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SUMMARY

As a part of the effort to identify and evaluate the possible
causes for the Three Mile Island accident, an analysis of operating,
abnormal, and emergency procedures was conducted by the staff. Of the
70 procedures included in these categories, 15 procedures were judged
to be significant because they either were in use at the onset of the
accident or became applicable as events took place. These procedures
were evaluated for technical accuracy and adequacy with respect to the
transient and its aftermath.

Evaluation of seven of the 15 proccdures indicated that although
they may be deficient in minor respects, they are adequate for their
intended purpose. The procedures which are judged to be in this
category are all operating procedures. They include: power operations,
decay heat remov:l system, decay heat removal via OTSG (once through
steam generator), core flooding system, reactor building spray, emergency
feedwater, and safety and safety features aciuation system. The
procedure for decay heat removal using the steam generators was con-
sidered to be clearly written and provide a relatively simple, straight-
forward method for removing decay heat eitlier with or without reactor
coolant pumps in operation.

One operating procedure, one abnormal procedure, and two emergency
procedures were believed tc be usable, although they contain significant
deficiencies that could cause confusion or lack of correct action:

- First, the reactor coolant pump operation procedure contains
provisions that require tripping the pumps when vibration
exceeds certain values. There is no discussion of unusual
circumstances that might warrant pump operation with excessive
vibration. Additionally, the vibration cr..eria conflict
with those in another procedure. This procedure also does
not provide clear imstructions cou~erning whether the pumps
should be tripped under low pressur>, loss-of-coolant accident
conditions.

Abnormal procedure 2203-2.2 on turbine trip is deficient
because it recognizes that the pilot-operated relief valve



(PORV) will open on a turbine trip, but it does not include

any precaution to ensure that the valve shuts. Also, the
operator 1s required to let down coolant as necessary following
a turbine trip to prevent the pressurizer level from exceeding
240 inches. This might contribute to operator action te

avoid high pressurizer levels following a turbine trip, as
occurred on Marcn 28, 1979,

The emergency procedure for loss of steam generator feed
requires immediate tripping of the reactor following loss of
both feedwater pumps, regardless of reactor power level.
Additionally, the procedure does not recognize that the PORV
would open, although s.ch an occurrence would be very likely.

Review of the reactor trip emergency procedure determined
that its most significant shortcoming is lack of direction
to determine tne cause fo. the reactor trip.

The third categorization in this analysis identified one operating
orc cedure, one abnormal procedure, and two emergency procedures that
were evaluated as inadequate:

o

The pressurizer operation procedure emphasizes that the
operators ire not permitted by the technical specifications--
a part of the operating license--to exceed a pressurizer
level of 385 inches in mode 3--the condition that the reactor
plant was in fnllowing the reactor trip. The.e are no
exceptions indicated in the procedure for emergency conditions.
Thus, operators might be influenced by this procedure in
their actions if a phenomenon not predicted by the procedure,
such as rising pressurizer level following a reactor trip,
were to take place. Alinough operators’' actions should be
governed by all of the sym>toms available, this procedure is
judged to be inadequate.

The procedure for post-accident hydrogen control--abnormal
procedure 2203.2.6--fails to recognize that hydrogen can be
generated rapidly, as occurred at TMI. It also does rot
recognize the difficulty of placing hydrogen recombiners
into operation following an accident.

Emergency procedure 2202.1.5 un pressurizer system failures
is very confusing in its organization. Also, symptoms are
significantly incomplete, misleading, or erroneous. Two
sections of the procedure concerning a stuck-open PORV or
stuck-open code safety valve should be in the loss-of-coolant
accident (LOCA) procedure.

From the standpoint of the TMI accident, perhaps the most
important procedure was that for loss of reactor coolant/
reactor coolant system pressure--emergency procedure 2202-1.3.
The procedure does not provide the operators with objectives.
It is difficult to use because the operator can be confused
as to which section is applicable. A section on small-break
LOCA response is misplaced, illogical, and cannot be followed.
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The operator is required to bypass <afeguards actuation and
throttle high pressure injection, rcgardless of the severity

of the accident. The procedure does not ensure that containment
is isolated promptly.

Other general deficiencies were noted in the reviews of these
procedures. Many minor substantive errors, typographical errors, and
imprecise or sloppy terminology are not consistent with the quality
required in nuclear power plant proceducres. There also was noted a
general emphasis on procedures to avoid equipmentc, component, or
system damage and a lack of emphasis on keeping the core cooled.

INTRODUCTION

In accordance with the requirements of 10 CFR 50, Appendix B,
commercial nuclear power plants are required to be operated as described
in the operating and emergency procedures. Therefore, in considering
the possible causes of the accident at Three Mile Island, investigation
of procedures--as well as personnel, design, and 2quipment factors--was
determined to be relevant. The technical accuracy and the adequacy of
pertinent procedures deserved assessment to determine whether or not
the procedures offered sufficient guidance for the control room operator.

TMI-2 has a total of 30 operating procedures, 25 emergency proce=
dures, and 15 plant abnormal procedures. For the purposes of this
analysis,it was decided that only those significant procedures that
were in use at the onset of the accident or that were relevant as the
accident progressed would be evaluated. Such procedures were determined
to include nine operating procedures, two plant abnormal procedures,
and four emergency procedures. Analysis of the procedures therefore
was limited to study and evaluation of these 15 procedures.

ANALYSIS

The accident tihat uccurred at Three Mile Island included a number
of equipment, system, and overall plant events involving operating,
abnormal, ar4 emergency procedures. These procedures we.. intended to
provide guidance to the operators concerning normal and abno.mal plant
operation, and if an emergency situation arose, the procedures ‘ere to
direct mitigating actions to minimize the probability of plant damage
and to ensure public safety.

The procedures that are evaluated in this paper according to
their technical propriety and adequacy are listed below. They include
significant procedures that were in use just before the onset of the
accident, procedures that were not referred to by the operators but
that were pertincnt.

" power operations =-- OP#2102-2.1

e pressurizer operation -- OP#2103-1.3

- reactor coolant pump operation =-- OP#2103-1.4

" decay heat removal system =-- OP#2104-1.3



decay heat removal via once through steam generator (OTSG) --
OP#2102-3.3

" core flooding system -- OP#2104-1.1

reactor building spray -- OP#z124-1.4

emergency feedwater -- OP#2104-6.3

safety features actuation svstem =-- UP#2105-1.3
- turbine trip -- AB#2203-2.2

post-accident hydrogen control =-- AB#2203-2.6
loss of steam generator feed - EP#2202-2.2
pressucizer syst:m failure =-- EP#2202-1.5

» reactor trip -- EP#2202-1.1

loss of reactor coolant/reactor coolant system pressure =--
EP#2202-1.3

OPERATING PROCEDURE 2102-2.1, POWER OPERATIONS,
REVISION 11, MARCH 20, 1979

The limits and precautions section of operating procedure (OP)
2102-2.1 states that in case a safety limit is exceeded (2.1), an
automatic safety system does not function as required (2.2), or a
limiting condition f~r operation (LCO) is not met, the shift super-
visor shall notify the station/unit superintendent. It is not clear
whether the procedure intends for the station m r>eer, the unit
supcrintendent, or both to be notified cf such unsafe conditions.

The terms "operation" and "steady-state operation" are used but
are not defined.

Limit 2.7, dated April 18, 1978, and section 4.1, dated June 17,
1977, state that the core thermal power shall not exceed 2,772 megawatts.
In fact, core thermal power was restricted to 2,568 MW(t) until late
1978, pending demonstration of ful' compliance with 10 CFR 50.46 and
10 CFR 50, Appendix K, concerning a small-break LOCA.

A prerequisite for reactor plant power operations, as listed in
section 3.12 is that three independent steam generator auxiliary
feedwater pumps and associated flow paths shall be operable. The term
"operable" as derfined in section 1.0 of the TMI-2 technical specifi-
cations, means that the system, subsystem, train, component, or device
shall be capable of performing its specified functionms.

Section 4.12 requires that shift logs be maintained in accordance
with administrative procedure 1012.
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Evaluation

The analysis of OP 2102-2.1 on power operations concludes that
the procedure was adequate for the intended purpose.

OPERATING PROCEDURE 2103-1.3, PRESSURIZER OPERATIONS,
REVISION 3, JULY 19, 1978

Paragraph 2.1.8 of the procedure's limits and precautions states:

The pressurizer/RC [reactor coolant] systems must not be filled
with coolant to solid conditions (400 inches) at any time except
as required for system Hydrostatic tests.

Paragraph 2.2.7 of the limits and precautions requires:
While in modes 1, 2 and 3, the Pressurizer shall be operable with:
a) Steam bubble, and

b) A water volume between 240 and 1,330 cubic feet (45
and 385 inches).

These requirements are consonant with the Babcock & Wilcox (B&W)
limits and precautions and with the operating license technical
specifications

Section 4.2.4 of the procedure provides instructions for equalizing
pressuriver and reactor coolant (RCS) system boron concentrations.
This port. on of the procedure would be used in case of pilot-operated
relief valve (PORV) or code safety valve seat leakage, such as was the
case on the morning of March 28, 1979. Essentially, boron concentration
equalizacion involves turning on heater bank 4 and opening the spray
valve to permit spray flow into the pressurizer steam space.

Evaluation

Review of OP 2103-1.3, as well as pertinent portions of the
technical specifications, emphasizes that the operators are required
to aveid permitting the pressurizer level to exceed 385 inches in
mode 3--the condition that the plant was in following reactor
trip. Clearly, placing the core in jeopardy to avoid permitting the
pressirizer from going solid is not thé intent of either this procedure
or the technical specification. However, there are no exceptions
indicated in the procedure for emergency conditions. Thus operators
might be influeaced in their actions by this procedure if a phenomenon
not predicted by the procedure--such as rising pressurizer level
following a reactor trip--were to take place. Although operators'
actions should be governed by all of the symptoms available to them,
this procedure is judged to be inadequate.

OPERATING PROCEDURE 2103-1.4, REACTOR COOLANT PUMP OPERATION,
REVISION 6, AUGUST le, 1979

Of all the procedures reviewed, OP#2103-1.4 has the most extensive
list of limits and precautions--about eight pages in length. Many of
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these ire related to pump vibrations, including:

- The pump manufacturer shall be notified when RC pump steady
state vibration measured at the pump coupling reaches 15
mils neak to peak (section 2.1.1.15).

Reactor coolant pumps must be tripped if motor stand vibration
exceeds 3 mils (section 2.2.4.7), if shaft vibration of
greater than 20 mils continues for 4 hours (section 2.2.4.7),
or 1f shaft vibration exceeds 30 mils (section 2.2.4.8).

Note that abnormal procedure (AP) 2203-1.4, reactor coolant pump and
motor emergencies, and OP 2101-1.1 on nuclear plant limits and pre-
cautions, both discuss shaft vibration and have limits that differ
from those given in OP#2103-1.4.

The procedure requires [In Section 4.3.2] that net positive
suction head (NPSH) for the pumps be maintained in accordance with a
curve provideu in the procedure during low pressure condition in the
RCS. Thus, at an RCS temperature of 582°F (nominal), the minimum
allowed pressure for reactor coolant pump operation would be greater
than 1,400 psig.

Evaluation

OP 2103-1.4 appears to be adequate for ensuring the proper operation
of reactor coolant pumps. The conflicting criteria for what constitutes
unacceptable pump or shaft vibration needs to be resolved. Guidance
concerning the pressure temperature relationship at which pumps must
be tripped is quite clear.

The NRC Investigative Report on the Three Mile Island accident
(NUREG 0600) states categorically that reactor coolant pumps should
have been tripped immediately when pressure dropped to 1,200 psig.
This is in conflict with the statements contained in Inspection and
Enforcement Bulletin 79-05A, which indicate that operators should not
have tripped all reactor coolant pumps, even when flow had degraded
significantly. It is suspected that the change in philosophy was the
result of a B&W analysis after the accident, which determined that if
high pressure injection initiates because of a low pressure condition
in the reactor coolant system, all reactor coolant pumps should be
tripped immediately.

OPERATING PROCEDURE 2104-1.3, DECAY HEAT REMOVAL SYSTEM,
REVISION 11, JUNE 23, 1978

The decay heat removal system (DHRS) is designed to remove decay
heat and sensible heat from the reactor coolant system during the
latter stages of plant cooldown. In the event of a LOCA, the system
injects borated water from *he borated water storage tank (BWST) into
the reactor vessel. For long-term emergency cooling, the system can
take suction from the reactor building sump.

Operating procedure 2104-1.3 describes how the DHRS is used to
fulfill these functions. Because the system is designed to operate at
less than 340 psig, regardless of the RCS temperature, it must remain

8
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isolated from the RCS when system pressure and temperature are above
prescribed values. The prerequisites of OP 2104-1.3 for placing the
DHRS in operation state that the reactor coolant system should be
cooled down to about 250°F and depressurized to less than 320 psig.

The DHRS normally is lined up for engineered safety (ES) actuation
and will start when pressure drops below 1,650 psig or reactor building
pressure increases to 4 psig. The system will operate in the
recirculation mode, taking suction from either the BWST or the reactor
building sump, until the reactor coolant system pressure drops to
approximately 250 psig, at which time the system provides low pressure
injection to the RCS.

This operating procedure also provides for lor 2rm core
circulation modes to prevent boron concentration eft cts after a
loss-of-coolant accident. One of four long-term circulation modes
should be placed into operation within 24 hours of the LOCA.

Evaluation

Operating procedure 2104-1.3 adequately describes how to operate
the decay heat removal system for its intended purposes. The procedure
was not used on M.rch 28, 1979, because the required prerequisite
conditions could not be achieved.

OPERATING PROCEDURE 2102-3.3, DECAY HEAT REMOVAL VIA OTSG,
REVISION 6, April 17, 1978

This procedure provides references, limits and precaut. ns,
prerequisites, and procedural steps for removing reactor decay heat
using either reactor coolant pumps in operation or natural circulation
cooling.

Prerequisites for placing the procedure in operation are listed
in section 3.0 and are:

- The reactor is at "hot shutdown" (mode 3).

" The OTSG leve! is being maintained at 97-99 percent in the
operating range by means of the main or emergency feedwater
pumps .

@ Decay hLeat is being removed via the turbine bypass valves,
with the turbine header pressure set point at 855 psig and
maintaining the reactor coolant system temperature at 532°F.

To maintain reactor coolant system temperature or to cool the
plant down with reactor coolant pumps in operation, it is only
necessary to change the setting on the turbine header pressure set
point to the desired value.

The procedure for removing decay heat by natural circulation
cooli~g assumes the following initial conditions:

. reactor coolant pumps tripped, reactor tripped, or turbine
tripped;
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steam pressure is being maintained at the turbine header set
point (855 psig plus 125 psig following reactor trip),
dumping steam to the main condenser through the turbine
bypass valves or to the atmosphere if there is a low vacuum
condition in the condenser;

. emergency feedwater pumps are maintaining OTSG level at
50 percent in the operating range; and

pressure temperature limits are being maintained in
accordance with figure 1.5.2. of the procedure.

Decay heat removal using natural circulation methods is
accomplished simply by using the turbine header pressure set point to
31just OTSG pressure and thereby maintain RCS temperature within the
pressure/temperature limitations of figure 1.5.2. This ensures adequate
subcooling.

Evaluation

Operating procedure 2102-3.3 adequately describes procedures that
will remove decay heat and either maintain a reactor coolant system
temperature or cool the plant down to a desired temperature. The
procedure is quite simple and straightforward. In fact, decay heat
removal is accomplished with either forced or natural circulation by
manipulation of only one control--the turbine header pressure set
point.

OPERATING PROCEDURE 2104-1.1, CORE FLOODING SYSTEM

This procedure provides specific references, limits and precau-
tions, prerequisites, and procedural steps covering system startup and
shutdown.

Evaluation
The oie flooding system is essentially a passive reservoir of
water. This pr.cedure adequately describes how the system is made

ready for use and secured.

OPERATING PROCEDURE 2104-1.4, REACTOR BUILDING SPRAY

Operating procedure 2104-1.4 includes references, limits and
precautions, prerequisites, and procedural steps covering operation of
the reactor building spray system.

Evaluation

Operating procedure 2104-1.4 is adequate for the intended purpose
of preparing the reactor building spray system for use and securing
it.

OPERATING PROCEDURE 2104-6.3, EMERGENCY FEEDWATER,
REVISION 4, JUNE R, 1978

This procedure incl.odes specific references, limits and precautions,

10
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prerequisites, and procedural steps for making the emergency feedwater
system ready for operation. The procedure dces not discuss operation
of the system.

Two of the limits and precautions are of interest:

. 2.2.2 -- the emergency feedwater pumps will be put into
standby during a unit heatup, after the first main feedwater
pump has been placed in service, and EF-V11A and B have been
placed in AUTO per 2102-1.1.

. 2.2.3 == the maximum allowable number of cycles of the
auxiliary feedwater nozzles in the OTSG is 80 for 80°F
feedwater and 40 cycles for 40°F feedwater.

EP 2202-1.3 includes a system valve lineup that specifies that
emergency feedwater header isolation valves, EF-V12A and EF-V12B,
should be open (see Appendix B).

Evaluation

The procedure appears to be adequate for making the emergency
feedwater system ready for service, but it does not include any
provisions for system operation.

The limit coucerning the maximum number of times that cold water
can be injected into the OTSGs would preclude conducting emergency
feedwater pumps surveillance unless 3 valve were shut in the flow path
to preclude flow into the steam generator.

OP#2104-6.3 is not rigorous in its terminology. Use of the terms
"emergency feedwater pump," "emergency feed pump,” "main feedwater
pump,” "main feed pump,” "main feedwater (pump)," "emergency feedwater,"”
"auxiliary feedwatar," "main steam," "MS," "auxiliary steam," and "aux
steam,” in the sam2 document could lead to confusion.

OPERATING PROCEDURE 2105-1.3, SAFETY FEATURES
ACTUATION SYSTEM, REVISION 2, OCTOBER 25, 1978

This procedure includes references, limits and precautions,
prerequisites, and procedural steps for system startup, normal operation,
and shutdowu.

Evaluation

Operating procedure 2105-1.3 is adequate to carry out the intended
purposes.

ABNORMAL PROCEDURE 2202-2.2, TURBINE TRIP,
REVISION 7, OCTOBER 25, 1978

Abnormal procedure 2202-2.2 describes the immediate autom. .ic
actions, immediate operator actions, and followup operator actiomns to
be taken in case of a turbine trip.
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Immediate automatic action step 2.PA.3 states, "Pres_urizer Power
Operated Relief Valwe open . . ." indicating that PORV operning normally would
be expected on a turbine trip. Step 2.0A.5 indicates that if
both main feedwater pumps have tripped, the steam-driven emergency
feedwater pump and two motor-driven emergency feedwater pumps will
sctart.

Immediate operator actions followiag a turbine trip include:
- verify that the turbine stop valves are closed and generator
and field breakers are open;

» verify the start of the seal oil backup pump, the turbine
gear oil pump, and the bearing lift pumps, and the closure
of the extraction steam valves; and

monitor pressurizer level and reactor coolant system pressure
and temperature.

Followup operator action in section 3.0 includes:
. utilize pressurizer beaters and spray to control reactor
coolant pressure at 2,155 psig and the steam header setpoint
at 885 psig to control average coolant temperature at 582°F;

adjust make-up and let-down flows to control pressurizer
level at 240 inches; adjust feed flow to control OTSG levels
at 30 inches; and

if the turbine trip is due to a loss of both feed pumps,
verify that emergency feed pumps have started and are
delivering water to the OTSGs; control Er-V11A and B to
maintain OTSG levels at 30 inches;

Evaluation

Followup action in AP 2203-2.2 does not include verifying the
reclosure of the PORV, which apparently normally opens on a turbine
trip. Otherwise, Lhe procedure is adequate. Of interest is that the
procedure recognizes that one of the likely causes of a turbine trip
is loss of both running main feedwater pumps. In such an event, the
procedure provides for making sure that emergency feedflow exists to
both steam generators. The turbine trip procedure is written so as to
minimize the amount of time that the plant is off the line. For
instance, it prescribes that steam header pressure be maintained at
885 psig. The procedure also directs the operator to control
pressurizer level at 240 inches, using let-down, if necessary.
whether this contributed to operator "mindset"--do not l:t pressurizer
level go high following a turbine f "ip--cannot be determined.

ABNORMAL PROCEDURE 2203-2.6, POST-ACCIDENT HYDROGEN
CONTROL, REVISION 1, JUNE 23, 19/8

This procedure stipulates the taking of daily air samples for
hydrogen in the reactor building following an accident and after the
containment pressure reduces to normal and the activity level is
reduced. Followup action calls for installing the hydrogen recombiner

1181 193 ™



as the hydrogen concentration increases. If the hydrogen concentration
cannot be maintained lower than 3.5 percent, purging of the reactor
building must be commenced.

Evaluation

Abnormal procedure 2203-2.6 is seriously deficient in several
cespects:

» The term "accident" is not defined.

N> action is taken to even measure the hydrogen concentration
until reactor bui'ding pressure has returned to normal and
activity level is reduced.

The procedure does not address the prompt generation of
hydrogen in containment as it occurred at TMI. This appears
to be a major oversight in view of the fact that a hydrogen
burn actually took place on the first day of the accident.

The procedure does not recognize the great difficulty in
placing the hydrogen recombiner in operation because of
radiation emanating from the recombiner and associated

piping.

.. "RGENCY PROCEDURE 2202-2.2, LOSS OF STEAM GENERATOR FEED,
REVISION 3, OCTOBER 13, 1978

Emergency procedure (EP) 2202-2.2 lists symptoms, immediate
actions, and followup actions tor a loss of feedwater (FW) flow to
both steam generators and a loss of flow to one steam generator.

Actions for a loss of both feed pumps include the following:

. 2.0*.1 -- Automatic Actions:

- if loss of FW is due to loss of both feed pumps:
- Reactor/turbine trip due to high RC pressure.
- Emergency feed pumps EF-P-1, EF-P-2A, .ad EF-P-2B
start and maintain OTSG level at 30 inches (S/U
range indication).

- If loss of FW is due to valves closing, ICS trips
to track due to FW X-Limits,

. 2.0B.1 Manual Actions:
== If loss of FW 1s due to loss of both feed pumps:
- Trip the reactor.

- Verify turbine trip and stop valves closed.
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- Verify EF-P-1, EF-P-2A, and EF-P-2B start as
evidenced by pump discharge pressures.

- Verify emergency feedwater valves (EF-IIA(B)) are
on automatic and controlling level at 30 inches.

Evaluation

The procedure requires that the reactor should be tripped manually
in case of any loss of both feedwater pumps, regardless of whether ar
automatic trip took place or not. This raises the question of why an
automatic reac.or trip circuit was not installed in the reactor protec-
tion system for a loss of both feed pumps.

It is not clear why verification of emergency feed pump operation
and feed flow is listed under manual imm+~. iite action: rather than
followup actions, or why there is a diffecence in this respect between
tke automatic and manual cases.

EP 2202-2.2 does not make any mention of the almost certain
operation of the PORV or ~hecking to ensure that it functioned properly.

Otherwise, this procedure provides adequate guidance to the
operator following loss of feedwater.

EMERGENCY FROCEDURE 2202-1.5, PRESSURIZER SYSTEM FAILURE

Emergency Procedure 2202-1.5 includes seven sections, each of
which lists symptoms, immediate action, and followup action for the
following c.sualties:

A. leaking pilot-operated (electromatic) relief valve (RC-R2)

B. inoperative pilot-operated (electromatic) relief valve (RC-R2)

Ca leaking code relief valve (RC-R1A or RC-R1B)

D. inoperative code relief valve

E. inoperative pressurizer heaters

F. malfunction in pressurizer level indication or control
G. pressurizer spray valve failure

At some time during the accident on March 28, 1979, actual or
suspected conditions applicable to sections A, B, C, E, and F existed.

Evaluation
Analysis of EP 2202-1.5 points out a number of deficiencies:
» The procedure is hard to use because there is no introductory
section that indicates the contents or scope. Although the

procedure is entitled "pressurizer system failure," it
includes a variety of problems that might not be associated

14
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with a failure of the pressurizer system. There also should
be an index.

Section A. (Leaking PORV)

Symptoms do not indicaie that one cannot tell whether
high relief valve discharge line temperatures are due
to the leaking of a PORV or a code safety valve.

The symptoms suggest incorrectly that there is no
indication of reactor coolant drain tank temperature in
the control room.

The immediate a2ction section requirer the PORV
isolation valve (RC-V2) to be shut any time the
discharge line temperature exceeds 130°F.

There is no mention in followup action of the need to
recirculate water through the pressurizer to equalize
boron concentrations.

Section B (Inoperative PORV)

Section C (Leaking Code Relief Valve)

The symptoms for a stuck open PORV do not ianclude a
discussion of positior indication. The procedure
assumes that this will be noted by the operator.

The symptcms for a stuck upen PORV do not mention:

increasing RC drain tank level, rapidly decreasing

make-up tank level, possible increasing pressurizer
level, or decreasing RCS pressure.

Pessible increasing reactur building temperature,
pressure and sump level.

Automatic action indicates that all pressurizer heaters
will be on bclow 2,105 psig. No mention is made about

the possible loss of pressurizer heaters, which reportedly

has been a chronic problem and was severe during the
TMI accident.

The action section does not include a warning against
premature interruption of high pressure injection
(HPI).

The procedure requires the PORV block valve to be shut
if the FORY itself fails shut.

The entire section on a stuck open PORV should be in
the loss-of-coolant emergency procedure. This was
precisely the cause of the loss-of-coolant accident at
Three Mile Island.




The term "code relief" valve rather than the proper
term "code safety" valve is used throughout. This
improper terminology could cause confusion.

The same comment made above for a leaking PORV can be
made here. Symptoms indicate erroneously that you can
identify whether the leaking valve is the PORV or a
code relief (safety) valve without taking any further
action.

Fol!owup action directs that a reactor coolant leakage
rate mezsurement be taken. However, no mention is made
of performing subsequent leakage rate measurements to
determine trends.

Section D (Inoperative Code Relief Valve)

The fi-st two symptoms--code relief fails to open, code
relief fails to close Causes--are rather than symptoms.

Symptoms do aot include RCS pressure dropping, increasing
reactor coolant drain tank level, rapidly decreasing
make-up taerk level, possible increasing pressurizer
level, and possible increasing reactor building
temperature, pressure, or sump level.

For a fail-to-oper code relief, the procedure does not
mention as automatic action the de-energization of
pressurizer heaters as it dees in section B.

The term "safety injec’ion" is used rather than "high
pressure injection” ac iR section B.

In followup ictior, *he procedure cautions against
inserting acy positive reactivity. With the reactor
already fully shat down, it is not clear how positive
reactivity would be inserted or what difference it
wonuld make.

The terms '"code safety" and "code relief" are used
interchangeably.

Section £ (Incperative Pressurizer Heaters)

Followup action requires that if pressure cannot be
maintained with the remaining heaters, continue load
reduction to shutdown and possibly to a cooldown
condition. This directive is not clear-cut and positive.
It should state exactly the criteria to determine if

the plant can stay in hot shutdown or if it must be
placed in cold shutdown.

Section F (Malfunction in Pressurizer Level Indication or
Control)
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== Symptom F.1.2 states, "Rapid change is indicated/
recorded level due to loss of compensation or loss of
power or d/p cell failure or other malfunction." This
statement, coupled with the title of the s=ection,
suggests that the procedure is applicable to the case
in which there is an actual pressurizer level control
malfunction as opposed to a level indication malfunction.
However, the procedure action paragraphs provide no
guidance for actual pressurizer level control problems.

EMERGENCY PROCEDURE 2202-1.1, REACTOR TRIP,
REVISION 6, OCTOBER 25, 1978

This procedure provides symptoms and immediate and followup
action steps for a reactor trip. Action required includes the following:
g Manually trip the reactor.

Verify all in-limit lights are actuated, with the exception
of group 8 rods.

- Close let-down valve MU-V376.
Start a second make-up pump.

Open MU-V16B as necessary to maintain 100 inches in the
pressurizer.

Verify that pressurizer heaters are off at 80 inches in the
pressurizer.

Announce "reactor trip" on page system.

Monitor make-up tank Jevel and maintain a ievel higher than
55 inches.

Verify that pressurizer heaters and spray have returned RCS
pressure to normal operating pressure (2,155 psig).

Reduce pressurizer level set poiat to 100 inches.

Verify that turbine bypass control valves are maintaining
header pressure at 1,010 psig.

Verify normal electrical lineup.
» Check that all RMS channels are normal.

If reactor startup is not intended within &4 hours, raise
OTSG level to 97 to 99 percent in the operating range.

Evaluation

Emergency procedure 2202-1.1 on reactor trip, in conjunction with
AP 2203-2.2 (turbine trip), provides adequate guidance to operators
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for this casualty. The obvious intent of the procedure is to place or
verify the plant in a safe condition and to minimize the length of the
outage.

A major shortcoming of the procedure is that it does not mention
determining the cause of the reactor trip and correcting it. For
example, the trip could have been caused by high RCS pressure, low RCS
pressure, high reactor coolant outlet temperature, or high reactor
building pressure. Each of these conditions could be the result of a
hazardous set of circumstances would that have to be dealt with to
stabilize the plant.

EMERGENCY PROCEDURE 2202-1.3, LOSS OF REACTOR
COOLANT/REACTOR COOLANT SYSTEM PRESSURE,
REVISION 11, OCTOBER 6, 1978

Background

The most serious accident that can occur in a pressurized water
power reactor is a lLoss-of-coolant accident (LOCA) or loss-of-coolant
pressure. Either could result in core damage due to the iack of heat
removal. Emergency procedure 2202-1.3 is ir*endea to easure that in
case of the most severe [OCA or loss-of-coolant pressure that systems
and operators will function to prevént core melt down, to maintain the
integrity of the containment, and to ensure that the public is not
exposed to radiation in excess of 10 CFR 100 limits. Similarly, the
procedure should mitigate any LOCA or loss-of-coolant pressure of
les: »r severity.

Emergency procedure 2202-1.3 has as its analytical basis the
Final Safety Analysis Report (ESAR), Section 6. The FSAR assumes that
the worst case break is a 5 ft” break in a reactor coolant system hot
leg. Cold leg breaks of various sizes are analyzed but are not
considered as severe because less energy is released for a given size
break.

A LOCA/loss-of-pressure event could be described as falling into
one of the following three categories of severity, and the procedure
must provide for each one:

1. A Leak. Mass loss from a leak can be accommodated from
normal pressurizer water inventory and normal system pressure
control. No safety system operation is necessary. Plant
shutdown might be required due to technical specification
limits on leakage, but the shutdown would be deliberate and
orderly using normal procedures.

2 Small-Break LOCA. Engineered safeguards systems automatically
activate and deliver water to the reactor coolant system.
The break size is such that reactor coolant system pressure
is above the shut off heau of the low pressure injection
pumps. All injection water is delivered by the high pressure
injection systems. Decay heat is removed by fluid exiting
the break, by heat up of high pressure injection water, by
heat up of the auxiliary feedwater delivered to the steam
generators, and possibly by steam release from the steam
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generators. Containment isolation upon pressure rise in
containment may not occur or may be delayed significantly.

. Large-Break LOCA. Engineered safeguards systems automatically
activate, as does the containment isolation signal from
containment building pressure. The low pressure injection
system delivers significant nass flow to the reactor coolant
systems. Core flood tanks discharge to the reactor coclant
system. Steam generators do not remove heat.

EVALUATION
General

The procedure does not identify an objective. The ultimate goal
is rut discussed. Symptoms are not listed in any priority, either by
importance or by likel:hood of occurrence. There is no statement to
the effect that not all symptoms need be observed for the event to be
taking place. The format of the procedure is difficult to follow;
this has been exacerbated by the illogical insertion of a small break
LOCA subprocedure. Terminology is confusing. For instance the following
terms are used interchangeably to express the same phenomenon: high
pressure injection, HPI, safety injection, ESF (engineered safety
features).

The proceduré has no guide to indicate what is contained inside;
there is no list in the beginning of cases (similar sets of conditions
which would dictate similar courses of action).

The procedure does not list any initial conditions or applic-
ability such as reactor critical; reactor at power; reactor in hot
stendby; modes 1, 2, 3, 4, and ¢ on.

Specific Comments

The first category of the procedure is "Leak within Capability of
System Operation." This is confusing because it does not specify what
system is capable of operating--makeup system, high pressure injection
system, reactor coolant system, or nuclear steam supply system.

. Symptoms

==  Symptom 1.1 is described as "Initial loss of reactor
coolant pressure and decrease in pressurizer level
becoming stable after a short period of time." This
symptom assumes that correct action has beer taken to
correct the loss of pressure and level.

-- The symptoms do not include reactor coolant drain tank
pressure or temperature increases increasing reactor
building pressure or reactor coolant syscem leakage
calculations.

. Manual action makes no provision for tripping the reactor on

low reactor coolant system pressure even if the pressurizer
level is not yet low.

19
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Manual initiation of high pressure injection does not mention
the small-break LOCA response which is appropriate in this
section.

If high pressure injection is initiated manually the operator
is required to throttle HPI as necessary to maintain pressurizer
level at 220 inches (that is, not permit it to increase).

Step 3.2.8.1 says, "THROTTLE HPI string(s) flow rate to at
least 500 gpm each 250 gpm per leg)." This is confusing.

The procedure does not mention ensuring that containment
isolation is set. The last statement in section A following
a three-page discussion of how to place the decay heat
removal system in operation is, "Reactor Building Isolation
Initiated." It is not clear whether this is merely a
statement or a much belated procedural step.

Section B of the procedure is entitled "Leak or Rupture of
Significant Size Such that Engineered Safety Features Systems
are Automatically Initiated.” It is not clear that this
includes the procedure for a small-break LOCA.

Symptoms do not:

-- recognize that pressurizer level may increase, as it
did on March 28, 1979;

-- mention a high make-up flow alarm;

-=- mention reactor coolant drain tank high tempercture or
pressure; or

-- mention a possible decrease in reactor coolant system
flow.

The procedure provides symptoms that are intended to determine
whether a reactor coolant system leak, a steam leak, or an
OTSG tube rupture are giving the observed symptoms. It is

not clear why a steam leak would result in high pressure
injection. Symptoms of an OTSG tube failure do not include
increasing steam generator water level or pressure.

The procedure states in one place (B.1.1.3) that safety
injection commences at 1,640 psig and in another place
(B.2.1.3) at 1,600 psig.

Under manual action is a section on small-break LOCA response:

-=- This section is misplaced.

== The operator is required to verify that a small-break
LOCA exists. How this is to be determined is not indicated.

-~ The section has its own illogical symptoms (of a small-
break LOCA with single failure), which are:

20
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- Safety features actuation system (SFAS) initiation
and only one make-up pump (MUP) started; or

- SFAS initiation and loss of 2-1E or 2-2E.

== A caution note begins: "_f the LOCA was ES with loss of
MUP. . . ." This is confusing.

== The small-break LOCA procedure was the result of
misinterpreted instructions issued in May 1978 f ‘om B&W
concerning a worst case small-break LOCA. The procedure
as written is illogical and confusing and cannot be
followed.

. Step 3.2 requires that a site emergency be declared for any
leak or rupture that results in ESF actuation.

Following action does not make any provision for shifting to
low pressure injection or shifting injection pump suction to
the reactor building sump when the borated water storage
tank goes dry.

The procedure requires that engineered safeguards be bypassed
regardless of the seriousness of the leak or rupture in

order to prevent exceeding HPI pump runout. This means, in
effect, that avoiding runout limits is more important than
continuing high pressure injection at the maximum rate.

. The procedure includes 0 cautionary note or other guidance
concerning ensured adequate core cooling.

The procedure is silent with regard to when HPI can be
secured if it initiated automatically.

In summary, the LOCA/Ioss-of—pressure emergency procedure may not be
adequate to ensure that the integrity of the core will be maintained
in case of a LOCA.

Appendix B is a copy of emergency procedure 2202-1.3 for reference.

Appendix C is a copy of a portion of the loss-of-reactor coolant
procedure from another utility. Included for comparison is a list of
cases considered by the procedure and a copy of Case A7: "Small
Break--no Feedwater - No P~ Pumps - Reactor Trip," a worst case
small-break situation.

FINDINGS

Analysis of the technical aspects of the operating and emergency
procedures that were used or that were applicable on March 28, 1979,
at TMI-2 suggests the following findings:

. Although they may be deficient in minor respects, the proce-
dures listed below are adequate for their intended purpose:

== Operatinz _rocedure 2102-2.1, power operations

21
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Operating procedure 2104-1.3, decay heat removal system

Operating procedure 2102-3.3, decay heat removal vi;
OTSG

Operating procedure 2104-1.1, core flooding system
Operating procedure 2104-1.4, reactor building spray
Operating procedure 2104-6.3, emergency feedwater

Operating procedure 2105-1.3, safety features actuation
system

The following procedures contain significant deficiencies
which could cause confusion or lack of a.tion but would not
preclude their use by thinking operators:

Operating procedure 2103-1.4, reactor coolant pump
operation.

- Precludes pump cperation with excessive vibration.

- Whether pump should be tripped under low pressure,
LOCA condition was not clear.

Abnormal precedure 2203-2.2, turbine trip.

- Does not require operator to verify that the PORV
is shut although it is expected to open.

- The operator is directed to use let-down, as
necessary, to preclude pressurizer level from
exceeding 240 inches following a turbine trip.

Emergency procedure 2202-2.2, loss of steam generator
feed:

- Requires immediate manual reactor trip on loss of
both feedwater pumps.

- Does not require verification of proper PORV
operation.

Emergency procedure 2202-1.1, reactor trip:

“ The procedure makes no provision for determining
the cause of the reactor trip and correcting.it.

The following procedures were so deficient as to be
inadequate:

Operating procedure 2103-1.3, pressurizer operation:

- States the pressurizer may not be taken solid for
any reason except hydrostatic tests.
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== Abnormal procedure 2203-2.6, post accident hydrogen
control:

The procedure does not recognize the rapid gener-
ation of hydrogen as occurred at TMI.

The procedure does not recognize any difficulties
which might be encountered in placing the hydrogen
recombiner in operation.

-- Emergency procedure 2202-1.5, pressurizer system failures:

The procedures basic structure is very confusing;
some cections should be in the loss-of-coolant
procedure; symptoms are significantly incomplete,
misleading, or erroneous.

No guidance is given for actual pressurizer level
control problems.

(3) Terminology is sloppy.

== Emergency procedure 2202-1.3, loss-of-reactor-
coolant/reactor coolant system pressure:

Procedure lacks objectives.
Symptoms are incomplete, misleading, or erroneous.

The procedure is difficult to use. Cases are not
defined.

The operator is required to throttle HPI to prevent
pump runout, regardless of the severity of the
accident.

The procedure does not promptly ensure that
containment is isolated.

A section on Small Break LOCA response 1s illogical
and cannot be followed.

No cautionary guidance is included regarding core
covering and cooling.

Operators were prohibited by the technical specifications
from permitting the pressurizer to go solid.

Some procedures emphasize avoiding equipment damage over
keeping the core covered with water or maintaining core

cooling.

The procedure for decay heat removal via the OTSG is
simple, straight-forward and, if followed, can be used to
cool the core either with or without running reactor coolant

pumps .
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Procedures recognize that the PORV will open following a
turbine trip.

Procedures in general are written to minimize "outage" time
and maximize "plant availability."

The turbine trip procedure tequifes that if the cause of the
trip was loss of feedwater flow the operator should verify
emergency feedwater flow to the steam generators.

In addition to the major, substantive deficiencies cited in
the analysis, Metropolitan Edison procedures contain many
minor errors in substance, typographical errors, imprecision
or sloppiness in terminology, format deficiencies, and the
like, which reflect a lack of quality essential in nuclear
power plant procedures.

°In reviewing Three Mile Island procedures, there is no evidence
that operating experience (lessons learned) at the Island or at
other Babcock & Wilcox plants was incorporated into operating
procedures.
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ABP
BWST
CFR
DHRS
EF

EP
ES/ESF
FA

FSAR

HPI
LOCA

NRC
oP
0TSG
PORV
RB
RC
RCS
SFAS

ACRONYMS
abnormal procedure
borated water storage tank
Code of Federal Regulations
decay heat removal system
emergency feedwater
emergency procedure
engineered safety features
fuel assembly
Final Safety Analysis Report
feedwater
high pressure injection
loss-of-coolant accident
main steam
make=-up
make-up pump
Nuclear Regulatory Commission
Operating procedure
once-through steam generator
pilot-operated relief valve
reactor building
reactor coolant
reactor coolant system

safety features actuation system
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VI. APPENDICES
A. Operating I acedure 2202-1.5.
B. Emergency P ocedure 2202-1.3.

C. Portions of Loss of Coolant Accident Emergency Procedure
from Oconee Nuclear Station.
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2202-1.5

Revision 1
06/22/77
TIREE MILE ISLAND NUCLEAR STATION A-2
UNIT #2 EMERGENCY PF" -~ "% 2202-1.5
PRESSURIZER SY! 4LURE

SECTION A Leaking Pilot Operated gelectromaticz Relief Valve (RC-R2)

Al

A.2

A.3

SYMPTOMS

1.

Relief valve discharge 1ine temperature exceeding the normal
130°F. Alamms on computer at 200°F.

RC drain tank pressure above normal on the control room radwaste
disposal control panel and temperature above normal on the

local radwaste disposal control panel.

RC System makeup flow above normal for the variable letdown

flow and RC pump seal in-leakage conditions.

Boric Acid .oncentration continually increasing in the pressurizer.

1. Close the Electromatic Relief Isolaticn Valve, RC-V2.

Repair during next shutdown.

2.

3.

4,

IMMEDIATE ACTIONS

A. Automatic Actions
1: None.

B. Manual Actions

FOLLOW-UP ACTION

|

2.

Limit rate of cha je on ICS to less than 1% per minute while

RCV is clos~d except for runbacks.

1.0
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SECTION 8

2202-1.5
Revision 1
06/22/77

Inoperative Pilot overated (electromatic) Relief Valve (RC-R2)

B.1 SYMPTOMS

1.
2.

RC System pressure is above 2255 psig and RC-R2 fails to open.
RC System pressure is below 2205 psig and RC-R2 fails to
close.

RC-R2 discharge line temperature is above the_gggoF alarm.
Computer Point (402)

The RC drain tank pressure and temperature are above normal on

the control room radwaste disposal control panel 8A.

8.2 IMMEDIATE ACTION

A.

Autcmatic Action

1. For a failed closed RC-R2:
a. Pressurizer heaters off at 2160 psig. Spray valve
RC-V1 is open above 2205 psig.
b. Reactor trip occurs at 2355 psig.
€. Pressurizer code relief valves open at 2450 psig.
2. For a failed open RC-R2.
a. All pressurizer heater banks on full below 2105
psig.
b. Reactor trips at 1900 psig or variable pressure

temperature.

¢. High Pressure Injection is actuated at 1600 psig.

Manual Action

1. For a failed close RC 22:
a. Shift spray valve RC-V1 to "MANUAL" and open further
for additional spray flow.

b. Insure all pressurizer heaters off above 2160 psig.

2.0 1181 210
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2202-1.5
Revision 1
06/22/77
¢. If reactor power is being changed (except for a
runback) stop the power change until pressure is
returned to normal.
d. Isolate RC-R2 by closing RC-V2.
2. For a failed open RC-R2:
a. Close Electromatic Relief Isolation Valve (RC-V2).
b. Insure all pressurizer heaters on belcw 2105 psig.

B.3 FOLLOW-UP ACTICN

1. Return system pressure and temperature to normal.
2. Reduce ICS Rate of Change to less than 1% per minute (except

for Runbacks.)

(%
o
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Revision 2 A-S

Nz
SECTION C Leaking Code Relief Valve (RC-RIA or RC-R1B)
C.1 SYMPTCMS

C.2

c.3

1. Code relief valve discharge lins temperature(s) exceeding the
computer normal 130°%F. Computer alarms at 200°F. Computer
Point (403) (404)

2. RC drain tank pressure and tsmperature above rormal on the
control room radwaste dispcsal control panel BA.

3. RC System makeup flow is above normal for the variable letdown
flow and RC pump seal in-leakage conditions.

4. Beric Acid Concentration continually increasing in the Pressurizer.

IMMEDIATE ACTION

A. Automatic Action

¥e None.

B. Manual Action

1. Determine RC leakage according to 2301-3D3.
FOLLOW-UP ACTION

| P If RC system identified leakage is in excess of 10 gpm, reduce
the leakage rate tu within limits within 4 hours or be in HOT

STANDBY within the next 6 hours and COLD SHUTDOWN within the

following 30 hours.

2. It will be necessary to recirculate the pressurizer through
the spray valve to equalize Boron concentration.

3. Place Code Felijef Discharge Line temperatures on Analog Trend

Recorder,
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SECTION D

220¢2-1.5
Revision 3
09/29/78

Inoperative Code Relief Valve (RC-RIA -~ RC-R1B)

D.1 SYMPTOMS

|

Code relief valve(s) fail to open when RC pressure is above
2450 psig.

Code relief valve(s) fail to close wnen RC pressure is below
2325 psig.

Code relief valve(s) discharge line temperature is above 200°F
alarm.

The RC Lrain Tank pressure and temperature are above normal on
the contr~1 room radwaste disposal control panel.

RC system makeup flow is above normal for the variable letdown

flow and the RC pump seal in-leakage conditions.

D.2 IMMEDIATE ACTION

A.

Automatic Action

1. For a fail to open code relief valve:
a. Reactor trip occurred at 2355 psig.
b. Spray valve RC-V1 opened above 2205 psig.
2. For a fail to close c~de relief valve:
a. Reactor trip occurs at 1900 psig or on variable P/T.
b. Increased makeup flow.
¢. A'] pressurizer heaters energized.
d. Safety Injection is actuated at 1600 psig.

Manual Action

1. For a fail to open code relief valve:
a. Place pressurizer spray valve in "MANUAL" and open

further for additional spray flow.
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b. Verify pressurizer heaters are "OFF" at plant control

panel.
2. For a fail to close code relief valve:

a. Turn all heaters "ON" at plant control panel.

b. Isolate letdown flow at plant control panel by
"CLOSING" MU-V376.

c. Open DH-VSA., Start MU-P1A if necessary. Attempt to
control pressurizer level using MU-V168.

d. Manually initiate safety injection if required to
maintain pressurizer leval.

D.3 FOLLOW-UP ACTION

1. For a fail to open code relief valve:

a. rroceed with ccoldown.

2. For a fail to close code relief valve:

a. Hold pressurizer, if possible, at or greater than 220
inches with Safety Injection.

b. Proceed with cooldown.

c. With no pressur;zer code safe’y valve operable, immediately
suspend all cperations involving positive reactivity
changes and place an operable DHR Loop into operation in
the shutdown cocling-mode.

d. With a pressurizer code safety valve inoperable, either:
1. Restore the inoperable valve to opecrable status

within 15 minutes or

o Be in Hot Shutdown within 12 hours.

6.0



SECTION E

2202-1.5
Revision 0 A-8
03117

Inoperative Pressurizer Heaters

E.1 SYMPTOMS

|

ON
OFF

S.

hHeater banks fail to energize or de-energize if RC oressure is

at heater bank setpoint.

Bank 1 Bank 2 Bank 3 Bank 4 Bank S Units
2150 2145 2135 2120 2105 PSIG
2160 2155 2155 2140 2125 PSIG
NOTE: Banks 1, 2, and 3 are full on at "ON" setpoint.

Pressurizer level Lo-Lo alarm at 80 inches.
Pressurizer heater power supply ground alarm.
Abnormal console indicating lights for the heating groups.

High (2255 psig) or low (2055 psig) pressure alarms.

E.2 IMMEDIATE ACTION

A.

B.

Automatic Action

ts For energized heaters and rising pressure:
a. Pressurizer spray valve (RC-V1) open (red and green
console jog button lights).
2. For loss of heaters and decreasing pressure: None.

Manual Action

1. If control malfuncticn is suspected:
a. Place heater controller in "MANUAL".
2. For energized heaters and rising pressure:
a. Attempt to de-energize all heaters except Banks 1 or

2. (Groups 12 or 13 respectively].

w)

For loss of heaters and decreasing pressures:
a Attempt to enerqize backur heaters from plant control

s

panel.

or

If a. is unsuccessful, begin reducing unit load.
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Revision O A-9
03/11777

E.3 FOLLOW-UP ACTION

1. For energized heaters and rising pressure:

3 Open heater breakers in question at the pressurizer
heater control centers except for Banks 1 or 2 (Groups 12
or 13 respectively).

b. Control RC pressure at the normal 2155 psig set point
with the pressurizer spray valve (RC-V1) in "MANUAL".

g For loss of heaters and decreasing pressure:

a. Determine cause.

b. If pressure cannot be maintained with the remaining
heaters, continue load reduction to shutdown and possibly
cooluown condition.

¢. Close RC-V3 and reopen periodically to maintain spray

line temperature greater than 540°F.
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SECTION F Malfunction In Pressurizer Level Indication or Control

F.1 SYMPTOMS

1. Disagreement between the console recorder level readouts of
more than 12 inches.

2. Rapid change in indicated/recorded level due to loss of compenc:iion
or loss of power or d/p cell failure or other malfunction.

F.2 IMMEDIATE ACTION

A. Automatic Action

1. If indication fails low:
Pressurizer heaters trip @ 30 inches, makeup valve MU-Y17
opens, and RC pressure increases.

2. If indication fails high:
Makeup valve MU-V17 closes.

B. Manual Action

1. When any two of three console recorder level transy _ter
readouts disagree by more than 12 inches, take manual
control of level and then select the third transmitter
for indication.

2. Re-energize heaters if tripoed due to malfunction.

F.3 FOLLOW-UP ACTIOM

1. If the switching level transmitters has not rectified the
condition, switch to the alternate temperature detector.
A If pressurizer level recorder indication is lost, select

another transmitter or use the computer for level indication.

9.0
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Revision 0
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Pressurizer Spray Yalve Failire (RC-V1)

G.1 SYMPTOMS

| 8

Pressurizer spray valve (RC-V1) fails to open when the RC
system pressure is greater than 2205 psig.
Pressurizer spray valve (RC-V1) is open when the RC System is

less than 2155 psig.

G.2 IMMEDIATE ACTION

A.

Automatic Action

1. RC system pressure greater than 2255 psig activates RC-R2
electromatic relief and the high pressure alarm.

2. RC-V1 failing cpen (in auto) causes RC system pressure to
stablize at approximately 2100 psig with all heater "on".

3. Failure when manually opened beyond the automatic limit
position causes continued pressure drop and alarm at
2055,

Manual Action

1. Control RC-V1 opening or closing in "MANUAL" with jog
buttons.

2. If the spray valve has failed ooen, control oressure by
closing the pressurizer spray isolation vaive (RC-V3).
NOTE: If the pressurizer spray isolation valve (RC-

¥3) is closed, it must be periodically cycled

to keep the spray line warm. Cycle RC-V3 is

open as necessary to stay above RC pressurizer
spray line temperature alarm of SSOOF. (Computer

point 0405).

10.0 1181 218
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CAUTION: Do not exeed a aT of 410°F between pressurizer
temperature and reactor ccolant hot leg temperature.
3. Reduce rate of ICS load change to less than 1% per minute.
G.3 FOLLOW-UP ACTION

1.  Continye plant operation with reduced rate of load change.

2. Check thermal overload on RC-V] and reset if necessary.

11.0
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THREE MILS _SLAND NUCLEAR STATION
UNIT #2 IMERGENCY PROCIDURE 2202-1.3
LOSS OF REACTOR COCLANT/REACTOR COOLANT SYSTEM
PRESSURE
A. Leak or Rupture Within Capability of System Operation.
1.0 SYWPTOMS ./ € —

—1.1 Initial loss of reactor coclant pressure & decrease in pressurizer

d of tioa) ¢

N — c—

1.2 Possible reactor building high radiation and/or temp. alarm.&——

'lcvcfb.m‘lgq__s:abh_amr}bﬂtg perio

1.3 Possible reactor building sump high level alarm.
Wi i B i ol
—1.4 Make-up tank ﬁﬂjminq > 1" in 3 min.
1.5 Possible makeup Yine high flow alarm. 7
~—1.6 RB Fan Drip Pan Level Hi Alarms.

NOTE: The operator may distinguish between 2 loss of coolant
inside containment, an OTSG tube rur ure and 2 steam line
break by the following symptoms which are unique to the
aforementioned accidents. o

1. Loss of coolant inside Rx Bldg. - particulate, iodine & gas

monttor alarm on HP-R-227 “Reactor Building Air Sample”.

2. 0TS tube rupture - gas monitor alarm on VA-R-748. 7/ '

3. Steam line break

(0) Low condensate storage tank level alarm - and or low hot
well level alarm.
(2) FW Latch System Actuation.h
2.0 IMMEDIATE ACTION

2.1 Autocmatic Action:

1.0.
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Belet MU-V17 will open to compensate for rediced pressurizer level.
2.1.2 Additional pressurizer heutari will come on in response 0
reducec reactor coclant pressure. et

2.2 Manual Action et

2.2.1 Verify MU-V'7 open and pressurizer heaters o:>,/‘

2.2.2 "CLOSE" MU-V376 letdown isolation valve. & "START" the backup
MU pump, if required.

2.2.3 Reduce load at 10% minute & proceed with normal shutdown.

2.2.4 “LINE-UP" waste transfer pump from 2 R.C. Bleed Holdup Tank &
pump to the makeup tank to maintain required level.

2.2.5 If for any reason the oszrator cannot maintain Make-up Tank —

and Pressurizer levels above their respective low level alarm

setpoints, "TRIP" the reactor, "INITIATE" Safety Injection

manually (push buttons on panel 3), & then "Cose” MU-V12,
3.0 FOLLOW UP ACTION

3.1 Safety Injection Not Initiated.

3.7.3 Initiate unit shutdown & cooldown per 210'-3.1 and 2102-3.2
respectively.

3.2 Safety Injection Manually Initiated (HPI and LPI);//

3.2.1 Verify that the Makeup Pumps & Decay Heat Removal Pumps start
satisfactorily.

3.2.1.1  (Close MU-V12 and MU-V18.
3.2.2 Bypass the SAFETY INJECTION by DEPRESSIli.c the Group Reset

Pushbuttons & "THROTTLE" MU-V16A/B/C/D as necessary to maintain
220" pressuyrizer level and not cvceed 250 GPM/HPI flow leg.

3:8:.3 If MU pump flow drops below 35 GPM, trip excess MU pumps.

2.0



3.2.4

3.2.5

3.2.6

2202-1.3
Revision 3
12/30/77

NOTE:  HPI String A flow is the sum of MU 23 FE182. HPI

String B flow is the sum of MU23 FT 384.
Verify that Safety Injection equipment is in its ESF pesitien

as shown in Table A-l.
CAUTION: Continued operation depends upon the capability to

maintain pressurizer level and RCS pressure above

the 1640 PSIG Safety Injection Actuation setpoint.
1. If pressurizer level can be maintained above the low

level alarm point and the RCS pressure above the Safety

Injection Actuation point, then proceed to step 3.2.6.
2. If pressurizer level cannot bs maintained above the low

Tevel alarm point and the RCS pressure above the Safaty
Injection Actuation point, then the plant has suffered ¢
major rupture and operation should continue according to
Part B - Leak or Rupture of Significant Size Such that
Engineered Safety Features Systems are Automatically

Initiated.
With the pressurizer level and RCS pressure being maintained

within allowable limits, initiate plant shutdown and cooldown

per 2102-3.1 and 2102-3.2, respectively.
NCTE: The HPI System is being used for makeup control and

valves MU-V164/B/C/D will have to be throttled to
maintain pressurizer level. As RCS pressure
decreases, it may be pessible to return %0 the
normal makeup flowpath and secure HPI. If MU pump
flow drops below 95 GPM as a result of throttling,
"Open” MU-V36 & 37 to provide MU pump ricircuiation
path to MU Tank. Monitor MU Tank leve’ and open

I

MU-V12 as required.

O
r™~ D)
™o
N
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3.2.7

3.2.8

3.2.8.1

3.2.8.2

3.2.8.3

2202-1.3

Revis{ -
1373839 385

At the time the DM System is to be brought on line for norma)
cocling only cne DH string should be usec for decay heat

removal (i.e. - recirculation from the RC System). The cther

DH string should be maintzined on standby for use in recirculating

watar from the RS sump to the RC system.
NOTE: Trip Reactor Coolant Pumps before R.C. Pressure

decreases below pump NPSH (See figure 1 of 2102-
3.173.2.
When the Borated Water Storage Tank level decreases to 12' as
indicated on panel 8, Shift the MU/HPI pump(s) suction from
the BWST to the RB sump if RCS Pressure iz greater than 200
psig as follows: (assume DH string A(B) is being used for
decay heat removal and DH string B(A) is being maintained on

stondby):
If not already done, "THROTTLE" HPI string(s) flow rate tc a*

Te2st 500 gpm each < 250 gpm per leg) using control valves MU-
V16A/8/C/D (or MU-V17 if flow has been returned to thz normal
makeup flow path). Flow rate indization and valve contrsl in

eontrol room on Panel 8 and 3, respectively.
"OPEN" valve DH-V7B(A) in creossover line from LPI String B(A) to

HPI string B(A) (suction of HPI pumps)..

“REPOSITION" HPI flow control valves MU-VI6A/B/C/D (or MU-V17
if flow has been returned to the normal makeup flowpath). HPI
flow would increase because of increased HPI pump suction

pressure,
when the BWST level decreases to 7', verify automatic transfer

to the RB sump is initiated. Verify OPEN suction valve for
string B(A), DH-VEB(A) from the RB sump.

1

D

-~
J
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3.2.8.4

3.2.9

3.2.10

3.2.1

3.2.12

2202-1.3
Revision |
06/22/77

When the suction valve from the RS sump DH-VE B(A], is fully

open, then "CLOSZ" the ECCS suctien valve, DH-VSB(A), #rom

the 2SWT (valve contrels and pesition indication in contrel room).

The ECCS 8(A) string is now ‘n “piggy-8ack” cperation providing
makeup to the RCS from the RE sump 2s regquired.
After R.C.S. pressure decreases o = 200 psig, tarotile HPI
discharge flow by throt:ling MU-V15A/8/C/D. Observe that LPI
pumps now deliver water to RCS via DH-V4A/SB.
When MU-YV16A/B/C/D (HPI flow valves) are closed, stop the Hi
pressure injection pumps & close DH-V7A & 78 from the LP! pump
discharge. Injection flow path is now as follows:
Spill coolant o RS sump, RS sump to LP! pumps,
LPI pumps to RCS via DH-V4A/B.
Throttle DH-V1284 & 8 as required to maintain 220" pressurizer
level and max. LPI pump flow of 3000-3300 gpm. Within about
24 hours, establish a long-term coeling circulation mode as
described in 2104-1.3 and listed beluw.
Mode 1 Forced circulation using decay Heat drep line.
Mode 2 Gravity draining reactor coclant hot Teg to the
Reactor Cuilding sump via the D.H. drop line.
Mcde 3 Hot Teg injection using Pressurizer Auxiliary
Spray Line.
Mode 4 Reverse flow through the Decay Heat Dreop line
into "8" Reactor Coclant Loop Hot Leg.
Evaluate radiation levels ! initiate action for Sitz Emergency

as cutlined in the TM! radiaticn emergency plan.

5.0
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3.2.13 Reactor Building Isolation Initiated

1. Refer to Section 3, 3.0 & complete a1l steps.

8. LEAK OR RUPTURE OF SIGNIFICANT SIZE SUCH THAT ENGINEZRED SAFETY
FEATURES SYSTEMS ARE AUTOMATICALLY INITIATED.
1.0 SYMPTOMS
1.1 Rapid continuing decrease of reactor coolant pressure.
(1) Lo alarm 2055 psig.
(2) Lo-lo-alarm 1700 psig.
'3) Safeiy Injertion actuation at 1640 psig.
1.2 Rapid continuing iecrease of pressurizer level.
(1) Lo alarm 200%.
(2) Lo-Lo alarm 80" (Interiock heater shutoff).
1.3 Hi radiation alarm in Reactor Building.
1.4 Reactor Building Ambient Temperature Alara.
1.5 Hi Reactor Building Sump level.
1.6 Hi Reactor Building pressure (R.C.S or main steam line rupture).
1.7 Rapidly decreasing make-up tank level. .
1.8 Both core flood tanks levels & pressures are decreasing.

NOTE: The operator may distinguish between a loss of coolant

inside containment, an OTSG tube rupture and a steam line
break by the following symptoms which are unique to the
aforementioned accidents.
1. Loss of coolant inside Rx Bldg. - particulate, iodine gas
monitor alarm on HP-R-227 "Rezctor Building Air Sample.”
2. OTSG tube rupture - Gas monitor alarm on VA-R-748.

3. Steam break inside Rx 8ldg:

o 1181
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(1) Low condensate storzge tank leve)l alarm - and or low hot
well Jevel alarm.

(2) FW Latch System Actuation.

IMMEDIATE ACTION

(S T S T U XY
. - . -
- . —
-
N -

Automatic Action.

Reactor trip 1500 psig.

Turdbine Trip.

Safety Injection initiated @ 1600 psig R.C.S pressure, or 4
psig Reactor Building pressure.

Both Core Flnod Tank levels & pressures may decrease depending
upon rupture size and R.C.S. pressure. (< 600 psig).

Reactor Building Isolation & Cooling initiated. (R.B. Press.
> 4 psig).

Reactor Building Spray if the Reactor Building pressure is
greater than 30 psig.

2.2 Manual Action.

2.2.)
¢.2.2
2.2.2.1

"CLOSE" MU-Vi2 ard MU-V18.
Small Break LOCA Response
Within 2 minutes of the LOCA the CRO dedicaied toc recognition
of a small break LCCA must complete the following:
a. Verify that small break LOCA with single failure symptoms
exist.
Symptoms: 1. UFAS initiation and only one MUP started,
or

2. SFAS initiation 2nd less of 2-1f or 2-2¢

7.0
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b. DISPATCH designated LOCA Response Primary A.C. to OPEN
MUP Discharge Cross-connect.

€. PROCZZD to MU-V16A & B or MU-VI&C & D.

d. Within 5 minutes of the LOCA the MUP discharge c™t
connect valve must be opened off its closed seat and one
of the MU-V16 valves on the side of the single failure
must be opened 2 turns.

2.2.2.2 CRO at MU-V16A & B or MU-V16C & D must ESTABLISH communications
with the Control Room.
2.2.2.3 Once in communication with the control room the CRO at MU-V1GA

& Bor C & D continue to open the vaives to establish 125 gpm

per leg; while the control room CRO THROTTLES MU-VISC & D or A

& B to prevent pump runout.

NOTE: If the LOCA was E.S. with Toss of MUP 21l MU-V16
valves would initially be open. The operator at the
controls must in this case throttle all 4 MU-VI6
valves to 125 gpm/leg. Also in this case the CRO
dedicated to Small Break LOCA would not need to go
to the MU-V16 valves. He should go to the MUP
discharge cross connect valves and assist the A.Q.
to speed up the opening 3f the MUP discharge cross
connect.

SMALL BREAK LOCA ACTION TIMES

EVENT TIME From Occurance
Recognition < 2 minutes
CRC to MU-16's < 4.5 minutes

8.0 1181 228




SMALL BREAX LOCA ACTION TIMES (Cont'd)

EVENT

Revision §  B-10

TIME From Occurggégol78

AQ to MUP Discharge X-Connects
Communications Established With

CRO at MU-VIE's

One of the Single Failure Side
MU-Vi6's Open 2 turns

Discharge X-Connect OFF Closed Seat
Discharge X-Connect Open

MU-V16's Throttled to 125 gpm/leg

., < 3.5 minutes

5.0 minutes

Ia |

£.0 minutes

Ia

5.0 minutes
10.0 minutes
10.0 minutes

(L B B

2:2.3 Verify Hi pressure injection is operating properly as evidenced

by injection flow in all four legs.
indicated on MU23 FE1,2,3,4.

(MU-V1€A/B/C/D). Flow

2.2.4 "TRIP" reactor coolunt pumps before reaching 1200 psig.

2.2.5 Verify Reactor Building Cooling and Isclation is operating

properly.
3.0 FOLLOW UP ACTION

3.1 Verify that all E.S.F. equipment is in its ESF position, by observing

that a1l equipment status lights indicate as shown in Table B-1.

5l.1 Check Tocked valve status book and verify closed or close the

following manual containment isolation valves MU-V330, MU-V364,

CF-V114A, CFV114B, CF-V145, CF-V146, DH-V187, and DW-VZ28.

NOTE: Should any component not operate properly, attempt to

actuate it &t its remote switch in the Control Room. If

it still does not operate, & the comoonent has a local

control station attempt to operate the component locally.

3.2 Notify Shift roreman, whe notifies all Station personnel over the

cross-tied PA system that a2 site emergency has occured.

3.3 0 to 20 or 30 minutes past LOCA until sump recircualtion is initiated:

Cortrol Room cperator continuously monitors the following:

9.0
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Liquid Tevels in the:

3.3.1
1.
2.
3.3.2
1.
2.
3.
4.
3.3.3
1.
.
3.4

3.5

Borated Water Storage Tank, DH-T1, (DH-3-LI 1/2).

Sodium Hydroxide Tank, DH-T2, (DH-7-LI).

Safety Features flow rate in each of the following:

Two Low Pressure (Decay Heat) Injection lines, DH-1-FI 1
and 2.

Four High Pressure (Makeup) Injection lines, MU-23-FI 1,
2, 3, and 4.

Two Reactor Building Spray injection lines, 8S-1-FI and
2.

Four of five reactor building emergency cooling river

B-11

water lines AH-F1-5620, 5621, 5522, 5623, or 5624 respectively.

Reactor Building environmental indications:

Temperature, recorder on Panel 25.

Pressure, recorder on Panel 3.

“DEFEAT" any two channels of Reactor Building Isolation and Cooling,

then bypass all three Safety Injection Channels.

CAUTION:

If normal power is lost while operating in the injection
Mode from the BWST, RB Isolation and Cooling must be
manualiy initiated, when either the BUS 2-1E or 2-2E
Undervolitage alarm is received to ensure proper diesel

generator load seguencing.

“THROTTLE" as required to prevent pump runout:
1. Hi press. inj. flow (MU-18A/8/C/D) 0-250 GPM/LEG.

CAUTION: If MU pump flow drops below 95 GPM trip the excess

MU pumps.

1181

10.0

230



2202-1.3

Revision 8
05/12/78

2. Lo Press. Inj. Flow (DH-VI28A/B) 3000-3300 GPM/PMP.
3. Building spray flow (BS-ViA/8) 1400-1700 GPM/PMP,

NOTE: Hi flow alarms should actuate as a warning to throttle
flows.

CAUTION: The actions to be taken for switching suction from
the BWST to the R.B. sump depend upon the number of
cperating ECCS injection strings and the delivered
flowrates in these injection strings. Based upon the
existing situation, in the ECCS, proceed as outlined
below to perform switch over of suction to the RB

sump:
Situation Go to Step
1. Both LPI strings are operating and 3.6

indicate) flow in each is above
750 gpm.

2. Both LPI strings are operating 3.7
but indicated flow in each is

below 750 gpm.
3. One LPI string is inoperative. 3.8
NOTE: The main objective when switching suction from the

BWST to the RB sump is to maintain ECCS flow through
two flow paths.
3.6 B8oth LPI Strings are Operating and Indicated Fiow in Each is Above
750 GPM.
3.6.1 When the BWST level reaches approximately 12', initiate the

following steps:

A~

__A
N
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3.8.2

3.6.2.1

3.6.3

3.6.4

3.6.5

3.5.6

3.6.7

2202-1.3

Revision 8 B-13
* . 05/12/78
If not already done "THROTTLE" LPI strings flow rates back to

3000 GPM each using con=rel valves DH-V128 A &B (flow rate
indication and valve control in control room).

If not already done, THROTTLE BS pump's flows back to 1600 gpm
per pump. This must be drne prior <o taking suction from the
RB sump.

“SHUT OFF" HPI pumps (pump control in control room).

Verify the ECCS suction valves DH-VEA & B from RE sump automatically
open at BWST level of 7'.

When suction valves from RB sump are full open, "CLOSZ the
ECCS suction valves (DH-VSA & B) from the BWST.

"REPOSITION" LPI flow control vaives (DH-V128 A&3) to obtain
3000 GPM each string if necessary. (Flow rate could change
due to change in suction sources).

Proceed to step 3.8.

3.7 3oth LPI Strings Are Operating But Indicated Flow In Each Is Below
750 GPM.

3.7,

3.7.2

3.7.2.1

When the BWST level reaches approximately 12', initiate the
following steps.

If not already done, "THROTTLE" HPI strings' flow rates back
to 500 GPM per pump each using control valves MU-V1EA, B8, C,
and 0 (flow rate indication and valve control in control
room).

If not already done, THROTTLE BS pump's flows back ts 1500 GPM
per pump. This must be done pricr to taking suction from the

RS sump.

10.2
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3.7.4

3.7.5

3.7.6

3.8
3.8.1

3.8.2

3.8.3

3.8.3.

2202-1.3
Reyision 1 B
06/22/77

"OPEN" valves DH-Y7A and 8 in crosscver line from L°T line 22

sucticn of HP! pumos (valve control and pesition indication in
contrel roem). "Repesision" HPI flow control valves (Mu-
Y16A,8,C, & D) ¢2 obtain 500 GPM each string. (HPI flow would
increase because of increased HPI pump suction pressure).
YERIFY the £CCS suction valves "NH-VSA & B) from RS sump
automatically open at BWST Tevel of 7'.

When suction valves from RS sump are fully open, “Clese” the
ECCS suction valves (DH-VSA & B) from the BWST. The ECCS is
now in "piggy-back" operation.

Proceed to step 3.8.

NCTE: Once the flow in each LPI string exceeds 750 gpm,

the HPI pumps can be "SHUT OFF" and valves DH-V7A &
8 can be "CLOSZD“.
One LPI String is Inoperative
The BWST 7' automatic transfer to the RE sump is reached
tn approximately 55-80 minutes from initiation of ECCS tnjection,
depending upen reason for string failure (i.e. - local LPI
failure or diesel failure). Prior %2 actuation of the lo-lo
Teye]l alarm, initiate the following steps.
Using the controls in the control rocm, attampt to “START UP”"
the non-operating LPI String. If successful, proceed to step
3.6, If nct successful, proceed to step 3.8.3 below.
If step 2 was unsuccessful, initicte opening the DH cross-
connect isolation valves (DH-Y1S3 A & 8) a- follows:
ENSURE SN-V188 is closed then OPEN'DH-YV112 A & B to #1171 the

inoperable string.

11.0
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3.8.3.2

3.8.3.3
3.8.3.4

3.8.3.5

3.8.3.6
3.8.3.7

3.8.3.8

3.8.3.9

3.8.4

2202-1.3
Revision 1 B-15

06/22/77

NOTE: If offsite power is los: DHVIS2 A & B must be manualiy

opened.
Ostain the keys for the DH crass-connect isclation valves'
(DH=V183A and DH-V1S38) breakers from the shift supervisor.
Proceed to 430V MCC 2-328 and MCC 2-428.
Remove the locks from the {solation valve 2reakers for the DH

cross-connect line.

NOTE: Local control stations for DH-V123A and are located

in the Aux Bldg at Elev. 28C'S" near the DH vaults.
"QPEN" the DH cross-connect isclation valve (e.g. DH-V-182A(B)L
next to the operating LPI String.
“OPEN" the secand isolation valve (DH-VIS3A(B)).
W ‘e cpening the second decay heat cross-connect isolatien
va ¢, "THROTTLE" either DH-V128A or DH-Y12SB in the control
room 2s required to achieve essentially equal flow rates in
both 0.H. injection lines. (Appreximatsly 1500 gpm per LPI
string).
If flow is established at greater than 750 gpm throuch each
LPI string, then proceed %o step 3.8.5.
If flow cannot be ».tabiished through each LPI string {n
¢cs

m

excess of 750 gpm using the cress-connect line before
suntion must be switched to the R8 sump, then proceed o step
3.8.4.
If opening the DH cross-connect line fails to provide flow in
each LPl string in excess of 750 gpm, then place one HPI
string in a medified "Piggv-8ack” mode with the operating LPI
string as follows (2ssume LPI string “A"(8] is the operating
string):

12.0
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3.8.4.1 if not already done, "THROTTLE" HPI string “A"(B) flow rate
back to 500 GPM using control valve MU-V16A and V168E.

3.8.4.2 "THROTTLE" LPI string "A"(B) flow rate to 3000 GPM using
control valve DH-V128A(8).

3.8.4.3 "“OQPEN" valve DH-V7A(B) in crossover line from LPI line to
suction of the operating HPI pump.

3.8.4.4 "REPOSITION" HPI flow control valves MU-V16A&B to otbain 250
GPM per leg HPI flow and reposy ion LPI flow control valve DH-
V128A to cbtain 2500 GPM LPI flow. The LPI pump is pumping
design flow of 3000 GPM (2500 GPM LPI plus 500 GPM HPI).

3.8.4.5 “SHUT OFF" HPI pump in HPI string “B"(A).

3.8.4.6 Proceed to step 3.8.6.

3.8.5 "SHUT OFF" HPI pumps (pump centrs. in control room).

3.8.6 If not alreacy done, THROTTLE LS pump's flows back to 1600 GPM
per pump. This must be done prior to taking suction from the
REB sump.

3.8.6.1 When the BWST level decreases to 7' VERIFY the ECCS suction
valves (DH-V6A & B) from RB sump automatically open.

3.8.7 When suction valves f m RB sump are full cpen (position
indication in control room), "CLOSE" the ECCS suction valves
(DH-V5A & B) from the BWST.

3.8.8 "REPOSITION" LPI flow control valve(s) (DH-VI28A and/or B) as
required to obtain proper string flowrates. (Flow rates could
change due to change in suction sources).

3.9 When the Sodium Hydroxide Tink level reaches approximately 3 ft.

“CLOSE" DH-VBA & B.

3.10 Actuate Environmental Barrier System by opening EB-V11.
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3.11 Within 24 hours of £CCS initiation, establish one of the long-term

4.0
4.1

4.2

4.3
4.4

4.5

4.6

cooling circulation modes described in 2104-1.3 - Decay Heat Removal

System, and listed pelow:

Mode 1 Forced circulation using fecav heat drop Tine.

Mode 2 Gravity draining reactor coclant hot leg to the Reactor
3uilding sump via the D.H. drep line.

Mod. 3 Hot leg injection using pressurizer zuxiliary spray line.

Mode 4 Reverse flow through the decay heat drop line into "B
Reaztor Coolant Loop Hot leg.

LONG TERM ACTION

Verity al) previous actions and carry out additional actions as

outlined below.

Evaluate symptoms and determine if possible the cause of the loss

of coolart.

Secure turbine, feed water, and steam systems when time permits.

Monitor for Hz buildip and assure actuation of HZ recombiner per

2104-6.4, Hydrogen Rezombiner Operations.

Monitor R.B. Sump for pH and add Sodium Hydroxide as required thru

the decay heat removal system.

As conditions permit, eviluate unit conditions, and return all non-

essential equipment to ity normal line up.

NOTE: Refer to the foliowing instructions and procedures for
additional information as required.

1. Radiation emergency plan site emergency in the emergency plan.

2. 2104-5.4 - Control Building HVAC.

14.0

~
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Revision 7
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ESF EQUIPMENT - ESF POSITION IN THE CONTROL ROOM

PANEL 13

B-18

The White 1ight for each component should be 19t to indicate that the component
is in its ESF position, unless otherwise noted.

ACTUATION A

SAFETY TNJECTION GP. 1

tguipment

_\Egr Position

- Df-P-1A

. 62-12 (Note 1)

ON
CLOSED

- MU-P-1A (Note 2) ON
. NR-P-1A (Note 3)  ON
NS-P-1A (Note 4) ON

TIE-2E2
- T3E-4E2
- T11E-21E2
. DC-V96A

OPEN
OPEN
OPEN
CLOSED

SAFETY INJECTION GP. 2

Eouioment ESr_Position
~ NR-VSA CLOSED
- DH-V4A OPEN
. [A=VSA OPEN
. On-V8A OPEN
- DH=V100A CLOSED
. DH-V102A OPEN

»MU=-P-1B (Note 2) ON

- NR-V40A

~ NS-P-1C
T12-22E-2

-~ MU-V28

OPEN
ON
OPEN
CLOSED

ACTUATION B8
AFZT N N GP. |
cgcuiIdment r rPOSItION
~DC-P-18 ON

- G22-12 (Note 1)

- MU-P-1B (Note 2) ON
~ NR=P-1C (Note 3) ON
- NS-P-18 (Note 4) ON

- TRE-1E2 OPEN
» T4E-3E2 OPEN
- T21E-11E2 OPEN
- DC-V396B CLOSED
£ — T
- NR-VSB CLOSED
- DH-V48 OPEN
- DH-VSB OPEN
~ DH-V8B OPEN
~ DH-V1008 CLOSED
- DH-V1028 OPEN
- MU-P-1C ON
« NR-V40B OPEN

- NS=-P-1C (Ncte 4) ON

T¢2E-12E-2

WAY-VSES

15.0
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Revision 3 B-

TABLE A-1 12/30/77
ACTUATION A ACTUATION B
PRIl cLIIUN G, SAF: / INJECTION GP. 3
touioment S _Position Zpu7ment Eor_Position
vMU=-V36 CLOSED - MU-'37 CLOSED
v MU=V16A OPEN *NS-V.2 CLOSED
MU-V168 OPEN v NS=V.7 CLOSED
- DH-P-1A ON -DF-P-1B ON
— NR-P-18 (Note 3) ON - AU-V16C OPEN
- T31E-41E-2 OPEN ~MU-V16D OPEN
~ NS-V348 CLOSED -~ NR-P-1D (Note 3) ON
~NR=V42A OPEN T41E-31E-2 OPEN
~NS-V84A CLOSED
ANR-V428 OPEN
PANET &
Status Lignt
Ecuioment ESF Pesition Indicator
- NS-V83A OPEN R
* NS-V838 OPEN R
- NS=V215 CLOSED 6
" NS-V216 CLOSED G
NOTE 1: Diesel Generator Breaker will only be ciecsed if Normal Power ic last;

ouherwise status indication will be Op.n (white).

for the pump that it is selectad t5 backup.

MU-P-18 will be running if normal power is available for the Actuaticn,

1f normal power is lost, MU-P-18 will be running, i, “he pump that it is

selected $o backup fails

to start or is inoperable.

16.0
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06/22/77

20

ko
The NR purp in each neader selected for ES or standby will start if a
pump is not cperating in that header; cthersise the operating pump

will remain in service.

Normally NS-P-1A and 18 will start; however, NS-P-1C will start if either
NS-P-1A or B8 (depending upon whizh pump 1t is selected %o backup) fails to

start or is inoperable.

(N
~O
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TABLE 8-1 04/18/78
ESF EQUIPMENT - ESF POSITION IN THE CONTROL ROOM
PANEL 13
::eiEﬂ%%g_%%gﬁ%sgggqg:fhu: ess‘§%§5;:$gldng:e;f: to indicate that the component
ACTUATION ACTUATICN 8
Enu?émentd'f . .E%?-53§7??35-- Btaant ” tE%?-Fosition
DC-P-1A ON DC-P-1B ON
62-12 (Note 1)  CLOSED G22-12 (Note 1)  CLOSED
MU-P-1A (Note 2) ON MU-P-1B (Note 2) ON
NR-P-1A (Note 3) ON NR-P-1C (Note 3) ON
NS-P-1A (Note 4) ON NS-P-18 (Note 4) ON
T1E-2E2 OPEN T2E-1E2 QPEN
T3E-4E2 OPEN TAE-3E2 OPEN
T1E-21E2 QPEN T21E-11E2 OPEN
DC-VS6A CLOSED DC-ves8 CLOSED

SAFETY INJECTION GP., 2

Quibment r Yosition
NR-VSA CLOSED
DH=V4A OPEN
DH=V3A QPEN
DH-VBA OPEN
DH-V100A CLOSED
DH-V102A OPEN
MU-P-18 (Note 2) ON
NR-V40A OPEN
NS-P-1C ON
T12-228-2 OPEN
MU-V28 CLOSeD

SAFETY INJECTION GP. 2

Eouipment F_Position
NR-VSB CLOSED
DH-V4B OPEN
DH-V58 OPEN
DH-VEB OPEN
DH-V1008 CLOSED
DH-V1028 OPEN
MU-P-1C ON
NR-V40B OPEN
NS-P-1C (Note 4) ON
T22E-12E-2 OPEN
HY-V55 CLOSeD




NOTE 1:

2202-1.3
Revision 3 B-22
12/30/77
Diesel Generator Breaker will only be closed if Normal Power is lost;
otierwise status indication will be Open (white).
MU-P-1B will be running f ncrmal power is available for the Actuation,
for the pump that it is s:lected to backup.
If normal power is lost, MU-P-1B will be running, if the pump that it is
selected to backup fails to start er is inoperable.
The NR pump in each neader selected for ES or standby will start if a
pump is not operating in that header; otherwise the operating pump
will remain in service.
Normally NS-P-1A and 1B will start; however, NS-P-1C will start if either
NS-P-1A or B (depending upon which pump it is selected to backup) fails to
start or is inoperable.

PANEL &
Equipment ES Position Indication

- on-vial) Crose ¢

= prey7e(l) Close G

-~ NS-V83A Open R
—NS-V838 Open R
“NS-V215 Close G

~ NS-V216 Close G
~CF=Y1A Open R
“cF-V18 Open R

(M) This valve may have to be opened for “piggy-back"” cperatien.

Once, opened, the Posit‘ion/lndicatien becomes Open/R.

22.0
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ACTUATION A ACTUATION 8
2.8, ISOLATION § COOLING G7. 3 R.8. ISOLATION § COOLING €P. 2
=guioment gsition couioment osition
“1C-V2 CLOSED © 16-V3 CLOSED
- 1C-V5 CLOSED - 1C-V4 CLOSED
- MU-V2A CLOSED - MU-V376 CLOSED
- MU-V28 CLOSED - MU-V18 CLOSED
— MU-V377 CLOSED - MU-V25 CLOSED
v NS=V72 CLOSED - NS-V100 CLOSED
VNS 81 CLOSED - NR-P-28 ON
— NR=P-2A G » RR-P-1C ON
- NR-V1444 OPEN - RR-V25D CLOSED
— RR-P-1A ON - RR-V25E CLOSED
~ RR-V25A CLOSED < AH-"-8A ON
- RR-V258 CLOSED - AH-E-11E ON
-~ 1C-P-1A OFF AH-P-18 ON
“AH-C-8A ON - AH-V24 CLOSED
w AH-E-118 ON < AH-V28 CLOSED
- AH-E-11C ON - AH-V3A CLOSED
¥ RH-P-1A ON o AH-V3B CLOSED
—AH-Y1A CLOSED “ AH-V6 CLOSED
o AH-V18 CLOSED “ AH-V6] CLOSED
— AH-V4A CLOSED « AH-VE1 CLOSED
“AH-V4B CLOSED —AH-VE3 CLOSED
~ AH-V5 CLOSED “ AH=VT1 CLOSED
—RH-V60 CLOSED - 1C-P-18 OFF
— AH=V102 CLOSED
— AH=V72 CLOSED
* 8S-P-1A oK * 85-P-18 ON

~ [f R8 Pressure >30 peig.

21.0

~
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ACTUATION A
R.B. ISOLATION & COOLING GP. I
Quioment osition
~ RR=-V5C OPEN
~ SV=VE3 CLOsezD
- WOL-V1095 CLOSED
v DC-V114 CLOSED
R.B. ISOCATION & COCLING GP. 2
Ecuipment  Position
AH-E-4A ON
AH-E-T1A ON
v RR-V25C CLOSED
v BS=V1A OPEN
- CA=V10 CLOSED
“CA-V4A CLOSED
-~ CA-V8 CLOSED
v RR-P-18 ON
~WDG-V199 CLOSED
v WOL-V22 CLOSED
~ WDL-V1128 CLOSED
AH-D40S2A & B RECIRC
AH-D4082D & E RECIRC

-~ ED-40S8

-

2202-1.3

it o0 s o
ACTUATION B8
R.8. ISOLATION & COOLING GP. 1
touipment  Position
~ RR=-VEC OPEN
v RR=VED OPEN
« RR=V6E OPEN
v SV=V54 CLOSED
- WDL-V1952 CLOSED
« DC-V103 CLOSED
~DC-V115 CLOSED
W__ﬁosi Tion
AH-E-4B ON
AH-E-11C ON
~—RR=-V25C CLOSED
~8S-V18 OPEN
- CA-V1 CLOSED
+CA=V3 CLOSED
~CA-V4B CLOSED
~ CA-V8 CLOSED
~CA-V6 CLOSED
“RR-P-1D ON
« WOG-V2 CLOSED
- WOL-V1125 CLOSED
~ WOL-V271 CLOSED
AH-DA0S2A & B RECIRC
AH-D40S2D & £ RECIRC
ED-40%8 RECIRC
20.0
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ACTUATION A ACTUATION 3

ﬁ::;mnt ———— ~TSF Fosition Ec:';:;menr:u.u - T Fosition
MU-V36 CLOSED MU-V37 CLOSED
MU-V16A OPEN NS-V32 CLOSED
MU-V168 OPEN NS-V67 CLOSED
DH=-P-1A ON DK-P-18 ON
NR-F-18 (Note 3)  ON MU-V16C OPEN
T31E-41E-2 OPEN MU-V16D OPEN
NS-Vv84B CLOSED NR-P-1C (Note 3)  ON
NR-V42A OPEN T41E-31E-2 OPEN

NS-V84A CLOSED

NR-V428 OPEN
R.E. ISOLATION AND COOLING GP. | .5, TION_AN CIN
Ecuipment gsition Eouioment “Position
AH-V81 CLOSED MH-E-11D ON
AH-V101 CLOSED AH-V80 CLOSED
AH-Y102 CLOSED AH-V103 CLOSED
AH-V105 CLOSED AH-V104 CLOSED
AH-V107 CLOSED AH-V106 CLOSED
CFoV144 CLOSED AH-V108 CLOSED
DH-V3 CLOSED CF-V115 CLOSED
NM-V52 CLOSED - DH=V2 CLOSED
NR-VS1A CLOSED NM-V104 CLOSED
RR-V2A OPEN NR-V518 CLOSED
P" V28
RR-VSA OPEN RR-V2C OPEN
RR-V3B OPEN RR-V20 OPEN
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(2]

(3)

2202-1.3
Revision 1
06/22/77
PANEL 15
ccuiomens £S Position Indication
oh-v6a0L  Close 5
—ohveaUl  Clese 6
- my378¢l  open R
—ws-v42Gl  open R
-ms-vasGl  open R
- ms-7aG1 Open R
- HS-WB Gl Ooen R

This valve must be opened for sump-switchover.
Positton/Indication becomes OPEN/R.

This valve should be clesed at the cperator's fi
clesed, the Position/Indication becomes CLOSE/W.

Once opened, the

rst chance. Once

These valves should be closed when the steam system is secured.
Once closed, the Position/Indication becomes CLOSE/G.

PANEL 28
Equioment ES Position Indfcation
“ AH=-E12A off G
“AH-E128 off g
~ AH-ET18A of G
“AH-E198 off 5
3.0
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APPENDIX C c-1

Checked Control Copy EP/0/A/1800/4

W
DUKE POWER COMPANY R ‘Q$ Q\\,
OCONEE NUCLEAR STATION “/L’-‘?(@\\Q\S) i

——d
LOSS OF REACTOR COOLANT \%

Considers the fcllowing cases:

Case Al:
Case A2:
Case A3:
Case A4:
Case AS:

Case A6:

Case A7:

Case B:

Excessive PC System Leakage - No Reactor Trip.
Small Break -- Feedwater-RC Pumps-No Reactor Trip.
Small Break

- Feedwater~RC Pumps-Reactor Trip.
Small Break

No Feedwater-RC Pumps-Reactor Trip.
Small Break

Feedwater-No RC Pumps-Reactor Trip.

Small Break =-- Feedwater-No R€ Pumps-RC Pressure Stabilizes
at ~ Secondary Side Pressure.

Small Break -- No Feedwater-No RC Pumps-Reactor Trip.
Rupture in Excess of Capability of Available High Pressure

Injection pumps.

~
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C-2
Case A4: Small Break--No Feedwater-RC Pumps-Reactor Trip \SS$\ stQ\'
1.0 Svmptoms ?\“Q
1.1 Excessive RCS makeup \%?Q
1.2 Decreasing RCS pressure
1.3 Reactor trip
1.4 Decreasing Pressurizer level initially. May increase later.
1.5 RIA alarms
1.6 LDST level low or decreasing more than normal
1.7 ES actuation 1-2
1.8 Increasing Reactor Building Temperature and Pressure and Rx. Bldg
sump level
1.9 No feedwater flow and no S/G level
2.0 ImmEdiate Action
2.1 Automatic
a.1.1 Reactor trip
2.1.2 Turbine trip
2.1.3 Possible ES actu;;ion 1-2
2.2 Magual
NOTE: Any asterisk (*) parameters in the below sections shall
be verified when step 3.1 of subsequent action is performed.
2.2:) If ES Channels 1 & 2 have actuated because of a low pressure(¥*)

condition ia the RC system, IMMEDIATELY TRIP all RC pumps and ref
Case A7 Section 2.2.
3.2.8 Verify automatic actions have occurred, if not, perform

magually.
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CAUTION: Do not override Automat:ic Actions cf engineered
safety features unless continued operation will
result in unsafe plant conditionms or will
threaten reactor vessel iategrity. (Refer
to Enclosure 2).

2.2.3  Initiate ES 1-2 if it has ot been actuated om ECCS

signal.

CAUTION: If RC system pressure decreases below 1600 psi(¥*)
IMMEDIATELY TRIP all RC pumps and refer to Case A7
Section 2.2.

2.2.4 Check immediately for flow indication on both HPI emergency
injection lines. If no flow is indicated in "B" loop, dispatch

operator to open (2)HP-116 within 10 minutes of ES actuatios.

2.2.4.1 For Unit 3, if no flow is indicated in "B" loop,

open 3HP-409 within 10 minutes of ES actuation.
2ol If 0o flow is indicated in "A" loop, dispatch operator to

open (2)HP-26 within 10 minutes of ES actuatiom.

2.2.5.1 For Unit 3, if no flow is indicated in "A"

loop, open 3HP-410 within 10 minuces of ES

actuation.

CAUTION: 1If the HPI system has been actuated because
of a low pressure condition, it must remain
in operatiom until either:

2.2.5.2 Both LPI pumps are in vperation
and flowing at a rate in excess of

1000 gpm on header flew gauge (*)
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2.2.6
2.2.7

“°T NFORMATION ORLY ..

each and the situation has been stable
for 20 minutes,
OR
2.2.5.3 All bhot and cold leg temperatures

(*) are at least 50 degrees below

the saturation temperature for the

existing RCS pressure on wide range

oressure (¥). If the 50 degrees
subcooling by Th indication (%)

cannot be maintained after HPI cut-

off, the HPI shall be reactivated

(refer to Enclosure 1). The

degree of subcooling beyond 50

degrees F and leagth of time HPI

is in operation shall be limited

by the pressure/temperature con-

sideration for the vessel integrity

(refer to Enclosure 2).

NOTE: If the HPI System has been
activated and RC pumps operat-
ing, at least one RCP per
loop shall remain operating.

Maintain maximum HPI flow. (¥)
If pressure is increasing opea RC-4 (Power Operated
Relief Block) and RC-66 (Power Operated Reiief Valve)

to maintain forced cooling with the HPI system.
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Note: If RC-66 is not operable, Pressurizer Code
Reliefs will relieve overpressure and maintain
force flow.
2.2.8 Monitor RCS Thot (*) (if on scale) or incore thermocouples (*)
(Display group #29) for indication of core outlet
temperature stabilization. (Tsat for 2500 psig =

665°F).

2.2.9 Regain feedwater as soon as possible.
3.0 Subsequent Actions
3.1 Immediately on completion of nécessaty immediate manual action steps,
alternate instrument channels shall be checked to confirm the key
parameter readings that are marked with an asterisk (*), where alternate
channels are available.
3.2 Once feedwater is available, commence feeding the OTSGs through
the auxiliary feed nozzles and control level at ~ 25 inches on the
startup range (*) and control OTSGs secondary side pressure on OTSG
pressure gauge (*) at ~ 1000 psig using Turbine Byﬁass valves; if
unavailable, the main steam relief valves.
3.3 Close the PORV, RC-66.
3.4 Regain RCS pressure control by energizing the pressurizer heaters
and heating the pressurizer until the pressurizer temperature %)
indicates within the pressure temperature curve for saturation.
CAUTION: If pressurizer heaters are incperable, contrel RCS pressure
by throttling HP injection flow with (3)(2) HP-26 and
(3)(2) HP-27.
3.4.1 If 3HP-26 and/or 3HP-27 fail, control 'RCS pressure by

throttling 3HP-410 and/or 3KP-409 respectively. ]] B'i ZEBG



ot INFORMATION ONLY c-s

.5 Monitor RCS pressure carefully to ensure that the steam bubble is
formed in the ,cessurizer.

.6 Place pressurizer heaters in automatic.

NOTE: RCS must be maintained subcooled by Th indication (¥).
(See Enclosure 1)

.7 Borate the RC System for cold shutdown conditions per OP/1103/15,
Reactivity Balance Calculation.

.8 Go to one (1) RC pump per loop operation. One (1) prmp should be
the pump that supplies pressurizer spray.

.9 De-energize pressurizer heaters and maintain OTSG cooling by adjusting
steam pressure using the Turbine Bypass valves or the manual steam dumps.
Cooldown at 100°F/hr. to achieve an RC pressure of 320 psig.

NOTE: Bypass ES low pressure injection and block core flood
actnation at RC pressure of 700 psig.

NOTE: Plot RC pressure/RC temperature at 1/2 hour intervals
on Eaclosure 1 (Subcooled Curve).

.10 Maintain RCS pressure at 320 psig and reduce RCS temperature to
260°F.

.11 Stop one (1) RC pump.

.12 Sample RC System Zor isotopic analysis and notify Superintendent of

Operations of results prior to placing LPI in service.

.13 Close (3)(2)LP-21 and (3)(2)LP-22.

.14 Align and start "A" or "C" LPI purr .n the decay heat removal mode

(switchover for Unit 1&2) per OPs/1,2,3/A/1104/04. Establish > 1000

gpm flow ia the "A" header.

.15 Stop the remaising RC pump.
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“®c INFORMATION ONLYe-
3.16 Reduce RCS pressure to 100 psig by throttling HPI flow with (3)(2)
HP-26 and (3)(2) HP-27. Maintain 50°F subcooliog by throttlinmg
(3)(2) LPSW-251 and (3)(2) LPSW-252.
3.16.1 1f 3HP-26 and/or 3HP-27 fail, throttle HPI flow with
3HP-410 and/or 3HP-409 respectively. .
3.17 Place LPI in normal decay heat removal mode per OP/IGi/A/IIOA/OA
(Unit 1&2 oaly).
3.18 Oper (3)(2) LP-22, close (3)(2) LP-21, start "B" LPI pump, cpen
(3)(2) LP-18 and establish > 1000 gpm in "B" LPI trainm.
3.19 Secure HPI pump.
3.20 Shift LPI Pump "B" suction from the BWST to the Reactor 'uilding Sump
by opening (3)(2)LP-20 when sufficient NPSH is available.
NOTE: This is desirable to avoid unnecessa:, quantities of
water in containmeat.
NOTE: To open 3LP-20, press and hola the LP-19 and IP-2L interlock
bypass switch while opening 3LP-20.
3.21 Reduce RCS temperature per OPs/1,2,3/A, .u4/0¢ sing the decay

heat removal coolers for long-term core -
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