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SEQUENCE OF EVENTS

This interim report includes a detailed sequence of events spanning
the first approximately twenty hours following initiation of the
accident at 0400 on March 28, 1379. Subsequent reports will provide
addirional information on this time period, as well as information
on priacipal developments during the ensuing period of establishing
long term cooling. Later it is anticipated that this section will
include discussion of principal millstones achieved in the recovery
of T™MI-2.



WO May 10, 1979
Rev. 0

{ - PRELIMINARY
ANNOTATED SEQUENCE OF EVENTS
MARCH 28, 1979

This report provides additiomal detail %o the April 16, 1979 issue of the
sequence of events of the March 28, 1979 accident at Three Mile Island Tait 2.
This report should still be considered as praliminary since investigation and |
data analysis is ongoing and contizues to provide new iasights into the T™MI-2 |
accident. As such new information and/or understanding is developed this report
will be updated.

The figures included in this report represent the compilscim of daca from
various installed instrumentatiocn and recording sources. Future revisions
of this report will ideatify those scurces

Apgotaticus included along with the chromeclogy of avents, in addi:ion.:o
prowiding periocdic assessments of cthe plant stacus, represent input culled from
interviews with :h.c operating staff conducted by the Company.

In cases where zanual acticn was takem by tha plant operating staff the

term "the cperator” is used iz the sequence of events.

Y
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PREL IMINARY

ANNOTATED SEQUENCE OF EVENTS

T™™I 2 ACCIDENT OF MARCH 28, 1979
For this chromology, a reference clock was established with the time of the
turbine trip, 0400:37, defined as the time equal %o zero. The time of each
event in the sequence is given as the number of hours, minutes and seconds
relative to 0400:37, followed in parenthesis by the real time usiag a 2J4=hour
clock. For example, 1:52:43 p.m. ou March 28 would bde writtea "9:52:06 (1352:43)."
Dependiag upon the accuracy of the socurce of data for each avent, the times

appear alome or with the sotation "approximate.”
PP PP

PLANT STATUS
Three Mile Island Unit Two was at 372 power with the Integrated Control
System {2 full automatic. 2od groups oce thru five were fully withderawm,
rod groups six and seven were 355 withdrawm and rod group eight was 27%
withdrawn. Reactor Coolant System total flow was approximately 107.3% of
design flow and the Reactor Coclant System pressure was 2155 psig. Reactor
Coolant Makeup Pump 3 (MU-P-13) was in service supplying makeup and Reactor
Coclant Pump seal injectiocm flow. Normal Reactor Coolant‘Sys:cm letdown
£low vas approximataly 70 gpm. The Reactor Coolant System >orom conceantration
wvas approximately 1030 parts per million. The Pressurizer Spray Valve
(RC=V1) and the pressurizer heaters were ia manual control while sprayicg
the pressurizer o equalize borom concentrations between the pressurizer
and the remainder of the Reactor Coolant System. The pressurizer safety
valves discharge header thermoccuples were iadicatiang 210 F to 230 F

due to leakage thru cme of the Pressurizer Safety Valves (RC-RIA and RC-R13).

X
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Steam Cemerator parameters were as showa in the following table:

Tabla of Steam Gemerator Parameters

Steam Cemerator A Steam Cenerator 3

Locp Feedwater S5.7455 MPPH* 5.7003 MPPH»
Operating Level 562 . 57.42
Startup Level 158.8 ioches 163.4 inches
Steam Pressure 910 psig 889.6 »sig
Feedwataer Temperature 462.7 T 462.7 F
SCean lTemperature S9S F 584 F

* MPPH -« Million Pounds Per Hour

Steam Generator Feedwater Pumps (FW-i-lA and W-P-13) were in service,
Condensate 3ocoster Pumps (Cé-?-ZA. CO=P=23 and CO=-P-2C) were in service, and
Coudensate Pumps (CO=-P-lA and CO-P=-13) were in service. An actempt wus deing
aade to claar a ;logged resia transfer lize in the standby demineralizer.

A loss of feedwater flcw transient started when Condensata Pump
(CO=P=lA) tripped resulting iz both Main Feedwater Pumps (FW-P-lA and
fW=P=13) tripping. The Main ?eedwnfar Pumps trip caused the 2:ain turbine
to trip.

As was determined later, a small break loss of coolant accident was
initiated when the Electromatic Ralief Valve (RC=-RVI) did net shut properly
after opening "o reduce Reactcr Coolant System pressure. The high reactor
coolant system pressure was a direct result of the loss of feed water flow

transient which culminated ia a reactor trip due to high reactor coclant

system purassurs.
D
3
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=00:00:01 Condensate Pump A (CO=P-lA) tripped. The trip was a result of a
(0400: 36)
breaker protectiocn relay actuation. The cause of the relay
actuation has not bdeen determined.
«00:00:01 Feedwater Pumps (FW=-P=-lA and ™W-P-13) :ripped at essencially the
(0400: 36)
sape time resulting in a loss of feedwater flow to hoth steam
generators.
00:00:00 The main genmerator and the main turbize tripped ia accordance with
(Q400:37)
plant design.
00:00:00 All three Emergency Feedwater Pumps (EF-P=-l, EF-P-lA, EF-?-23) started.
(0400:37)
00:00:03 The Electromatic Relief Valve (RC-RV2) cpened at the setpoint
(0400:40) g

Approxihace of 2255 psig.

C0:00:08 The reactor tripped om high Reactor Coolant System pressure at
(04600:45)
2345 psig. The setpoint is 2355 psig.

00:00:08 The operator placed the Pressurizer Spray Valve (RC-V1) and pres-
(0400:45)
Approximate surizer heaters under automatic comtral.

00:00:10 The operator annocunced on Plant Page System that TMI Uniz 2
(04600:47)

Approximate had a turbige trip and a reactor trip.

00:00:13 The operator started Reactor Coclant Makeup Pump A (MU-P=-lA),

(0400:50)
opeaed Bigh Pressure Injection Isclation Valve A (MU=-V16A) aad

isolated letdown flow in anticipation of the expected pressurizer
levrel decrease which follows the initial increase in level after a

loss of feedwater flow incident (Figure 1l).
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00:00:12 The Electromatic Relief Valve (RC-RV2) should have shu. at

(0400:5Q)

Approximate  adout this time (closure setpoiat of 2205 psig). The relief valve
position indicatiorn in the control ~oom is a red lamp which
illuminates when the Zlectromatic Rellef Valve solenoid is aper-
g8ized. The solencid on the EZlectromatic Relief Valve (RC-RV2)
deenergized resulting ia a deemergized (i.e. and implied "closed™)
indication in the control rocm. Subsequent evants showad that the
valve had zot reseated. The plant operators did a0t know at this
time that the relief valve had ot shut. The loss of reactor
coolant through RC-RV2 was anct stopped until the Zlactromatic

Relief 3lock Valve (RC-V1) was shut, approximatel? 2 hours and 22

minut: after the star: of the tramnsiemt.

PLANT STAIUS
The Unit had just experienced a Turbine/Reactor Trip. Reactor coolaat
system pressure and pressurizer level were dacreasing rapidly after reachisg
peaks of 2345 psig and 156 iaches respectively. Unkmown to the plant
cperatcrs the Zlectromatic Relief Valve (RC-RAV2) was not shut and was
passing reactor coolant fr the steam space at the tcp of the Reactor
Ceclant System pressurizer. 3ased om control room indicaticms, the
reactor ccolant system pressure and pressurizer level were trending together
and decreasing as was expected after a reactor tJsip. The steam gemerators
water levels were at about 125 iaches and decreasing at about 4 izches/second.
The steam gecerator steam pressures were about 1060 psig and decreasiag at
32 psi per second. The turbine brpass valves and a aumber of maia steam
relief valves were open relieving steam. The EZmergency Feedwater Pumpr had

started but had not veached normal discharge pressure. The steam 3Qéérat:t

,f)%
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water levels had 20% yet reached the Integrated Control 3ystem setpoint of
30 iaches for the programmad cpening of the Zmergency Feedwater Valves
(EF=V1.lA and EF-Vii3) wnica would admit feedwater to the steam generators.
Iz addition, the EImergency Feedwater 3lock Valves (EF-V12A and ZF-V123)
were shut which also prevented feedwater flow until they were opened 3
sisutes after the start of the transieant. The reason for the block valves
beizg shut is zot kncwn. The most likely explainmation is that the valves
vere inadvertently leftc closed after performance of surveillance testing of
the Emergency Feedwater Syscem on the moraing of March 26, 1979.

00:00:14 The Imergercy Teed Pumps (EF-Pl, EF-P-lA and IF-P-23) achieved

(0400:51)
nermal discharge pressure (Tigure 49).

?O:OO:I¢ Steam 3cnnra:oé levels were approximactely 120 iaches (FTigure 14).
Ag:gg;:;it. Steam pressure had iacreased to 1065 psig in 3 Steam Genmerater
and 1073 psig in A Sceam Cemerator (Tigure 31) Assumiag the
steam generator safety valves cpened at the specified setpoints
then 5 of the 3 Steam Cemerator safety valves and 3 of the A Steinm
Generator safety valves opened.

00:00:15 "ater hammer’ was aoted in the zondensate pump discharge piping
A;::ggi:ji. by an auxiliary cperator. The piping was displaced several faet

according to the auviliary operator.

OO:OO:EO The Steam Generator Safety Valves reseated and the Turbine Bypass

i::gg;:;lte Valves (MSV=25A, MSV=25B, MSV-26A and MSV-24B) modulated steam flow £o

the maia condenser to control steam gemerator pressure atc (010 =

10 psig (Figure 31).

. \IX\
130



00:00:30
(0401:07)

00:00:38
(Q401:15)
Approximate

00:00: 39
(Q401:186)

00:00:40
(0401:17)
Approximate

Q0:00:41
(0401:18)

00:01:00
(04Q1:37)
Approximate
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Pressurizer Safety Valve (RC-R?IB) and Electromatic Relief Valve
(RC~RVZ) discharge line temperature alarms printed cut. The
high temperatures in the discharge lines were a result of the
high temperature steam flow :§ru the Elactromatic Relief Valve
(RC-RV2) during the reactor prassure transient. The Pressurizer
Safaty Valve (RC-RV13) did not open; the RC-RV13 temperature alamm
received was due to the back flow of steam {2 the cocmmon discharge

header shared with the Zlectromatic Relief Valve (RC=-RV2).

Steam Gemerator A level reached the Iategrated Comtrol System
setpoint of 30 iaches at which the Zmergency Feedwater Valve
(EF-V1lA) cpens (Figure 34) TFeedwater was not admitted to Steam
Generator A because Imergency Feedwatar 3lock Valve (EF-V12A) was

shutc.

Reactor Coolant Makeup Pump A (MU-P-lA) tripped.

Steam Generator 3 level reached the Integrated Countrol System
setpoint of 30 iaches at which the EImergency Teedwater Valve
(EF-V113) cpens (?igute 34). TFeedwater was not admizted to

Steam Generator 3 because Emergency Yeedwate:r 3lock Valve (EF-V123)

was shut.

The operator started Reactor Coolant Makeup Pump A (MU-P-14).
With Reactor Coclant Makeup Pumps A and 3 (MU=P=lA and MU-?<13)
operatizg, the pressurizer level rate of decrease slowed (Tigure

28).

Pressurizer level started increasing. Reactor Coolant System

\r’\ ¥
hot leg and cold leg rempera.ures reached approximately ST3F \\

w
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(Figure 68). The Reactor Coclant Drain Tank pressure was |2 psig

and increasing (Figure 4l).
00:0).:00 The Pressurizer Safety Valve (RC-RVIA) high discharge line temper-
{04 b 4
foe ature alarm was received. This als™m was expected and resulted from

back flow in the common discharge' header shared with the Electromatic

Relief Valve (RC=-RV2).

PLANT STAIUS
The Reactor Coclant Systam was recovering from the imitial loss of
feedwater flow transient. The reactor ccolant pressure was still decreasing
and pressurizer level "ad begun to increase (Figures | and 3). This was
20t expected as reactor ciolant system pressure and pressurizer lavel
should trend together during . loss of feedwater flow traunsient. The
deviation from expected behavior was due %o the failure of the Electromatic
Relief Valve (RC-RV2) to reseat and the reduction in heat removal capability
of the steam generators Yecause of their [ow level, which resulted in a
lower Reactor Ccolant 3System pressure and subsaguent expansion of the
reactor ccolant volume. The Reactor Coclant Drain Tamk pressure and
temperature startad to increase showiag the affects 2f the contizued
discnirze of reactor coolant thru the Electromatic Relief Valve (RC-RV2).
The plant cperators did aot associate these indicaticmns with leakage past
the relief valve but rather with the initial opening of the relilef
valve. Steam generator A and 3 levels cho 1l {aches and 14 iaches,
respectively (Figure 34). However, emergency feedwater was nct admittad
to the steam generators because the Emergency Feedwater 3lock Valves
(EF=V12A and EF-VI23) were closed. The steam generator prassurss wers

being maintained by the Iategrated Control System Setween 975 psig aﬁgr)

%\
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1020 psig (Figure 31). Reactor Coolant Makeup Pumps (MU=P=lA and MU=P-l3)

were in cperatiom delivering water to the Reactor Coolant System.

00:0&:26\ The Reactor Ceoclant Drain Tank temperature acrmal alarm was
e received at 35.5 F which iandicated tne Reactor Coclant Draiz Taok
Cemperature had returned o the normal range.
00:01:45 Séocn Generators A and 3 boilad dry at this time. This was
(0402:22)
Approximate icated by a steadily decreasing steam generator pressure
(Figure 3) while reactor coolant system hot leg and cold leg
Cemperatures were increasing (Figures 19 and 24).
00:03:01 Zngineered Safegurrds Actuation of High Pressure I[njection (HPI)
g occurred as Reactor Coolant System pressure reached 1540 psig.
Reactor Coolant Makeup Pump 3 (MU-P-13) tripped automatically
as a result of the IZaogineered Safeguards actuation of HPI. The 28
design is such that Makeup Pumps A and C are used for TPI and
if ruooing, Makeup Pump 3 is tripped pricr to actuation of
Makeup Pumps A and C.
00:02:04 Reactor Coolant Makeup Pump C (MU-P-ll) started automatically.
(0402:41)

00:02:12
(0403:49)
Approximate

The Reactor Coolant Jraia Taok Relief Valve (WDL-R1) lifted

at 120 psig temporarily haltiag the Reactor Coclamt Draia Tank
pressure increase (Tigure 4l). The pressure increase was caused
by the flow of reactor coolant from the Electromatic Relief Valve

(RC-RTV2) (Figure <l).

230 144



00:03:14
(0403:51)

00:03:26
(0404:03)

00:04:38
(0405:15)

00:04:38
(0405:15)
Approxizace

PLANT STAIUS

May 10, 1979
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The operator macually bypassed the High Pressure Injection
portiom of Engineered Safeguards. 3oth Reacteor Coolant Makeup

Pumps A and C (MU-P-lA and MU-P-1C) were operating.

The Reactor Coolamt Draia Tank high temperature alarm was received

ac 127F.

The cperator stopped Reactor Coclant Makeup Pump C (MU-P=1C). -
The izdicated pressurizer level was 360 inches and increasing

rapidly (Figure 29).

I3 an attempt to gain cometrol of the rapidly increasing pressurizer
level the cperator throttled the High Pressure Injection Isolatiom

Valves (MU-V1SA and MU-V16B).

The Reactor Coclant System pressure was 1420 psig and steadily decrrasizg

to the saturatiom pressure of the Reactor Coolant System hot leg tempera=-

ture.

The continued Reactor Coolant Systam depressurizatioo was due 2o

the failure of the Electromatic Relief Valve (RC-RAV2) to reseat, loss of

steam generator wataer level (i.e. reactor heat sink), and reduction in

EPI flow. Engineering Safeguards, which actuated High Pressure Injecticm

when pressure reached 1540 psig, had beez bHypassed by the operator to

permit manual comtrol of che Make up Pumps and the HPI Isolatiscn Valves.

As the pressurizer lavel continued tc increase, the operator stopped

Reactor Coolant Makeup Pump (MU-?=1C) and throttled the HPI Isclation

Valves (MU~-154 and MU-V163) in ao attempt to control the pressurizer

level and not take the pressurizer "solid" (Figure 28,. The Reactor

Coolant Drain Tank Relief Valve (WDL-Rl) had opened atc its

-9 - 230 145
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setpoinc of 120 psig 274 was discharging to the Reactor Containment

Building Sump (Figure 4l). The Reactor Coclant Drain Tank high tempera-

ture alarm had been received as the temperacure of the tank continued to

increase. The steam generators had boiled dry as indicated by a con=

tinuously decreasing steam pressure while Reactor Coclant System hot

leg and cold le~ "emperatures increased (Figures 19, 24 and 32). This

was due to ¢t [Emergency Feedwater 3lock Valves (EF-V12A and EF-VI2S)

being

00:04:52
(0405:29)

00:04:58
(0405:35)

00:05:06
(0405:43)

00:05:15
(0405:13)

00:05:50
(0406:27)
Approximace

el 4.

Operator started Intermediate Closed Cocling Pump (IC~P=-lA) in

preparation of putting a second Letdown Cooler in service.

Received the first alarm iadicating that Reactor Coolant System
letdown £low had been secured. This conflicts with the operator’s
debriefing statement that letdown flow was isolated at the same
time he started Makeup Pump A (MU-P-lA), about 13 seconds into

the incident.

Presurizer level stopped its sharp increase at 375 ianches and
began o decruase. It reached a minimum of 372 inches and then
startad to increase at 5 =miautes, 2l secouds iato the traasient
(Figure 29). Maxisum pressurizer level i{zdication is 400 iaches.
NOTE: Due to the compressed time scale, this event is difficut to

identify on Figure 29.

Coudensate 3ooster Pump 3 (CU-P-23) tripped.

Reactor Coolant System pressure stopped its sharp decrease and began
%o increase. The ainisum value reached was approximately 1350 psig

(Figuze 4).

\Ab
ot 250



- 00:05:54
(0406:31)

00:0S5:56
(04606:33)
Approximate

00:06:58
(0407:35)

00:07:31
(0408:06)
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Pressurizer level increased beyond the range of the instrument

indication.

The Reacter Coclant System hotleg temperature and pressure reached
saturation conditions of 584F and 1353 psig as iadicated by

the reactimeter data and countrol rocm wide range reactor coolant
system pressure stripchart respectively (Figure 5). Tha Reactor
Coclant Systam flow rate decreased sharply, iandicating a reduction
in reactor ccolant density (Figure l4). The increased reactor
¢oolant volume resulting from the density decrease comtributad o
the pressurizer level and pressure behavior at times 00:05:50 and
00:05:54. The reactor cut-ocf-core Scurce Range Chamnel (NI-l) and
In"armediate Range Channel (NI-3) nuclear i{astrumentation iadica-
tion did oot inc-ease (Tigure 46). Had steam been formed iu
signilf~apt guantities {n the reactor core the inter. “diate range

indication should have increased significantcly.

Latdown flow of 7..4 gallous per aminute was astablished in an
attempt to reduce pressurizaer level to the ncrmal cperating range

(220 iaches).

Reactor Buildiag Sump Pump A (WDL-P-lA) stacted on a high reactor
building sump level. The increased sump level was due to the
discharge from the Reactor Coclant Drainm Tank Relief Valve (WDL-R!)
which had deen spen for approximately 4 minutes.

NOTE: The Reactor 3Building Sump Pumps generally started about
once per shift. For this reascn the pump start was not
considered extracrdinary by the :pora:et-\&’\

P
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?0:08:00 The operator discovered the Emergency Feedwater 3lock Valves
Asg:g:ii:il (EF=-V1ZA and EF-V123) were shut. BEe opened EIF=-V12A and EF=-V123
admitting emergency feedwater to the steam generators.
Indicated steam generator levels were approximataly 10 inches
just prior to feedwater additiom (Figure 35).
00:08:13 The Reactor Coolant System hot lag and cold leg temperatures began to
P decrease as a result of the feedwater added o the steam geserators
(Figure 5). Steam Geszerator pressure iancreased as the steam

generators again became a heat sink for the Reactor Coolaznt

System (Figure 8).

00:08:30 The Reactor Cooclant System pressure began o decrease, reflecting
(0409:07
the decrease in Reactor Cooclant System temperature (Figures 5 and
6).
00:10:00 The Pressurizer level indicatiocn came om scale.

(0610:37)

PLANT STATUS
The reactor coolant pressure was near the saturation pressure of che
Teactor ccolant hot leg temperature (Figure 5). This was the resul: of
the Electromatic Relief Valve (RC-R7Y2) remaining open, high letdown flow
rate, throttled Figh Pressure Injection Isolation Valves and emergency
feedwater addition to the stiam generators. Cmergency feedwater flow was
:stablished to both steam generatsors resulting in increased steam pressures
(Figure 32). As heat was removed from the Reactor Ccolaat System,
Cemperature and pressure decreased. The decreasing temperaturs resulted
in a decrease iz reactor cnolant volume. The pressurizer levaq\@)iuc‘.an

came ou scale. Reactor Coolant System temperature and 1?;;3%:: decreasad
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until they stabilized at approximately 550F and 1100 psig respectively

(Figures 5 and ll). Reactor Coolant Makeup Pump A 'MU-P=lA) was operating.

00:10:19
(0610:56)

00:10:24
(0411:01)

00:10:27
(0411 :04)

00:10:40
(Q411:23)

00:11:40

(0412:17)

00:14:50

(0415:27)

Reactor Building Sump Pump 3 (WDL-P-23) started. The pump staret
setpoint is 4.415 feet from the bottom of the Reactor Comtain=-
mest Building Sump. The Reactor Buildiag Sump Pump discharge
is believed to have been aligned to the Auxiliary Buildiag Sump
Tank.

Reactor Coolant Makeup Pump A (MU-P-l4) cripped.

The cperator attempted to restart Reactor Coolant Makeup Pump A

MU-P-lA). The puwp started and chem tripped again.

The Reactor 3uilding Sump 2igh level alarm was received. Setpoint
is 5.6350 feet from the bottom of the Reactor Containment 3uilding

Sump.

The operator started Reactor Coolant Makeur Pump A (MU-P-lA).

The Reactor Coolant Draian Tamk Rupture Diaphragm (WDL-U25) burst
at about 190 psig (Figure 4l). Design burst pressure is 200 =
25 psig. The contents of the Reactor Coolant Draia Tank were

released to the Reactor Contaianment Building atmosphere.

The operator requested the computer priat the Zlectromatic
Relief Valve (RC-RV2) ocutlet temperature. A value of 285.4F
was indicated. The orerator attributed the temperature level to
the normal cooldeown of che discharge header following the iaitial
C
- 13 = Q} *\bx\
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00:25:00
(0425:37)

Approximate

00:36:08
{0436:45)

00:38:10
(0438:47)

00:38:11
(0438:48)

PLANT STATUS
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cpening and closing of the Electromatic Relief Valve (RC-RV2) and

believed the Electromatic a.iz.: Valve (RC=-RVI) to bde shut.

A high radiaticn alarm was received from Radiation Monitor
IC-R=1092 Intermediate Cooling System at the Radiatiomn Moumitor
Pagel. This alarm i3 cormally received following a reactor trip.
The Intermediate Cooling System radiatiocm mcnitor is physically

located zext to the Reactcr Suilding Sump.

Zmergenc” Feedwater 2ump I8 (EF-P-28) was stopped after £illing
bcth steam generators .o am indicated level of about 35 iaches

(Figure 15).

The operator stopped Reactor 3uildiag Sump Pump A (WDL-P=2A) to

prevent overflowiag the Auxiliary Building Sump Tank.

The cperator stopped Reactor Building Sump Pump 3 (WDL-P=-13)

to prevent overflowing the Auxiliary 3uildiang Sump Tank.

Reactor 3uildiag Adir Cooling Coils Emergency Discharge Alamm

was received.

The reactor ccolant was near a3 saturation temperaturs-srassure relatione-

ship at 3542F and 1050 psig.

The Reactor Ccolant 3ystem loop flow rates

had cecreased frcm about 459 amillion pounds per hour 2o approximately 47

million pcunds per hour and continued to decrease (Figure 15). The

Containment Building temperature and preszsure nad increased from 0 psig

and 120 ¥ co 2.5 psig and l70F, as a result of releasing the contents of

the Reactor Coolant Drain Tack to the Reactor Contaioment 3uilding

atmosphere (Figure 43).

The Electromatic Relief Valve (RC-R72) was open.

230 150
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Reactor Coolant Makeup Pump A (MU-P-lA) was operating. The cperator was

having difficulty controlling the level of Steam Generator 3. Emergency

Feed Water Valves (EF-V1I3 and EF-V123) were shut and the operator was

admitting feed water to Steam Cenerator 3 by cycling EZmergency Feed Water

Crossconnect Valve (EF-VSB).

2:13:29
(0514:06)

01:13:42
(0514:19)

01:20:31
(0525:37)

01:26:23
(0527:00)

Reactor Ceoolant Pump 2B (RC-P-2B) was stopped iz accordance with
Emergency Operatinsg Procedure 2202-1.3 %o preclude the possibilicy
of damage to the Reactor Coolant Pump from operation near reactor

coolant saturation :cupcra:u:‘ ~ pressure conditions.

Reactor Coolant Pump (3 (RC-P=-13) was stopped iz accordance
with EImergency Operating Procedure 2202-l.] tc preclude the
posaibiiity of demage %o the Reactor Coclan: Pump frou operatica

gear reactor coolant saturation temperature - pressure conditioss.

The cperator requested the cowmputer primt the Zlactromatic
Relief Valve (RC-RV2) ocutlet temperaturs. A value of 282.0F was
indicated. 3ased on this temperature the cperator comntinued %o

believe that the Electromatic Relief Valve (RC-RV2) was shut.

Steam Generator B was isolated. Main Steam Isclation Valves
(MS-V43 and MS-V73) were shut. GZImergency Feedwater Valves (EF-VS3,
EF=-V113 and EF-Vi2B) were shut. The operator suspected ; Reactor
Coclant System to Steam Cenerator leak based om the large dif-
ference in steam pressure between the two Steam Generators and

the variations of flcw and level ex .ezced while comtrelling

3 Steam Gemerator. A radionuclide analysis of a sample from the 3
Steam Gemerator takem at 0724 supported this belief. The sample

iodine 131 level was 0.49] mizrocuries per ailliliter.
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01:30:00
(0530:37)
Approximate

91:37:00
(0337:37)

01:40:00
(0540:37)
Approximare

May 10,
Rev. 0

1979

The reactor cut=-of-core I[ntermediate 7
increased from a ninimum detectable indisation of less than

-l1 -11

1.0 = 10 amperes to approximately 1.6 x 10 amperes.

Correspondingly, "he out.-of-core ) Source Range Channel (NI-l)
indicaticn increased from about 1.6 x 103 to approxizately 5.3 x
106 counts per second. The indicated increase was not due to
reactor core zeutron flux level increases bdut rucher an izcrease

in seutron leakage from the reactor core as a result of the

forzation of steam iz the reactor vessel core regiom.

Steam Gemerator A may have boiled dry (Figure 9).

The reacter out-ofe-core Interzediate Range Chanmnel (NI-3) iadicatiom

decreased from 2.5 x 10 it
-11

amperes tc a minizmum detectable

indicaction of L.0 x 10 amperes. (Tigure 48). The out-of=-core
Source Range Chanmel (NI-l) indication had a step decrease from
S.2 x LO“ to l.5 x 103 ccunts per seconds (Figure 48). This
indicated an increased moderator demsity as a resul: 2f the stasam

collapsing iz the reactor vessel.

The operator started raising Steam Cemerator A level from 3
inches oun the startup range to 50% on the operatinsg range (Figures
35 and 38).

The intent was to establish natural «irculation

cooliag within the Reactor Coolant System. Recctor Coolaat System
Locps A and 3 cold leg temperatures both decreased (Figures 20 and

23).
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Re. 0
01:40:37 Reactor Coclant Pump 2A (RC-P-2A) was stopped in accordaznce with
(0541:14)
Emergency Operating Procedure 2202 = 1.3 to preclude the possibilicy
of damage to the Reactor Coolant Pump from cperation at reactor
coclant saturation temperiture = pressure conditicns.
01:40:45 Reactor Coolant Pump lA (RC-P=-lA) was stopped ia accovdance with
(0S41:22)
Energency Operatiag Procedure 2202 - 1.J to preclude tie possibilicy
of damage to the leactor Cooclant Pump from cperaticn at reactor
coolant saturation temperature - pressure comditices.
PLANT STATUS

The Reactor Coclant System had a0 forced Reactor Coclant System flow. All
Reactor Ceoclant Pumps (RC-P=lA, RC-P=2A, RC-P=13 and RC-P-13) were
stopped (Figure 15). The reactor ccolant average temperature and pressur
were approximately 5307 and 1000 psig (Tigures !l and 25). Reactor
Ccolant Makeup Pump (MU-?-lA) was operating. The cperatcr was attempting
to establish natural circulatiom flow to- cool the reactor core. Steam
Generator 3 was isclatad because of a suspectad Reactor Coolant Syscem o

Steam GCenerator 3 leak.

01:54:00 The reactor cut-of-core I[atermediate Range Chamnel (NI-3) iadicaticm
(0554:37) -11
Approximate increased from less than (.0 x 10 amperes to app! ' 2ately
1.0 :o"o amperes (Figure 46). A corresponding increase was

recirded on the reactor ocut-of=-core Source Range Channel (NI-l)

indication (Figure 46).

The indicated increase was not due %o iacore neutron flux level
increases but r [ler an iacrease in neutron leakage from the
reactor core as a result of t.e steam formed in the reactor vessel

core region. The superheated steam spaces formed dJue to (1)
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01:54:00
(0554:37)
approxizate

02:00:00
(0600:37)

02:00:00
(0600:37)

02:10:55

02:17:583

(0618:30)

02:22:00
(0622:37)
Approximate

May 10, 1979

Rev. 0
increased reactor core temperatures, (2) the absence of reactor
coolant svstem flow, (3) the decreased Reactor Coclant System
pressure which resulted from the -Electromatic Relief Valve
(RC=-RVZ) being cpem and the incrtfacd reactor cooland density
caused by filling Steam Cenerator A, and (4) the throttled reactor

conlant makeup pump flow.

Reactor Coclant System Loop A hot leg temperature began %o
ircrease, reflecting the steam formation ia the upper

reactor core region (Figure 20).

Steam Generator A lavel iadicatiom reaciad 372 on <he operating

range (Figure 19).

Reactor Coolant System Loop 8 hot leg temperature began iancreasin
P g 2

(Figure 26).

Reactor Coolaat System Loop A hot leg tempervature indication

iar.reased offscale, greater than 520F (Figure 21).

The cperator requescted the computer princ the EZlectromacic
Relief Valve (RC-RV2) outlet temperature. A value of 228.7F7

was indicated.

The Zlectromatic Relief Block Valve (RC-V2) was shut, stopping
reactor coolant leakage through the Electromatic Relief Valve
(RC-RV2). The operator ncted that the reactor building pressure

started to decrease rapidly (Figure 43).

1
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02:27:23
(0628:00)

02:28:21
(0628:38)

02:30:00
(0630:37)

02:40:00
(06:40:00)
Approximata

02:45:00
(0645:37)
Approximate

02:45; o
(0645:37)
Approximate

02:45:00
(0645:37)
Approximate

May 10, 1979
Rev. 0
The alarz printer zalfuncticned. Me alarm priaster fumcticn
transferred to the utility prianter. The alarm printer was

| hour and 25 mizutes behind in logging data (Figure 48).

Reactor Coolant Locp 3 hotlag temperture iandication increased

offscale, greater than 520F (Figure 26).

The operator started iancreasing Steam Ceneratcor 3 level from

30 iaches on the Startup Range to 50% cn the Operating Range.

The shift supervisor received the results of twe borom analyses
which indicated the borcm comcentratiom ia the Reactor Coolant
System was approximately 400 ppm. This, in comiunction with
increased neutron lavels indicated om the source and incermediate
range channels, prumpted the shift supervisor to initiate emergency

boration of the Reactor Coclant System.

NOTE: The actual bofou concentration in the Reactoer Coolant
System was in excess of 1000 ppm. The samples are bSelieved
to have been dilutad by distillation in the letdown
system. This however was not kaown by the plant operators

until several hours later.

Several radiation alarms were recelved at the Contral 20cm

Radiation Monitor Panel.

The cperator stopped Reactor Coolant Makeup Pump C (MU-P=1C). \5;‘3

230

The operator opemed Main Steam Isolation Valves (MS=V4B and MS=-V73)
Co return Steam Generator 3 to service prior to starting the
Reactor Coolant Pump.
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02:46:23
(0646:00)
Approximate

02:47:31
(0648:08)

02:51:57
(0652:34)

02:53:19
(0653:53)

2:54:09
(0654:46)

02:54:49
(05855:26)

02:55:00
| (0655:37)
| Approxizate

02:55:00
(0655:37)
Approximate

May 10, 1979
Rev. 0
The cperator attempted to start Reactor ocolant Pump lA (RC-P=1A).

The pump would not start.

The alarm printer function was interrupted which resulted ia

the loss of alarm data from 0513:39 co 0648:08.

The operator attempted tn start Rnnckar Cooclant Pump 2A (RC=-P=24).

The pump would oot sta=t.

The operator atstempted to start Reactor Coclant Pump 13 (RC-P-13).

The pump would not start.

The cperatcr started Teactor Coolant Pump 23 (RC-P=23) and

re-established forced Reactor Ccolant System flow (Figure 15).

High Pressure Injection Eangineered Safeguards actuaticm legic
reset cn increasing Reactor Coolant System pressure. The set

point is 1843 psig.

A Sitce Emergency was declared. Notificationm of offsite aucthorities

and organizations was initiated.

The reactor cut-of=-core Inctermediate Range Channel (NI-3) {adica-
tion decreased sharply from about 8.0 x 10-11 amperes to less

than 1.0 x 10.1l amperes (minimum detectable level) (Figure

46). The reactor out-of-core Scurce Rancge Channel (NI-l) indication

showed a corresponding decrease which indicated the collapse of

the steam spaces in the reactor core regiom (Figure 48).
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02:56:19
(0656:36)
Approximate

03:00:00
(0700:37)
Approxizate

03:03:39
(0704:16)
Approxizacts

03:10:27
(0711:040

03:12:2
(0713:08)
Approximate

03:12:53
(0712:53)

vay 10, 1979

Rev. 0
The operator isclated Steam Gemerator 3 for the second time. Main
Steam Isclation Valves (MS-V43 and MS-V73) were shut. Emergency

Feedwacter Valves (EF-VSB, EF-VILB, and EF-V12B) were shut. The
operator suspectad a Reactor Coolant System to Steam Gemerator 3
leak. The Condenser Vacuum Pump Exhaust Radiation Monitor (VA=-R-748)

increased to 5 x 105 counts per ainute.

Reactor Coolant System pressure increased o 2130 psig (Figure

12).

Steam Gemerator pressure control was shifted Jrom the Turbine
S3ypass Valves (MSV-25A and 3 and MSV-254 and 3) zo the Power
Operated Emergency Main Steam Dump Valves (MSV-3A and 3). The
reactor out-of-core Scurce Range Chanmel and Intermediate Range
channel (NI-l and NI-3, respectively) indicated an increase of

approximately a quarter of a decade (Figure 46).

Zmergency Feedwater Pump 2A (EF-P=lA) was stopped. 3¢th 3Steam
Generators had levels were about 350% in the Cperating Range

(Figure 39).

The operator cpened the Zlectromatic Relief 3lock Valva (RC-V2)
in an attempt to astablish a normal cperating pressurizer lavel.
The reactor cut-of-core and Iatermediate Range Chanmel NI=-3
indication decreased sharply indicating flow was established thru

the reactor core (Figure 46).

The cperator stopped Reactor Cooclant Pump 23 (RC=P=2B) after he
observed no flcw indication and a pump running current of less

than 100 amperes. Normal reactor coclant pump operating curreat
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is approximately 500 amperes. A close examinacion oi the flow
vrecorder trace indicated a slight amount of reactor coolant £low.
03:16:13 The reactor cut-of-core Intermediate Range Channel (NI-3) indica-

(0718:00) 11

Approximate tion increased frcm less than 1.0 x 107 amperes o abocut 2.7 x

10-10 amperes, which again indicated steam was formed in
the reactor core (Figuve 46).
03:19:45 Engineered Safeguards ac:uazioﬁ ccourred as a result of low Reacter

(0720:22)
Coolant System pressure (Figure 4). The setpoiar is 1640 psiz.

33130:l3 Reactor Coolaat Makeup Pump C (MU-P=-IC) started automatically.
gy Reactor Coolant Makeup Pumps A and C (MU-P-lA and MU-P-1C) were
operating.
NOTE: During an Engineered Safeguards actuationm, High Pr;ssure
Injection utilizes Reactor Coolant Makeup Pumps A and C
(MO=-P=lA and MU-P-1C).
?BiE}:OQ The reactor cut-of-core Scurce Range Chanpel (NI-l) and reactor excore
Aégég;ii;le Intermediate Range Channel (NI-3) indication decreased rapidly

indicating flow was established thru the reactor core (Figure

46) .

PLANT STATUS
The Reactor Coolant System was at ainimum forced flow comditiom with all
Reactor Coolant Pumps (RC-P-lA, RC-P-2A, RC-P-13, and RC-P-23) stopped.
After attempts to establish zatural circulation failed, the cperator
started Reactor Cooclant Pump 23 (RC-P=-2B). However, based on a no flow
indicacion and a pump runniang current of less than 100 amps, Reactor
Coolant Pump 2B was stopped after 13 minutes. Superheated steam/gas

was preseant ia the reactor vessel head and Reactor Cooclant System hot leg.
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Soth Reactor Coolant System hot leg temperatures were off scale high (i.e.
greater thas 520F). The Reactor Coolant System cold leg temperatures were
455F for Loop A and 390F for Loop 3. Steam Generator 3 was isolatad due
£o - suspected Reactor Ccolant System to steam generator leak. Steam
Generator A pressure control was by zeans of cthe Power Cparated Eme.gency
Main Steam lump Valve A (MSV-3A). An actempt was .o progress to zoutrol
Peactor Coolant System Prassirizer pressura and lavel with the Zlectromatic
Relief 3lock Valve (RC-V2). This resulted iz lower R-aé::r Coclant Sys:enm
pressure which caused an EZngineered S;:.;u;rd actuaticn ou low Reactor
Coolant System pressure. Consequently, both reactor coolant Makeup Pumps A
and C (MU-P=-lA and IC) were ocperating.
03:53:23 A General Emergency was declared as a result of a radiation reading
A;:Z;:;ggiu of 3 R/hr iz the Cowtaizment Building. Notificaticn of ocffsice
authorities and organizations was Lnitiaged.
03:30:99\ The operator shut the Zlectromatic Relief 3lock valve (RC-V2).
Aégzggi;;;c The pressurizer level was 220 inches and the Reactor Coolant
System pressure was 1480 psig (Figures 4 and 12).
33135:0? The cperator started EZmergency Feedwater Pump 2A (EF-P=24). Steas
g Generator A level had been continucusly falling from 88% 2o 442
of Operating Range during the previcus 45 minuces (Figure 39).
03:37:09 The operator stopped Reactor Coclant Makeup Pump C (MU=-P-1C)
I because pressurizer level was rapidly iacreasing. Pressurizer
level indication was 350 inches (Figure 4).
93:31:00 The cperator opened the Electromatic Relief 3lock Valve (RC=V2)
(0751:37)
Appreoximacte in an attempt to decrease pressurizer level, which had increased

to 395 izches (Figure 4).
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03:55:40
(0756:13)

03:55:59
(0756:16)

€3:55:39
(0756:16)

03:56:04
(0756:41)

03:59:23
(0800:00)

03:59:53
(0800:30)

04:08:37
(08Q9:14)

NOTE:

04:Gy:14

(0809:51)

May 10, 1979
Rev. 0

Intermedliace Cooling Pump (IC-P=8) tripped.

Zogineesed Safeguards actuated on Reactor Building high pressure
(Figure 42). The nominal setpoint is 4 psig; the tripped occured

at3.58 psig.

The Reactor Building isclated automatically as part of Engineered
Safeguards actuatiocn from Reactor Building high pressure. Iscla-

tiocn occurred at the sominal setpoint of 4 psig.

Reactor Coolant Makeup Pump C (MU-P-1C) was started automatically

5y the Engineered Safeguard actuaticu.

Reactor Building Imergency Cocler 3 was shutdown.

Reactor Building Emergency Cocler B was started automatically

by the Engineered Safaguards actuation.

The cperator started Reactor Cocolant Pump lA (RC-P~lA) to
re-establish Reactor Coolant Flow.

During the previocus run of Reaztor Coolant Pump 28 (RC-?-23) due
to the indication cbserved,it was thought that the pump aight not
have started. For this reascn it was decided to watch the
starting current for ancther pump start. Reactor Coolant Pump lA
(RC=P=1A) was started and a corvect starting current was observed
by the cperator. As before, the indicated pump curreat slowly

decreased to less than 100 amperes.

The operator stopped Reactor Coolant Pump lA (RC=P=1A) afrar
observing a no=flow indication and a running currenst less thaan 100
amperes.

230 160
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04:17:17
(0817:54)

04:17:22
(0817:39)

04:18:17
(0818:54)

04:21:53
(0822:30)

Approximace

04:26:39
(0827:38)

Approximace

04:30:45
(0831:22)

04:30:45
(0831:22)

Approximate

05:17:38
(0913:09)

05:18:00
(0918:37)

May 10, 1979
Rev., 0

Reactor Coclant Makeup Pump 4 (MU-P- A) tripped.

Reactor Coolant Makeup Pump C (MU=-P=-1C) tripped. No Reactor

Coclant Makeup Pumps were operating.

The operator attempted to start Reactor Coclavt Makeup

Pump A (MU-P-lA). The pump would not stars.

The operitor started Feactor Coolant Makeup Pump 3 (MU-?-13).

The operator started Reacter Coclant Makeup Pump C (MU-P-1C);

it tripped, 4nd was restarted.

The cperator stopped Condenser Vacuum Pumps lA and IC (VA-P-lA
and VA-P-iC) and broke main condemser vacuum after
experienciag difficulty with the operaticn of the auxiliary

boilar.

The operator opemed the Power Operated ZImergency Maia Steam
Dump Valve (MS-V3A) o induce natural circulatiocn ia Steam Generator

A+ Steam Generator 3 was still isolated.

The alarm printer was returned %o service and the alarm function

vas transferred from the utility printer to the alarm prianter.

The operator closed the Electromatic Relief 3lock Valve (RC=V2)
in an attempt to compress the reactor coolant and collapse the

superheated steam/gas.
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PLANT STAITUS
All reactor coclast pumps (RC-P=lA, RC-P-2A, RC~P=13 and RC-P=23) were
stopped. A superheated steam/gas space was present in the upper vessel
and hot leg regicns. Attempts to re-establish reactor ccolant flow using
Reactor Cocolant Pump LA (RC-P=lA) had got Pc.n successful. The reactor
coolant hot leg temperature continued to read off-scale (i.e. greater
thaa 620F). The reacter coolamt ccld leg temperatures were 180 F for Loop
A and 2257 for Locp B, and both were decreasing (Figures 2l and 26). Steam
Generator A lavel was at 43% of the cperating range (Figure i9). Steam
Canora:orAB was isclated, with a lavel at 56X of the operating range
(Figure 39). Condeaser vacuum was lost due to the auxilia.~ steam boiler
tripping and loss of adequate main steam pressure. Steam Generator A was
steaming thrcugh the Power Operated EImergency Maiz Steam Dump Valve (MS=-V3A).
Attempts 0 obtain a sormal operating pressurizer lavel of 220 {aches of
water ancd establish pressure control using the pressurizer wers a0t successful.
The Zlectromatic Relief Block Valve (RC-V2) was cycled o assist in this
effort, resulting in increased reactor building pressure. The first
Zagineered Safeguard actuation om higa reacsor building pressure was
received and, four minutes later, byvassed by the cperator o re-establish
cooling water to variocus plant equiprent withia the reactor buildiag. The
reactor buildiag pressure continued to stay above the isolatiom trip
setpoint for approximately 2.6 hours (Figure 43). The Staticn Manager zade
the decision to maintain continuous High Pressure Injecticn ani increase
Reactor Coolant System prassure in an attempt tc collapse the superheatad
steam/gas space ia the Reactor Coclant System. This first attempt lasted
for approximately 2 hours.

05:20:00 Reactor Coolant System pressure started to iacrease from 1250 psiz.

(0920:37)
Approximate The ilacr2asing trend in Reactor Coclant System pressure contizued
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05:54:00
(0954:37)
Approximate

07:30:00
(1130:37)
Approximacte

08:11:26
(1212:03)

08:30:00
(1230:37)

08:131:06
(1231:43)

08:54:56

hay 10, 1579
Rev. 0

for approximately 45 minutes until pressure stabilized at about 2050

psig (Figure 12).

The cperator commenced filling Steam Cenerater A %o 95% of the
operating range o induce natural circulation. A Steam Genera-
tor indicated level reached 100% at 07:30:00 (1130:37)

(Figuze 39).

The Statiocn Manager directed the cperator to cpen the Electromatic
Reliaf Block Valve (RC-VZ) and the Pressurizar Spray Valve (RC=V1)
to rapidly depressurize the Reactor Coolant System and actuate the
Cocre Flood System while High Pressure Iniectiom was zaintained
(Figure 12). This was done after the operator cbserved 20 evidence
of natural circulation while the Reactor Coolant System pressure
was above 2000 psig. The reductiom in Reactor Coolant System
pressure was also done to apprecach conditions which would allow

the Cecay Heat Removal Pumps PlA and |3 (DH-P=-lA and DE-P-13) to

be put intn service.

The Core Flood Tank A high lavel alarm was received. The level was

13.32 feet.

The Power Operated Emergency Main Steam Dump Valve (MS~VIA) was
shut at cthe request of corporate management in response tc czoncera

expressed by the state govermment.

The cperator started Decay Heat Removal Pumps lA and (3 (DE-P-lA
and DE~-P-13) in preparation for placing the Decay Heat System in

service.

Lore Flood Tank A normal level alarm was received. The level

was 13.13 faet. ' 230 162



09:04:18
(1304:55)

09:49:42
(1350:20)

09:49:44
(1350:21)

09:49:58
(1350:35)

09:50:24
(1351:01)

09:35:30
(1356:07)

S minutes and 40 seconds.

May 10, 1979
Rev. 0

The operator stopped Reactor Coclant Makeup Pump C (MU-P=-1C).

A hydrogen detosation occurrei iz the Reacter Building. Eydrogea
gas from the reactor coolant collected in the pressurizer and was
veuted through the Elac:ronn:i; Relief Valve (RC-RV2Z) to the
Reactor Coclant Draiaz Tank and then rzleased to the Reactor
Buildiag through the Draia Tanok Rupture Diaphragm (WDL=-U26)

which had been Lreached. The hydroges conceantration eventually

reached an explosive aixture and detonated.

Engineered Safeguards actuation occurred om high-high reacror

building pressure (Figure 45). The setpoiant is 28 psig. This is
the result of a I8 psig bduilding pressure impulse from the hydrogen
detonation. Reactor Huilding Isclation and Containment Spray were
actuated. Reactor Coclant Makeup Pump C (MU-F=lC) and Reactor

Building Spray Pumps A and 3 (3S-P-lA and 3S-P=-13) started auto-

satically.

Reactor 3uilding Spray Valves (35-VIA and 3S-V13) cpened.

Reactor Cooclant Pumps lA and 3 (RC-P-lA and RC-P-13) inlet air
temperature high alarms annunciated and Pressurizer Safecy Valves
(RC=-R1A and RC-R13) discharge line temperature high alarms

annunciated.

The operator stopped Reactor Coolant Makeup Pump C (MU-P-IC).

The operator stopped Reactor Building Soray Pumps A and B (BS=P-lA

and BS~P-13). BS~P-la and 35-P-13 were ocperated for approximately

250 164
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09:56:58
(1357:35)

10:26:18
(1426:55)

10:31:25
(1432:02)

10:34:2
(1435:06)

10:35:35
(1436:32)

10:39:29
(1440:06)

11:06:00
(1406:37)
Approximats

11:12:00
(1512:237)
Approximate

May 10, 1979
Rav. 0

The operator stopped Decay Heat Pumps A and 3 (DH-P-lA and DH-P-13).
These pumps were run in amticipatiom of using the Decay Heat
System. The Reactor Cocolant System pressure was uever low

enocugh to use the Decay Heat System.

Reactor Coolant System Locp A .ot leg temperature decreased :o
withiz the instrumentation tange (Figure 22). This was the result

of the steam/gas space in Loc~ A hot leg callapsing.

The operator started Reactor Coclamt Makeup Pump C (MU-P=1C).

Reactor coolant pressure was approximately 440 psiz.

The Reactor Coolant System Loop A hot leg temperature increased
Seyoud the range of the fastrumestation. When Hign Pressure
Injection was directed to Loop 3 hot leg cthe steam/gas space ia

Locp A hot leg re-established itself (Figures 22 and 27).

The operator stopped Reactor Coolant Makeup Pump C (MU--P=1C).

Reactor Coolant System Loop A hot leg temperature decreas.-
to within the izstrumentatiorn range. This was the resul: of the
steam 12 Loop A hot leg 1gain collapsing when High Pressure
Injection to Loop A hot leg was re-established. The Loeop A

hot leg steam did not return.

Pressurizer level started decreasing from 370 inches to 180 iaches

cver a pericd of 18 aisutes (Figure 30).

Reactor Coolant System Locp A cold leg temperature started to
iacreasa f{rom 200F to 4Q0F {adicating the occurrence of natural

circulation “a Loop A (Figure 22).
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11:18:34 The operator started Reactor Coolant Makeup Pump C (MU-P=1C)
(1519:11)

to stop the rapid fall in the pressurizer level.
11:24:00 Pressurizer level stopped decreasing at 180 inches and started
(1524:37)

increasing, going off scale during the aext hour (Figure 30).
11:28:12 The cperator stopped Reactor Coolant Makeup Pump C (MU-P2=1C).
(1528:49)
11:32:37 The operator started Reacto: Coolant Makeup Pump C (MU-P=-IC)
(1533:14) 3

to raise the pressurizer level.

11:35:48 The cperator stopped Reactor Coclant Makeup Pump C (MU-P-1C).
(1536:25%)

»

11:36:00 The operator ccoumenced filling Steam Generator 3 2o 973 on the
(1536:37)
Approxizmate  Operacing Range to induce additiomal cooling of the Reactor

-
-

Coolant System. This level was reached at 12:00:00 (1600:37)

(Figure 39).
12:43: 70 Pressurizer level iandication came on scala (Figure 30).
(16468:00)
s ximacte
13:02:23 The operator started Condenser Vacuum Pump lC (VA-P-lC) iz an
(1703:00) attempt %o re-establish vacuum. The auxiliary bSoiler had Seen

returned to service and was supplying gland sealing steam to the

zain turbize.

13:13:10 The operator started Condenser Vacuum Pump lA (VA-P=lA).
(1713:47)
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PLANT STATUS
All reactor coolant punps (RC=-P-i., RCeF=l., RC~P=13 and RC-P=13) were
stopped. Superheated steam/gas existed in the vessel head and Loop
8 hot leyp: The Loop A hot leg steam/gas was collapsed and natural circula-
tion flow establishid {a this loop. Condenser vacuum was re-established
after the auxiliary steam boiler was returned 2o service. Steam GCenerator
A wgs steaming to the condenser and Steam Cenerator 3 was isolated.
The Electromatic Relief 3lock Valve (RC-V2) was open, kaeping the Reactor
Coolant System depressurized to 550 psig (Figure l2). Venting through the
Electromatic Relief Valve (RC-R21) to the reactor building resulted iz a
Sydrogen comcentration increase and subsequent denots ticn which caused a 18
psig Reactor 3uilding preesure pulse. Attempts to use the Ceors Flood
Svstem to cocl the core over the last six hours had resulted ia limited
success. The reactor core was being cooled by (1) Steam Cenmerator A
steaming, (2) High Pressure Injecticm flow iato the Reactor Ccolaat System
and then to the Peactor 3uilding floor via the Electromatic Relief Valve
(RC-R2) and (3) Core !;gfd Tank A p = . discharge.

13:15:00 The cperator closed the Zlectomatic Relief 3lock Valve (RC=-V2)
1915.:37)
Ap;;;:i:;éc in an attempt to collapqc the remaizing steam/gas veids by going
to a high Reactor Coclant System pressure (Figure 12).

13:23:04 The operator started Reactor Coolant Makeup Pump C (MU=¢-1C) o
(1723:41)

assist is increasing Reactor Coclant System preszure.

14:43:15 The cperator stcpped Reactor Coolant Makeup Pump C (MU=-P=IC)
(1843:52)
to slow the rapid increase in reactcr coclant pressure.

14:54:00 Reactor Coclant Jystem nressure reached 2350 psig (Figure 12).
(1854:37)

Approximate 2 3 0 l 6 /



15:32:42
(1933:19)

15:49:08
(1949:45)

15:50:09
(1950:458)

PLANT 35TAIUS

22:15:00
0215:37)
Approximate

&y 10. 1979
Rev. 0

The ocperator started Reactor Coolant Pump lA (RC-P-lA) and after
approxizately 10 seconds stopped the pump. This was done to verify
the pump starting current was correct. Reactor Cocolant System
pressurs dropped from 2340 psig to 1440 psig and Loop A cold leg

temperature decreased from 40QF to 290F (Figures 12 and 22).

Reactor Coolant System Locp 3 hot leg temperacture decreased to

within the indication =i ige of 572.6 F (Figure 27). "

The operator started Reactor Coolant Pump lA (RT-P=lA), Reactor
coolant pressure dropped from 2250 psig %o 1380 psig and evencually
stabilized ac 1000 psig. The avirage reactor coclant temperature

dropped to 290 ¥ and eventua.ly stabilized at 250 F (Figure 22).

Reactor Coolant System and Steam Generator conditions were:

Reactor Coolant System pressure was L1535 psig.

Pressurizer Temperature was 35517 (pressurizer heaters raintaining
temperaLure) -

Pressurizer lav . izdic,tiom was 397 ‘nches.

Steam Generator A was st aeming to the Maia Condenser.

Steam Cenerator 5 was iso. .ed.

Reactor Ccolant Makeup Pump 3 (MU-P-12) was ocperatiag to supply
Reactor Coolant Pump ,eal injecticm £flow.

Reacts: Cooclant System Loop A cold l2g temperature was 256.4F.

Reactor Coolant System Loop B cold leg terperature was 252.4F.

Reactor Coolant System Loco A hot leg temperature was off scale
low, {.e., less chan 520.0F.

Reactor Coolant System Loop 3 hot leg tamperature « off scale low,
i.e., less than 520.0F. 230 ]68

-3 =



ANNOTATED SEQUENCE OF EVENTS

ST OF FIGURES
Figure No. Title
1 Summary of Reactor Coolant System Parameters Following Turbine

Trip (0 to 120 seconds)

(]

Summary of Steam Generateor Parameters Following Turbine Trip
(0 to 120 seconds)

3 Reactor Coolaat System Pressure and Pressurizer Level
(0 o 30 =minutes)

'S

Reactor Coclant System Pressure and Pressurizer Lavel
{(Q to 8 hours)

] Reactor Coclant System Pressure and Saturation Pressure (0 zo 20 hours)

5 Reactor Coolant System Loop A & 3 Hoc and Cold Leg Temperature
(0 t2 30 =minutes)

7 Reactor Coolant System Loop A & 3 Hot and Cold Leg Temperature
(0 to 8 hours)

3 Steam Genmerator A & 3, Level and Pressure (0 to 30 minutes)

S | Steam Generator A & B, Level and Pressure (0 to 3 hours)

10 Reactor Coclant System Pressure (0 zo 120 seconds)

11 Reactor Coolant System Pressure (0 tc 120 miautes)

12 Reacter Coolant System Pressure (0 to 20 hours)

13 Reactor Coclant System Loops A & 3 Tlow (0 to 120 seconds)

14 Reactor Ccolant System Loops A & B Flow (0 zo 30 miautas)

15 Reactor Cooclant System Loops A & 3 Flow (0 %o 120 miautes)

16 Reactor Coolant System Loops A & B8 Flow (0 to 8 hours)

17 Reactor Coolant System Loops A & 3 Flow (0 zo 20 hours)

18 Reactor Coolant System Loops A, Hot and Cold Leg
Temperatures (0 to 120 secnnds)

19 Reactcr Coolant System Loop A, Hot and Cold Leg
Temperatures (0 to 3u V. .wi as)

. 6()
20 Reactor Coolant € .das . ° A, Hot and Cold Leg 2‘50 \ /
Temperatures (f ag)



36

37

38

39
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ANNOTATED SEQUENCE OF E

(CONTINUED)

Reactor Coolant
Temperatures (0

Keactsr Coo’int
Temperatures (0

Peactor Coolant
Temperatures (0

Reactor Cooclant
Temperacures (0

Reactor Coolaant
Temperatures (0

Reactor Coolant

Ticle

System Loop A,
to 8 hours)

System Loop A,
¢e 20 bours)

System Loop 3B,
to 120 seconds)

System Loop 3,
te 30 miautes)

System Loop 3,
to 120 minutes)

System Loop B,

Temperatures (0 to 8 hours)

Reactor Coolant System Loop 3, Hot

Temperatures (0 to 20 hours)

Reactor Coolant System Pressurizer

Reactor Coclant
Reactor Coolant
Steam Generator
Steam Generator
Steam Generator
Steam Generator
Steam Generator
Steam Cenerator
Steam Generator

Steam Generator

Steam Generator

Reactor Coolant

Reactor Coolant

System Pressurizer

System 2ressurizer

A & 3 Steam

A & B Steanm
Steam
Start-Up
Starc-Up

Start-Up

Draina

Drain

-
N

Hot

Hot

Hot

Hot

Hot

Hot

and
and
and
and
and
and
and

Lave
Leve

Lave

Pressure (0O

Pressurs (0

Level (0

Level (0

Level (0

Cperating Level ¢

Operating Level (

Cold
Cold
Cold
Cold
Cold
Cold
Cold

i (0
i (0

1 (0

Pressure (J teo

e

co

Operating Level (0 to

0 to

0 Lo

Tank Pressure (0 to 120 seconds)

Leg

Leg

to 120 seconds)
to 120 miautes)
to 20 hours)
120 seccnds)
120 mizutes)
20 hours)

120 seconds)
120 miautces)
20 hours)

120 seconds)

120 minutes)

20 hours)

70

4 |
Tank Pressure (0 to 30 uinut2;§() Vi



Figure No.
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47

OTA SEQUENCE OF EVENTS

(CONTINUED)

Reactor Coolant Drain Tank Pressure (0 co 120 miautes)

Reactor Coolant Drain Tani Pressure (0 to 8 hours)

Reactor Coclant Drain Tank Pressure (0 to 20 hours)

Reactoy Building Temperature and Pressura

Iatermediace Range and Source Range Meonitors
(C to 4 hours)

Intermediate Range and Source Range Monitors
(0 zo 20 hours)

Computer Alarm Printer Lag Time

Ezergency Teedwater Pumps Discharge Pressure
(0 to 18 minutes)
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II.

RECOVERY ORGANIZATION

On Monday, April 2, 1979, the TMI Unit 2 Recovery Organization was initiated.
Due to the constraints of the crisis, it was recognized then that the
organization would ve continually evaluated in light of the conditions that
wovld exist and the tasks at hand, and that refinements and modifications
would take place as appropriate.

The Recovery Organization comsisted of an iategratiom of GPU personnel with
genior, experienced people from other utilities and nuclear industry
organizations across the country.

The Recovery Organization focused on the following priorities:

A) Maintaining the current rlant operations in the safest conditioms.

B) Containing the relesase of radioesctivity to minimize axposure to
the public and onsifte personne’.

C) Making a reliable safe transition to a benign and reliable
long=term cooling mode for the plant.

D) Reinforcing the capability of the plant to assure long-term
cooling.

Mr. Herman Dieckamp, President of General Public Utilj:ies, established
the Three Mile Island Untt 2 (TMI-2) Recovery Orgamization.

Mr. Robert C. Arncld, Vice President-Generation, GPU Service Corporatiom,
was designated as the GPU Operations Manager with respomsibility for the
overall managemeut of all onsite and near zite capabilities and resources
related to the ricovery effort for T™MI-2. The major neer term objectives
of the Recovery Organization were established as follows:

Maintain the unit in a stable condition
- (Contrel and manage the volumes of exiscing radiocactivity
- Develop an cverall waste management plan for liquid, gas, and solids
- Develop a strategy to rcqfh ¢cold shutdown safely and expeditiously

- Modify the necessary procedures, facilities, and equipment to
accomplish the above; and,

- Establish the plan for accomplishing a transition into the organization
necessary to proceed with the longer term recovery efforts.

The Recovery Organization established is shown in Exh.bit 1. The Organization
was divided into the following major groups:

Industry Advisory Group, Techmical Support, Met-Ed Plant Operations,

Waste Management Group, Plant Modifications Group, Task Management/ 1(} ? &
&‘ -

Schedule Group, Administrative & Logistics, and Public & Government
Affairs.



‘2-

The functions for which each group has been responsible are as fcllows:

1l.

3.

Technical Support Greup = has provided engineering rriteria and support,
technical planning and analysis, procedure support, tachnical support to
the control room, suppert to licensing requirements, and data reduction
and management.

Plant Modification Group - has provided the engineering, design, materials
and construczion necessary to complete the plant modifications to equipment
or structures.

Waste Management Group - was established to safely and effactively manage
the quantities of radfiocactive gases, liquids and solids during the initial
phases of the recovery operation. They ara2 responsible for the development
and implementation of short term plans to manage and process contaminated
2ses,liquids and solids; identificacicn of the status of Auxiliary Building
systems, establisiment of processing priorities that are based on plant
nceds and decontamination of the Auxiliary Building.

Industry Advisory Group (I.A.G.) = was established as a "think tank" to
function in parallel with all ongoing activities. The group was not to
Be part of the implementation structure. The group would of its own
fnftiative look into potential problems of any kind, maintain a curreant
awareness of the perceived status of the core, and provide assessments
“ased on experience and judgement as opposed to detailed engineering
review and calculatiors.

Plant Operations Croup =~ consisted of the Met-Ed TMI Plant Staff with
substantial augmentation from other organizations whose immediate
objectives were:

- Perform all plant operations and maintenance activities required

= Limit personnel exposure

- Stop off-gite uncontrolled rvleases

- Returm the plant tc a benign status

- Ensure the plant's ability to respond to any future emergencies.
Task Mansgement/Scheduliny Group - was formed to coordinate and monitor
the overall taske and priorities, plans. schedules and work progress of

all groups. They were aware of informatiom that the groups required to
perform their tasks and assisted them in obtaining the required inl{ormation.

Technical Working Croup - is a group which includes the heads of each of
the groups described in 1. chrough 6., and representatives Ifrom Babcock
and Wilcox Co. and the Office of Nuclear Reactor Regulation.

zBQ [14



-3-

8. stration ogistics - was formed to handle the necessary
administrative logistics requirements such as communications, manpower,
transportation, mainte ice and commissary arrangements.

9. Public and Government Affairs - was established to ccordinate the inter-
face requirements needed with the public and governmental bodies.

Due to the nature ot this section of the report, only changes to the
Recovery Organization will be presented in subsequent reports.
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PLANT MODIFICATIONS

Following the incident which occurred on March 28, 1979 at TMI-2,
several podif‘cations to T™MI-2 systems were made or considered.
These modifications were undertaken in order to augment the existing
systems for both the contaimment of radiocactivity, and the comtrol
of plant conditions during the establishment of long-term cooling.

This sectlon includes a discussion of the various modifications which
have teer made. In addition, a book of drawings/diagrams pertaining
to these modificatiors is enclosed for your reference.



Hydroger Recombiners

1.0

<.Q

3.0

4.0

System Function and Design Objectives

In anticipation of having to process substantial amounts of hydrogen
to prevent a hydrogez explesion in the reactor building, and because
of the uncertainity of the quantity of hydrogen being generated, the
available hydrogen recombiner capacity was increased.

Operations shall not permit an uncontrolled release of reactor building
atmosphere to the eanvironment.

System Description

A thermal type hydroger recombiner is installed in the fuel handling
Building at tha spen: fuel pool operating floor and is connected to the
reactor Puil_i.g ventilation and purge system as originally intended
(see FSA “igurs 6.2-30). In addition, a skid-mounted, thermal-type
hydroge. recomoiner has bee. installed next o, and has been connected
in parallel with the first hydrogen recombiner. The integrity of the
system {s as originally installed and will ensure that there is no
gncors~» S raal 1c_ive raleas: %0 the enviromment.

Syste® Jpe atian
The »varogr v=. or lpers are oculy operated as requirad to control reactor
Bufldi-g &Ly -ogen Cuacemtrations. Periodic samples are taken from the

conta ‘nme - - mospaere o mouitor hydrogenm concentration levels.

Recombine - ¢, rztion is monitored and controlled manually from a local
panel. A recombiner ":rouble" alarm is annunciated in the control room.

Testing is performed in accordance with established procedures to ensure
proper functioning.

Siatus

The Hydrogen Recombiners are installed and functiomal.



3. Auxiliary and Fuel handling Building Supplementary Air Filtration Systems

1.0

2.0

3.0

4.0

System Function and Design Cbjectives

Radfcactive {odine, released from the Reactor Coolant System during
¢che TMI Unit 2 accident, was transferved into the Unit 2 Auxiliary
and Fuel Handling Buildings. Immediate change out of the Auxiliary
and Fuel Handling Building charcoal ‘filter trains was not feasible
because of the high radiation and contamination levels in the filter
areas. As a consequence of the I-131 release rate, it was decided to
construct a supplementary air filtration system to reduce off-site

releases.

The function of the system £{s to filter radicactive particles and
ahsorb iodine which has passed through the normal filtratiom
system ia the building ventilation systems.

System Description

The system interfaces with the Auxiliary Building HVAC system, Fuel
Handling Building HVAC system, and the Service Building HVAC system.

Discharge monitoring for the supplementary system is provided at each
discharge poiat.

System Operation

A detailed description of the system's operatiocn is not yet available.
This description will e included in a subsequent report.

System Status

Engineering 80% Complete
Construction 75% Complete

Two (2) trains of four (4) are in operating with the stack uncapped.
Balance of two (2) trains being readied for operatiom.

System description, flow diagrams, operating procedures, operating
and faflures modes analysis being prepared.



C.

1.0

2.0

3.0

Condenser Air Extraction Filtiration System

System Function and Design Objectives

In order to permit continued operation, the Ccandenser Air
Extraction Filtration (CAEF) system has been installed to limit
radioactive discharge to the station vents.

The sys:em capacity will be sufficient to process normal con-
denser air extractica flow required to maintain vacuum.

System Description .

The CAEF system is installed in the basement of the turbine building
downstream of the condenser vacuum pumps. The system discharges to
the auxiliary building ventilation system. Existing radiatiom
monitors upstream and dovmstream of the CAEF system are used to
monitor performance. (See FSAR Figures 10.1-5 and 9.4-4).

The system includes an air preheater at the filter train inlet, a
fan at the train discharge, a bypass line, and a supplementary in-
take from the turbine building a‘mosphere. The filter train comsists
of ({n the direction of flow) a prefilter, high-efficiency
particulate air (HEPA) filter, an activated carbon filter, and a
second HEPA filter. Since filter and fan capacity (2000 CFM) exceeds
the normal condenser extraction flow, the difference in flow is made
up from turbine BSuilding air. the CAEF system is designed to filter
ocut 9% of the fodine in the extraction air. The filter bypass is
provided to permit filter maintenance or rapid condenser draw down
(hogging) when radiation levels are normal.

Fire suppression is normally provided by the fire water supply in
the turbine building. In addition, a manually-initiated water
supply is provided over the charcoal filter, should the filter
bed overheat.

System Operation

During normal operation, all extraction air is directed through the
filter train. The filter will be monitored fcr radiatiom to

minimize exposure when temporarily shutting down the CAEF system and
filters. Filter efficiency can be determined during operation by
drawing and analyzing air samples from upstream and downstream of

the charcoal filters. The filter will alsc be monitored to ensure
that the preheater remains operational, that the flow is z2idequate,

and that filter differential Nressure remains within allowvable limits.

230 22¢



The filter train will be bypassed when the condenser air extraction
system is placed in the hogging mode only if extraction air radio-
activity levels are within allowable limits. Furthermore, radiation
levels will be continuously monitored and an operator available for
bypass valve closure while operating in this mode.

During shutdown the filter exhaust fan will not be stopped until all

of the condenser vacuum ;umps are taken out of service. If maintenance
is required, all operations will be performed in accordance with
existing health physics requirements.

Normally the filter exhaust fan will dvaw more air than that being
drawn from the condenser. However, should the fan trip, the condenser
vacuum pumps could pass some lesser flow through the filter and cause
leakage t> the turbine building through the inlet gravicy damper. If
the exhaust air radiation levels are within acceptable levels, then
the bypass ‘line can be opened and control will be provided as in the
hogging mode. However, if radiationm levels are unacceptable, then
both the filter inlet and outlet valves will be closed and the
condenser vacuum pumps will be secured uatil the situation is
corrected.

Effluent quality is normally monitored from the cocntrel room using
existing radiation monitor HP-12-228 and other instrumentation. Any
monitoring and action associated with changing CAEF system operation
will manually be performed at the filter. The following indications
and alarms are prcvided at the filcer:

a. Preheater Operation

b. Alir Temperature Indication

¢c. Low Fan Discharge Pressure Alarm

d. High Charcoal Filter Temperature Alamm

e. Fan Operation

f. Prefilter Differential Pressure Indicacion

g. HEPA Filter Differential Pressure (each filter) Indication

Status

The Condenser Air Extraction Filtrationm System is installed and
operational.
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D.

Fuel Pool Waste Storage System

l-o

2.0

3.0

System Function and Design Chjectives

This Fuel Pool Waste Storage System is to be used for temporary
storage of liquid waete. These tanks will add approximately 110,000
gallons to the present storage capacity of the plant, and are located
within the "A" spent fuel pool. Thése tanks will be filled with
liquid waste from both the Reactor Building Sump and the Miscellaneous
Waste Hold-Up Tank. This system enhances the capability of th2z plant
to move and process radiocactive waste.

System Description

The system comsists basically of upper (4 at 15,000 gallons each) and
lower (2 at 25,000 gallons each) tanks, forming two separate storage
areas. Either storage area i{s capable of being filled from either

the reactor building sump or the miscellaneous waste hold-up tank,

and each has level indication. The tanks are protected .rom over-
filling by automatically closing the feed valve when the storage area
i3 nearly full. Provisions have been made to both flush the piping
system after completion of the pumping operation, and to draia the
piping system as regquired.

The vents from the tanks and the stand pipes are directed through a
dryer and a charcoal filter to remove moiscure and iodine before
proceeding to the fuel pool ventilation system. The tanks and vent
system is protected by a relief valve which vents through a parallel
set of dryers and charcoal filters.

The tanks will be emptied as necessary by lowering an eductor into the
stand pipes for processing or transporting the radiocactive waste.

System Oneration

A detailed dascription of the system's operatiom is not yet available.
This description will be included in a subsequent report.

System Status
The six tanks and the two stand pipes have been placed into position in

the "A" spent fuel pool. The piping in the fuel handling butlding is
approximately 207 completc.

0



E. Upgra 2d Decay Heat Removal System
1.0 System Function and Design Objectives

Future operation of the existing decay heat removal (DHR) system may
result in radiation levels possibly ranging up to 500 Rads per hour

in the vicinity of the system fluid components. This condition would
severely limit personnel access for'rcutine surveillance, operationm,

and maiptenance. The upgraded DHR system consists of a program intended
to identify, evaluate, and implement modifications necessary to ensure
the integrity and reliability of the system in a radiation anvircnment,
substantially exceeding the original design basis, for up to one year of
operation.

2.0 System Descriptiom

Proposed DHR system modificatious include addi:ional decay heat vault
shielding, a remote TV monitoring system, modified DHR pump and motor
bearing . ocilers, a vibration monitoring sysram, and associated operating
and testing procedures.

Vault shielding will be provided by lead bricks assembled in a steel
support frame. This will reduce the ambient personmel vadiation
exposure levels to "as low as reasonably achievable" (ALARA) in the
accessible ar=a above the vault. Radiation surveys will be made duriag
initial DHR system operation and periodically thereafter to determine
shield effectiveness.

The TV monitoring system will provide remote surveillance capability for
DHR system operation and maintenance. Two independent systems are
provided, one for each v ult. Each system includes a radiation-tolerant,
closed=circuit television with remote controls. Specific operations *to
be monitored include pump and motor bearing oil level, pump packing
leak—0ff, remote oil £i11, and pump venting.

DHR pump and motor bearing oiler modifications will provide for increased
eil storage capacity, a means for remotely reading oil levels, remote
venting of the pumps, and to permit remote feeding cof oil to the bearings.

Provisions will be made for wmonitoring pump vibration and loose parts in
the system. This {s intended to provide early indication of pump and
motor degradation, loose parts in the system (particularly at the heat
exchanger tube inlet), and changes in flow patterns due to partial line
blockages.

Monitoring and control for these modifications will be provided from
the fan room at elevation 322 in theservice building.

3.0 System Operation

These modifications to the DHR will not appreciably alter system
operation.
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4.0 Status

The TV monitoring system and pump venting arrangements are installed
and operational. The bearing oil tanks and piping and the shielding
bricks and support materials are on site. An operating test planm
for the DHR system has been developed.

The inscallation and testing of bedring oil tanks and piping, vault
shialding, and viBration and lcose parts monitoring system, as well
as the final positioning of TV monitoring equipment, and the pre-
paration of DHR system cold operation test procedure remains to be
completed.



F.

3

&

Steam Generator "B" Closed Loop Cooling System

1.0

2.0

.O

System Function and Design Objectives

in order to provide a high pressure, closed cooling loop for water-
solid steam generator "B", a3 system utilizing new equipment must be
installed. The closed loop must remove the decay heat from the core
plus the added heat lcad from one reactor coolant pump. To minimize
the possibility for contamination of the closed locp, the systrem must
be operated at a higher pressure than the reactor coolant system. The
heat transferred to the closed loop will ultimately be rejected to the
river. The system is intended to provide backup decay heat removal
capability should the present steaming from steam generatcr "A" be
discontinued.

System Description

The system consists of a new heat exchanger, pump, surge tank,
piping and valves. The hot water leaving the steam generator will
pass through the tube side of the new heat exchanger and return to
the steam generator via the new pump. A pressurizer surge tank will
maintain the steam generator secondary side pressure above the
primary coolant system pressura.

The shell side of the heat exchanger will be supplied with cooling
water from the secondary services closed cooling water system which,
in turn, will be cacled by water from the nuclear services river water
pumps piped to the turbine building via the secondary services river
water piping.

The new pump discharge piping will be connected to the exi<ting feed -
water piping downstream of the main feedwater pumps, an< the heat ex-
changer inlet piping will be connected to the drain pot on the main
steam line between the main steam isolation wvalve and main turbine
stop valves.

System Operaticm

A detailed description of the system's operation is not yet available.
This description will be iacluded in a subsequent report.

System Status

Design is essentially complete. The heat exchanger and pump have
been installed. The surge tank is being fabricated as well as the
piping spool pieces.

The balance of piping fabrication, erection, and testing will proceed
to completion.



G.

Portahle Disposable Demineralizer System

1.0

2.Q

3.0

4.0

System Function and Design Objectives

Steam Generator "B" is presently contaminated with radiocactive (fission)
products. To ensure that the enviromment is not contaminated, this

fluid must be cleaned up before the closed loop cooling system is

placed into service. This cleanup ,capability will be provided by the
Portable Disposable Demineralizer (PDD) system. After the initial

cleanup is completed, water quality will be maintained by passing

closed locp cooling system flow through additional portable demineralizers.

System Description

The PDD system will be located indoors near the northwest corner in the
turbine building basement. The system will include disposable
demineralizers each approximately 18 inches in diameter, 30 inches in
hefight, and having a 1.5 cubic foot resin capacity. These
demineralizers will Be connected to the steam generator "B" closed loop
cocling system, and will receive process water from the new closed loop
pump discharge while returning the effluent to the pump suction. The
number of demineralizers to be used will depend on the water quality

and cleanup rate required.

The design pressure of the available demineralizers is 30 psig. There-
fore, in order to protect the ves- :ls, the PDD system will also include
pressure reduction, pumping, and safety relief facilities necessary to

process the fluid while minimizing the potential for radioactive release
to the environment.

The demineralizers are housed in portable shielded casks. All operationm,
maintenance, and demineralizer removal and replacement will be performed
in accordance with existing health physics requirements.

System Operation

A detailed description of the system's cperation is not yet available.
This description will e included in a subsequent report.

Status
The demineralizers and shield casks have been fabricated.

Design will continue to completion. Piping comnections are being
installed in the steam generator "B" closed loop cooling systems.
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H. Nuclear River Water System
1.0 System Function and Design Objectives

The river is the ultimate heat sink for the alternate decay heat
removal (ADHR) system and the steam generator "B" closed loop
cooling system.

To ensure system relfability, the nuclear services river water system
was salected to supply the water.

The ADHR system requires approximately 3500 gpm, and the secondary
services cloced cocling water system that services the new steam
generator ""B" closed loop heat exchanger will require ip, -.ately
7000 gpm. These flow requirements will not be simultaneo..

2.Q System Description

Connections from the existing nuclear services river water supply and
discharge headers are to e made. These comnections will be made in
the river water pump house and In the nuclear services river water piping
between the river water pump house and fuel handling building. The
former conaection is for supply of river water to the "B" generator
clesed loop cooling _cheme and the latter is to supply river water to the
alternate decay heat removal system (ADHRS3).

A jumper comnection to supply nuclear services river wat:~ to the
secondary services river water system will be made in ='e river water
pump house. The connection will be made between valve: NR-V3 and

NR=V197 on the river water header and w'll be in accrcdance with ASME
Section III requirements up to and in accordance w’:n ASME Section III
requirements up to and inciuding the second isoli. on valve (two isolatiom
valves are provided to segregate the safety class nuclear services river
water system and the secondary services river water systam ). The jumper
connection will be made to the secondary services river watar pump

heacer downstream of valves SR-V2A, B, and C (see FSAR Figures 9.2-1 and
10.1-3).

3.0 System Operation

A detailed description of the system's operation is not yet available.
This description will Be included in a subsequent report.

4.0 Status

The connections for the alternate decay heat removal system to the
nuclear services river water system have not been made and exact
locations for the comnections are not chosen.

The connection for the nuclear services river water system to the
secondary services river water system have been designed and located.
Installation has not started.
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I. Secondary Services Closed Cooling Water System
1.0 System Function and Design Objectives

An intermediate clesed cooling system is required to transfer heat
from the new heat exchanger, i1 the steam generator "B" closed loop
cooling system, during steam generator "B" closed loop cooling. This
is necessary to prevent foulinrg which could result from river water
passing through the shell side of the new DHR heat exchanger. The
secondary services closed cooling water (SSCCW) system will be
modified to satisfy this requirement.

2.0 System Description

No new major components will be added to the SSCCW system. Piping
connections will be made between the closed cooling water supply

and return headers and the rew DHR heat exchanger. After modificationms
are completed, the SSCCW can be comtrolled and cperated as originmally
intended during normal plant operations. However, during steam
generator "B" closeu loop cooling the SSCCW system will only serve

the new steam generator "B" closed coeling loop heat exchanger,
condensate pump motor bearings, and the service air compressors. All
cther components will be valved out. This operating mode will not
exceed the performance limitatioans of the originally installed system.

3.0 System Operation

A detailed description of the system's operation is not yet available.
This description will %e included in a subsequent report.

4.0 Status
Design work is proceeding and piping sections are being fabricated.
Work yet to be completed is as folliows:
Install cooling water pipe sections. Provide temporary cooling water
supplies to the condensate pumps and air cowmpressors during SSCCW
system shutdown. Develop operating procedures for providing cooling

water to the new steam generator ""B" closed loop cooling heat
exchanger.



J.

Steam Generator "A" Closed Loop Cooling System

1.0

2.0

3.0

System Function and Design Objectives

In order to provide a high pressure, closed cooling loop for water-
solid steam generator "A\", a cooling system utilizing new equipment
has been proposed. The closed loop would remove the decay heat

from the core plus the added heat ldad from one reactor coolant pump.
To minimize the possibility for contamination of the closed loop, the
system would be operated at a higher pressure than the reactor coolant
system. The heat transferred to the closed loop would be rejected to
the river. The system would be intended to provide primary decay heat
remova. capability redundant to 2 steam generator "3" closed loop
cooling system.

Description

The system will consist of a new heat exchanger, pump, surge tank,
and piping and valves. The hot water leaving the stesm generator
would be cooled ip the shell side of the heat exchanger and returned
to the steam generutor By a new pump. A pressurized surge tank would
maintain the steam generator secondary side at a minimum pressure
greater than the primary coolant system pressure.

The tube side of the heat exchanger would be supplied with cooling
water from the nuclear services river water pumpe piped to the
turbine Building via installed seccndary services river water piping.

The  new pump discharge piping would be connected ro the axisting feed-
water piping downstream of the main feedwater pumps. The heat
exchanger inlet process piping would te connected torthe main steam
turbine bypass line between the isolation valve and the control

valve at the condenser.

System Operation

A detailed description of this system's operatiocm is not yet available.
Should the system be constructed, the operations description will be
orovided in a subsequent report.

System Status

Design is approximately 95% completed. The procurement and fabrication
have been placed on hold, as the primary means of long-term decay heat

removal will be by steaming in steam generator "A".

Design will proceed to completion. No further construction work is
anticipated at this time.
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K.

Feedwater Bypass Lines

1.0

2‘0

3.Q

System Function and Design Criteria

A feedwater bypass line is required to ensure a continuous supply
of feedwater to each of the steam generators while the respective
long term cooling systems were being installed.

Each bvpass line shall be sized to pass sufficient flow required to
remove decay heat plus the heat generated by one reactor coolaat pump
during steam generator steaming.

The installation of the bypass lines shall not disrupt the flow of
feedwater to the respective steam generator during steaming.

System Description

The bypass lines are sized to pass 50 zpm of condensate to 2ach steam
generator. The bypass lines to steam generators "A" and "B" are
routed arcund feedwater heaters Fw=J-6A and FW-J-6B respe.:tively

and tied into the feedwater system between existing valva vent and
drain connections to permit a contrinuous supply cf feedwsater.

System Operation

The feedwater bypass l.nes may be used as long as the respective steanm
generator is in tha steaming mode. The lines must be isolated or
removed If the steam generator is placed in the water-sclid, closed-
loop co.ling mode. No addirionmal provisicns for monitoring bypass
line performance are necessary.

The feedwater bypass piping has been hydrostatically tested prior to
gservice. There are no operational testing requirements for the
feedwater bypass lines.

Status

The Feedwater Bypass Lines are installed and functional.
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L.

Alternate Decay Heat Removal System

1.0 System Function and Design Objectives

2.0

The proposed Alternate Decay Heat Removal (ADHR) system augments the
two existing DHR systems and the proposed water solid secondary/
natural circulation system as backup to steam generator "A" steaming.
An integral Decay Heat Closed Cooling Water (DHCCW) system is included
te transport heat from the ADHR cooler and the ADHR pump seal coolers
to the nuclear services river water system. Conn2ction points are also
provided outside the fuel handling building to comnect other dedicated
liquid waste processing systems. '

The specific function of the ADHR system is to remove decay heat such
that the reactor coolant system can be brought to and maiantained at a
cold shutdown conditcion. With the exception of gross core flow
restrictions, this system is intended to provide sufficient core flow
to maintain reactor coolant subcocoled.

System Description

The two ADHR pumps and a new heat exchanger will be mounted om a skid
located cutside the west wall of the fuel handling building. Three
pipe runs will be installed from the existing DHR system piping within
the fuel handling bSuilding and penetrate the fuel handling building
west wall of a valve vault. The pipe runs will terminate in the valve
vault By capping each line. Hook-up to the ADHR skid will be made
later if needed. In addition, three capped taps will be provided

on the ADHR piping installed outside the fuel handling building. These
taps may be used later to connect other dedicated liquid waste
processing svstems.

Motor comtrol centars and T&C panels for operation of all ADHR system
pumps and motor operated valves will be mounted in a comtrol trailer
located near the ADHR skid.

The DHCCW system provides cooling water to the ADHR system heal exclanger
and pump seal coolers. It utilizes a closed loop system to provide a
double barrier between the ADHR system and the river water to prev~ at

the direct release of radicactivity to th: environment. A radiation
detector is provided to monitor the level of radiocactivity ian the DHCCW
system at the outlet of the DHR cooler. A radiation level indicacor
with high radiation level alarm is located in the ADHR system remote
control room. Tf radicactivity is detected, operation of the decay

heat removal locp and its associated DHCCW loop can be halted and the
affected decay heat removal coocler isolated. The DHCCW system is mounted
on a second skid and consists of the DHCCW pump, heat exchanger, and surge
tank. Both skids will be located outdc .2 level near the west
wall of the fuel handling building and . ¢o each other.
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3.0

4.0

System Operation

A detailed description of this system is not yet available. Therefore,
this description will be provided in a subsequeni report.

System Status

The piping fcr the ADHR system has beer designed, fabricated, and received
on site. The skid for the ADHR system with its components, two pumps, heat
exchanger, valves and piping is on site and 3ssembly started. Motor
control centers are on site. The valve vault excavation is completad

and the control trailer rurchased and delivered.

Temporary ADHR system shield building, permanent building and provisicn
of electrical power and service water support is om hold. Tie-in of
ADHR systen to existing plant DHR system is on hold.

Piping supports are beir, designed and fabricated on site, countrol panels
are heing assembled zad checked out at the vendor, the control trailer is
being wired, air conditioned and iasulated off site. Vault desigs is in
progress. The DHCCW system skid will be brought on site and demomstration
and rehearsal of fuel building wall penetrntion technique is in progress



M. Standhy Reactor Coolant Pressure Control System
1.0 Systems Function and Desiga Objectives

digh radiation levels and flonding in the reactor building have or
could potentially render much of the reactor cooclant (RC) system
electric2l equipmeat and instrumentation incperable. With much of

the instrumentation inoperable, the' RCS should be maintained water
"solid". An alternate system of pressure control is required to ensure
safe and reliable cooling of the reactor core, should control of the
existing system become ummanageabie. The standby reactor coolant
pressure cont: 'l (SRCPC) system will ensure reliable core coo’ins

By performing the following functions:

a. Maintain the RC system in a water-solid conditiom for
natural circulation core ccoling

b. Maiptain sufficient available NPSH should RC pump operation
be required

¢. Control the quality cf the makeup fluid

d. Maintain pressure withia contreol limits while accomodating
thermal and volumetric changes in the RC systeam inventory.

2.0 System Descriptiom

The SRCPC system will include botn makeup and letdown sub-systems.
The makeup portion ties into the =xisting reactor ccolant makeup
pumps discharge header (see FSAR Figure 9.3-8). RC system pressure
is maintained by three surge tanks arranged in series with a
pressurized nitrogen blanket over th Jast tank. A fluid iaventory
of approximately two thirds of the total tank capacity is
sufficient to maintain RC svstem precsure during sudden RC system
inventory reduction transients. A lavel contrel valve at the tanks'
discharge will prevent anitrogen from entering the RC system.

Lor: term maxeup will be provided by the charging pump taking suction
from an atmospheric storage tank. Makeup fluid conditions are
adjusted by chemical adaition and heating to meet RC system water
quality requirements.

The RC cystem pressure will normally be maintained between 100 and
75Q psig during the intended cooldown process. As of April 30, the
RC svsi.om pressure must be maintained at 900 psig in order to provide
letdown flow equal to the RC pump seal injection flow to the system
so that the RC pumps can be operable.
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3.0

4.0

The SRCPC makeup system will be operated manually from a local panel
during initial operation and from the control room after system
automation is complete. Makeup is provided in response to decreasiag
pressure in the RC system. An alarm will annunciate at the control
station when the pressure differential between the RC and SRCPC makeup
system reaches or exceeds 50 psi.

The SRCPC makeup system will prevent gross depressurization of the RC
system when operating in a water-solid mode. The letdowm portion is
provided to prevent RC system overpressurization. Overpressurization
protection can be provided by increased letdown resulting directly from
RC system pressure increase, letdown with concurrent terminatiom of RC
pump seal injection or makeup, opening the pressurizer vent valve,
opening the pressurizer elactromatic safety relief block valves, or
lifting the pressurizer safety relief valves (the latter two methods
are undersirable and will only be comnsiderod as a last resort).

System Operation

A detailed description of this systems operation is not yet available.
Therefore, it will Be provided in a subsequent report.

Status

Conceptual design of the SRCPC makeup system is substantially complete.
The surge tanks, charging water storage tank, borated water batching
tank and t1ansfer pump, and charging pumps are on site. Piping is
being fabr: :ated.

The following items have not yet been completed: Iastall and test the
makeup system. Select a method for alternate letdown and begin design.
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N. BOP Electrical Power System

1.0

System Function and Design Obiectives

In the event of failure of normal off-site power scurces tc the BOP
busges ,the 3CP Electrical Power (BOPEP) system provides an
alternate source of power to serve axisting components, which pre-
viously did not require loss-of-offsite power backup protection
and new compcnents that are planned *o be used or may be used for
decay heat removal from the primary system.

The BCPEP system should be completely independent of the existing

Class I Susses.

The BCPE? jusses should be loaded on a "manual only" basis in accerdance

with emergen.v operating procedures.

Modifications of power supplies associated with steam generator "A"
cooling systems should be ziven priority of installation with respect
to those for the steam generator "B" cooling systems.

The testing requirements for the 30PE? systems should be similar to
those of the Class 1E systems.

The BCPE? system shall supply power to the following compenents and
asscciated auxiliaries at one time or another depending upen the
specific situations:
a. Supplementary air Compresser
b. Circulating Water Pumps
¢. Condensate Pumps
Steam Generator "A" Long Term Cooling Pumps®
Steam Generator "B" Leng Term Cocling Pump
d. New Dacay Heat Removal Pump

@. Seccndary System Closed Cocling Water Pumps

£. Alternate DHR System Pumps®
Secondary Services River Water Strainer

g. Pressure and Volume Contrel System Charging Pumps
h. Chemical Cleaning Building Ventilation Equipment

i. Pressurizer Heaters

*Indicates components a0t currently planned to be put in service.
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j. Al*arnate DHR System Closed Cooling Water Pump®
Te Jorary Auxiliary and Fuel Handling Building HVAC

k. Fuel Handling Building HVAC Fans, Filters and Heaters
1. Auxiliary Building HVAC Fans, Filters and Heaters

m. Condenser Vacuum Pumps

n. Instrument and control péwer for above systems

System Description

The BOPEP? system includes two independent power block busses (2-3

and 2-4), each fed by a 2500 kw rated diesel generator, and two
circulating water pump busses /2-5 and 2-i) fed by one 13.2 kv line.
The lcads associated with cooling steam gienerator "A" are connected

to odd numbered busses. Correspondingly, loads associated with cooling
steam generator "B" are connected to even numbered busses. The odd and
even busses are powered by the gray and white diesel generators
respectively and are, therefore, designated as the''gray" and "white"
Susses. There is a cross-connection between the two busses which is
only to be used for one buss to supply power to the other if ther~ is a
failure in one system and the diesel in the other system can hanc.e the
additional load demand.

The diesel generators and associated auniliary systems are located
outdoors just south of the turbine building. Each diesel is a skid-
mounted package complete with air starting system, fuel injection
equipment, and asscciated instrumentatiosn and controls. The
permanently installed fuel oil storage and supply system provides
sufficient reserve for cne day of rated lcad operation. In addirtionm,
there will be sufficient on-site fuel 0il reserve =o operate both
diesel generators at rated load for the normal time required tc obtain
fuel resupply plus a four-day margin.

Suitable fire protection will be provided for the diesel generators
and auxiliary systems. This may inclide a fire wall separating th

two fuel oil tanks and diesels or a fire suppression system.

Existing circuit breakers, previocusly used for condensate booster pumps
24 and 2B, have been medified to connect the 2-3 (gray) and 2-4 (white)
busses to their respective switchgear. Relays are provided at the
circuit breakers to shed all loads or loss-of-offsite power. The
existing bus transfer schemes that provide continuity of power supply
by fast-transfer to the other transformer, have been left intact. To
accommodate this, the new undervoltage detection schemes will have a

10 second delay.

* Indicates ccmponents not currently planned to bDe put in service.
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3.0

The 13.2 kv line supplies power to the circulating water pumps

and their associated auxiliaries, since surficient power is not
available from the diesel generators. This line is powered by

a new 115 kv network which is backel by combustion turbines

capable of being energized independently of the 230 kv networi.

The 13.2 kv line has sufficient capacity to start a second
circulating water pump while one pump is still operating. However,
only one pump is normally required.

Circulating water pumps lE and 1F are disconnected sc their breakers
can be used to connect the new power supply to busses 2-5 and 2-6
respectively. Buss 2-5 serves pumps 1A and 1C which are associated
with steam generator "A" cocling systems. Correspondingly, buss 2-6
serves pumps 13 and 1 which are associated with steam generator "B"
cooling systems.

System Operation

The 3CPEP system normally provides standby power capabilities and is
not cperating. On loss-ofsoffsite power, the offsite power supply
breakers will cpen and the diesel generators will be starred and
connected to their respective busses automatically. The cross-
connection between the "gray" and "white" busses is normally locked out.

Loading on the diesel generators, connection of the 13.2 kv line, and
startup of the circulating water pumps will be performed manually

from the control room in accordance with established procedures for

the varicus potential plant conditions. For the "gray" and "white”
busses, return to normal power is accomplished manually by first opening
the diesel breaker and then closing the offsite supply breaker. For

the 13.2 kv line, a return to normal power will be controlled manually

by closing the normal supply breaker before opening the new supply breaker.

(not transfer).

The primary contre. zenter for the BOPEP system is the control room
with similar control and monitoring capability locally at the diesel
generatcrs. The following instrumentation and controls are added in
the control room:

a. Low lube oil temperature alarm (the diesel will start autcmatically
on low lube oil temperature)

5. General "trouble" alarm for each diesel generator set
c. Generator output voltage indication

d. Generator line current indication

e. Generator power ocutput indication

£. Diesel generator availability indication
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Initial startup testing will verify proper system and component
operability, the adequacy of operating procedures, and snsure
adequate performance capabilities of the BOPEP system. Periodic
testing will be performed in accordi..ce with procedural require-
ments and any additional testing and maiantenance requirements by
the component manufacturers. Per’»dic testing will verify proper
breaker actuation, diesel starting and synchronizing, fuel oil
quality, and breaker positions.

System Status

The following work has not yet been completed:

Final approval of operating procedures

Determination of r~au’i:ements for fuel 2il heating

Detailing the provisions for the fire protection

Detailing the provisions for the supplementary fuel oil reserve

Installavion of controls and instrumentation in the zontrol rcom.
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3. Liquid Radicactive Waste Processing System Title "EPICOR II"

1.0

2

(&)

System Function and Design Criteria

The system I3 designed to cleanup radicactive liquids so as

to produce water capable of being relsased from Three Mile
Island. Cleanup includes remecval of radioisotopes and
chemical constitutents to comply with Plant Technical Speci-
fications for Water Releases to the Susquehanna River. The
design is being cptimized with respect to ALARA considerations.

Instrumentaticn and controls will be previded for monitoring

of system performance. Water flows will be menitored where the
values are critical to the process and or system safety. In

line monitoring and a c.aprehensive sampling system will be
provided for thorou~" analyses of system water cleanup performance.
Radiation and a.:oorne monitoring equipment will be provided for
analysis of activity levels.

Shielding is being provided to minimize exposure related to the
operation of this system.

An HVAC subsystem is being designed to cleanup and monitor any and
all gzases that might be released from the liquid processing system.
It is the goal to minimize gas releases from the system, however,
should they cccur, they will be cleaned %o reduce any releases o
the environment. Menitering of the air exhaust will continue =2
detect any potential radicactive gas. A slight negative pressure
is projected to ensure building inleakage will be controlled. The
system is being optimized with respect to ALARA considerations.

Instrumentation and controls will be provided for monitoring svsvem
performance. Continucus activity menitoring of exhaust air will be
provided.

System Description
Liquid Processin

The TMI Unit 1 Chemical Cleaning Building is being used to house the
system along with the existing tankage and sump existing in that
Suilding. Piping and pumps are provided for water movement through
cleanup vessels. The system is compcsed of a prefilter, two de-
mineralizers and an after filter. The prefilter and demineralizers
will De designed for sase of hookup and disconnect to allow for quick
installaticn and remote reliable removal.

Gas Processing

The primary componen*s will be a fan, an air cleanup £
necessary ducting. The main HVAC compecnents wiil be loca
to the Unit 1 Chemical Cleaning 3uilding but will be encl

er train, and
ted external
csed in its

own housing. 230 2&7



3.0

System Operation

Operatiocn of the system has not yet commenced because the system has
not heen totally fabricated.

Status

The design is essentially complete and faorication and comstruction is
appreximately 45% complete.



P. Trash Compactor
1.0 3System Function and Design Criteria

Additional compacticn facilities were required due to the amount

of compactible waste being generated. Thirefore 3 system was needed
to compact low level sclid waste _nto 55 gal. drums for storage or
shipment.

Tae system shall compact waste into 35 gal. Department of Transportation
(DCT) 4drums meeting requirements for shipping LSA material.

2.0 System lescription

A Stock Equipment Company Model 2407 comp vas installed in the
Unit 1 waste drumming area. A drawing of .. @it is attacaed. The
unit includes roughing and HEPA filters. The discharge of the unit
is vented to the Aux. Building ventilation system which contains
charcoal filters.

3.0 System Operation
Trash is compacted into 5SS gal. DOT approved drums. Standard plant
cperating procedures have been revised to include the use of the
new compactor. Use is limited to compactible dry waste only. Neo
wood, metal or liquids are permitted. All bags of trash are surveyed
prior to compaction; bags in excess of 500mr are not compacted.

4.0 Status

The trash compactor has been installed and is operational.
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Stag.g Facilirvies for Dewatered Resins and Evaporator Bottcas

1.0

2.0

3.0

-

System Function and Design Criteria

This facility provides a staging area for dewatered spent resins and
evaporator bottoms awaiting shipment offsite.

System Description

The concept is to provide shielded storage cells for containers per the
attached sketch. The facility will be located in the south-east

coruer of the site, inside the dike. Design is alsc underway %o provide
a shielded container for use during transfer of liners £~om the truck to
the storage cell. ‘
System Operation

The facility has not been constructed as of this report.

Status

The staging facility Is in the design phase.
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R.

Epicor-l Liquid Rad Waste Treatmens System

1.0

3.0

System Function and Design Objectives

Existing plant equipment was not designed to process the quantity

or radicactivity of the waste generated subsequent to the Three Mile
Island Unit 2 incident. A temporary custom-built externally located
1iquid radwaste Treatment system, designated Epicor-l, was installad
to supplement the station's existing system.

The tempcorary system {s designed to remove suspended and dissolved
radicactive contaminants from liquid waste. Treatment is achieved
through filtration and demineralization.

Envircnaontal protection is maintained by the use of features that
provide leak and/or overflow protection.

The discharge of radicactive gases is minimized.

The system facilitates assembly and is flexible encugh To conform
to plant requirements and layout.

Description of the System

A. The Epicor-l system consists of a demineralizer, prefilter and
auxiliarvy hoses pumps and tanks. The process vessels are designed
for dispesal afver they have been axpanded. The system takes
its suction from either the Unit 1 Auxiliary Building Sump, Unit 1
Neurralizer tanks or the Unit 1 ‘uel Handling Building Sump.
Particulates are reavored in a prefilter and dissclved contaminates
are removed in the demineralizer. Water (s returned %o either of
the Un_t 1 Waste Evaporator Condensate Storage Tanks.

System Operation

The prefilter and the demineralizer are operated by filling them with the
liquid wasvte and removing the treated effluent via intermal laterals. The
system is started up by actuating either CG-P-1A or 3B (feed pumps) %3
provide flow Srom any of the three Unit 1 sources to the prefilters. When
the liquid level in the prefilter reaches the high level, level switch
CG-P-2 (prefilter decant pump) is manually started to begin filling the
demineralizer. Inlet and ocutlet flcws are balanced to maintain a constant
level in the prefilter. When the liquid level in the demineralizer reaches
the high level, level switch CG-P-3 (uemineralizer decant pump) is manually
started. The demineralizer outlet flow is adjusted tc main+ain a constant
level in the demineralizer. The effluent frem CG-P-3 flows ¢o one of the
two effluent tanks labelled HAL 1 or 2.

The cperation of the system is continued until:

a. There is a lack of source water
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5. The effluent quality is poor

c. The radiation level on the exterior of a process vessel exceeds a
predetermined value. (Based on shipping requirements)

d. The effluent tank is {ill, or
e. There is a system malfunction.

Liquid stored in the effluent tanks may be reprocessed through the
demineralizer (to provide additiocnal treatment) or routed to the Unit

1 Waste Evaporator Condensate Storage Tanks in preparaticn for discharge
to the environment.

Shutdown is initiated by stopping the feed pump and partially dewatering
the precess vessles. Reclaimed water from the Unit 1 Auxiliary Building
is then used to flush the process hoses. Flush water is then displaced by
blowing air through the hoses.

Process vessels are completely dewatered prior +to being removed from
service. This is done by operating either &f the decant pumps (CG-P-2 or 3)
until they loose suction.

In the event of a leak, high-high level alarm, or other system
malfunction the main air supply to the pumps is terminated immediately
causing all flow to stop.

Precautions have been taken to minimize the possibility of spilling
radicactive liquid and to contain any spills if they occur. Primary
emphasis has been given to creating and maintaining a leak-tight system.
All fittings and hoses insvalled have pressure ratings thart sxceed the
maximum discharge pressure of the pumps used. All discharge hcses have
2 pressure rating of 500 psig or greater. All hoses and fittings are
hydrestatically tested prior to use. ?Jmp diaphragns are designed to
rupture at pressures greater than 125 psig. The maximum available air
pressure %o drive the pumps is 100 psig (thus protecting diaphragm integrity).

Any leaks that may occur will be contained in a multi barrier containment
system. All hose connections are taped and wrdpped with plastic to
contain drips from fittings. Leaks within the Unit 1 Auxiliary Building
would be contained in the floer drain and sump svstem. Small leaks
external to the building would be contained in a plastic lined hose

tray. A series of Dlock containment dikes around the process vessels
would contain leakage in the vicinity of the process wessles, Lezks fren
the process vessel would be ceontained in a circular steel container in
which the vessel is set prior to cperation.

Status

The Epicer-l Liquid Rad Waste Treatment System Iis installed and operatiocnal.
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Radfological Monitoring

Due to the nature of this section of the report, only changes and
additions to the informatior presented here will be included in
next months report. The Final Report, however, will provide a
comprehensive review of the Radiological Monitoring done following
the March 28, 1979 incident at IMI-2.
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Iv. Radfological Monitoring

A

Introduction

1.

fources of Data

This report uses data collected inp munitoring programs opzrated

by Metropolitan Eaison. At this writing, an extensive amount

of data collected by others has not yet been evaluated in detail.
Hewever, the Metropolitan Zdison program is comprehensive 2nough
and sensitive enough %0 make an accurate assassment of radiological
impact.

a.

Measured Relzases

Metropolitan Ediscn operates a monitoring program designed
to permit identification and quantification of radicactive
isotope releases in liqu:d and gaseous effluents from the
station. These programs include automatic continuous mon-
itoring of effluent streams using equipment with control
room alarms. This monitoring is complemented by affluent
sampling an’ laboratory analysis. Grab sampling is used
for batch igquid releases, and continucus sampling with
periodic l.ooratory analysis is used for radioiodines and
particulates in gaseous effluent. Generally speaking, the
automated monitoring equipment is considered most useful
because of its sarly warning features but is, in most
cases, 1255 accurate and/or less sensitive than sampling
and analysis for quantifying releases. For these reasons,
sampling and analysis usually serves as the basis for most
gquantitative assessments 0“ releases of radicactivity in
effluents. Effluent meas.rements are cescribed more
extensively later in this secticn.

Estimated Release Rates

when data on relsases were not available, estimates were
made taking into consideration meteorological data, data
from the radiological environmental monitoring program,

and the data from area radiolegical monitors inside tne

Unit 2 Auxiliary and Fuel Handling Buildings.

Meteorcological Data

Metropolitan Edison maintains a3 meteorological tower

located at the north end of the island to support normal
plant operation. Data from this tower have been continuously
available via redundant censors since the accident. These
data were used to estimate ncble gas roleases and to compute
population doses.
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d. Radiological Enviromnmental Mouitoring Program

For about five years, Metropolitan Edison has operated a
monitoring program designed to evaluate the radiological
impact of TMI station operations by sampling and analyzing
media frum the aquatic, terrestrial and atmospheric
environments in the vicinicty of the station (withia 5 to

10 miles). The program was intensified immediately following
the accident, in accordance with emergency response plans.

Summaries of Analyses

Available data were used to assess the radiation doses received by
individuals ard affected populations off-site, in the period
following the start of the accident.

In additien, comprehensive dose analyses have been performed. Aquatic
environmental monitoring data have been used to assess the whole body
and thyroid doses to maximum exposed individuals and the populatiocu
consuming water and fish from the Susquehanna River. Maximum individual
duses have been assessed for recreational use of the river (swimming,
boating, etc.). Eanvirommentsl monitoring data have also been used to
assess maximum Individual whole body doses from noble gases released

to the atmosphere.

These data were also used to estimate the release rates which were
used {n conjunction with meteorological data and population
distribution data to assess the population whole body dose from
aoble gases released to the atmosphere, and individual whole body
doses at locations other than those monitored. Eavironmental
monitoring data have also been used to assess uaximum individual
thyroid doses from inhalation of air and consumption of milk .
containing iodine~131. 1In aidition, measured release rates were
used in conjunction with meceorological daca, population
distribution data, and cow distribution data to estimate the
oopulation thyroid doses from inhalation of air and consumption
of milk containing ifodine-131l.
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Off-Site Liquid Releases and Exposures

1.

Environmental Measurements

Review of sampling data suggests that a total of about 0.25 Ci
of Iodine~13l has Been released as a result of the accident, most
of it from March 31, 1979 through Ap-il 2, 1979.

The radiological envirommental mouitoring program conducted by
Metropolitan Edison Company includes analysis of river surface
water, finished water from treat’-at plancs, and aquatic biots.
Except for three samples collec’ ad, 3/31, 4/1 and 4/2 at station
7G1l, the Columbia Water Plant, which showed levels of iodine
(9.4, 0.72 and 0.66 pCi/1) slightly adove minimum detectable
concentrations, no gamma-emitting isctopes other than low levels
of naturally occurring potassium=40 and radium-226 were detected.

Tritium and gross beta concentrations were within normal ranges.
The low concentrations measurable at Station 7Gl are comsistent
with estimated f{odine release rates for the same period, shown
in Figure IV-3-1, assuming liquid effluent has been fully mixed
in the river prior to sampling downstream.

Estimated Qff-Site Exposures
Radiation doses resulting from these concentrations are extremely
low, a few thousand<hs of one millirem for a person drinking water

or eating fish from the river or using the river for swimming,
Boating, or shoreline activities.
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c.

Off-Site Noble Gas Releases and Exposures

This section discusses the analyses done to estimate off-site doses
due to releases of noble gas fission products. The sectiom is
organized into two subsections dealing respactively with environmental
measurements, and off-site axposures.

1.

Eavironmental Measurements

The source term used in the following assessments was arrived at
based on information obtained from the environmental monitoriag
TLD's. The source term determined in this fashion was then used
to assess the dose received by the population in unmonitored areas.

Metropolitan Edison Company conducts a routine enviromnmental
radition monitoring program including use of stationary thermo-
luminescent dosimeters (TLD's, which measure iategrated dose.

They are in place at all times at 20 locations as shown on

Figure IV-C-1. Eight of these locations are om site. The other
twelve are off-gite, including locations in Goldsboro and Middletownm.
Most are within several miles of the plant, but a few are located up
to 15 miles away. These dosimeters were in place in the field at the
tizme =he accident occurred. Dosimeters ia the field were replaced
with fresa dosimecers every ome to three days following the accident,
and the collected dosimeters were evaluated to determine trends for
dose rate as well as the dose accumulated since the begianing of
the accident. These data represent a comprehensive measurement of
doses due to noble gas releases at the locaticns wonitored.

Table IV-C-l provides a ccmplete summary of TLD measurements through
April 30, 1979.

Shortly arter the declaratiom of an emergency, mobile momitoriag
teams were dfnatched by Metropolitan Edison. A helicopter was
used to assist the mounitoring teams since the on-site meteorclogical
tower indicated winds toward the west over the river.

These teams were equipped with instruments which measured dose rares
from airborne radiocactive material (primarily noble gases with ¥e-133
dominant) and with air samples which were capable of collecting air-
Borne radiocactive materials othar than noble gases for later
laboratory analysis. (Aside fr m ncble gases, the only isotope
contributing significantly nc ;.f-site dose has been Iodine-131.

Its contribution results from concentration in the thyroid gland

due to transport from air to grass to milk to thyroid and to some
extent, from inhalationm.)

During the first few days following the accident, release rates
fluctuated and frequent wind shifts often occurred which caused
radfation levels to fluctuate with time at any single locatien.

The emergency response survey teams had to move from place to place
following the transport of airborme radicactivity. Because of the
fluctuations in radiacion levels and the short monitoring periods

at a.y one location, data collected by survey teams are not the best
available for the determinaticn of cumulative doses and they were
not used in this assessment except in attemifs to determine when
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noble gas releases were signiffcantly higher thau baseline values.
This work i{s continuing and will be augmented using DOE helicopter
data when it beccames available.

Estimate Qff-Site Exposures

Mathematical models for estimating doses tu individuals and
populations normally use isotope-'release rates and meteorological
parameters. Estimated release rates were used to a2stimate doses

to individuals at locations not monitored by TLD's and to *he
population witinn 50 miles of the plant. For these calcv.a.ioas
the atmospheric dispersicn model which had been previous.v u 'ed
only for estimates at TLD locations close to the plant wa. exranded
to a distance of 50 miles in each of 16 direction sectors. The
population dose was computed using the dispersion model and site
metecrological data to computa the whole body dose each hour at

10 locations downwind in the sector fa which the wind was blowing.
Doses were astimated for the period after the accident exteading

to April 30, 1979 and multiplied by the population in each of these
10 distances for each direction. The results of this analysis
indicate that the aggregate whole body dose of the population
within 50 miles (about 2 milliom pecple) was about 2530 person-
rems from noble gases released through 4/30/79, not considering

the effect of shielding due %o housing or othe~ structures which
could reduce dose estimates by a factor of 2 to 3. The population
eatimated Zor 1980 was used.

The highest off-site integrated whole body dose measured at any
TLD location through April 28, 1{s about 43 millirems above back-
ground at a location about ]1200 meters WNE from the plant. The
accumulated doses measured at the Goldsboro and Middletown TLD
monitoring stations over the same period were less than 10 milli-
rem above background. The latter figure is an upper limit. The
best estimates of about 5 millirem at each locatica, has some un-
certainty because of the difficulty of separating normal
fluctuations in background dose from accident contributions of
sinilar or smaller magnitude. (This uncertainty does not affect
the maximum dose of 43 mrem for wrich the accident contribution
was substanty ' greater than fluctuations in natural background
for the measu. ment period.

3y contrast, whole body dose calculations at these same locations
using the estimated noble gas releases resilted in doses ia 30 arem
1200 meters NNE: 4.0 mrem at Goldsboro; and 10.0 mrem at Middletown.

It should be noted that the maximum dose from noble gases, about 43
millirem, is less than the incremental dose a residenr ~° Warrisburg
would get by moving to Deaver, Colorado for ore yea & the
natural background dose rates in Denver are greater °* .hose in
Harrisburg. The average dose received by population .is about 1 mrem,
one-third of the dose received in a tramscontinental subsonic plane
flight.

~y
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TABl  V-C-l
METROPOLITAN EDISON - THREE MILE ISLAND

TLD DATA
(Period of Exposure 79032807 = 73040613;*

+Total Measured Total Calec.

Map Distance Dose #x Dose
No. Station M) Direction (rem) (rem)
2 182 640 N 0.095 0.10 -
26 1c1 4180 N 0.00s 0.010
3 282 1130 NNE 0.043 0.030
3 482 380 ENE 0.102 0.030
13 sal 800 ENE 0.039 0.020
37 4G1 16100 ENE 0.004 0.C01
5 583 320 E 0.072 0.045
14 3A1 640 E 0.015 0.015
34 7F1 14500 SE 0.010 0.0004
38 7G1 24100 SE 0.012 0.0004
28 8Cl 3700 SSE Q.008 0.008
3 982 640 s 0.023 0.040
39 9G1 20900 S 0.005 0.003
23 10B1 1770 SSW 0.005 0.0C4
3 1151 160 SW 0.010 0.020
24 1281 1270 WSW 0.004 0.004
10 1482 640 WNW 0.137 0.100
40 15Gl. 24100 NW 0.003 0.003
11 1681 320 NNW 1.033 0.830
17 16A1 540 NNW 0.901 0.400

*Includes all TLD readings Cfrom the radiological environmental momitoring program.

*#»Background radiation assumed to be 0.007 mrem/hour has been subtracted. Valucs less
than about 10 mrem have substantial uucertainty because gross values exceed bachk-
ground by only a small margin. It is certain, however, that 10 mrem is an upper

limit for these cases. ?30 26!'



TABLE IV=C-2
(ci)
Estimatad Quantities of Each Isotope for

Release Periods Corresponding to TLD Measurements

79032807~ 79032918- 79033118~ 79040316~  79040614%*- Total
Isotope 79032917 79033117 79040315 790" "NA13 79043024 -
Xe-133 5.2 E6 2.7 E6 1.0 E6 2.8 ES 1.5 E4 9.2 E6
Xe=133w 7.6 E5 3.0 ES 6.8 E4 8.3 E3 0 1.1 ES
Xe~-135 1.4 E6 6.5 Eb4 0 0 0 1.5 E6
Xe=135m 1.7 B3 0 Q J 0 1.7 ES
Kr-38 5.5 E&4 Q a Q Q 5.5 B4

7.6 E6 3.1 E6 1.1 E6 2.8 ES 1.5 E4 1.1 €7

#The last three weel:s of the month are combined into cme group since the

contribution is less than 1% of the total.
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TABLE A->

RADIOLOGICAL ENVIRONMENTAL MONITORING PROGRAM SAMPLING LOCATIONS

Location Map
Code No. Descr:iption
182 1 0.4 miles N of site, N. Weather Station
282 3 Q.7 sifles NNE of site, on light pole in middle to North Bridge
482 3 0.3 miles ENE of site on top of dike, East Fence
583 8 Q.2 miles E of site on top of dike, East Fence
982 8 0.4 miles S of site on South Beach of Three Mile Island
1181 3 0.1 miles SW of site, west of Mech, Draft Towers on dike
1482 10 0.4 miles WNW of site at Shelly's Island picnic area
1681 11 0.2 miles NNW of site at gate in fence on W. side of ™I
1a2 12 Q.7 miles N of site at aorth tip of Three Mile Island
sal 13 0.5 afles ENE of site on Laurel Rd., Met-Fd, Pole #668-0L
5A1 14 0.4 miles E of site on north side of Observation Center Bldg.
A2 15 0.5 niles § of site bllow Discharge Pipe
11A1 16 0.2 ziles >W of site off Discharge Pipe
16A1 17 0.4 miles NNW of site on Xohr Island
481 18 1.1 miles ENE of site, west of Griagrich Road
581 19 1.0 mfles = of site on Peck Road
783 20 1.6 miles SE of site on east side of Conewago Creek
3R1 21 l.5 miles S of site, above York Haven Dam
982 22 1.4 miles S of site, north of York Haven Dam
1081 23 1.1 miles SSW of site on south beach of Shelly's Island
1281 24 1.6 miles WSW of site adjacent to Fishing Creek
16B1 25 1.1 miles NNW of site below Fall Islard
1C1 26 2.6 miles N of site at Middletown Surstation
1cS 27 2.3 miles N of site at Swatara Craek
3C1 28 2.3 miles SSE of site
14C1 29 2.7 ailes WNW of site near intersection of Rts. 262 and 392
8El 30 4.1 miles SSE of site at Brunner Island
1F1 31 6 miles N of site at Hummelstown Substation on Fiddler's Elbow Rd.
5F1 2 9 miles of site on East Ridge & Greentree Rds.
5F2 33 5.8 miles E of site at Masonic Home
7F1 34 9 miles SE of site at Drager Farm off Zngle's Tollgate Rd.
15F1 35 8.7 miles NW of site at Steelton Municipal Water Works
2G1 36 2 miles NNE of Hershey on Rt. 39 Hummelstown
4Gl 37 10 miles ENE of site at Lawn - Met-Ed Pole #J1813
7G1 38 15 miles SE of site at Columbla Water Treatment Plant
3Gl 39 13 miles S .i site in Met-Ed York Load Dispatch Station
15G1 4Q 15 miles NW of site at W. Fairview Substation

*Al]l distances are measured from a point that is midway between the
Reactor Buildings of Units 1 and 2
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D. Off-Site Iodine and Particulate Releases and Doses
1. Eanvirommental Measurements

In support of routine plant operations, Metropolitan Edison conducts
an envirommental monitoring program which involves collection of
several different types of samples. Included are continuocus air
samples of fodines and particulates, vegetation samples and milk
samples. This program has contipued with a higher sampling freruency
since the accideat. Results indicate that Iodine-131 was the snly
fodine or particulate Iisotope released in significant quantities.

This isotope was detected in alir and milk, as discussed below, and was
also detected in some grass samples.

2. Estimated Off-Site Exposures

Estimates of off-site exposures to iodines are accomplished using
the atmospheric dispersion model and the mea=ured effluent release
rates along with on-site meteorological data. Of the particulate
and lodine isotopes released, only I-131 is of significance in off-
site dose calculations.

The dose from I-131 results from concentration of this isotope in the
thyroid glard following intake from inhalation of air containing
fodine and ingestion of milk containing iodine. The iodine in milk
results from deposition on pasture jrass after release.

An analysis using measured release rates and meteorological data has
been made to estimate the average I-131 concentration at all off-site
locations near the plant. Results show the highest average con—
centration from March 28, 1979 tc April 30, 1979 to be 6.3 X 10-12
uCi/ce in the SE direction. If an adult had resided there through

the accident, the inhalation dose would have been about 6.3 mrem. No
other age group would be more than 307 higher. A series of five short
term calculations were made to estimate peak iodine concentrations
off-gite. Results showed the highest concentration was 3.7 x 10-11
uCi/cc at 600 meters to the NNW averaged over the initial 24 hours of
the accident. The highest off-site instantaneous concentration was
determined to be 8.0 ¥ 10~%0 MCi/cc on April 17, located 600 metars to
the SE using a centerline dispersion formula. A comparison between
calculated air concentration values and air samples for three different
periods at several locations shown in Table [V ~E-2 indicates generally
good agreements (i.e., within a factor of about 3 in 70% of the cases).

Population doses through ingestion of milk produced in the site region

has Heen estimated using atmospheric dispersion model consistent with
Reg., Guide 1.1llout to S50 miles.
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Detailed cow inventories were available out to a distance of 5 miles.
However, beyond 5 miles, county milk production rates were relied upon

to estimate cow populations assuming each cow produces 34 pounds of

milk per day. The milk production rates for the 50-mile radius suggest

a population of about 300,000 dairy cows with a population density in
sectors to the ENE, E, ESE, and SE approximately 2.5 times the density

in other sections (about 73 cows per square mile versus 30 cows per
square mile). There is evideance f* 4 cow population surveys within five
miles that stored feed is an impor ant fraction of the dairy cattle diet.
Furthermore, data on land use In .aree counties near the plan* indicate
that only 5 to 10 perceat of tF land is used to support dairy cows. At
the yield specified in Regulat ry Guide 1.109, that pasture laad could
only provide about 207 of the diet for 300,000 zows. In additionm,
warnings had been Issued to keep cows in barns during the period following
the accident. For these reasons, it has been assuued that pasture grass
accounted for 30% of the average cow's diet. In addition, the portiom of
fodine that was released ia organic form, which does not deposit on
grass, was measured pericdically and found to be less than 30 percent on
the average, and has been taken into account for this analysis. Iodine
concentrations in milk were letermined using the models which serve as a
basis for Regulatory Guide 1.109 relationships and parameter values given
in same guide. The population dose was estimated by calculatiang the
average conceantratiocon In wilk produced within 50 miles, acconuntiag for
dilution due to atmospheric dispersion. All milk produced was assumed

to be consumed.

Results of the above calculations indicatea the potential for population
thyrsid doses to be 900 person-rems.

The above dose estimates hav. ceen made indejendeat of measured iodine

concentrations in air and milk. Measurement results indicate peak

iodine levels in milk to be less than 110 pCi/l with an average from

March 28 thiongih April 27 at any one sample location of 29 pCi/l. These
igures apply to goat milk collected at location 1Bl about cne mile

north of the plant. The ccmparable values for cow milk are 21 pCi/l

peak and 2.8 pCi/l average at locatiom 7Bl, 1.4 mi, SE. If an infant

"ad been consuminag this amilk through April 27, 1979, his dose is estimated
to be 1.2 millirems from cow milk or 1l millirems fiom goat milk. However,
the gecat milk is not now being used for human consumption.

Airborne sample results indicate that average airborne iodine cons
centrations at any location through April 24, 1979 were 2.9 pCi/m”, which
would result in an inhalation dose of 2.7 millirems.

The doses from releases of radioactive iodine have been very low. As a
matter of perspective, a round-trip transcontinental plane flight
results in an incremental dose of 3 millirems and a resident of the area
in the vizinity of the plart norrally receives about 8 millirems each
month. from naturally-occurring radiation.
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TABL: v D=1

Comparison of Measured and Calculated Concentraticons
of Airborne lodine for Three Time Periocds

Measurement Pericd 3/28 - 3/29

Station Distance Direction
(m)
1s2 640 N
1Cl 4180 N
W
1281 1270 wsw!

Measurement Pericd 3/29 - 3/31

" Station Distance Directicn
(m)
1s2 640 N
1C1 4180 N
Sal 640 E
8Cl 3700 SSE
w
1231 1270 WSW

Measuremen: Period 4/15 - 4/18

Station Distance Direction
(m)
SALl 640 E
8Cl 3700 SSE
7F1l 14500 SE

Calculated Measured
I-131 in_Air I-1l31 in Air
(pCi/m3) (pCi/m3)
8.1 3.0
> i a2+3

15.0
s 7f10.3 5
Calculated Measured
I-131 in Air I-131 inBAir
(pCi./m3) (pCi/m>)
2.3 22.6
3.3 12.7
o. 54 20. 3
8.2 20.1
26.0
o.o} 23.9
Calculated Measured
I=131 in Air I-1l31 in Air
(pCi/m3) (pCi/m3)
2<3 8.4
% 1 0.057
0.31 0.39, 0.17
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TABLE IV D=2

SMOOTHED IODINE RELEASE RATE DATA USED
IN DOSE ASSESSMENTS

Start Date T=131 Release Rate
(Yr. Mo. Da. Hr.) _uCi/sec

79032804
79032813
79033022
79040106
79040303
79040319
79040519
79040615
7204Q706
79040803
73040909
79041016
79041119
79041323
79041410
79041505
79041508
79041518
79041616
79041624
79041716
79041804
79041808
79041914
79042022
79042213
79042304
79042312
79042316
79042406
79042516
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1) Iodine release rates are roughly constant over the period from
one start time to the next

230 271



COMRECTED GRAPH

: S st — W—
—— - —— - - - - R
- e oo T e T -
'z e T i 3 Figure IV 0=l . - =—
| ¥ P — - - - - . h‘f —— — >
- < | — - . ———— - - 3 - - ot ¥ B - - j— -
- -~ — .- —— — - - - e | — — -
2 il s d ey s o - % " -
et O | = =3 ~
== : sl Y : -— - ) -
» —— - — e —— - - 2L - -t v
g N S . —— <:..'.' - | — S - -
B s = g 7 e e g e wni? = - " e AP = 3 -
— v — - — - - - — - — -'
- ¥ iy oeppEs reeet i maltdalar= =~ P - 2 : . : < E
— - —— - o i - - - - ——— - —— - b d .
ey e MRS o ~ =.. 2i.8 T e ey & Tis
——— ! - 90 - R - F - ”
- -— = e 3433
A e e e = - i - e - B
B ol N s maiphegiitns Bao - o G R N O S~ oo, = U, o - >
- N Rt L, & iyt - e s e S —— — e —— )-—_" - — - .
- i ! S—— -
sty P = = 2 . i <t - i O A S =SS bt gt s+ s "o §0 S, . el & -
= b -hé.;::.‘:’. e _.‘:..‘-_._,._._ e 8 ST -
—— -— -b’.‘. - — —— — - AC—— - - .-am - — - —
o > >
oy ¢ = _.i-—g..._ RS S | S5 W —— . N TR ——— -
—i43 — — b T .
- -
9 -
-
Ed -
= - ™
e

— v —— e et et |

e e ol : ————
iR .e |
- ——y -
peiecidegh L. 58 T 4 "
= Y S S —
i wres e U i e | —t——— S—  —

- Y=
s I
S B S S e —— ——
.- ——
P N - — e —
2. e — e —
- s s i 5 =ytue S wanes

)

period.

;
I
|
|

i
|
lease fox Sceond Quarter

i Aebornd
St

relbasdad

. W P RO — - . - - ———— . — ———. i —— — ——
- - — - - —— e o < = o o — e —— —————— D e —— SR . -
- . o — - - — L —— e — - — .- — — - *
- -
= - - - - — ~ —e e - oo o ¢ — i — — m— - - ¢
e =
- - —— - — - — - - — — — - - . —— . ——— - - —_——— 4
- — —— v — ———— i e <t v — —— g — —— — — PR— . ine
— B ———— > g — G — ¢ — . — - ———— —— ’
- —— i — )~ —— - ———.—————— — s — — -—— — —— - ——
- ; -
OISR PRI S IS Y — — ——— . — - - —— — - | — - —— - by
i e g vué SEmR R i SR S —— B et e et Sl — S S
i e e S ————— " ——— i G N | T - S . -
- —— i g e —n X — — ——— . s—. = - -
- 3 -
——— — = | S — -~ — — e — —— ——lp
— o - cr——— . <o | o o . 4 - — ] - — o ——
el Tl === " e L
_..__: — —— . — ...AS-' - e — & |t i 4 .-
-
e o o o4 i et et~ et i e § e ——— . <———— — o — &
iy ol e . -t st . < e 2 — S — — | — - —
- - 5 T B T ————————— .-_....._*__..,_—.—....-——-.-‘_—zv:——_. - - — -y
g N m——— i . e o - o — e — e T it e s
> — =
B o i o o e S 4+ . - et . ity S ER S S .= ——— .
— — T — o — - — h.,
. By o v et e — - — B e e —————— et — RO — i
R e T i en et v sl e Mo 1 575 e s g B e e Pl gt
e — =
-t Sy v et o ~ 1 e Rt e <ol
g.. —_ — o — - e g | ———— . et e - -1
- - - . g [ e d - -t g ad s - oo oo PREREES
: N R — b — ———— e e .+ ——— .
2 ———,
. - —~ - —_— —— S —— %
- - e o | — 3
:U - et e —
;3 N e T —
P R T R R A A I =2 =
- | 1 - - — - ——
- a4 - —— -

.

Iy ITPITIY Litatiow



