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I. SEQUENCE OF EVENTS
_

't

This interis report includes a detailed sequence of events spanning
the first approxinately twenty hours following initiation of the
accident at 0400 en March 28, 1979. Subsequent reports will provide
additional infor=ation en this time period, as well as infornation

on principal developnents during the ensuing period of establishing
long tern cooling. Later it is anticipated that this section will _

include discussion of principal sillstones achieved in the recovery

of TXI-2.
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PRELIFlNARY
ANNOTATED SECUE' ICE OF E7E'iTS

MARCH 28, 1979

This report provides additional detail ;c the April 16, 1979 issue of the

sequence of events of the March 23, 1979 acciden: at ''hree Mile Island Uni: 2

"'his report should still be considered as preliminary since investigation and

data analysis is ongoing and centinues to provide new insights into the Tyl-2

accident. As sucn new infor=ation and/or understanding is developed this report

will be updated.

The figures included i= this report represent :he carmilation of data frc=

various installed instru=entation and recording sources. Future revisions

of this report will identify these scurces

Annota:1:ns included along with :he chrecology of events, in addition to

oj providing periodic assessnents of the plant s:stus, represen: input culled f ce

interviews vich the operating staff condue:ed by the Cc=pany.

In cases where nanual actice was taken by tha plan cperating staff the

ter: "the cperator" is used is the sequence of events.

'
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P2F IMINARY
^

ANNOTATED SIQCEICE OF E7DT2S,

- !MI 2 ACCIDENT OF MARCH 23, 1979

For this chronology, a reference clock was established with the time of :he

turbine ::1p, 0400:37, defined as the cine equal to :ero. The cine of each

event in the sequence is given as the nunber of hours, ninutes and seconds

relative :o 0400:37, folleved in parenthesis by :he real cine using a 24-hour

eleck. For exa=ple, 1:52:43 p.n. en March 28 veuld be erit:en "9:52:06 (1352:43)."

Depending upon :he accuracy of the scurce of data for each event, the ti=es

appear alone or with the notation " approx 1= ate."

FLAN"' Sn TUS

Three Mile 2sland Cni: Two was at 97 pcver vi:h the 2ntegrated Cent:cl
.

Systa= in full auta=atic. Icd g: cups oce thru five were fully withdrawn,
.

rod g cups six and seven vere 95 withdrawn and red group eight was 27

withdrawn. Raatter Coolant Systa= total flev was approximately 107 5% of

design flew and the Reacter Ccolant Syste= pressure was 2155 psig. Reae:or

Ccolant Makeup ?u=p 3 (MC-?-13) was in service supplying nakeup and Reac:ce

Coolan: Fu=p seal injec:icn flow. Nor=al laactor Coolant Syste= letdown

flew was app crima:ely 70 gp=. The laac::: Coolan: Syste= boren concentration

was app cr"~n tely 1020 par:s pe- '' ? * cn. The Pressurizer Spray 7alve

(2C-71) and the pressurizer heaters were in canual control while spraying

:he pressurize: to equali:e boren cencentrations between the pressuri er

and :he re=ainder of the Reactor Coolant Systen. The pressuri er safety

valves discharge heade ther= occupies were indicating 210 F :o 230 F

due to leakage thru cue of the Pressuriser Saf ety 7alves (RC-RIA and RC-R13).

9
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Steas Generator para =eters were as showa 1: the following cable:
^

Table of Steam Generator Paraneters

Steam Generator A Steam Generator 3

Locp Feedwater 5 7459 MPPH* 5.7003 M??H*
.

Operating level 56: 57.4%

Startup Level 158.8 inches 163.4 inches

Steam Pressure 910 psig 389 6 psig

Feedwater Te=perature 462.7 ? 462.7 ?

Ste&u recperature 595 ? 594 ?

* M??H - Million Founds Per Ecur

Steam Generator Feedwater Fu=ps (TW-1-1A and FW-?-13) were in service,
.

Ccadensate 3cos ter ?u=ps (CC-?-1A, CC-?-13 a=6 CC-?-2C) were L: se rvice , and

Ccadensate Pu=ps (CO-?-LA and CO-?-13) were in service. A= atte=pt was being

=ade :o clear a clogged resi: ::ansfer line in the standby de=inerali:er.

A loss of feedwater ficw ::ansient started when Condensate Pu=p

(CC-P-LA) tripped resulting in both Mai: Feedwate: Pu==s (FW-?-LA and

FW-?-13) ::1pping . The Main Feedwa:er Pu=ps ::1p caused the rain turbine

to ::1p.
,

As was deter =ined later, a s=all break loss of coolant accident was

initiated when the Electrecatic Relief 7alve (2C-RV2) did not shut properly

af ter opening o reduce Reactcr Ccolant System pressure. The high reactor

coolant system pressure was a direc: result of the loss of feed va:er flow

transient which culminated in a reac:or ::1p due to high reactor coclant

systes pressure.

-2-
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-00:00:01 Condensa:e Pu=p A (CG-?-1A) tripped. The trip was a result of a

(0400:36)
breaker protec 1cn relay ac:ua:icn. The cause of the relay

actuation has not been determined.

-00:00:01 Feedwater Pu=ps (77-?-LA and TV-?-13) : ripped at essentially the
(0400:36)

sace ti=e resulting in a less of feedwater ficw to both steam

generators.

00:00:00 The sain generator and the sain turbine tripped in acccrdance with

(0400:37)
plant design.

00:00:00 All three I:ergency Feedwa:er Pu=ps (IF-P-1, II-?-1A, I?-?-23) started.
(0400:37)

00:00:03 The Ilectromatic Relief valve (RC-R72) cpened at the se: point

(0400:40)
Approxiia te of 2255 psig.

00:00:08 The reactor : ripped en high leac:=r Coolant Syctes pressure a:

(0400:45)
2345 psig. The se: point is 2255 psig.

-

00:00:08 The cpera:or placed the Pressurizer Spray 7alve (2C-71) and pres-
(04CO: 45)
Approximate suri:er heaters under aut0catic control.

C0:00:10 The operator anncunced en Plant Page System :ha: IMI Uni: 2
(0400: 47)
Approxima t e had a turbine : rip and a reacecr trip.

00:00:13 The operator started Reac:ct Cociant Makeup Pu=p A (MU-?-1A),
(0400:50)

cpeaed High Pressure Injection Isolation Valve A (MU-716A) and

isolated le:dcwn flow in enticipation of the expected pressurizer

le"el decrease which follows the initial increase in level after a

loss of feedwa:er flew incident (Figure 1).

.1 _ ,
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.
00:00:12 The Electrecatic Relief Valve (RC-RV2) should have shuc at
(C400:50)
Apprcxi= ate abcut this :i=e (closure setpoint of 2005 psig). The relief valve

position indication in the centrol roen is a red la p which

illu=inates when the Elec::cca:1c Relief 7alve solenoid is ener-

gized. The solenoid on the Electrc=atic Relief 7alve (RC-RV2)

deenergi:ed resul:ing in a deenergized (i.e. and i= plied " closed")

indication in the centrol r0cm. Subsequent evants shcVed that :he

valve had =ct resea:ed. The plant operators did Oct k cw at :his

ti=e that the relief valve had not shut. The less of reactor

coolant through RC-RV2 was not stepped until the Electrc=atic

Relief 31cck valve (RC-72) was shut, approxi=ately 2 hcurs and 22

=inuti after the start of the ::acsient.
.

FLW" STAICS

' The Unit had just experienced a Turbine / Reactor-Trip. Reac:cr coolant

systes pressure and pressurizer level vere d'aereasing rapidly af ter reachiag

peaks of 2245 psig and 256 inches respectively. Cak:cwn :o the plant

eperators :he Electrecatic Relief 7alve (RC-R72) was act shut and was

passing reacter coolant frec the steam space a: :he ::p of the Reac:Or

Ccolant Systen pressuriser. 3ased en centrol recm indicatices, the

reacecr coolant system pressure and pressurizer level were trending together

and decreasing as was expec:ed af ter a reacecr .1p. The steam genera:ces

va:er levels were at abcut 125 inches and decreasing at abcut 4 inches /second.

The stea= genera:cr s:cas pressures were abcut 1060 psig and decreasing at
-

32 psi per secccd. The turbine bypass valves and a nu=ber of sain steam

relief valves were open relieving s:eas. The E=ergency Feedwater Fu=;4 had

started but had not reached acr=21 discharge pressure. Thesteam.5sEkratcr6

.
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vater levels had to: yet reached the stegra:ed Cc trol System serpoint of

20 inches for the prograenad Opening of the E:ergency Feedva:er Valves

(I?-711A and II-7113) vnach would ad=1: feedvater :c the steam generators.

In additica, :he I=ergency Feedva:er 31cck 7alves (IF-712A and EF-V123)

were shut which also prevented f eedva:er flew untii : hey were opened 8

minutes af:er the starr of the ::ansie::. The reason for the bicek valves

being shut is not k=cv . The cos: likely explaica:1c: is tha: :he valves

were inadver:en:17 lef: closed af:er perfor ance of surveillance :esting of

the E=ergency Feedvater Sycte: c: the corning of March 26, 1979

00:00:14 The E=ergency Feed Fu=ps (EF-?l, II-2-2A and I?-?-13) achieved
(0400:51)

normal discharge pressure (Figure 49).

00:00:14 Stea= genera:ce levels were apprcx1=a:ely 120 inches (71gure 34).
(0400:51)
Approximate Steam pressure had increased :c IC65 psig in 3 Steam Genera:cr

and 1073 psig 1: A Steas Generator (Figure 31) Assu=ing the

steam generator safety valves cpened at :he spectiied setpoints

the: 6 of the 3 Steam Genera:cr safety valves and 3 cf :he A Stets

Genera:ce safety valves opened.
,

00:00:15 "'Jacer ha==er" was noted in :he ccedensa:e pu=p discharge piping
(0400:52)

Apprcxt:at e by an auxiliary operater. The piping was displaced several f eet

according :o :he auviliary opera:cr.

00:00:20 The Steam Genera:cr Safety 7alves reseated and the Turbine 3ypass
(04C0:57)
Approx 1: ate 7alves (MS7-25A, MS7-253, MS7-26A and MS7-253) modula:ed steam flev =c

the =ais condenser to cce rol s:eam generator pressure a: 1010 -

10 psig (Figure 31) .

hb
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C0:00:30 Pressurirer Safety 7alve (RC-Rv13) and Elec::ceatic Relief 7alve
'

(0401:07)
(RC-R72) discharge line te=perature alar =s printed cut. The

high :e:peratures in the discharge lines were a result of the

high te=perature stea= flev :.}:u the Elec:rcea:1c Relief Valve
(RC-R72) during the reactor pressure transient. The Pressurizer

Safety valve (RC-R713) did not open; the RC-R713 te=perature alarm

received was due :o the back flew of stea= in :he ce==en discharge

header shared with the Elec::c=a:ic Relief 7alve (RC-R72) .

00:00:38 Steam Generator A level reached :he integrated Control System
(0401:15)

Appr:xi= ate se: point of 30 inches at which the E=ergency Feedwa:er 7alve

(EF-711A) cpens (Figure 34) Feedwa:er was not ad=itted to Stea=

Generater A because E=ergency Feedvater 31cck 7alve (EF-711A) was

shut.

00:00:39 Reactor Coolan: Makeup Pu=p A (MU-?-1A) tripped.
(0401:16)

.

00:00:40 Stea= Generator 3 level reached the Integrated Cen:rol Sys:e=
(0401:17)

Approx 4 n =e se:poin: of 30 inches at which the E=ergency Feedwa:er 7alve

(EF-7113) cpens (Figure 34). Feedwater was not ad=1::sd to

Stea= Generator 3 because E=ergency Feedva:e: 310ck 7al'.e (EF-7123)

was shut.

00:00:41 The operator started Reactor Cocian: Makeup Pu=p A (MU-?-LA) .
(0401:18)

With Reactor Coolant Makeup Pu=ps A and 3 (MU-F-1A and MU-?-13)
_

operating, the pressuri:er level rate of decrease slowed (Figure

28).

00:01:00 Pressurizer level s:arted increasing. Reactor Coolan System n
(0401:37) *g, s

Approxi= ate hoc leg and cold leg te=peratures reached appecx1=ately 573F \'

9-6-
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(Figure 6). The Reac:c Coclant Drain Tank pressure was 12 psig

''

and increasing (Tigure 41) .

00:0.?:00 The Pressurizer Saf ety 7alve (RC-R71A) high discharge line temper-

(0401.37)
ature alar: vas received. This alcr= was expec:ed and resulted free

back flew in :he ec==ct discharge' header shared with the Elect cca:ic

Relief Valve (RC-R72).
.

PLANT STA!US

The Reac:ce Cccian: Sys:e= was recovering frc= :he i:1:131 less of

feedwa:e ficw ::ansie r. The reactor ceclate pressure was still decreasing

and pressurizer level had begun to i= crease (Figures 1 and 3). This was

not expected as reac:cr e clan: system pressure and pressuri:er level.

shculd trend ecgether during a less of f eedwater flew transie :. The

devia:10: frem expected behavice was due to the failure of the Ilectrecatic

Relief 7alve (RC-R72) to reseat a:d ::.e reductice in hea: re=cval capabill:7
-

of :he stea= generators because of their inw level, which resul:ed in a

icwer Reac:c Ceclan: System pressure and subsequent expansict cf the

reacter ccciant volu=e. The Reac:cr Occian: Drain Tank pressure and

:e:perature scarred c increase showing :he ef f ects of the Occ:1:ued

disc arge of reac:c: ceclant :hru the Electrc=atic Relief 7alve (RC-R72).

The plant operaters did act associate these i= dica: ices vi:h leakage past

the reliaf valve but rather with the initial cpening of the relief

valve. Steam genera:cr A and 3 levels were 11 inches and 14 inches,

respectively (?igure 34). Ecwever, e ergency feedwa:er was act ad=1::ed

Oc the steam generaters because :he E=ergency Feedwater 31cck 7alves

(E7-712A and IF-7123) were closed. The steam genera:cr pressures were
'

.

beingmaintainedbytheIntegratedCentrolSystembe: ween 975psigandghN

-7-
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. 1020 psig (Figure 31) . Reac:or Coolan: Makeup Pu=ps (MU-?-1A and MU-?-13)

were in operation delivering vater :o che Reactor Coolant System.

00:01:26 The Reactor Coolant Drain Tank te=perature cor=al alar = vas
(0402:03)

received a: 35.5 ? which indicated :ne Resctor Coolan: Drain Tack

te=perature had returned :o :he =cr=al range.

00:01: 45 Stea= Generators A and 3 boiled dry at this :ime. This was
(0402:22)

Approxi= ate indicated by a steadily decreasing steam genera:or pressure

(Figure 3) while reac:or coolant systes ho leg and cold leg

te=peratures were increasing (Figures 19 and 24) .

00:02:01 I:gineered Safegur. ds Actuation of Righ Pressure Injection (H?!)
(0402:38)

occurred as Reac:or Coolan: Syste= pressure reached 1540 psig.

Reactor Coolant Makeup Pu=p 3 (MU-?-13) tripped auto =a:1 cal 17
'

as a result of the Engineered Saf eguards actuation of R?!. The IS

design is such that Makeup ?u=ps A and C are used for RPI and

Lf running, Makeup Pu=p 3 is tripped prior to actuation of

Makeup ?u=ps A and C.

00:02:04 Reactor Coolace Makeup Pu=p C (MC-?-LC) started au:o=a:1cally.
(0402: 41)

00:00:12 The Reactor Coolan: Jrais !ack Relief 7alve (L'D L-RI) lifted
(0403: 49)

Ap p ro x1=a t e a: 120 psig :e=porarily hal:1ng the Reactor Coolant train Tack

pressure increase (Figure 41). The pressure increase was caused

by the flow of reactor coolant fres :he Electromatic Relief 7alve

(RC-R72) (?igure 41) .

230 144
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00:03:14 The opera:ce =anually bypassed the High Pressure Injection_,

(0403:51)
portion of Engineered Safeguards. 3cch Reacect Coolan: Makeup

Pu=ps A and C (MU-?-1A and MU-?-lC) were operating.

00:03:26 The Reactor Coolas Drai Tank'high te=pera:ure alarm was received
(0404:03)

at i ..ex.
.

e

00:04: 38 The cpera:ar s: pped Reac:or Ccolant Makeup Pu=p C (MU-?-lC). -

(0405:15)
The 1:dicated pressuri:er level was 360 i=ches and increasi:g

rapidly (71gure 29).

00:04:38 := an att enp :o gal ces:rol of the rapidly increasing pressuri:er
(0405:15)

Approx 1: ate level the operator throttled :he High Pressure : jectie Isolatic:

7alves (MU-716A and MU-7163) .

?I.ANU STA~~IS
-

The Reactor Occian: Systes pressure was 1420 psig and steadily decr< asi:g

to :he satura:10: pressure of the Reactor Ccolas Syste= hot leg t a=pe ra-

rure. The ccatinued Reac:or Coolan: Sys:e= depressurizatics was due to

the failure of the Electr =atic Relief 7alve (RC-R72) :: resea:, loss of

stea= generator vater level (i.e. reacter heat sink), and redue:10: in

EPI flev. Engineering Saf eguards, which actuated High Pressure ::j ectie:

when pressure reached 1640 psig, had been bypassed by :he operator :o
,

persi: =anual centrol of the Make up Pu=ps and :he RFI Isolacie: Valves.

As the pressuri:er level ec tinued to increase, the cperator stopped

Reactor Coolant Makeup Pu=p (MU-?- L C) and throt: led the E?! Isola:10:

7alves (MU-16A and MU-7163) is an atte=pt to cont :1 the pressurizer

level and so: take :he pressurizer " solid" (Figure 2S;. The Reac:ce
-

Ccolas: Drain Tank Reif ef 7alve (WDL-RI) had opened at its

.-

30 143-9-
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se pcia: of 120 psig ::d was discharging to the Reae:or Centain=an:

I]\ Su11 ding Sc=p (?igure 41). The Reacco: Cocian: Drain Tank high te=pera-

ture alars had been received as :he :e:perature of the tank continued :o

L crease. The steam generators had boiled dry as Ladicated by a con-

tinuously decreasing steam pressure 'while Reac:or Ceclant System hot

leg and cold leg ta=peratures i: creased (Figures 19, 24 and 32) . This

was due :o :'- Energency Teedwate 31ock 7alves (IT-712A and E7-7123)

being cl' d.

00:04: 52 Cperator started Inter:ediate Closed Cocling Pu=p (!C-P-LA) La
(0405:29)

preparation of pu::ing a second Le:down Cooler in service.

00:04: 58 Received the first alar = indicating tha: Rese:or Cccian: System

(0405:35)
le:dcwn ficw had been secured. This conflic:s vich the cpera:or's

debriefi=g stata=ent : hat le:down flow vas isola:ed a: :he sa:e

:1=e he started Makeup Pu=p A (MU-?-1A) , about 13 secceds into

the incident.

00:05:06 Presu:1:er level stopped 1:s sharp increase a: 375 inches and
(0405: 43)

began to decrease. I: reached a =1:1=us of 372 inches and : hen

scarted to increase a: 5 21=utes, 21 seconds into :he ::ansient

(Figure 29). Max 1=u= pressuri:er level indication is 400 inches.

NOTI: Due :o :he ce= pressed ti e scale, :his event is difficu: to

identify on Figure 29

00:05:15 Condensate 3 coster Pu=p 3 (CU-?-23) ::1pped.

(0405:15)
.

00:05:50 Reactor Cccian: System pressure stopped its sharp decrease and began
(0406:27)

App r ox1:a te to increase. The =ini=u= value reached was approx 1:ately 1350 psig

(Figure 4).

i4690- 10 -
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00:05:54 Pressuriser level increased beycnd :he range of the instrumen:,

' (0406:31)
indica:ics.

00:05:56 The Reacter Ccolant Sys:e= hotleg temperature and pressure reached
(0406:33)

App rox1:a t e saturation condi:1ces of 534F and' 1353 psig as indicated by

the reacti=eter data and control race vide range reac:cr coolant

systes pressure scripchart respec:ively (Figure 5). The Reactor

Ccolant Sys:a= fl:V rata decreased sharply, indicating a redue:1:n

in reac:ce ecolant density (71gure 14). The increased reactor

coolant volume resulting fres the densi:7 decrease centributed :o

the pressuriser level and pressure behavier at times 00:05:50 and

00:05:54. The reae:or cu:-of-core Scurce Range Channel (N!-1) and

in :ernediate Range Channel (NI-3) cuclear instru=entation indica-

:1cn did not inc ease (?igure 46). Had steam been for:e.d tu

siguilfman; quanti:1es in the reac:or core the inter. 'diate range

indication shculd have increased signif t antly.

C0:06:53 la devn flev of 71.4 gallens per ninute was established in an
(0407:35)

a t t e=p t :o reduce pressuri:er level to :he acr=al Operating range

(220 inches).

00:07:31 Reac:or 3u11 ding Su=p Pu=p A (7DL-?-2A) started on a high react:r
(0408:06)

building su=p level. The increased su=p level was due to :he

discharge fr:n the Reacter Ceclan: Drain Tank Relief 7alve (WD L-RI)

which had been Open for approxi=ately 4 ninutes.

NCTI: The Reactor 3u11 ding Susp Pu=ps generally s:arted abcut

Once per shif t. For this reasca the pt:p start was no:

censidered extraordinar7 by the Opera:ce. 9
\A

D1
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00:08:00 The operator discovered the I=ergency Feedvater 31cck Valves'

(0408:37)'

Apprcri= ate (IF-VilA and EF-7113) were shut. He opened II-712A and IF-7123

ad=1::ing emergency feedwater to the steam genera:ces.

1: dica:ed s:aam genera:or levels were approx 1=ately 10 inches

just prior to feedwater addi:1on (Figure 35). -

00:08:15 The Reactor Coolan: System hot leg and cold leg te=peratures began :o
(0408:52)

dec. ease as a result of the feedwater added to the steam generators
,

(Figure 6). Steam Genera:or pressure increased as :he steam

generators again beca=e a heat sink for :he Reac:or Coolant

Syste= (?igure 3).

00:08:30 The Reactor Coolan System pressure began to decrease, redlecting
(0409:07

:he decrease in Reactor Coolant System te=perature (Figures 5 and

6). -

_

00:10:00 The Pressuri:er level indication ca=e en scale.
(0410:37)

?LMrr STA US

The reacter ecolant pressure was near the satura:1on pressure of :he

reactor ecolant ho: leg :e:perature (Figure 3). This was the result of

the Electr:=4:10 Relied 7alve (IC-R72) re=aining open, high le:dcun fl:w

rate, thro:: led Eigh Pressure Injection Isolation 7alves and e=ergency

feedwater addition to the stsam generators. I=ergency feedwater ficw was

established c bcch steam generators resulting in increased stea= pressures

(Figure 32). As heat was re cved fres :he Reactor Coolant System,
,

te=perature and pressure decreased. The decreasing te=perature resulted
3

is a decrease in reactor ceolant volu=e. The pressuri:er leveg 1 ication

Sys:e= te=pera:ure and ygfts re decreasedca=e on scale. Reac:ce Coolan:

12 --
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until they stabill:ed at app cx1:ately 5507 and 1100 psig respectively
i

(Figures 6 and 11). Reactor Coolant Makeup Pu=p A (MU-P-1A) was operating.

00:10:19 Reactor 3u11 ding Su=p Pu=p 3 (WDL-P-23 ) started. The pu=p star:
(0410:56)

se tpoint is 4.416 fee: f:cm the bot:cc of :he Reactor Cental:-

cen: 3u11 ding Su=p. The Reac:or Building Su=p Pu=p discharge

is believed :o have been aligned to the Auxiliary 3uilding Su=p

Tank.

00:10:24 Reactor Ccolan Makeup ?nsp A (MU-?-1A) : ripped. ,

(04Ll: 01)

00:10:27 The cperator atte=pted to restar Reactor Coolant Makeup Pu=p A
(0412:04)

(MU-?-1A). The pump started and then ::1pped again.

00:10:40 The Reacto r 3uilding Su=p high level alarm was received. Se: point
(0411:25) -

is A.650 feet from the bottes of the Reac:or Centainmen: 3uilding

Su=p.

00:11: 10 The eperator scar:ed Reactor Ccolas: Makeup ?u=p A (MU-?-1A).
(0412:17)

00:12:50 The Reactor Ccolan: Drain Tank Rup:ure Diaphrag: (WDL-U25) burst
(0413:27)

at abcut 190 psig (Figure 41). Design burs: pressure is 200 ;

25 psig. The con:ents of the Reactor Ccolan: Drain Tank were

released to the Reactor Con:al: ent 3u11 ding atmosphere.

00:24:58 The eperator requested the co= puce: print :he Elec:reca ic
(0425:35)

Relief Valve (RC-R72) cutlet te=perature. A value of 235.47

was indica ted . The opera:or attributed the te=perature level to

the normal cooldcwn of :he discharge header folleving the 1:1tial

O
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cpening a:d cles1 g of the Elect:c=atic Relief 7alve (RC-RV2) and
a

believed :he Electrc=atic Relief 7alve (RC-RV2) :o be shut.

00:25:00 A high radiation alarm was received f:c= Radia:1ca Meni:o
(0425:37)

Appecxt ate IC-R-1092 !=:e=ediate Cooling Sy's te= at the Radiatien Moni:c:

Panel. *his alar = is acr= ally received fcliew1 g a reac:ce ::1p.

The 2:ter=ediate Cooling Syste= radiation =enitor is physically

loc;ted nex: Oc the Reacte: Suilding Su=p.

C0:36:08 E=ergencv Feedwater ?u=p 23 (27 -?-23) was s:cpped afte ''''' g
(0436:45)

'

buch stea= genera: cts to an indicated level of about 35 inches

(?igure 35).

00:38:10 The operator s topped Reac:ce 3u11d1:g Su=p Pu=p A ('4DL-?-2A) to
(0438:47)

prevent overficwing :he Auxiliary 3u11 ding Su=p Tcek.
.

00:38:11 *he cperator s:cpped Reac:ce 3uilding Su=p Pu=p 3 ('4DL-?-23)
(0438: 48)

Oc prevent everflaving the Auxiliary 3u11 ding Su=p Tank.
.

01:10:54 Reac:or Building Air Ccoli:g Ccils E=e:gency Discharge Ala=
(0511:31)

was received.

.

?? M" 5TA"US

"he reac:c ccolant was cear a saturation temperature-pressure relation-

ship at 542F and 1050 psig. The Reac:cr Coolant Syste= iccp flev rates

had cecreased f c= about 69 =1111cn pcunds per hour to app cx1:stely 47

=1111cn pcunds per hcur and centi:ued to decrease (71gure 15). *he

Contai =en: 3uildi g te=perature and precsure had increased f:c= 0 psig

and 120 F :o 2.5 psig and 170F, as a result of releasing :he contents of

_

:he Reac cr Cccian: Drain Tank to the Reacter Centai =ent 3uilding

a:=csphere (?igure 45). *he Elec::ccatic Relief 7alve (RC-R72) was cpen.

230 150
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Reactor Coolant Makeup Pu=p A (MU-?-1A) was operating. The cperator was
i

having difficulty centrolling the level of Steas Generator 3. I ergency

Feed Va:er 7alves (I?-7113 and E7-7123) were shut and the operator was

ad=1::ing feed water to Steas Generator 3 by cycling E=ergency Feed Vater

Crosscennect 7alve (IF-753).

01:13:29 Reac:or Ccolan: Pu=p 23 (RC-?-23) was stopped in accordance with
(0514:06)

E=ergency Operating Precedure 2202-1 3 to preclude the possibility

of da= age to :he Reactor Ccolan Pu=p from opera:icn near reae:ce

coolant satura:1cn :e:perature - pressure ccediticus .

01:13: 42 Reactor Coolan: Pu=p 13 (RC-?-13) was s cpped in accordance
(0514:19)

with E=ergency opera:ing Procedure 2202-1 3 to preclude :he

posaibility of de= age to the Reactor Coolan: Pu=p frec operstica

near resc or coolant saturatice te=perature - pressure conditions.

01:20:31 The cperator requested the ce=puter print the Ilec:::catic
(0525:37)

Relief 7alve (RC-R72) cutlet te=perature. A value of 233.0?- was

indicated. 3ased en this ta=perature the operater centinued to

believe :ha: the Electrecacic Relief 7alve (RC-R72) was shut.

01:26:23 Stea= Genera::: 3 was isolated. Main Steam 2sola:1cn 7alves
(0527:00)

C'S-743 and MS-773) were shut. E=ergency Feedvater valves (IF-753,

EF-7113 and E?-7123) were shut. The opera :: suspected a Reactor

Coolant System to Steam Generator leak based on the large dif-

ference in steam pressure between tha rao Steas Generators and

the variatices of flea and level er enced while con rciling

3 Stea= Generater. A radiccuclide snalysis of' a sa=ple f rom the 3

-

Steam Generator taken at 0724 supported this belief. The sa=ple

iodine 131 level was 0.491 =ierecuries pe- di'''' er.

if>1s
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_ 01:30:00 The reac:or cu:-of-ccre Inter =edia:e Range Chassel (NI-3) indica:1ce
(0530:37)

Approxt:a:e increased f:c= a =ini:u: detectable indication of less than
~1~

1.0 x 10 a= peres :o approx 1:a:ely 1.6 x 10 a= peres.

Correspondingly, *he out-of-core , Source Range Channel (NI-1)

indicati:n increased f :2 abou: 1.6 x 10 to app cxi=a:ely 5 3 x

10 counts per secced. The indica:ed increase was 0o: due :o

reacter core neutren flux level increases but :tcher an increase

in ceu:::n leakage f::= the reac::: core as a result of :he

for=atige of steam in the reac:or vessel core region.

01:34: 12 S:aam Genera:or A =ay have boiled dr7 (Figure 9) .
(0534:49)

_

01:37:00 The reacter out-of-core Inter:ediate Range Channel (NI-3) indica:ica

- (0537:37)
_1~5

decraased fres 2.5 x 10 a= peres to a =1:1=us detectable
~

_1 '5
indication of 1.0 x 10 a= peres. (71gure 46). The cut-of-core

Source Range Channel (N!-1) indica:10: had a step decrease f cm

5.2 x 10 to 1.5 x 10 c:unts per secceds (Figure 16). This

Ladicated an increased =oderator density as a resui: cf the steam

collapsing 1: :he reac:or vessel.

01: 40:00 The Operator started raising Steam Cenerator A level fr~n 3
(0540:37)

App cx1= ate inches on the startup range :o 50% c: the operating range (?igures

35 and 38). The i::en vas :o establish cateral circulatice

ecoling withi the Reactor Coolant System. Recctor Coolas: Syste

Loops A and 3 cold leg te=peratures both decreased (Figures 20 and

25).

.

230 152
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01: 40:37 Reac:cr Coolan: Pu=p 2A (RC-?-2A) was stepped in accordance with
(0541:14).

E=ergency Operating Procedure 2202 - 1 3 :o preclude the possibility

of da= age to the Reactor Coola:: Pu=p f:c= cpera:1ca as reac:or

coolanc satura:icn te=perature - pressure condi:icts.

01: 40:45 Reac:or Coolant ?u=p 1A (RC-?-1A) was stepped in acccidance with
(0541:22)

E=e:gency Operating ?recedure 2202 - 1.3 to preclude :'.2e pessibility

of da= age to the Reac:or.Coolan: Pu=p f:c= cpera:icn at reactor

coolant sa:urction ta=perature - pressure conditions.

.

PLAT. 2 S"'r'OS

The Reac c Coolan Syste= had no forced Raac:c Coolant Syste= flev. All

Reactor Coolant ?u=ps (RC-?-1A, RC-?-2A, RC-?-13 and RC-?-23) were

s::pped (Figure 15). The reac:or coolant average :e:perature and pressure

were approx 1=a:ely 530I and 1000 ;sig (?igures 11 and 25). Reactor

Coolant Makeup Pu=p (MU-?-1A) was operating. The Opera:0: vas atte=p ting

Oc establish natural circulation flev to- cool :he reactor core. Steam

Generator 3 was isolated because of a suspected Reactor Coolant Sys:e= :o

Stea= Cetera::: 3 leak.

01:54:00 The reac:or cut-of-core Inter =edia:e Racge Channel (N!-3) indication
(0554: 37) -11

Ap p r oxi=a t e increased f c= less than 1.0 x 10 a= peres :o appt " :a t ely

-O
10 10 asperes (?igure 46). A corresponding increase was

rec)rded on the reactor cut-of-core Source Range Channel (N!-1)

indication (Figure 46) .
.

The indicated increase was cc: due to incere cout:ca flux level

increases but cher an increase in neutron leakage f:c= the

reactor core as a result of Obe steam f or=ed in the reactor vessel

core region. The superheated stea= spaces for=ed due to (1)

-"-
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_ increased reactor core te=pera:ures, (2) the absence of reactor
,

coolant system ficw, (3) the decreased Reactor Coolan: Sys:es

pressure which resul:ed frem the Electreca:ic Relief 7alve

(RC-RV2) being open and :he increased reactor cooland density

caused by filling Steam Generator A, and (4) che :hrottled reactor

coolant nakeup pung ficw.

01:54:00 Reac:or Coolanc Systes loop A hot leg te=perature began to
(0554: 37)

Approxina:e 1:. crease, reflecting the steas for=ation in the upper

raac:ce core region (Figure 20) .

02:00:00 Stea= Generator A level indication reauhcd 50* cu -he cpers:ing
(0600:37)

:ange (Figure 39).

02:00:00 Reac:or Coolant Systes loop 3 het leg te=perature began increasing
(0600:37) -

'

(Figure 26).
,

02:10:55 Reac:or Ccolaa: System icep A hot leg te=perature indica:1cn

increased offscale, grea:er than 620? (Figure 21).

02:17:53 2he cperator requested :he :c=puter prin: the Elec::ccanic
(0613:30)

Relief 7alve (2C-RV2) cutlet te=perature. A value of 223.7?

was indicated.

02:22:00 The Electrcuatic Relief Block 7alve (RC-72) was shut, stopping
(C622:37)

Apprcxinate reactor coolant leakage threugh the Electrenatic Relief 7alve

(RC-R72) . The cperatcr sated that the reactor building pressure

started to decrease rapidly (Figure 45) .

s

-
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02:27:23 The alarn printer nalfuncticned. "he alars printer functica
(C623:00)

'

::ansferred to the u:111:7 printer. The alarn printer was

1 hcur ,and 25 ninutes behind in legging data (Figure 43) .

02:23:21 Reac:or Coolant Loep 3 hocleg te=perture indica: ion increased
(0628:58)

offscale, greater :han 620F (Figure 26) .

02:30:00 The opera:or started increasing Steas Generater 3 level free
(0630:37)

20 inches on the Startup Range :o 50 en :he Cpera:ing Range.

02: 40:00 The shif t supervisor received :he results of two boren analyses
(C6: 40:00)

Apprcxinate which indicated the boren ecucentration in the Reac:or Ccolan

Systen was approxina:ely 400 ppe. This, in conjunction with

increased neutren levels indicated on the source and incer=ediate

range channels, pecepted the shifr supervisor :o initiate energency
-

'

- boration of the Reac:ce Coolant System.
.

NOTI: The actual boren concentracien in the Reactor Coolant

System was in excess of 1000 ppa. The sa=ples are believed

:o have been diluted .by distillation in the letdevn

systen. This however was not kncwn by the plan: Opera: Ors

until several hours la:ar.

02: 45:00 Several radia:ica alar =s were received at the Centrol Roem
(0645:37)

App roxinate Radistica Monitor Panel.

02: 45:.s The operator stopped Reac:cr Ccolan: Makeup ?u=p C (MU-P-lC). E

}_})h \
J(0645:37)

Approxinate

02: 45:00 The operator cpened Main Steam Isolation 7alves (MS-743 and MS-V73)
(0645:37)

Approxinate to return Steam Generator 3 to service prior to starting the

Reactor Coolan: Funp.

- 19 -
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_

02:46:23 The operator a::e:pted to s:ar: Reac:cr declant Pu=p 1A (RC-?-1A).'

(0646:00)
Approxima te The pu=p would not start.

.

02:47:31 The alars printer function was ,interrup:ed which resulted in
(0648:08)

the loss of alar = data f:ca 0513:59 to 0648:08.

~

02:51:57 The operator a::e:pted to s:ar: Reac:or Coolant ?u=p 1A (RC-?-2A).

(0652:34)
The pu=p would not sea :.

02:53:19 The eperator at:e:p:ed to star Reac::: Ccclan: Pu=p 13 (RC-?-13) .

(0653:53)
The pu=p would not start.

02:54:09 The opera:cr started ?.eacter Coolan ?u=p 23 (RC-?-23) and

(0634:46)
re-established forced Reactor Coolant Sys:e= flev (Figure 16).

_
02:54:49 Righ Pressure Injectica Engineered Safeguards ac:uatien logic
(0555:26)

reset on increasing Reactor Coolant Sys:e= pressure. The se:

point is 1945 psig.

02:55:00 A S1:e I=ergency was declared. Notificat.ica of of fsi:e au:hori:1es

(0653:37)
Appr:x1= ate and organizaticus was initiated.

02:55:00 The reactor cut-of-core !n:er=ediate Range Channel (NI-3) indica-

(0655:37) -11
App rox1=a te tion decreased sharply f rem abou: S.0 x 10 a= peres to less

- 1 *1
than 1.0 x 10 a= peres (=ini=un detect:able level) (71gure

46). The reacter cut-of-core Source R2:ge Channel (NI-1) indication

showed a carresponding decrease which indicated the collapse of

the stea= spaces in the reactor core region (Figure 46).

230 156- 20 -
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02:56:19 The operator isola:ed Stea: Generator 3 for :he second time. Main
(0656:56)

'

Approx 1=a :e Steam Isola:icn 7alves (MS-743 and MS-773) were shut. E=ergency

?eedvater 7alves (EF-753 II-7113, and I?-V123) were shu:. The

operator suspected a Reac:or Coolant System to Steas Genera:or 3
.

leak. The Condenser 7acuus Pu=p Exhaus: Radiation Monitor (VA-R-748)

e.

increased to 5 x 10' counts per ninute.

03:00:00 Raac:or Coolant Syste= pressure increased :o 2130 psig (Figure
(0700:37)

Approx 1= ate 12).

03:03:39 Stean Generator pressure centrol was shif ted fres the Turbine
(0704: 16)

3 pass 7alves (MS7-25A and 3 and MS7-25A and 3) :o the ?cuerApprox 1:a te 7

Operated Emergency Main Steam Du=p 7alves (MS7-3A and 3) . The

reac:ct out-of-core Scurce Range Channel and In:er=ediate Range

channel (NI-l and NI-3, respectively) indicated an increase of
.

approx 1=ately a quarter of a decade (71gure 46).-

03:10:27 E=ergency Feedwa:er Pu=p 11 (IF-?-2A) was stepped. 3cch Steam
(0711:040

Generators had levels were about 50% in :he Cperating Range

(Figure 39) .

03:12:28 The operator cpened the Ilec:rceatic Relief 31cck valve (RC-72)
(0713:05)

App rox1=a t e in an atta=pt :o establish a nor=al cperating pressuri:er level.

The reactor cut-of-core and Inter =ediate Range Channel NI-3

indication decreased sharply indicating flev was established :hru

the reactor core (Figure 46).

03:12:53 The operator stopped Reactor Coolant Pu=p 23 (RC-?-23) after he
(0712:53)

observed no flow indication and a pu=p running current of less

than 100 a= peres. Nor=al reactor ccelan: pu=p cperating curren:

21 --
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.

is approx 1:ately 600 a= peres. A close exa=1:ation ci che flev

recorder :: ace indicated a slight 1=cun: of reactor ecolant flev.s

03:15:13 The reactor cu:-of-core Inter:ediate Range Channel (NI-3) indica-
(0713:00) -11App rox1:at e :1cn increased free less than 1 0 x 10 a= peres to abcut 27x

,

10
a= peres, v e aga =d ca ed steam was for:ed in-

the reac:ce core (71gure 46).

03:19: 45 gineered Safeguards ac:uation occurred as a resul: of icv Reac:cr
~

(07:0:22)
Coolant System pressure (71gure 4). The se point is 1640 psig.

33:20:13 Reac:or Coolan Makeup Pu=p C (MU-P-IC) started autc=atically.
(0720: 41)

Reacter Coolant Makeup Pu=ps A and C (MC-P-1A and MU-P-LC) were

operating.
.

NOTE: During an Ingineered Safeguards actuatica, High Pressure

Injec:1cn utill:es Reactor Ceolant Makeup Pu=ps A and C
.

. (HU-P-LA and MU-P-lC) .

03:21:00 The reac:c: cut-of-core Scurce Racge Channel (NI-1) and reactor excore
(0721:37)

Apprcxima:e 12:er:ediate Range Channel (N!-3) indication decreased rapidly

indicating fl:v vas established thru the reactor core (71gure

46).

PLAlf" STA"'US

The Reactor Coolant System was at nici=us forced ficv condi:1cn with all

Reacter Ccolan Pu=ps (RC-P-1 A, RC-P-2A, RC-P-13, and RC-P-23) stopped.

After atte= pts to establish carural circulation failed, the cperater

started Reac:or Coolan: Pu=p 23 (RC-?-23). Eevever, based on a no flev

indica:1on and a pu=p running current of less than 100 a=ps, Reac ce

Ccolant Pu=p 13 was s:Opped after 19 =inutes. Superheated steam / gas

was presen: in the reactor vessel head and Reactor Ccolant System hot leg.

? 30 iSB
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Soth Reactor Coolant Systes hot leg ta=peratures were of f scale high (i.e.

greater :han 620F). The Reactor Ccolant Systes cold leg :e:pera:ures were,

4557 for leep A and 390F for Leop 3. Steas Generator 3 was isola 2d due

:o suspected Reac:or Ccolant System to steam genera:or leak. Steam

Genera:ce A pressure control was by =eans of :he ?cuer Operated E=e;gency

Main Steam lu=p 7217e A (MS7-3A). An actempt was .: progress to control

Reactor Coolant System Presstri:er pressura and 12 vel vi:h the Elec:rrestic

Relief 31oc!. 7alve (RC-V2). This resul:ed in lever Reac:or Ccolant Sys:em

pressure which caused an Engineered Saf eguard ac:uation en lov Reactor

Coolant System pressure. Ccesequently, both reactor coolant Makeup Pu=ps A

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

03:23:23 A General E=ergency was declared as a resul: of a radia:1cn reading
(0724:00)

Approx 1: ate of 3 R/hr is the Couta1:=ent 3u11 ding. Notifica:1:n of offsi:e

-

authori:1es and organizations was initiated.
.

03:30:00 The operator shut :he Electreca:1c Relief 31cck valve (RC-72).
(0730:37)

Ap p roxima te The pressuri:er level was 220 inches and the Reactor Ccclan

System pressure was 1430 psig (?igures 4 and 12).

03:35:08 The cperator star:cd E=ergency 7eedvater Fu=p 1A (IT-?-2A). Stea
(0735: 42)

Generater A level had been ec cinucusly falling fres 63: :o 442

of Opera:ing Range during :he prev 1cus 45 minu:es (71gure 39).

03:37:00 The operator stopped Reactor Ccolant Makeup Pump C (MU-P-lC)
(0737:37)

because pressuri:er level was rapidly increasing. Pressurimer

level indicarica was 350 inches (?igure 4).
,

03:51:00 The cperator cpened :he Ilec:rrma:1c Relief 31cek valve (RC-72)
(0731:37)

Approx 1= ate in an atte=p t to decrease pressurizer level, which had increased

to 395 inches (71gure 4).

230l!)9
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03:55:40 later:ediate Cooling Pump (10-P-3) tripped.
(0756:15)

,

03:55:39 Ingineered Safeguards actua:ed c Reac c: Building high pressure
(0736:16)

(?igure 43). The sc=1:al setpoint is + psig; the tripped cccured

a:3 58 psig.
,

C3:55:39 The Reacter 3uilding isola:ed au cca:1: ally as par: of Engineered
(0756:16)

Safeguards actua:1c frre Reac:cr Building high pressure. Is ola-

tice occurred 4: the accinal se:pcin: cf a psig.

03:56:04 Reac:ce Coolant F.akeup ?u=p C (MU-P-lC) was scar ed au cma:1cally
(0756:41)

by the Engineered Safeguard actuatice.

03:59:23 Reac:c 3uilding I:ergency Cocler 3 was shuedews.
(0800:00)

,

03:59:53 Reac:cr 3u11 ding E=ergency Cooler 3 was scarted au:c=a:1cally
(0800:30)

'

by the Engineered Safeguards ac:uatice.

04:08:37 The cpera:ce s:ar:ed Reac:c Ccclan: Pump 1A (RC-?-lA) to
(0809:14)

re-escablish Reac:cr Ccolant Flew.

NOTZ: Ouring the previous run of Reacecr Ccclant Pump 23 (RC-P-23) due

to the indica: ice observed,1: was thought that the pu=p cight act

have started. Fce this reasc: 1: was decided oc wa:ch the

scar:1:g curren: for ane: hor pu=p scart. Reactor Coolan: Pump 1A

(RC-?-LA) was started and a correct starting current was observed

by the cperator. As before, :he indicated pu=p current sicwly

decreased :c less :han 100 a= peres.

04:09: 14 The opera:ce s:cpped Reactor Ccolas: Pump 1A (RC-P-1A) after
(0809:51)

observing a co-flew indica: ice and a running curren less than 100

a= peres.

Lb0
"
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04:17:17 Reac:or Ccolant Makeup Pu=p A (MU-? .'A) tripped.
(0817:54)'

04:17:32 Reactor Cools : Makeup Pu=p C (MU-F-lC) : ripped. No Reac:or
(0817:59)

Coolant Makeup Pu=ps were cperating.

04:13:17 The cperator at:e:pted :o star: Reac:ce Ccolar: Makeup
(0818:54)

Pu=p A (MC-P-LA) . Se pu=p veuld sc: star:.

04: 21:53 The operster started .eac:or Coolant Makeup Pu=p 3 (MU-P-13).
(0822:30)

Ap p roxt=a t e

04: 26:59 The opera:ce started Reactor Coolant Makeup Pu=p C (MC-P-IC);
(0827:36)

Apprcrimate it tripped, and was restarted.

04:30: 45 The cperator stopped Condenser 7acuum Pu=ps lA and 1C (7A-P-la
(0831:22)

s .
and 7A-?-lC) and broke rais ccedenser vacuum af ter

experiencing difficulty vi:h the operscica of the atixtliary

boiler. .

04: 30: 45 The opera:or cpened the ?cver Operated I:ergency Main Steam
(0831:22)

App roxi=a te Ou=p 7alve (MS-72A) to induce natural circulati:n in Stea= Genera:Or

A. 5:eam Generator 3 was still isolated.

05:17:38 The alars printer was returned :o service and the alarm func:ica
(0913:05)

was transferred f re the utility printer := the alar = prin:er.

05:13:00 The opera:or closed the Elec:rc=atic Relief 310ck Valve (RC-72)
(0913:37)

in an at t e=p t to ec= press the reactor ecolant and collapse the

superhea:ed steam / gas.

4
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PLANT STATTS

All reactor coolant pu=ps (RC-P-1A, RC-P-1A, RC-P-13 and RC-P-23) were
,

s:cpped. A superheated steam / gas space was present in the upper vessel

and het leg regicas. Atte=p ts to re-es tablish reac:c: coolant flew using

Reactor Ccolant Puup 1A (RC-?-1A) had not been successful. The reac:cr

ecolant hot leg te=perature continued to read off-scale (i.e. greater

than 600F). The reactor coolant celd leg te=pera:ures were 130 F for Lcep

A and 225F for Locp 3, and both were decreasing (71gures 21 and 26). Steas

Generator A level was at 48% of the operating range (71gure 39) . Steas

Conerator 3 was isolated, vi:h a level at 661 of the operating range

(Figure 39). Condenser vacuu= vas Icst due :o :he aux 111a_7 steam beiler

::1pp1=g and loss of adequa:e =ais steam pressure. S:eas Generator A was

stea=1:g thrcugh the ?cwer Opera:ed Energency Mai: Stea= Ou=p 7alve (MS-72A).

A :e: pts to cbtal a =cr=al aperating pressurize level of 220 inches of

water a:d establish pressure ec rol using the pressurizer vere not successful.

The Electrecatic Relici 310ck 7alve (RC-72) was cycled :o assis: in :his

ef f o rt , resulting in increased reactor building pressure. The first

Engineered Safeguard actua:10: := higa reactor building pressure was

received and, four =inutes later, bypassed by :he operator :o re-establish

cooling water to varicus plant equiptent vi:hi: the reactor building. The

reactor building pressure continued :o stay above the isolatic : rip

se tpoint for appr rtmately 2.6 hcurs (Figure 45). The Sta:1c Manager =ade

the decisic: to =ain:ais ecutinuous High Pressure Injec:ics an d increase

Reactor Coolant Syste= pressure 1 an a::e:p := collapse the superheated

steam / gas space in the Reac:or Coclant Sys:es. This first atte=pt lasted

for approxi=ately 2 hours.

05:20:00 Reactor Ccolan: System pressure scar:ed to increase frca 1250 psig.
(0920:37)

Approxi= ate The increasing trend in Reactor Coolan: System pressure cc=:inued

2016
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for apprer1=ately 45 =1cu:es un:11 pressure s:abilized a: abcu: 2050

psig (?igure 12).-

05:54:00 The operator ce==enced filling S:eas Genera:c A to 95: cf the
(0954: 37)
App roxi= ate operating range Oc induce natu,ral circula:icn. A Stean Genera-

Scr indicated level reached 100% at 07:30:00 (1130:37)

(Figure 39).

07:30:00 The Sta:1:n Manager direc:ed :he opera:c :o cpen :he Electro =atic

(1130:37)
Approx 1: ate Reliai 31cck 7alve (RC-72) and :he ?ressurizer Spray valve (RC-71)

to rapidly depressuri:e the Reac:ce Coolant Syste= and actua:e the

Ccre 71 cod Systes while Eigh Pressure !:jection was naistained

(Figure 12). This was done af ter the operator observed c evidence

of natural circula:1ce while the Reac:cr Coolant Syste= pressure

was above 2000 psig. The tedue:1cn in Reac:cr Coolant System

pressure was also done := approach ccedi:1 cts which would allow

the Oecay Heat Re=cval Pu=ps PlA and 13 (JH-?-1A and DH-?-13) to

be pu: into service.

08:11:26 The Core ?lced Tank A high level alarm was received. The level was

(1212:03)
13 32 feet.

08:30:00 The ?cver Cpera:ed E=ergency Main Steas Cump 7alve (MS-73A) was
(1230:37)

shut at the request of corporate sacagement in response :c ecccer

erpressed by :he sta:e gcver==ent.

08:11:06 The cperator started Decay Heat Re=cval Pumps lA and 13 (DE-?-1A
(1231:43)

and OH--?-13) in prepara: ice for placing the Decay Heat System in

service.

08:34:56 Core Flced Tank A ner:al level alarm was received. The level

7-

r2),pd i 23was 13.13 fee:.

- 27 -



May 10, 1979
Rev. 0

09:04: 13 The operator stopped Reactor Coolant Makeup Pu=p C CTU-?-lC) .
(1304:55)-,

t

09:49:43 A hydrogen detona: ion occurrei in :he Reactor 3u11d1=g. Rydrogen
(1350:20)

gas f:cs :he reac:or coolant collec:ed in the pressurizer and was

vented through the Electronatic Relief 7alve (RC-R72) to the
,

Raactor Ccolant Drain rank and then released to the Reactor

3u11 ding through the Drain Tank Rupture Diaphragm ('JDL-U26)

which had been breached. The hydrogen concentration eventually

reached an explosive =12:ure and detonated.

09:49:44 Ingineered Safeguards actuation occurced on high-high reactor
(1350:21)

building presaure (71gure 45) . The setpoint is 28 psig. This is

the result of a 2S psig building pressure i= pulse from the hydrogen

detonation. Reac:or Building Isola:1on and Contain=en: Spray were

actuated. Reactor Coolan: Makeup Pu=p C (MU-F-LC) and Reactor

3u11 ding Spray Funps A and 3 (3S-?-1A and 3S-?-13) started auto-

nacically.
.

09: 49:50 Reac:ce 3u11 ding Spray 7alves (3S-VlA and 3S-713) opened.
(1350:27)

09: 49:58 Reactor Ccolant Pu=ps lA and 13 (RC-?-1A and RC-?-13) inlet air
(1350:35)

:e=perature high alar s annunciated and Pressuri:e Safety 7alves

(RC-RIA and RC-R13) discharge line tenperature high alarns

annunciated.

09:50:24 The operator stopped Reacco: Coolant Makeup Pu=p C (MU-?-IC).
(1351:01) N,

.

09:55:30 The operator stopped Reactor 3uilding Spray Funps A and 3 (3S-?-1A
(1356:07)

and 35-?-13). 3S-?-la and 35-?-13 vere operated for approxinately

5 sinutes and 40 seconds.
-

230 164
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09:56:58 The opera:or s:cpped Oecay Hea: Pu=ps A and 3 (OH-?-1A and DE-?-13).
(1357:35)r~

These pu=ps were run in an:icipation of using the Oecay Heats

Sys:e=. The Reactor Ccolant Syste= pressure was aever icv

enough to use :he Decay Hea: Systa=.
.

10:26:13 Reac:ce Coolant Syste Loop A Let leg :e::perature decreased :o
(1426:55)

.

within the instru=entation range (Figure 22). This was the resul:

of the stea=/ gas space in Loc A het leg collapsing.

10:31:25 The operater started Reac:or Ccolant Makeup Fu=p C (MC-?-1C) .
(1432:02)

Reactor coolant pressure was app cxt=a:ely 440 psig.

10:34:29 The Reac:or Coolant Syste= Locp A hot leg :e:perature increased
(1435:06)

beyond the range of the instru=entation. When High Pressure

Injection was direc:ed to Loop 3 hot leg the staa=/ gas space in

Locp A hot leg re-established itself (71gures 21 and 27) .

10:35:55 The operator s:cpped Reactor Coolant Makeup Pu=p C (MU-?-LC).
(1436:32)

w

10:39:29 Reac:or Coolant System Lecp A hot leg :e:perature decreas -
(1440:06)

to withis the 1:stru=entatice range. This was the resul: Of the

steam in Lcop A hot leg Tgain collapsing when Eigh Pressure

Isjection to Loop A hot leg was re-established. Tae Lcep A

het leg steam did not return.

11:06:00 ? essurizer level started decreasing f:c= 370 inches to 130 inches
(1406:37)

App cx1= ate over a period of 13 =inutes (Figure 30).

11:12:00 Reactor Ccolant Systes Lcep A cold leg te=perature started to
(1512:37)

Approx 1: ate increase frc
.

200F to 4COF indicating the occurrence of natural
_

circul :1cn fa Lecp A (71gure 22).
,

, 2
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11:13:34 The operater started Reactor Coolan: Makeup Pu=p C (MU-?-1C),

(1519:11)
to stop the rapid f all 1: the pressuri:er level.

11:24:00 Pressuri:er level stepped decreasing a: 130 inches and started
(1574: 37)

increasing, goteg of f scale during :he nex: hour (Tigure 30).

11:23:12 The operator s:cpped Reactor Ccolan: Makeup Pu=p C (MU-?-1C).
(1523: 49)

11:32:37 The operator started Reac:::. Ccolan Makeup Pu p C (MC-P-lC)
(1533:14) .

:o raise :he pressuri:er level.

11:35:48 The cpera:or s:Opped Reactor Coolan: Makeup Pu=p C (MU-?-lC) .
(1536:25)

-

11:36:00 The operator ce==enced filling Steas Cenerator 3 :o o'; on :he
(1536:37)

Approxi= ate Operating Range to induce addi:1ccal ecoling of the Reactor

- - ' ' Coolan: Sys:em. This level was reached a 12:00:00 (1600:37)

(?igure 39).

-

12:48 : .'O Pressurizer 'evel indication ca=e on scale (Tigure 30).
(1648:00)

'.;; ti= ate

13:02:23 The opera:c started Condenser 7acuus Fu=p LC (7A-?-LC) is an

(1703:00) atta=pt :o re-escablish vacuus. The auxiliary boiler had been

returned to service and was supplying gland sealing steam :o the

= sis urbine.

13:13:10 The cpera:or started Cecdenser vacuu= ?u=p 1A (7A-?-1A) .
(1713:47)

230 166
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PLAK! STX'03

All reactor coolant p urp s (RC-P-1'., RC-?-2 , RC-P-13 and RC-P-23) were,,

stopped. Superheated stea=/ gas exis:ed in the vessel head and Lcep

3 hot le3 The Leop A hot leg stean/ gas was collapsed and natural circula-

tion flov establishcd in this leep. Ccedenser vacuum was re-established

af ter the auxiliary steam boiler was re:urned :o service. Steam Genera:ce

A vas steaming to :he ccedenser and Steas Generator 3 was isolated.

The Elec:::ca:1c Relief 3 loch 7alve (RC-72) was open, kaeping the Reactor

Ccolan: Systes depressurized :o 550 psig (Figure 12) . 7en:1sg thrcugh the

Elec:: catic Relief 7alve (RC-12) to the reactor building resui:ed in a

hydrogen concentration increase and subsequen: denotaticn which caused a 13

psig Reactor 3u11 ding pressure pulse. A::e= pts :o use :he Cere Flood

Systes :o cool che core over the last six hours had resul:ed in limited

succes s . The reactor core was being cooled by (1) Steam Generator A

_

stea=ing, (2) Eigh Pressure Injection flew into the Reac:ce Ccolant Sys:em
_

and then to the Reactor 3u14 ding floor via the Electrcca:1c Relief 7alve

CRC-R2) and (3) Core 71oed Tank A p'-* . discharge.
,

13:15:00 The opera:ct closed :he Electenatic Relief 31ock 7alve (RC-72)

(1715:37)
Approx 1= ate in an atte=pt :o collapse the re=aining steam / gas voids by going

to a high Reactor Ccolant System pressure (71gure 12).

13:23:04 The opera:or s:arted Reac:or Ccolan: Makeup Pu=p C (MU-P-1C) :o
(1723: 41)

assisc in increasing Reac:c: Ccolan: Syste= pressure.

14:43:15 The cperator stepped Reac:ce Ocolan: Makeup Pu=p C (MU-?-IC)
(1943:32)

to sicv the rapid increase in reac:c: coolant prescure.

14: 5A: 00 Reac:or Coolant System pressure reached 2350 psig (Figure 12).
(1854: 37)

AP?r==1= ate 230 16_/.
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15:32: 42 The cperater started Reactor Coolant Pu=p 1A (RC-P-1A) and after

(1933:19)
approxi=a:ely 10 secocds stopped the pu=p. This was done :o verifys

the pump starting current was correc:. Reac:or Ccolant Systa=

pressurt dropped frec 2240 psig :o 1440 psig and Lcop A cold leg

te=perature decreased f rca 4CCI to 290F (Figures 12 and 22) .

15: 49:08 Reac:or Coolant Systen Loop 3 hot leg ce=pera:ure decreased to

(1949:45)
within the indication :: 1ge of 572 6 ? (Figure 27). .

15:50:09 The operator started Reactor Coolant Pu=p Lt (2C-P-LA) , Reactor

(1950:46)
coolant pressure dropped fres 2250 psig to 1380 psig and eventually

stabilized ac 1000 psig. The average reactor coolant ce=perature

dropped :o 290 ? and eventually stabil3:ed a: 250 ? (71gure 22).

?Lrr" STATUS

22:15:00 Reac:or Ccolant System and Steam Generator c==dt:1cus were:

(0215:37)
Ap pr e vd -a ce Reactor Ccolant System pressure was 1l65 psig.

Pressurizer Te=perature was 5517 (pressuri er heaters rain:aining

ta=perature).

Pressurizer las 1 indice:1:n was 397 t=ches.

Steas Generator A vas atca=ing to the Main Condenser.

Steam Gene:ator 3 was isoa. ;ed.

Reactor Ccolant Makeup Pu=p 3 (MU-P-13) was Operating to supply

Reactor Ccolant Pu=p ,eal injection flev.

React:r Ccolant System Loop A cold leg te=perature was 256.47.

Reactor Ccolant Systes Loop 3 cold leg te:gerature was 252 47

Reactor Ccolant Systes Leco A het leg temperature was off scale

icv, i.e., less than 520 0F.

Reactor Ccolant System Lcep 3 hot leg :n=perature = cff scale lev,

i.e., less than 520.0F.

230 168
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ANNOTr"ED SECUENCE OF E75'ITS

LIST OF FIGURES

Fizure No. Title

i Su==ary of Reactor Coolant System Para =eters Following Turbine
Trip (0 :o 120 seconds)

.

2 Sc==ary of Steas Generator ?araceters Following Turbine Trip
(0 :o 120 seconds)

3 Ieactor Coolan: Sys:es Pressure and Pressuri:er Level
(0 :o 30 =inutes)

A Reactor Coolant Systes Pressure and Pressuri:er Lavel

(0 to 8 hours)

5 Reactor Coolant Systes Pressure and Sa:uration ?ressure (0 to 20 hours)

6 Reactor Ccolant System Leop A & 3 Eoc and Cold Leg Ta=perature
(0 :s 20 =inu:es)

7 Reactor Coolanc Sys:es Loop A i 3 Eat and Ccid Leg Te=perature
(0 :o S hours)

3 Steam Generator A & 3, Level and Pressure (0 :o 30 =inu:ss)

9 S eas Generator A & 3, Level and ?: essure (0 :o 3 hours)"

10 Reac:or Coolan Syste= Pressure (0 to 120 seconds)

'll Reactor Ccolant Syste= ?ressure (0 to 120 =inutes)

12 Reacecr Ccolan: Sys:es Pressure (0 cc 20 hours)

13 Reactor Ccolant Systes Leops A & 3 Flow (0 to 120 seconds)

14 Reactor Ccolant Sys:en Leops A & 3 Flow (0 to 30 nicutes)

13 Reactor Ccolant System Lcops A & 3 Flow (0 to 120 =inutes)

16 Reactor Coolant System Loops A & 3 Flow (0 cc 3 hours)

17 Reactor Ccolan System Loops A & 3 Flov (0 to 20 hours)

13 Reac:or Ccolant Syste= Leops A, Hot and Cold Leg
Te=peratures (0 to 120 seconds)

19 Reactor Ccolant System Lcop A, Ho: and Cold Leg
Te=peratures (0 to 3u %%ics)

}} kb20 Reactor Ccolant & -nea '

A, Eot and Cold Leg'

Temperatures (r + ec)



ANNOTATD SECUE'!CE OF EVE'CS

(CONTINUED)
-

Firure No. Title

21 Reac:c Coolan: System Loop A, Ect and Cold Leg
Te=peratures (0 to S hours)

22 Reactor Coo' int 3ystes Loop A, Hot and Cold Leg
Te=peratures (0 :o 20 hours)

23 Psactor Coolant System Loop 3, Eat and Cold Leg
Te=pera:ures (0 :o 120 seconds)

24 Reactor Coolant System Loop 3, Hot and Cold Leg
Temperatures (0 to 30 =inutes)

l'i Reacect Coolant Systes Loop 3, Hot and Cold Leg
Te=peratures (0 to 120 minutes)

26 Reactor Coolan: Syste= Loop 3, Eat and Cold Leg
Te=peratures(0 :o 3 hours)

27 Reactor Coolant Sys:es Loop 3, Hot and Cold Leg
Tempera:ures(0 :o 20 hours)

2S Reactor Coolant Systes Pressuri er Level (0 :o 120 seconds)
-

29 Reactor Coolant System Pressurirer Level (0 to 120 =inutes)

30 Reac:or Coolant Systes Pressuri:er Levgl (0 to 20 hours)

31 Steam Generator A & 3 Steas Pressure (0,:o 120 seconds)

32 Steam Generator A & 3 Steas Pressure (0 to 120 =1:utes)

33 Steam Generator A & 3 Steas Pressure (0 :o 20 hours)

34 Steas Generator'A & 3 Star:-Up Level (0 :o 120 seconds)

35 Steam Generator A & 3 Star -Up Level (0 :o 120 sinutes)

36 Steam Generator A & 3 Start-Up Level (0 to 20 hours)

37 Steas Generator A & 3 Operating Level (0 to 120 seconds)

38 Steam Generator A s 3 Cperating Level (0 to 120 ninutes)

39 Steas Genera:or A & 3 Operating Level (0 to 20 hours)

40 Reac:ce Coolant Drain Tank Pressure (0 to 120 seconds)

41 Reactor Coolan Drain Tank Pres.sure (0to30minut2s
1



ANNOTATED SECUENCE OF EVENTS

(CONTINUED)
-.s

Firure No. Title

42 Reac:or Ccolant Drain Tank Pressure (0 to 120 ninu:es)

43 Reactor Coolant Drain Tanic. Pressure (0 to 8 hours)

44 Reac:or Coolan Drain Tank Pressure (0 to 20 hours)

45 Reactor 3u11 ding Te=perature and Pressure

46 Inter =ediate Range and Scurce Range Menitors
(0 to 4 hcurs)

47 Inter:ediate Range and Scurce Range Monitors
(0 :o 20 hours)

' 48 Cc=puter Alars Princer Lag'rire

49 Emergency 7eedvater Fu=ps Discharge Pressure
(0 to la =1:utes)
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Figuro 46
TMI-21.oss of Coolant Accident of 3/2fl/79
Intermodlato and Sourco llango Nuclour lustruinuntation
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II. RECOVERY ORGA'TIZATION

_

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 'ce continually evaluated in light of the conditions that
weerd exist and the tasks at hand, and that refinements and =edifications
vould take place as appropriate.

The Recovery Organization consisted of an integration of GPU personnel with
senior, experienced people frca other utilities and nuclear industry
organizations across the country.

The Recover 7 Organization focused en the following priorities:

A) Maintaining the current plant operations in the saf est conditions.

3) Containing the release of radioactivity to minimize exposure to
the public and ensite personne' .

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

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

Mr. Her=an Dieckamp, President of General Public Utilf les, established
the Three Mile Island Unit 2 (TMI-2) Recovery Organi:stion.

Mr. Robert C. Arnold, Vice President-Generation, GPU Service Corporation,
was designated as the GFU Cperations Manager with responsibility for the
overall management of all onsite and near alte capabilities and resources
related to the r(covery effort for TMI-2. The major neer term objectives
of the Recovery Organization were established as follcws:

-- Maintain the unit in a stable condition

- Control and manage the volumes of exiscing radioactivity

-- Develop an everall waste management plan for liquid, gas, and solids

- Develop a strategy to reach cold shutdcwn safely and expeditiously

Modify the necessary procedures, f acilities, and equipment to-

accomplish the above; and,

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

Tha Recover 7 Organi:ation established is shcwn in Exhibit 1. The Organization

was divided into the following major groups:

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

Waste Management Group, Plant Modifications Grcup, Task Management / *o

_
Schedule Group, Administrative & Logistics, and Public & Government },}b b"
Affairs.

e



-2-

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

~

1. Technical Sucoc'rt Grouc - has provided engineering criteria and support,
technical planning and analysis, procedure support, tcchnical support to
the control room, support to licensing requirteents , and data reduction
and management..

2. Plant Modification Greuo - has provided the engineering, design, saterials
and construction necessary to ec=plete the plant modifications to equipment
or structures.

3. Waste Manacement Groun - was established to safely and effectively =anage
the quantities of radioactive gases, liquids and solids during the initial
phases of the recovery operation. They are responsible for the development
and i=ple=entatica of short ters plans to manage 2nd process contaminated
psas, liquids and solids; identification of the status of Auxiliary 3uilding
systens, establist;:ent of processing priorities that are based on plant
needs and decent,,fnation of the Auxiliary 3uildin:;.

4. Industry Advisory Groue (I.A.G.) - was established as a "think tank" to
function in parallel with all ongoing activities. The group was not to
he part of the i=plementation structure. The group would of its own
initiative look into potential proble=s of any kind, =aintain a current
awareness of the perceived status of the core, and provide assess =ents
'ased on experience and judgement as opposed to detailed engineering
review and calculations.

' 5. Plant ooerations Grouc - consisted of the Met-Ed TMI Plant Staff with
substantial augmentation frra other organizations whose i==ediate
objectives were:

Perfors all plant operations and maintenance activities required-

- Limit personnel exposure

- Stop off-site uncontrolled releases

Return the plant to a benign status-

- Ensure the plant's ability to respond to any future e=ergencies.

6. Task Management / Scheduling _Grag - was formed to coordinate and monitor
the overall taske and priccities, plans. schedules and work progress of
all groups. They were aware of information that the groups required to
perform their tasks and assisted them in ebtaining the required information.

7. Technical 'Jorking Grouc - is a group which includes the heads of each of
the groups described in 1. through 6. , and representatives f rom Sabcock
and Wilcox Co. and the Of fice of Nuclear Reactor Regulation.

79<
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8. Ad=inistration & Logistics - was formed to handle the necessary

~
administrative logistics requirements such as ec =unications, canpower,
transportation =ainte- ace and cc=aissary arrangements.

9. Public and Governnent Af fairs - vas established to coordinate the inter-
f ace requirements needed with the public and gover-cental bodies.

Due to the nature of this section of the report, only changes to the
Recovery Organization vill be presented in subsequent repcres.
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.

III. PLANT MODIFICATIONS
('

Follaving the incident v61ch occurred on March 28, 1979 at TMI-2,
se/eral redif'.caticus to TMI-2 systens were made or considered.
These modifications were undertaken in order to aug=ent the existing
systems for both the containment of radioactivity, and the control
of plant conditions during the establishment of long-ters cooling.

This section includes a discussion of the various. modifications which
have beer cade. In addition, a book of drawings /diagrans pertaining
to these nodificatices is enclosed for your reference.
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A. Hydroger Reccabiners

1.0 System Function and Design Objectives

in anticipation of having to process substantial amounts of hydrogen
to prevent a hydrogen 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
at=osphere to the envirennent.

1.0 System Description

A ther=al type hydrogen reccabiner is installed in the fuel handling
building at tha spene fuel pool operating floor and is connected to the
reactor builniug ventilatica and purge system as originally intended
(see FSA Tigure 6.2-30). In addition, a skid-counted , ther=al-type
hydroge. recocainer has bceu installed next to, and has been connected
in parallel with t*.e first hydrogen recccbiner. The integrity of the
systen fr as originally installed and will ensure that there is no
uncent~ ' radi .: tc_ tve reJ ear t to the environ =ent.

3.0 Systa Ope o t::n

The hvotegre "m.orJ iner.s are caly operated as requirtd to control reactor
huildhg hy ';ogel concentrations. Periodic samples are taken frc the.

- conts ".n=e r n.> sphere to =enitor hydrogen concentration levels.

Reccabin( - c i .rction is monitored and controlled manually from a local
panel. A recc=biner " trouble" alarm is annunciated in the control rocm.

Testing is performed in accordance with established prceecures to ensure
prcper functioning.

4.0 Status

The Hydrogen Recc=biners are installed and functional.

-
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3. Auxiliary and Fuel Eandling Huilding Supplementary Air Filtration Systems
.

1.0 System Function and Design objectives

Radioactive iodine, released from the Reactor Coolant System during
the IMI Unit 2 accident, was transferred into the Unit 2 Auxiliary
and Fuel Handling Buildings. I==ediate change out of the Auxiliary
and Fuel Handling Suilding 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 is to filter radioactive particles and
absorb iodine which has passed through the normal filtration
system in the building ventilation systems.

2.0 System Description

The system interfaces with the Auxiliarf 3uilding HVAC system, Fuel
Handling Huilding HVAC system, and the Service Building HVAC system.

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

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 Systen Status

Engineering 80% Complete
Censtruction 73 Camplete

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

System description, flow diagrams, operating procedures, operating
and failures codes analysis being prepared.
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C. Condenser Air Extraction Filtistion Svstem
_

'

l.0 System Function and Design Obj ectives

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

The syscem capacity will be sufficient to process normal con-
denser air extraction flow required to =aintain vacuum.

2.0 System Des cription -

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 radiatica
monitors upstream and downstreas of the CAIF system are used to
monitor perfor=ance. (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 supplementar7 in-
take from the turbine building at=osphere. The filter train consists
of (in the direction of flow) a prefilter, high-efficiency
particulate air CEEPA) filter, an activated carbcn filter, and a
second HEFA filter. Since filter and fan capacity (2000 CFM) exceeds
the normal condenser extraction flow, the difference in flow is =ade
up from turbine building air. the CAEF system is designed to filter
cut 95% of the iodine in the extraction air. The filter bypass is

'

provided to permit filter maintenance or rapid condenser draw dcwn
(hogging) when radiation levels are normal.

Fire suppression is nor= ally provided by the fire water supply in
the turbine building. In addition, a sanually-initiated water
supply is provided over the charcoal filter, should the filter
bed overheat.

3.0 Systea Operation

During normal operation, all extraction air is directed through the
filter train. The filter will be monitored fer radiation to
ainf= ice exposure when te=porarily shutting down the CAEF system and

filters. Filter efficiency can be determined during operation by
drawing and analycing air sa=ples from upstream and downstream of
the charcoal filters. The filter will also be menitored to ensure
that the preheater remains operational, that the flow is adequate,
and that filter dif ferential pressure recains within aliceable limits.

230 228



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 f an will not be stopped until all
of the condenser vacuum pumps are taken out of service. If maintenance
is required, all operations will be performed in accordance with
existing health physics requirements.

Nor= ally the filter exhaust fan will draw : ore air than that being
drawn from the condenser. However, should the fan trip, the cendenser
vacuum pu=ps could pass some lesser flew through the filter and cause
leakage to the turbine building through the inlet gravicy damper. If

the exhaust air radiation levels are within acceptable levels, then
the bypass 'line can ce opened and control will be provided as in the
hogging code. However, if radiation levels are unacceptable, then
both the filter inlet and outlet valves will be closed and the
condenser vacuum pumps will be secured until the situation is
corrected.

Effluent quality is normally monitored from the centrol room using
existing radiation monitor EP-12-228 and other instru=entation. Any
monitoring and action associated with changing CAEF system operation
will =anually be perfor ed at the filter. The following indications
and alar =s are provided at the fil:er:

a. Freheater Operation
b. Air Temperature Indicatien
c. Low Fan Discharge Pressure Alarm
d. Eigh Charcoal Filter Temperature Alarm
e. Fan Operation
f. Prefilter Differential Pressure Indication
g. EEPA Filter Differential Pressure (each filter) Indication

4.0 Status

The Condenser Air Extraction Filtration System is installed and
operatienal.

t
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D. Fuel Pool Waste Storage System
,

1.0 System Function and Design Cbjectives

This Fuel Fool Waste Storage System is to be used for te=porary
storage of liquid waetc. 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. These 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 tha plant
to move and process radioactive waste.

2.0 System Description

The system consists 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 is 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
is nearly full. Provisions have been made to both flush the piping
system af ter completion of the pumping operation, and to drain the
piping system as required.

The vents from the tanks and the stand pipes are directed through a
dryer and a charcoal filter to remove moisture 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 radioactive vaste.

3.0 System 0,eration

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

4.0 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 bu4.lding is
approximately 20': completc.

Q,
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Upgra'ad Decay Heat Re= oval SystemE.

l.0 System Function and Design Objectives

Future operation of the existing decay heat removal (DER) system say
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 routine surveillance, operation,
and =aintenance. The upgraded DER 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 environment,
substantially exceeding the original design basis, for up to one year of
operation.

2.0 System Descripticn

Proposed DER system =odificaticia include additional decay heat vault
shielding, a remote TV :onitoring system, modified DER pump and motor
bearing _ oilers, a vibration monitoring system, and associated operating
and testing procedures.

Vault shielding will be provided by lead bricks assembled in a steel
support frase. This will reduce the anbient personnel cadiation
exposure levels to "as low as reasonably achievable" (ALARA) in the
accessible area above the vault. Radiation surveys will be made during
initial DER system operation and periodically thereaf ter to determine
shield effectiveness.

The T7 monitoring system will provide remote surveillance capability for
DER system operation and =aintenance. 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-of f, remote oil fill, and pu=p venting.

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

Previsions will be made for monitoring pu=p vibration and icose parts in
the system. This is intended to provide early indication of pu=p and
cocor degradation, loose parts in the system (parricularly 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 the service building.

.

3.0 System operation

These modifications to the DER will not appreciably alter system
operation.

~%
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4.0 S tatus

The TV conitoring system and pump venting arrangements are installed
and operational. The bearing oil tanks and piping and the shieldind
bricks and support materials are on site. An operating test plan

for the DER systen has been developed.

The inscallation and testing of beiring oil tanks and piping, vault
shiciding, and vibration and loose parts monitoring system, as well
as the final positioning of TV conitoring equipment, and the pre-
paration of DER system cold operation test procedure recains to be
completed.

-

.
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F. Steam Generator "B" Closed Loop Cooling System

1.0 System Function and Design Obj ectives

in order to provide a high pressure, closed cooling loop for water-
solid steam generator "3", a system utilizing new equipment must be
installed. The closed loop =ust recove the decay heat from the core
plus the added heat load from one ruactor coolant pump. To minimize
the possibility for contamination of the closed loop, the system =ust
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 re= oval
capability should the present steaming from steam generator "A" be
discontinued .

2.0 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 pressure.

The shell side of the heat exchanger will be supplied with cooling
water frca the secondary services closed cooling water system which,
in turn, will be cooled by water from the nuclear services river water

. pu=ps piped to the turbine building via the secondary services river
water piping.

The new pu=p discharge piping will be connected to the exDring feed -
water piping downstream of the main feedwater pumps, and the heat ex-
changer inlet piping will be connected to the drafn pot on the sain
stea= line between the cain steam isolation valvr. and main turbine
stop valves.

3.0 System Operation

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

4.0 System Status

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

The balance of piping f abrication, erectica, and testing will proceed
to co=pletion.

't
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G. Portable Disposable Demineralizer System

1.0 System Function and Design Objectives

Steam Generator "3" is presently contasinated with radioactive (fission)
products. To ensure that the environment 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 t'he
Portable Disposable Denineralizer (PDD) system. After the initial
cleanup is co=pleted, water quality will be saintained by passing
closed loop cooling system flew through additional portable demineralizers.

2.0 System Description

The PDD system will be located indoors near the northwest corner in the
turbine building basement. The system will include disposable
da-t-eralizers each approximately 18 inches in diameter, 30 inches in
height, and having a 1.5 cubic foot resia capacity. These
damineralizers will he connected to the steam generator "3" closed loop
cooling system, and will recette process water from the new closed loop
pump discharge while returning the effluent to the pump suction. The
nu=her of de f,eralizers to be used will depend on the water quality
and cleanup rate required.

The design pressure of the available da-4neralizers is 30 psig. There-
fore, in order to protect the ves' tls, the ?DD system will also include
pressure reduction, pu= ping, and safety relief f acilities necessary to
process the fluid while minimizing the potential for radioactive release
to the environment.

The decineralizers are housed in portable shielded casks. All operation,
maintenance, and demineralizar removal and replacement will be perfor=ed
in accordance wi:E existing health physics requirenents.

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 demineralf:ers and shield casks have been fabricated.

Design will centinue to cc=pletion. Piping connections are being
installed in the steam generator "B" closed loop cooling systems.

O
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H. Nuclear River Water System
_

l.0 System Function and Design Objectives

The river is the ulti= ate heat sink for the alternate decay heat

removal (ADHR) s'fstem and the steam generator "3" closed loop

cooling system.
.

To ensure system reliability, the nuclear services river water system
was selected to supply the wEter.

The ADER system requires apprcximately 3500 gpm, and the secondary
services cloced coeling water system that services the new steam
generator "3" closed loop heat exchanger will require apt aately

7000 gps. These flow requirements will not be simultaneo-.

2.0 System Description

Connections from the existing nuclear services river water supply and
discharge headers are to be made. These connections will be made in
the river water pump house and in the nuclear services river water piping
between the river water pu=p house and fuel handling building. The
for:er connection is for supply of river water to the "B" generator

closed' loop cooling _cheme and the latter is to supply river water to the
alternate decay heat re=o'ral system (ADERS) .

r to theA ju=per connection to supply nuclear services river wat e
secondary services river water system will be made in the river water
pt=:p house. The connection will be made between valvey NR-73 and
NR-Vl97 on the river water header and w'.ll be in accc cdance with ASME
Section III requirements up to and in accordance w'.in ASME Section III
requirements up to and including the second isol2L:'on valve (two isolation
valves are provided to segregate the safety class nuclear services river
water system and the secondary services river water system ) . The jumper
connection will be made to the secondary services river water pump
header downstream of valves SR-V2A, 3, 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 S ta tus

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 connections 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.

} bd
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I. Secondary Services Closed Cooling Water Systa=

'

l.0 System Function and Design Objectives

An intermediate closed cooling system is required to transfer heat
frem the new heat exchanger, in the steam generator "3" closed loop
cooling systec, during steam generator "3" closed loop cooling. This
is necessary to prevent fouling which could result from river water
passing through the shell side of the new DHR heat exchanger. The
seccadary services closed cooling water (SSCCW) system will be
modified to satisfy ek.is requirement.

2.0 System Description

No new =ajor cc=ponents will be added to the SSCCW system. Piping
connections will be made between the closed cooling water supply
and return headers and the new DHR heat exchanger. After modifications
are completed, the SSCCW can be controlled and operated as originally
intended during nor=al plant operations. However, during steam
generator "3" closea loop cooling the SSCCW system will only serve
the new steam generator "B" closed cooling loop heat exchanger,
candensate pu=p motor bearings, and the service air ccepressors. All
cther components will be valved out. This operating mode vill not
exceed the perfor=ance limitations of the originally installed system.

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 *

Design work is proceeding and piping sections are being fabricated.

Work yet to be ccepleted is as follows:

Install cooling water pipe sections. Provide temporary cooling water
supplies to the condensate pumps and air compressors during SSCCW
system shutdcwn. Develop operating procedures for providing cooling
water to the new stean generator "3" closed loop cooling heat
exchanger.

-
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J. Steam Generator "A" Closed Loop Cooling System

1.0 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 recove the decay heat
frem the core plus the added heat load from one reactor coolant pump.
To =ini=1:e 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 rej ected to
the river. The syste= would be intended to provide primary decay heat
recoval capability redundant to 'a steam generator "3" closed loop
cooling system.

2.0 Description

Tha system will consist of a new heat exchanger, pump, surge tank,
and piping and valves. The hot water leaving the steso generator
would be cooled to the shell side of the heat exchanger and returned
to the steam generator by a new pu=p. A pressurized surge tank would
=aintain the steam generator secondary side at a mini =um 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 pumps piped to the
turbine building via installed seccndary services river water piping _

The nev pump discharge piping vould be connected to the existing feed-
water piping downstream of the main feedwater pumps. The heat
exchanger inlet process piping would be connected to tha main steam
turbine bypass line between the isolation valve and the control
valve at the condenser.

3.0 System operation

A detailed description of this systeds operation is not yet available.
Should the system be constructed, the operations description will be
provided in a subsequent report.

4.0 System Status

Design is approximately 95% ce=pleted. The procurement and fabrication
have been placed on hold, as the primary ceans of long-term decay heat
removal will be by steaming in steam generator "A".

Design will proceed to cc=pletion. No further construction work is
anticipated at this time.

.



K. Feedwater Bypass Lines

1.0 System Function and Design Criteria

A feedwater bypass lina 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 bypass line shall be sized to pass suf ficient flow required to
remove decay heat plus the heat generated by one ceactor coolant pu=p
during steam generator steasing.

The installation of the bypass lines shall not disrup t the flow of
feedwater to the respective steam generator during steaming,

2.0 System Description

The bypass lines are sized to pass 50 gpm of condensate to each steam
generator. The bypass lines to steam generators "A" and "3" are
routed around feedwater heaters FW-J-6A and FW-J-63 respectively
and tied into the feedwater system between existing valva vent and
drain connections to permit a continuous supply of feedsater.

3.0 Systen operation

The. feedvater bypass lanes nay be used as long as the respective steam
generator is in tha steaming mode. The lines =ust be isolated or
re=oved if the stern generator is placed in the water-solid, closed-
loop coaiing mode. No additional provisions for conitoring bypass
line performance are necessary.

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

4.0 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 Obj ectives

The proposed Alternate Decay Heat Removal (ADHR) system augments the
two existing DER syste=s and the proposed water solid secondary /
natural circulation systen as backup to steam generator "A" steaming.
An integral Decay Heat Closed Cooling Water (DHCCW) system is included
to transport heat from the ADER cooler and the ADER pump seal coolers
to the nuclear services river water system. Connection points are also
provided outside the 52el handling building to connect other dedicated

*

liquid vaste processing systems.

The specific function of the ADER system is to remove decay heat such
that the reactor coolant system can be brought to and maintained at a
cold shutdcwn condition. With the exception of gross core flow
restric tions, this system is intended to provide sufficient core flew
to ,ntntain reactor coolant subecoled.

2.0 System Description

The two ADER pumps and a new heat exchanger will be mounted on a skid
located cutside the west wall of the fuel handling building. Three
pipe runs will be installed fran the existing DER syste= piping within
the fuel handling building 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. Ecok-up to the ADER skid will be made
latar if needed. In addition, three capped taps will be provided
on the ADER piping installed outside the fuel handling building. These
taps =ay be used later to connect other dedicated liquid waste
processing syste=s.

Motor control centers and ISC panels for operation of all ADER system
pumps and motor operated valves will be =cunted in a control trailer
located near the ADER skid.

The DECCW system provides cooling water to the ADER system heat exct anger
and pu=p seal coolers. It utilizes a closed loop system to provido a
double barrier between the ADER system and the river watet to prevent
the direct release of radioactivity to tha environment. A radiation
detector is provided to monitor the level of radioactivity in the DHCCW
system at the outlet of the DER cooler. A radiation level indicator
with high radiation level alarm is located in the ADHR system remote
control recc. If radioactivity is detected, operation of the decay
heat re=cval lccp and its associated DHCCW loop can be halted and the
affected decay heat re= oval cooler isolated. The DECCW system is counted
on a second skid and consists of the DHCCW pump, heat axchanger, and surge
tank. Both skids will be located cuedc ;e level near the west

wall of the fuel handling building and co each other.
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3.0 System operation

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

4.0 System Status

The piping fer the ADER system has beed designed, f abricated, and received
on site. The skid for the ADER system with its components, two pumps, heat
exchanger, valves and piping is on site and assembly started. Motor
control centers are on site. The valve vault excavation is cocpleted

and the control trailer rarchased and dalivered.

Te=porary ADER systen shield building, permanent building and provision
of electrical power and service water support is on hold.- Tie-in of
ADER systea to existing plant DER system is on hold.

Piping supports are being designed and f abricated on site, control panels
are Seing assembled ;ad checked out at the vendor, the control trailer is
being wired, air conditioned and insulated off site. Vault design is in
progress- The DHCC"4 system skid will be brought on site and demonstration
and rehearsal of fuel building wall penetrtition technique is in progress

.



M. Standby Reactor Coolant Pressure Control System

1.0 Systens Function and Design Obj ectives

Righ radiation levels and flooding in the reactor building have or
could potentially render much of the reactor coolant (RC) system
electric?1 equipment and instrumentation incperable. With much of
the instrunentation inoperable, the'RCS should be maintained water
" so lid" . An alternate systen of pressure control is required to ensure
safe and reliable cooling of the reactor core, should control of the
avfeting system becc=e unennageable. The standby reactor coolant

,

pressure cont: :1 (SRCPC) syste= will ensure reliable core coo?.ing
by perfor:d:g t5e following functions:

a. Maintain the RC system in a water-solid condition for
natural circulation core cooling

b. Maintain sufficient available NPSE should RC pu=p operation
be required

c. Control the quality cf the makeup fluid

d. Maintain pressure within control limits while accocodating
ther=al and volu=etric changes in the RC systes inventory.

2.0 System Description

- The SRC?C system will include botn =akeup and letdown sub-systems.
The cakaup portion ties into the axisting reactor coolant =akeup
pu=ps discharge header (see FSAR Figure 9.3-6) . RC system pressure
is maintained by three surge tanks arranged in series with a
pressurized nitregen blanket over th Jast tank. A fluid inventory
of approxi=ately two thirds of the total tank capacity is
sufficient to =aintain RC system precsure during sudden RC system
inventory reduction transients. A level control valve at the tanks'
discharge vill prevent nitrogen frca entering the RC system.

Lor- term =akeup will be provided by the charging pump taking suction
from cn atmospheric storage tank. Makeup fluid conditions are
adjusted by chemical adcitien and heating to meet RC system water
quality requirements.

The RC system pressure will nor= ally be maintained between 100 and
750 pr;g during the intended cooldown process. As of April 30, the
RC system pressure cust be caintained at 900 psig in order to provide
letdcwn flow equal to the RC pu=p seal injection flow to the system
so tha t the RC pu=ps can be operable.

A
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The SRCPC makeup system will be operated manually from a local panel
during initial operation and from the control roco af ter system
autcmation is complete. Makeup is provided in response to decreasing
pressure in the RC system. An alars will annunciate at the control
station when the pressure dif ferential between the RC and SRCPC cakeup
system reaches or exceeds 50 psi.

The SRCPC cakeup system will prevent gross depressurization of the RC
system when operating in a water-solid mode. The letdown 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 termination of RC
pu=p seal injection or makeup, opening the pressuricer vent valve,
opening the pressurizer electromatic safety relief block valves, or
lif ting the pressurizer safety relief valves (the latter two cethods
are understrable and will only be considered as a last resort).

3.0 Syste2 Operation

A detailed description of this systens operation is not yet c7ailable.
Therefore, it will Se provided in a subsequent report.

4.0 Status

Cenceptual design of the SRCPC =akeup system is substantially ecmplete.
The surge tanks, charging water storage tank, borated water batching
tank and ti ansfer pump, and charging pu=ps are on site. Piping is

being fabri:ated.-

The_ following ite=s have not yet been cocpleted: Install and test the

makeup system. Select a method for alternate letdown and begin design.

.

D
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j. Al+ernate ;HR System Cicsed Cccling '4ater Pump 0
Te jerary Auxiliary and Tuel Handling Stilding HVAC

k. Tuel Handling Building HVAC Tans , Tilters and Heaters

1. Auxiliary Building HVAC Tane , Filters and Heaters
,

m. Condenser Vacuum Pumps

n. Instrument and cen:rcl pcwer for above systeer

2.0 System Cescriptien

The 3CPEP system includes two independent pcwer bicek busses (2-3
and 2-4), each fed by a 2500 kw rated diesel generaccr, and two
circulating water pump busses (2-5 and 2-6) fed by one 13.2 kv line.
The leads asscciated with ecoling steam genera:cr "A" are connected
te odd numbered busses. Correspendingly, leads associated with cccling
steam generater "3" are connected ic even numbered busses. The cdd and
even busses are pcwered by the gray and white diesel generators
respectively and are, therefore, designated as the" gray" and " white"
busses. There is a cross-cennection between the two busses which is
onl~ te be used fer ene buss :: supply power to the other if thern is a1

failure in ene system and the diesel in the other system can hanc e the
additional lead demand.

The diesel generaters and associated auxiliary systems are located
curdocrs just scuth of the turbine building. Each diesel is a skid-
mcuated package ecmplete with air starting system, fuel injection
equipment, and associated instrumentatien and centrols. The
permanently installed fuel cil s:cra e and suppl"1 system prevides5

sufficient reserve for ene day of rated lead cperation. In addition,
there will be sufficient en-site fuel oil reserve to operate both
diesel generaters at rated lead for the normal time required :: obtain
fuel resupply plus a fcur-day margin.

Suitable fire prerection will be provided fer the diesel genera crs
and auxiliary systems. This may incitde a fire wall separating the
two fuel cil tanks and diesels or a fire suppressien system.

Existing circuit breakers , previcus1" used for cendensate beester pumpsJ
2A and 23, have been modified te connect the 2-3 (gray) and 2-4 (white)
busses tc their respective switchgear. Relays are provided at the
circuit breakers te shed all leads On loss-cf-effsite power. The
existing bus transfer schemes that provide centinuity Of pcwer supply
by fast-transfer to the other transf:rmer, have been left intact. Tc
acce==cdare this , the new underveltage detection schemes will have a
10 second delay.

* Indicates ccmpenents net currently planned :c be put in service.
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3.0 System Operation
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Initial startup testing will verify prcper system and component
operability, the adequacy of operating precedures , and ensure
adequate performance capabilities of the 3CFEP system. Periodic

* a. s .i .. ~s w.i .' .' k e e ". . c. ...e d .' n. .a - - - . d . ~^ a. w .' *. * e- . c c a. d.".~ a .' -a m " .# . a -^* u - . .-4- -. - -,
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breaker actuation, diesel starting ard synchrcnizin;, fuel cils
quality, and breaker positions .

4.0 System Status
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Final approval of operating precedures
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Insta11arien of centrols and instrumentation in the centrol rece.
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3.0 System Operation

Operatien of the system has not yet ec=enced because the system has
net been totally fabricated.

4.0 S ta*'s
.

The design is essentially cenplete and faerication and construction is
apprcximately 45% complete.

,
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?. Trash Ccepactor

1.0 dystem Function and "esign Criteria

.s.mm .. : , .a n .-. , am . .z n .c.c. . . . . e g ..e.. .a..,:.a.s. >,.,, , o.u,.,. g._c ap. .:,:aa: , -- , ,

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

^ ^ c^rac ..# .k ' a. "a s *e e '. a. .# . ~ -a. = s"s *. a.,.. wa2 n. e a d.a.dc3 .s 3..e.=~=d. ~". =. . a. .#c . a. y
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.. - .- .

to ecepact icw level solid waste :nto 55 gal. drums for storage or
s:s . A. y s..o r..-

.w.

'he system shall compact waste into 55 gal. Department of Transportation
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2.3 System Cescription
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Q. Stag.ig .7acilities for Cewatered Resins and Evaporator Sotts.ss.
.
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2.0 System Cescription
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a.0 Status

The staging facility is in the design phase.
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'- Pl. Radiological Monitoring

Due to the nature of this section of tne report, only changer and
additions to the information presented here will be included in

next conths report. The Final Report, however, will provide a
cenprehensive review of the Radiological Monitoring done folleving
the March 23, 1979 incident at rMI-2.

/

we
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.

IV. Radiological "onitoring
.

A. Introduction

1. Sources of Data

This report uses data collected io Tunitoring programs oporated
by Metropolitan Ecison. At this writing, an extensiva. amount
of data collected by others has not yet been evaluated in detail.
Hesever, the Metropolitan Edison orogram is ccmprehensive enough
and sensitive enougn to make an accurate assessment of radiological
impact.

a. Measured Releases

Metropolitan Edison operates a monitoring program designed
to permit identification and quantification of radioactive
isotope releases in liquid and gaseous effluents from the
station. These programs include autcratic continuous mon-
itoring of effluent streams using equioment with control
room alarms. This monitoring is comclemented by effluent
sampling and laboratory analysis. Grab samoling is used
for batch f quid releases, and centinucus samoling with
periodic locoratory analysis is used for radiciodines and
particulates in gaseous effluent. Generally speaking, the
automated monitoring equipment is considered most useful

- because of its early warning features but is, in most
cases, less accurate and/or less sensitive than samoling
and analysis for quantifying releases. For these reasons,

samoling and analysis usually serves as the basis for most
ouantitative assessments o' releases of radioactivity in

ef fl uents . Effluent meast rements are described more
extensively later in this secticn.

b. Estimated Release Rates

When data on releases were not available, estimates were

made taking into consideration meteorolcgical data, data
frcm the radiological environmental monitoring program,
and tne cata frcm area radiolcgical monitors inside tne
Unit 2 Auxiliary and Fuel Handling Buildings.

c. Meteorolooical Cata

Metropolitan Edison maintains a eteorological tcwer
located at the north end of the island to succort normal
plant operation. Data frca this tcwer have been continuously

available via redundant sensors since the accident. These
data were used to estimate noble gas r0 leases and to ccmpute
population doses.
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_
Radiological Environmental Monitoring Programd.

For about five years, Metropolitan Edison has operated a
=onitoring program designed to evaluate the radiological
impact of TMI station operations by sampling and analyzing
cedia f:vo the aquatic, terrestrial and atmospheric
environments in the vicinity of the station (within 5 to
10 miles). The program was intensified i= mediately following
the accident, in accordance with emergency response plans.

2. Su=maries of Analyses

Available data were used to assess the radiation doses received by
individuals and af fected populations of f-site, in the period
following the start of the accident.

In additica, cc=prehensive dose analyses have been performed. Aquatic
environmental sonitoring data have been used to assess the whole body
and thyroid doses to =axi=um exposed individuals and the populaticu
censuming water and fish frco the Susquehanna River. Max 1=um individual
doses have been assessed for recreational use of the river (swi= ming,
boating, etc. ) . Envirocnentr.1 onitoring data have also been used to
assess =axi=um individual whole body doses frem noble gases released
to the at=osphere.

These data were also used to esti= ate the release rates which were
used in conjunction with =eteorological data and population
distribution data to assess the population whole body dose frem
noble gases released to the atmosphere, and individual whole body
doses at locations other than those conitored. Environ = ental
monitoring data have also been used to assess max 1=um individual
thyroid doses from inhalation of air and concu=ption of = ilk
containing iodine-131. In addition, measured release rates were
used in conjunction with meceorological daca, population
distribution data, and cow distribution data to estimate the
copulation thyroid doses from inhalation of air and consumption
of milk.containing iodine-131.

_
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_ 3 Off-Site Liquid Releases and Exposures

1. Environ = ental Measurements

Review of sampling data suggests that a tetal of about 0.25 Ci
of Iodine-131 has been released as a result of the accident, nost
of it fres March 31, 1979 through April 2, 1979.

The radiological environnental =ouitoring program conducted by
Metropolitan Edison Company includes analysis of river surface
water, finished water frem treat".nt plants, and aquatic biota.
Except for three sa=ples collec' ad, 3/31, 4/1 and 4/2 at station
7G1, the Colunbia Water Plant, which shewed levels of iodine
(9. 4, 0.72 and 0.66 pCi/1) slightly above =inimum detcetable
concentrations, no ga=na-emitting isotopes other than low levels
of naturally occurring potassiu=-40 and radium-226 were detected.

Tritium and gross beta concentrations were within normal ranges.
The lee concentrations =easurable at Station 7G1 are consistent
with esti=ated iodine release rates for the same period, shewn
in Figure 17-3-1, assuming liquid effluent has been fully mixed.
in the river prior to sa=pling downstrelm.

2. Estimated Of f-Site Exposures

Radiation doses resulting frcs these concentrations are extremely
law, a few thcusandths of one millirem for a person drinking water
or eating fish frem the river or using the river for swd--#ng,
heating, or shoreline activities.

-
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C. Off-Site Noble Gas Releases and Exposures

This section discusses the analyses done to esti= ate of f-site doses
due to releases of noble gas fission products. The section is
organized into two subsections dealing respectively with environ = ental
measurements, and off-site exposures.

1. Environmental Measurements .

The source ter= used in the following assessments was arrived at
based on infor=ation obtained from the environnental =onitoring

TLD's. The source ter= deter =ined in this f ashion was then used
to assess the dose received by the population in un=onitored areas.

Metropolitan Edison Cc=pany conducts a routine environ = ental
radition monitoring progra= including use of stationary ther=o-
luminescent dosi=eters (TLD's; which =easure integrated dose.
They are in place at all ti=es at 20 locations as shown on
Figure IV-C-1. Eight of these locations are on site. The other
twelve are off-site, including locations in Goldsboro and Middletown.
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
ti=c the accident occurred. Dosimeters in the field were replaced
with fresh dosi=eters every one to three days following the accident,
and the collected dosimeters were evaluated to determine trends for
dose rate as well as the dose accu =ulated since the beginning of
the accident. These data represent a ec=prehensive =easure=ent of
doses due to noble gas releases at the locaticus ucnitored.
Table I7-C-1 provides a ec:plete su==ary of TLD =easurements through
April 30, 1979.

Shortly after the declaration of an emergency, mobile =onitoring
tem:s were dislatched by Metropolitan Edison. A helicopter was
used to assist the monitoring teams since the on-site meteorological
tower indicated vinds toward the west over the river.

These teams were equipped with instruments which =easured dose rares
from airborne radioactive caterial (primarily noble gases with Xe-133
dominant) and with air sanples which vere capable of collecting air-
borne radioactive =aterials other than noble gases for later

laborator7 analysis. (Aside fr.: ncble gases, the only isotope
contributing significantly te r_f-site dose has been Iodine-131.
Its contribution results frc= concentration in the thyroid gland

due to transport frc= air to grass to = ilk to thyroid and to some
extent, from inhalation.)

During the first few days following the accident, release rates
fluctuated and frequent wind shifts often occurred which caused
radiation levels to fluctuate with tire at any single location.
The emergency response survey teams had to =ove from place to place
following the transport of airborne radicactivity. Because of the
fluctuations in radiation levels and the short monitoring periods

,

at aay one location, data collected by survey tea =s are not the best
available for the determinatien of cu=ulative doses and they were
not used in this assessment except in atte=vts to determine when
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achic gas releases were significantly higher thau baseline values.
This work is continuing and will be augmented using DOE helicopter
data when it becoces available.

2. Esti= ate Of f-Site Exposures

Macbe~ntical models for estimating doses to individuals and
populations nor= ally use isotope' release rates and meteorological
parameters. Estimated release rates were used to estimate doses
to individuals at locations not monitored by ILD's and to the
population witinn 50 miles of the plant. For these calcriacions
the atmospheric dispersion model which had been prev 1ous .7 u 'ed
only for estimates at TLD locations close to the plant vs.a extended
to a distance of 50 =iles in each of 16 direction sectors. The
populatien dose was cc=puted using the dispersion acdel and site
metecrological data to ec=pute ene whole body dose cach hour at
10 locations downrind in the sector in which the wind wss blowing.
Doses were estimated for the period after the accident extending
to April 30, 1979 and cultiplied by the population in each of these
10 distances fer each direction. The results of this analysis
indicate that the aggregate whole body dose of the population
within 50 =iles (about 2 aillion people) was about 2500 person-
rens from noble gases released through 4/30/79, not considering
the eff ect of shielding due to housing or other st:uctures which
could reduce dose estimates by a factor of 2 to 3. The population
eatimated for 1980 was used.

_

The highest off-site integrated whole body dose measured at any
TLD location through April 28, is about 43 =1111ress above back-
ground at a location abcut 2 200 meters NNE frca the plant. The
accu =ulated doses ceacured at the Goldsbcro and Middletcwn TLD
=enitoring stations over the same period were less than 10 milli-
rem above background. The latter figure is an upper liait. The
best esti=ates of about 5 millirem at each locatien, has sote un-
certainty because of the difficulty of separating normal
fluctuations in background dose frcm accident contributions of
similar or s= aller signitude. (This uncertainty does not affect
the maximum dose of 43 srem for w' rich the accident contribution
was substanti j greater than fluctuations in natural background
for the measu.ement period.

17 contrast, whole body dose calculations at these same locations
using the esti=ated acBle gas releases res tited in doses in 30 mres
1200 meters NNE: 4.0 crem at Goldsboro; and 10.0 mrem at Middletcwn.

It should be noted that the maxi =um dose from noble gases, about 43
=illirem, is less than the incremental dose a residene ^# 9arrisburg

- would get by oving to Denver, Colorado for ore yea: ,e the

natural background dose rates in Denver are greater + . nose in

Earrisburg. The average dose received by population . As about 1 mren,
one-third of the dose received in a transcontinental subsonic plane
flight.

n

} 7, +.



TABI , ~7-C-1

METROPOLITAN EDISON - THREE MILE ISLAND

TLD DATA

(?eriod of Exposure 79032807 - 79040613)*

Total Measured Total Calc.
Map Distance Dose ** Dose
No. Station (M) Direction (rec) (rem)

2 IS2 640 N 0.095 0.10 -

26 1C1 4180 N 0.000 0.010
3 2S2 1130 :CTE 0.043 0.030
5 4S2 380 ENE 0.102 0.070

13 Sal 800 ENE 0.039 0.020
37 4G1 16100 ENE 0.004 0.001

6 5S3 320 E 0.072 0. 0 45

14 5Al 640 E 0.015 0.015

34 7F1 14500 SE 0.010 0.0006
38 7G1 24100 SE 0.012 0.0004
23 8C1 3700 SSE 0.008 0.008

8 9S2 640 5 0.023 0.0 40

39 9G1 20900 S 0.005 0.003
23 10B1 1770 SSW 0.005 0.004

9 11SL 160 TJ 0.010 0.020
24 1231 1270 WSW 0.004 0.004

10 14S2 640 WNW 0.137 0.100
40 15G1 24100 NW 0.003 0.003
11 16S1 320 NNW l.033 0.630
17 16Al 640 : Cal 0.901 0.400

* Includes all TLD readings f rom the radiological environmental monitoring program.

*= Background radiation assumed to be 0.007 mres/ hour has been subtracted. Valuce less
than about 10 mres have substantial uncertainty because gross values exceed back-
ground by only a small cargin. It is certain, however, that 10 mres is an upper

230 267limit for these cases. ;



TA3LE IV-C-2
(01)

Estimated Quantities of Each Isotope for
Release Periods Corresponding to TLD Measurecents

79032807- 79032918- 79033113- 79040316- 79040614*- Total

Isotope 79032917 79033117 79040315 7Qr'6613 79043024 Cl

.

Xe-133 5.2 E6 2.7 E6 1.0 E6 2.8 E5 1.5 E4 9.2 E6

Xe-133s 7.6 ES 3.0 E5 6.8 E4 8.3 E3 0 1.1 ES

Xe-135 1.4 E6 6.5 E4 0 0 0 1.5 E6

Za-13 5m 1.7 ES 0 0 0 0 1.7 ES

Kr-88 5.5 E4 0 0 0 0 5.5 E4

_

7.6 E6 3.1 E6 1.1 E6 2.8 E5 1.5 E4 1.1 E7

*The last three weeks of tha =cnth are ecchined into one group since the
contribution is less than l' of the total.
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TA3LE A '_.-

RADIOLOGICAL ENVIRONMENTAL MONITORING PROGRAM SAMPLING LOCATIONS

'

Location Map
Code No. Des cr:'.p tion

IS2 2 0.4 siles N of site, N. Weather Station
2S2 3 0.7 diles NNE of site, on light pole in middle to North 3 ridge
4S2 3 0.3 miles ENE of site on top of dike, East Fence
353 6 0.2 miles E of site on top of dike, East Fence
9S2 3 0.4 miles S of site on South Beach of three Mile Island
1151 7 0.1 miles SW of site, vest of Mech. Draft Towers on dike
14S2 10 0.4 miles WNW of site at Shelly's Island picnic area
16S1 11 0.2 siles NNW of site at gate in fence on W. side of TMI
1A2 12 0.7 miles N of site at north tip of Three Mile Island
4A1 13 0.5 siles ENE of site on Laurel Rd. , Met-Ed , Pole 1663-OL
5Al 14 0.4 siles E of site on north side of Observation Center 31dg.
9A2 15 0.5 niles S of site bclcv Discharge Pipe
llAl 16 0.2 miles dW of site off Discharge Pipe
16Al 17 0.4 miles NNW of site on Ich: Island
411 18 1.1 miles ENE of site, vest of Gringrich Road
511 19 1.0 miles I of site on Peck Road
713 20 1.6 miles SE of site on east side of Conewago Creek
23 1 21 1.5 miles S of site, above York Haven Das
932 22 1.4 =iles S of site, north of York Haven Das

10E1 23 1.1 miles SSW of site on south beach of Shelly's Island
1231 24 1.6 miles WSW of site adj acent to Fishing Creek
16al 25 1.1 miles NNW of site below Fall Islard
ICl 26 2.6 miles N of site at Middletown Sunscation
IC3 21 2.3 miles N of site at Swatara Creek
SCl 28 2.3 siles SSE of site
14Cl 29 2.7 miles WNW of site near intersection of Res. 262 and 392
SE1 30 4.1 miles SSE of site at 3 runner Island
1F1 31 6 miles N of site at Hu=celstown Substation on riddler's Elbcw Rd.
3F1 32 9 miles of site on East Ridge & Greentree Rds.
5F2 33 5.3 miles E of site at Masonic Home
7F1 34 9 miles SE of site at Drager Fars off Engle's Tollgate Rd.
15F1 35 3.7 miles NW of site at Steelton Municipal Water Works
2G1 36 2 miles NNE of Hershey on Rt. 39 Hu==elstown
4G1 37 10 miles ENE of site at Lawn - Met-Ed Pole 1J1813
7G1 38 15 miles SE of site at Columbia Water Treatment Plant
9G1 39 13 miles 5 se site in Met-Ed York Load Dispatch Station
15G1 40 15 =iles NW of site at W. Fairvier Substation

*All distances are measured frcs a point that is sidway between the
Reactor 3uildings of Units 1 and 2
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D. Of f-Site Iodine and Particulate Releases and Doses

1. Environ = ental Measurements

In support of routine plant operations, Metropolitan Edison conducts
an environmental menitoring program shich involves collection of
several different types of sa=ples. Included are continuous air
samples of iodines and particulates, vegetation samples and = ilk
samples. This progran has continued with a higher sampling frequency
since the accideat. Results indicate that Iodine-131 was the only
iodine or particulate isotope released in significant quantities.
This isotope was detected in air and = ilk, as discussed below, and was
also detected in so=e grass sa=ples.

2. Estimated Off-Site Exposures

Esti=ates of of f-site exposures to iodines are accomplished using
the annospheric dispersion model and the measured effluent release
rates along with on-site seteorological data. Of the particulate
and iodine isotopes released, only I-131 is of significance in of f-
site dose calculations.

The dose frcs I-131 results from concentration of this isotope in the
thyroid gland following intake from inhalation of air containing
fodins and ingestion of silk containing iodine. The iodine in milk
results from deposition on pasture 3rass after release.

An analysis usfng seasured release rates and meteorological data has
been made to estimate the average I-131 concentration at all off-si:e
locations near the plant. Results shew the highest average con-
centration from March 23, 1979 tc April 30, 1979 to be 6.3 X 10-12
uC1/cc 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 30% higher. A series of five short
term calculations were made to es:imate peak iodine concentrations
off-site. Results shcwed the highest concentration was 3.7 x 10-11
pC1/cc at 600 meters to the NNW averaged over the initial 24 hours of
the accident. The highest off-si:e instantaneous concentration was
determined to be 8.0 X 10-10 FC1/cc on April 15, located 600 meters to
the SE using a centerline dispersion for=ula. A ccuparison between
calculated air concentration values and air samples for three different
periods at several locations shewn in TablelV -E-2 indicates generally
good agree =ents (i.e. , within a f actor of about 3 in 70% of the cases).

Population doses through. ingestion of silk produced in the site region
has been estinated using atnospheric dispersion model consistent with
Reg. Snide 1.lLL out to 50 =iles.

,
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Detailed cow inventories were available out to a distance of 5 niles.
However, beyond 5 miles, county milk production rates were relied upon
to estimate cov populations assuming each cow produces 34 pounds of
milk per day. The = ilk production rates for the 50-mile radius suggest
a population of about 300,000 cairy cows with a population density in
sectors to the ENE, E, ESE, and SE approximately 2.5 times the density
in other sections (about 75 cows per square =ile versus 30 cows per
square nile). There is evidence fr t o cow population surveys within five
miles that stored feed is an i=por:: ant fraction of the dairy cattle diet.
Further= ore, data on land use in .dree counties near the plant indicate
that only 5 to 10 percent of tF land is used to support dairy cows. At
the yield specified in Regular cy Guide 1.109, that pasture land could
only provide aoout 20". of the diet for 300,000 ccus'. In addition,
warnings had been issued to keep cows in barns during the period following
the accident. For these reasons, it has been assuaed that pasture grass
accounted for 30~ of the average cow's diet. In addition, the portion of
iodine that was released in organic form, which does not deposit on
grass, was =easured periodically and found to be less than 30 percent on
the average, and has been taken into account for this analysis. Iodine
concentrations in silk were deter =ined using the models which serve as a
basis for Regulatory Guide 1.109 relationships and parameter values given
in sa=e guide. The population dose was estinated by calculating the
average concentration in eilk produced within 50 miles, accounting for
dilution due to atmospheric dispersion. All silk produced was assumed
to be consumed.

Results of the above calculations indicatec f.he potential for population
thyrYEd doses to be 900 person-re=s.

The above dose esti=ates have oeen =ade indep endent of measured iodine
concentrations in air and milk. Measurement results indicate peak
fodine levels in silk to be less than 110 pC1/1 with an average.from
March 23 through April 27 at any one sample location of 29 pCi/1. These
figures apply to goat = ilk collected at location 131 about one 213e
north of the plant. The cenparable values for cow milk are 21 pC1/1
peak and 2.3 pCi/l average at location 731, 1.4 21. SE. If an infant
'ad been consuming this silk through April 27, 1979, his dose is esticated
to be 1.2 millirens from cow silk or 11 millirens fios goat milk. However,
the goat ailk is not now being used for hu=an consu=ption.

Airborne sample results indicate that average airborne iodine con 3, whichcentrations at any location through April 24, 1979 were 2.9 pCi/m
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 incre= ental dose of 3 millirens and a resident of the area
in the vicinity of the plant normally receives about 8 milliress each
=onth.from naturally-occurring radiation.

x
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, TA3Lt. 7 D-1

Comparisen of Measured and Calculated Concentrations
of Airborne Iodine for Three Time Periods

.

Measurement Period 3/28 - 3/29

Station Distance Direction Calculated Measured

(m) I-131 in Air I-131 in Air
3 3(pCi/m ) (pCi/m )

IS2 640 N 8.1 3.0

1C1 4180 N 3.1 2.2

1231 1270 WSW} 15.0}10.3W 7.1
5.7

Measurement Period 3/29 - 3/31

Station Distance Directicn Calculated Measured

(m) I-131 in Air I-131 in Air
3(pci/m3) (pCi/m )

.

152 640 N 2.3 22.6

1C1 4180 N 3.3 12.7

sal 640 E 0.54 20.3

8C1 3700 SSE 8.2 20.1-

WSW} 26.0} 23.9W
1231 1270 0.0

Measurement Period 4/15 - 4/18

Station Distance Direction Calculated Measured

(m) I-131 in Air I-131 in Air
(pci/m3) (pCi/m3)

sal 640 E 2.5 8.4

8C1 3700 SSE 1.1 0.057

7F1 14500 SE 0.31 0.39, 0.17

.
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TAELE IV O-2

SM00THT.D ICDDE RELEASE RATE DATA USED
Di DOSE ASSESSMDiTS

.

Start Date I-131 Release Rate
CTr. Mo. Da. Hr.) uCi/sec

79032804 4.2 1)
79032819 22.7
79033022 2.7
79040106 9.7
79040303 2.3
79040319 7.0
79040519 0.43
79040615 3.7
79040706 6.9
79040803 12.7
79040909 0.46
79041016 1.3
79041119 2.2
79041323 4.1
79041410 6.6
79041505 8.6~
79041508 14.0
79041518 6.0
79041616 11.0
79041624 3.0
79041716 5.5
79041804 7.5
79041808 2.0
79041914 5.5
79042022 1.5
79042213 2.5
79042304 1.0
79042312 3.8
79042316 1.5
79042406 0.80
79042516 0.30

11 Iodine releasa rates are roughly constant over the period from
one start time to the next

.

.
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