OF THIS EXERCISE FULFILLS THE FOLLOWING NRC
AND INPO REQUIREMENTS: v




PTS-1

Control Room Guide
(Points to Stress)

Inserts reactor trip
a. Full power plus PORYV
b.  KW/ft limits

c.  Verifies reactor trip and safety injection

Blackout

a. D/Gstarts

b.  Blackout sequence

"A" PORV

a. Realize it's stuck

b. Trys to close - all means
c. Isoslates feed flow

d. Limit cooldown and cooldown rate

Anticipates S/G dryout
a.  Uses all available indications
b.  Understands potential consequences
(1)  Repressurization
(2)  Thermal shock vs. subcooling
c.  Saturated conditions

d. Uses Tc indications and knows why



5.

Stabilizes plant

d.

b.

Uses good S/Gs

Temp-press "in bounds" (depressurizes if necessary)
Core being cooled (maintain adequate subcooling)
Meets Sl termination criteria

(1) Understands criteria

(2)  Stops SI to limit repressurization

(3)  Monitors wide range Tc

PTS-1



SIMULATOR EXERCISE PERFORMANCE/OBSERVATION RECORD

Course Group Date
Instructors (Lead)
Grading: S = Satisfactory U = Unsatisfactory

I. Exercise

A. Initial Conditions/Scenario--Exercise Guide

B. Shift Assignments Ry Su p Manipulations
Per. Sup. Per. Sup.
I. SF
2. SRO
3. RO
4. BOP
5. STA
II.  Evaluation SF SRO RO BOP  STA

A. General

.l.
2.
3.

10.

Supervisory ability--effective

direction of others
Operator communications--passes

along info accurately and promptly
Annunciator response--immediately

responds--uses alarm procedure
Use of procedures--pulls procedure

and utilizes _
Coordination--systematic and

logical approach
Dexterity--performs with ease; can

perform more than one task at a time
Periodic checks of instruments
a. Compares redundant channels

b. Compares meter to recorder

C. Recorder pens inking

Alertness--awareness of sur-

roundings; watchfulness
Attitude--constructive; positive

Accuracy--use of curves, etc.

B. Shift Routines

W WN -

Shift turnover

Hourly logs

Chart recorders

Review control board

Test annunciator lights




l.

3.

Exercise Performance (File No.

"A" MSIV shut

a. Insert reactor \trip

b. Verify reactor trip
(1) Rods bottom

(2) Turbine valves shut

PTS-1)

(3) Tavg approaching no load

() EI-l4

c.  Verify safety injection (EI-l)

Blackout
a. Immediate actions
() Emergency lights
(2) D/G starts
(3)  Verifies loads
(&) EI7

b.-  Subsequent actions

(I)  Starts other needed components

[

L7 R I S A S S S i SR, =, 80 1 T

SF SRO RO BOP STA

——— ——— e e—— e——

(2)  Verifies S/G PORVs maintaining

Tavg at no load

(3) Initiates P.E.P.

Stuck open PORYV
a. Attempts to close
() AtRTGB

(2)  Locally

LT O



4.

5.

Isolates feed to faulted S/G

D.
c. Refers to El-l., App. B
S/G dryout
a. Monitor RCS
(1) Temp.
(2) Press.
(3) Cooldown rate
b. Anticipates dryout |
() Use good S/Gs
(2)  Press. control
c. Cooldown curve

() Depressurize (cold loop)

(2)  Subcool (hot loops?)

Stabilize plant

Q.

b.

Meets termination criteria

Terminates SI

SF SRO RO BOP STA

— — c—— —— ——



4

Overall Group Evaluation (sat/unsat)

——

Part D:

Students Constructive Comments, Simulation Improvement:

Instruczor's signature




SIMULATOR EXERCISE GUIDE

EXERCISE: Small Break LOCA - PZR PORV FILE NO. PTS-2 TIME _2 Hrs.
Fails Open -

OBJECTIVES: Upon completion of this exercise, the student will be able to:

1. Recognize saturated conditions in the reactor coolant system and take the correct
actions to keep the core cooled. ,

2. Limit the RCS cooldown and resultant thermal shock on the pressure vessel.

3. Maintain the temperature & pressure of the reactor coolant system within the bounds
of the cooldown curves.

REFERENCES - RELATED LER'S:

Three Mile Island
HBR - PORYV failed open due to incorrect spring pressure & block valve failed to close.

INITIAL CONDITIONS: IC & Present Previous
-0 PWR 100%
5570 Tavg 586°

1068 ppm Boron 840 ppm

228 S/D Banks Rod Hgt. 202 S/D Banks

INSTRUCTOR GUIDE:

Update Prodac.
SHIFT TURNOVER INFORMATION:

Give plant conditions. Reactor is shut down at the end of a planned maintenance outage.
"B" containment spray pump out of service for repair (failed PT). Reactor S/U due after
spray pump is repaired. Only one reactor coolant pump running due to conservation.
Plant has been shut down for 122 hours.

MALFUNCTIONS OVERRIDES REMOTE OPS.

T-O HBR Runback T-10 PK-444A Failed T-O "B" CV spray pump BKR
: high open
T-10 PCV 444B Failed
open

T-10 PORYV Isolation Valve
8000C Failed Open

SUPPLEMENTAL INFORMATION:

PK-444A failure of card in control CKT

PCV-444A jammed on backseat

Block valve motor burned up (If operators give maintenance a "free hand" at repairing,
remove the isolation valve malfunction when pressure has returned to 1400 psig)

EXPECTED RESPONSE: AS PER EXERCISE PERFORMANCE CHECKOFF PTS-2

SUCCESSFUL COMPLETION OF THIS EXERCISE FULFILLS THE FOLLOWING NRC
AND INPO REQUIREMENTS: '




q.

PTS-2

Control Room Guide

(Points to Stress)

Identifies PK-444 failure

a. Checks relief line temp.
b. Isolates PORVs

c. Manually shut spray valves

d. Attempt to keep pressure L'ip w/heaters

Identifies PORV stuck open
a. Made attempts to shut
b.  Made attempts to isolate

C. Recognize pressure decrease will continue

Safety injection

a. Manually insert on pressure decrease
b. Compo'nents checked

C.  RCP secured at 1300 psig

d. Phase A isolation checked

e.  Uses El-l, Appendix B

During depressurization

a.  Awareness of subcooling
() Incore temps
2 Tec&Ty

(3)  Monitor pressure



5‘

(%)

PTS-2

Saturation

b. Cooldown rate considerations

()
(2)
(3)
(4)

Estimates of rate
What is causing cooldown
Check cooldown curve

Continue to monitor temp. and pressure

During repressurization

a.  Operator awareness of SI Flow > leak flow

)]
(2)

Monitor pressurizer level

‘Monitor pressure

b. Operator actions to reduce pressure increase

)
(2)
(3)
(4)
(5)
(6)

Why necessary

Ensure PZR heaters off

SI termination

Limit SI flow

Letdown and reduce charging

Open another PORYV

Operators recognize this as P.E.P. event

a. PEP procedures out

b. Can identify appropriate plan

c.  Initiating announcement and calls made

SI termination

a.  Termination criteria verified and met (may require management

concurrence to terminate if pressure <1560 psig)



PTS-2

Unnecessary equipment secured

Terminate or control SI flow (limit cooldown)
Control cooldown rate to within limits
Control depressurization (do not repressurize)

Stabilize plant

Operators recognize need for cooldown and depresssurization

Procedures out
Discussion of course of action
Monitoring containment pressure and sump levels

Monitoring containment radiation levels



SIMULATOR EXERCISE PERFORMANCE/OBSERVATION RECORD

Course Group Date
Instructors (Lead)
Grading: S = Satisfactory U = Unsatisfactory

I. Exercise

A. Initial Conditions/Scenario--Exercise Guide

B. Shift Assignments Ry Su p Manipulations
Per. Sup. Per. Sup.
I. SF
2. SRO
3. RO
4. BOP
5. STA
II.  Evaluation , SF SRO RO BOP  STA

A. General

I.
2‘

3.

10.

Supervisory ability--effective

direction of others
Operator communications--passes

along info accurately and promptly
Annunciator response--immediately

responds--uses alarm procedure
Use of procedures--pulls procedure

and utilizes ,
Coordination--systematic and

logical approach .
Dexterity--performs with ease; can

perform more than one task at a time
Periodic checks of instruments
a. Compares redundant channels

b. Compares meter to recorder

C. Recorder pens inking

Alertness--awareness of sur-

roundings; watchfulness
Attitude--constructive; positive

Accuracy--use of curves, etc.

B. Shift Routines '

1
2
3.
4
5

Shift turnover

Hourly logs

Chart recorders

Review control board

Test annunciator lights




Exercise Performancce (File No. PTS-2)

PK-444 fajlure

a. Attempts to isolate PORYV
1. Close valve
2. Shut block valve

b.  Shuts spray valves

Verify safety injection
a.  S/D banks tripped
b.  Equipment started
C. Phase "A" jsolation

d.  EI-l, App. A

Depressurization
a. Trips RCP
b.  Recognizes saturation
L. Incore temp.
2. Pressure
3.  Saturation curve
c. Monitors cooldown
I. Tc indication
2. Pressure

3. Cooldown curve

4, Estimates rate of cooldown

PTS-2

SF SRO RO BOP STA

’.  Can explain core cooling mechanism



SF SRO RO BOP STA

" 4.  Repressurization

a. Recognized by operator

() PZR level increasing
(2)  Pressure increasing

b. Operator takes steps to minimize
(1) Can SI be terminated
(2) Reduce charging/SI flow
(3) PZR heaters off
(4) Letdown

C. Operator aware of P.T.S. conditions

5. Initiates plant emergency procedures

a. Procedure used

" " b.  Less than one hour

6. SI termination

a. Meets criteria

b. Secures unneeded equipment

c. Stop SI flow to limit repressurization
(Management concurrence if 4560 psig)

d. Stabilize plant

e. Control cooldown/depressurization

7. Plant shutdown/cooldown commenced

a.  Operators aware of containment pressure

b, Operators aware of containment radiation levels



f

Overall Group Evaluation (sat/unsar)

Part D:

Students Constructive Comments,

Simulation Improvement:

Instructor's signature




SIMULATOR EXERCISE GUIDE
EXERCISE: Main Stream Break (Downstream MSIV) FILE NO. PTS-3 TIME

OBJECTIVES: Upon completion of this exercise, the student will be able to:

.. Analyze a main steam line break and take actions to stabilize the plant following S/G
dryout.

2. Monitor an uncontrolled cooldown and take the correct actions to minimize the
pressure-temperature shock to the reactor vessel. -

3. Control  RCS pressure during and following an uncentrolled cooldown while
maintaining the reactor in a subcooled condition.

REFERENCES - RELATED LER’S:

HBR - Inadvertent steam dump actuation at hot zero power.
Safety valve failure during hot functional tests

" INITIAL CONDITIONS: IC 6 Present Previous
100% PWR 100%
586° Tavg 586°
840 ppm Boron 840 ppm
191D : Rod Hgt. 208 D

INSTRUCTOR GUIDE:

Update Prodac.

SHIFT TURNOVER INFORMATION:

Give plant conditions. Dispatcher has given permission to come down to 70% to conduct
turbine valve test.

MALFUNCTIONS OVERRIDES REMOTE OPS.

T-0 HBR Runback T-0 "A" MSIV failed open
T-40 DEH control power failure T-O "B" MSIV failed open
T-41 "A" stm. line break

downstream of MSIV

SUPPLEMENTAL INFORMATION:

DEH failure causes turbine & reactor trip. Steam line separation due to "shock" of trip.
Potential for SI actuation if MSIVs not closed promptly.

EXPECTED RESPONSE: AS PER EXERCISE PERFORMANCE CHECKOFF PTS—B

SUCCESSFUL COMPLETION OF THIS EXERCISE FULFILLS THE FOLLOWING NRC
AND INPO REQUIREMENTS:




PTS-3

Control Room Guide
(Points to Stress)

Verify reactor trip
a. All indications checked
b. Done out load - communications

c. Consults procedure

Main steam break
a. Identifies break location
(1)  "A"S/G vs."B" & "C" S/Gs - close "A" MSIV
(2) Identifies downstream - shut all MSIVs
b.  Safety injection (if it occurs)
(1)  Checks components
(2) Checks status light box
(3) Verifies M.S. isolation - if not already done manually
c. Uses EI-]l, Appendix B
d. Identifies "A" & "B" MSIVs stuck open
(1)  Attempt to close
(2) Isolate feedwater
e.  During S/G blowdown
() Trip RCPs at 1300 psig
(2) Anticipates dryout
@ W.R.level
(b) Steam pressure

(3) Initiates P.E.P.



(4) Cooldown curve

Following dryout

a.

b.

Maintain or reduce pressure

Establish heat removal - good S/G
Meets SI termination criteria

() Understands criteria

(2)  Stops SI to limit repressurization
(3)  Monitors wide-range Tc

Stabilizes plant

PTS-3



SIMULATOR EXERCISE PERFORMANCE/OBSERVATION RECORD

Course Group Date
Instructors (Lead)
Grading: S = Satisfactory U = Unsatisfactory

I. Exercise

A. Initial Conditions/Scenario--Exercise Guide

B. Shift Assignments Ry Su o Manipulations
Per. Sup. Per. dup.
l. SF
2. SRO
3. RO
4, BOP
5. STA
II.  Evaluation SF SRO RO BOP  STA

A. General

I. Supervisory ability--effective
direction of others

2.  Operator communications--passes
along info accurately and promptly

3.  Annunciator response--immediately
responds--uses alarm procedure

4. Use of procedures--puils procedure
and utilizes ‘

5. Coordination--systematic and
logical approach

6.  Dexterity--performs with ease; can
perform more than one task at a time

7. Periodic checks of instruments
a. Compares redundant channels
b. Compares meter to recorder
c. Recorder pens inking

8. Alertness--awareness of sur-
roundings; watchfulness

9. Attitude--constructive; positive

10.  Accuracy--use of curves, etc.

B. Shift Routines
Shift turnover

Hourly logs

Chart recorders

Review control board

M E N

- Test annunciator lights




Exercise Performance (File No. PTS-3)

Verify reactor trip

a.
b.
c.
d.

e.

Main

a.

C.

Rods on bottom

Turbine valves shuf

Tavg approaching no load
Aux. transfer

Uses procedure

steam line break
Identification

(1)  High steam flow

(2) Low steam pressure
(3)  Low S/G levels

{#)  Audible noise
Immediate actions

(1)  Shut MSIVs

(2)  verify SI (if it occurs)
(a) Components start
(b)  Phase "A" isolation
(c) Steam line isolation

(3)  Refers to EI-l, App. B

Subsequent actions

) Trys to close "A" & "B MSIV

(@) RTGB
(b) Locally

SF SRO RO BOP STA




SF  SRO
(2) Isolates feed to "A" & "B" S/G ___

(3)  Trip RCPs at 1300 psig

RO

BOP

(4) Reset SI
(a)  Stop RHR pumps
(b)  Stop D/Gs

"A" & "B" S/G dryout

(1) Monitor RCS

(@) Temperature
(b)  Pressure
(2)  Stabilize RCS
(a) Use good S/G
(b)  Press. control
(c)  Control of AFW to "C" $/G

(3)  Cooldown curve

STA

(@) Refers to curve

(b) Depressurize to restore

(c)  Subcooling maintained
SI termination

()  Meets criteria

(2)  Holds pressure

(a)  Stop pumps
(b) PZR PORV -

(3)  Secures equipment not needed

Begins cooldown

() GP-5A or
(2) GP-6



SF SRO ROV BOP STA
Initiates P.E.P. —

a. Procedure used

b. <1 hour

Added malfunctions




.

Part C:

Exercise Critique:

Overall Greup Evaluation (sat/unsat)

G

Part D:

Students Constructive Comments,

Simulation Improvement:

Instructor's signature




SIMULATOR EXERCISE GUIDE

EXERCISE: Pressurizer Safety Leak Without FILE NO. PTS-4 TIME
Automatic Turbine Trip

. OBJECTIVES: Upon completion of this exercise, the student will be able to:

1.  Analyze and correctly identify a pressurizer safety valve leak.
2.  Identify that the turbine did not trip autornatically and take actions to secure the

turbine.
3. Take actions to maintain subcooling and minimize potential pressurized thermal

shock to the reactor vessel.

REFERENCES - RELATED LER'S:

INITIAL CONDITIONS: IC 6 Present Previous
' 100% PWR 100%
5860 Tavg 5869
840 ppm Boron 840 ppm
191D Rod Hgt. 208 D

INSTRUCTOR GUIDE:
Update Prodac.

' SHIFT TURNOVER INFORMATION: :
Give plant conditions. No 00S equipment nor limiting conditions.

MALFUNCTIONS OVERRIDES REMOTE OPS.

T-0 HBR Runback T-0 Turbine will not trip
(Must use Card Reader)

T-15 PZR Safety Leak (2%)

T-20 Increase Leak to 20%

T-45 Remove Safety Leak

SUPPLEMENTAL INFORMATION: PZR safety valve starts to leak by. After about five
minutes the safety fully opens resulting in rapid pressure decrease which results in reactor
trip and SI. Turbine does not trip but can be secured by shutting MSIVs, securing EH
pumps, or locally. Safety valve reseats when pressure restored due to high temperature in
CU -spring expanded.

0 EXPECTED RESPONSE: AS PER EXERCISE PERFORMANCE CHECKOFF

SUCCESSFUL COMPLETION OF THIS EXERCISE FULFILLS THE FOLLOWING NRC
AND INPO REQUIREMENTS:




T e e T Py dpe oy cdeghy
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7.

8.

9.

TR

c.

LRI G A R

|
i

PTS-4

Operator Actions to Reduce Pressure Increase

(1) Why Necessary

(2) Ensure PZR Heaters Off

(3) Limit Charging Flow

(4) Reset SI and Secure Unnecessary Components
(5) Reestablish Jletdown

Operator Aware When Safety Goes Shut

Operators Recognize as P.E.P. Event

a.
b.
C‘

P.E.P. Procedures Out
Can Identify Appropriate Plan
Initiating Announcement and Cause Made

SI Termination

a.
b'

c.
d.
e.
f.

Termination Criteria Checked and Verified

Terminate or Control SI Flow (May Have to Consult Management
if Pressure <1560 PSIG

Establish Cooldown

Control Cooldown Rate

Control Pressure

Stabilize Plant

Operators Recognize Need for Cooldown and Depressurization

a.

. b'.
- C".

dl
e'

Procedures Qut

Discussion of Course of Action

Monitoring Containment Pressure and Sump Levels
Monitoring Containment Radiation Levels
Shutdown Margin



2.

3.

4.

6.

PTS-4
CONTROL ROOM GUIDE

(Points to Stress)

Identify Safety Valve Leakage

a. Relief Line High Temperature Alarm

b. Shut PORV Block Valves

C. When Temp. Does Not decay Off - Must be a Safety
d. Reopen PORYV Block Valves

Safety Full Open

a. Identify Rapid Pressure Decrease
b. Manually Insert Reactor Trip

C. Manually Insert Safety Injection
d.  Verify Reactor Trip '

No Turbine Trip

a. ldentify Turbine Did Not trip
b. Insert Manual Turbine Trip
c. Take Other Steps to Stop Turbine
(1) Shut MSIVs
(2) Stop and Lock Out EH Pumps
(3) Order Outside Auxiliary to Trip Turbine Locally

Safety Injection

a. Components Checked

b. RCPs Secured at 1300 PSIG
c. Phase A Isolation Checked
d. Use EI-1, Appendix A

During Resultant Depressurization

a. Awareness of Subcooling
(1) Incore Temperatures
(2) Teand TH
(3) Monitor Pressure
(4) Saturation _
b. Cooldown Rate Considerations
(1) Estimates of Rate
(2) Understand What is Causing Cooldown
(3) Check Cooldown Curve :
(4) Continue to Monitor Temperatures and Pressure

During Repressurization
a. Operator Awareness of SI Flow > Leak Flow

(1) Monitor Pressurizer Level
(2) Monitor Pressure



SIMULATOR EXERCISE PERFORMANCE/OBSERVATION RECORD

Course Group ' Date
Instructors (Lead)
Grading: S = Satisfactory U = Unsatisfactory

1. Exercise

A. Initial Conditions/Scenario--Exercise Guide

B. Shift Assignments Ry Su p Manipulations
Per. Sup. Per, dup.
I. SF
2. SRO
3. RO
4.  BOP
5. STA
Il.  Evaluation SF SRO RO BOP  STA

A. General
I Supervisory ability--effective

direction of others
2.  Operator communications-~passes

along info accurately and promptly
3.  Annunciator response--immediately

responds--uses alarm procedure
4.  Use of procedures--pulls procedure

and utilizes _
5.  Coordination--systematic and

logical approach .
6.  Dexterity--performs with ease; can

perform more than one task at a time
7. Periodic checks of instruments
a. Compares redundant channels

b. Compares meter to recorder

C. Recorder pens inking

8. Alertness--awareness of sur-

roundings; watchfulness
9. Attitude--constructive; positive

10..  Accuracy--use of curves, etc.

B. Shift Routines

. Shift turnover
. Hourly logs

. Review control board

1

2

3. Chart recorders
4

5

- Test annunciator lights




BOP

STA

C. EXERCISE PERFORMANCE (File No. PTS-4) SE SRO RO

l.

N 2.

3.

#.

5.

6.

Safety Valve Leakage

a.

Verify Reactor Trip
a.
b.
c.
No Turbine Trip

a.
b.

Verify Safety Injection

aoue

Actions on Reliefline

High Temp. Alarm

(1) Close PORYV Block Valves
(2) Monitor Relief Line Temp.
(3) Recognize as Safety

(4) Reopen PORY Block valves
Actions on Safety Full Open

(1) Recognition (Pressure Decrease)
(2) Insert Reactor Trip
(3) Insert SI

Rods on Bottom
Temp., PZR Level, S/G Levels
Use EI-14 ‘

Recognize Turbine Not Tripping
Actions to Trip Turbine

(1) Insert Manual Turbine Trip
(2) Shut All MSIVs

(3) Stop and Lock Out EH Pumps
(4) Trip Locally

RCPs Secured at 1300 PSIG
Equipment Started

Phase A Isolation

Use EI-1, Appendix A

Depressurization

a.

Aware of Subcooling Status

(1) Check Core Thermocouples
(2) Monitor T¢ and TH

(3) Monitor Pressure

(4) Check for Saturation

Consider Cooldown

(I) Understand Cooldown Mechanism

(2) Check Cooldown Curve
(3) Concern About Repressurization
(4) Continue to Monitor Temp. & Pressure

Repressurization

a.

Recognized by Operator

(1) PZR Level Increasing
(2) Pressure Increase
(3) Can Explain SI Flow > Leak Flow



C. EXERCISE PERFORMANCE (File No. PTS—‘}) SF

O .

7.

9.

Repressurization (Continued)

b.

C.

P.E.P. Considerations

a.
b.
C'

d'

Operator Actions to Minimize

SRO

RO

BOP

STA

(1) PZR Heaters

(2) Charging Flow

(3) Letdown

(4) Consider SI Termination
Operator Recognize Safety Reclosing

Operators Recognize

P.E.P. Procedures Used

Initiating Calls and Announcements
Made

Less Than One Hour

SI Termination

Meet Criteria

(May Have to Consult Management
if Pressure <1560 PSIG)

Secures Unnecessary Equipment
Establish and Monitor Cooldown
Control Pressure

Stabilize Plant

Plant Shutdown/ Cooldown

al

bi
c.
d.
e.

Operators Aware of Need to
Shutdown/Cooldown
Containment Pressure Monitored
Containment Radiation Levels
Monijtored

Adequate Shutdown Margin

Consult and Use Procedures
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