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REPORT OF TRIP TO THREE MILE ISLAND NUCLEAR STATION

UNIT 2 BY R. F. FRALEY ON APRIL 12, 1979

Persons contacted

NRC

D. Denton
Hoverkamp, Region I
R. H. Vollmer

B. Grimes

Industry Support Group

J. McMillen, B&W
Thiesing, Bechtel

| Métnigg

Plant status (9:30 A.M)

Forced circulation is continuing.

ACRS Mt Eleenn

H. Ftherington J- H—f/»"c"‘e/"(‘/"’ ‘;’F
C. Michelson i -
I. Catton J. 7 7{*)

#’
T. G. McCreless d“’ ""1"" :

Other Visitors

Commissioner Bradford
Commissiocner Ahearne
H. Thompson, NR€ (H<C #

M nﬁ?4¢xa c i

Sawn Lo ccp?

Late yesterday a degassing operation

was run and the primary system pressure was reduced to approximately

300 psi. The pumps and letdown system performed adequately. The pres-.

sure was limited by the desire to maintain system pressure at Tsat +

° oL o
100°F at the hottestAw. All core thermocouples are below 400°F.

When I arrived, work was continuirg to get the Heise gage operating as a

backup to the pressurizer level indicators. Two of the three Ar indi-
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are still operating but one has failed and then started operating again.
¢ it

ine indicators have already exceeded their mot level and continued

operation is of concern.

A sample of primary coolant taken on Wednesday has biz:aanalyzed by
the Bettis Laboratory and ipdicates that littlg,if any;bccured at
the surface in contact with primary coolant although it is possible
that some melting may have occurred at the center of the pellets.
The analysis of primary coolant is attached. The absence of uranium
(&0 ppt) and transuranics provides the most convincing conclusion

that "no" core melting occurred.

The loss of the component coolant water to the 1A primary coolant pump
was actually an instrument failure rather than a loss of coolant and
the pump is again available for sevice. The 2A pump is still providing

circulation however.

Meeting with Industry Support Group Members

Contingency plans were still being developed to make the shift from forced
to natural circulation. A low pressure lube o0il cooler will te connected
across the B locp steam generator and a high pressure heat exchanger will

be installed across the A loop steam generator, Eoth steam generators
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will be flooded to act as heat exchangers rather than steam generators.

A series of specific steps are being planned to make the shift from
Th T

forced to natural circulation tgAFfevéde-foe-reverse-&%ow in the B loop

and to flood the A steam generator without water hammer.

Estimates of core damage indicate that a significant portion of the
core has experienced serious damage. An analysis of time-pressure-
temperature- etc. curves indicates that the bottom half of the ~ore
may have been uncovered for approximately 15 minutes. The ufper half
may have been uncovered for a tatal (several intervals) of 60-75
minutes. The initial release of fission products from the fuel is
believed to have occurred approximately 73 minutes into the transient

(after the primary coolant pumps were secured by the operator).

Visit to Nuclear Plant

The initiatcr of the transient is now believed to be a loss of con-
trol air which permitted valves to close in the condensate system.
This caus=d the condensate pumps to trip and the subsequent loss of

main feedwater.

when asked about the existence of any precursors to this transient,

the TMI-2 Chief Inspector indicated that on two previous occasions
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pressurizer level has been "lost" (out of range on the level indicators)
due to stuck open relief valves (once on the steam generators and once
on the pressurizer). Analysis of the incidents indicates that fluid
did exist in the bottom of th2 pressurizer and/or surge line and the
pressurizer bubble did not get out into the primary loop although this

was a concern at first.

Operation of the plant and recovery operations appeared to be orderly
with the plant operators running the plant and the industry support
group providing technical support to evaluate plant status (e.g., core
thermocouple readings) and any proposed changes in plant conditions.
Metropolitan Edison personnel are making plant modifications such

as changing the auxiliary building charcoal filters and installation
of a backup bank of charcoal filters on the roof of the Auxiliary
Builging. west inghouse personnel are constructing and will install
some features such as backup to the residual heat removal system.
Preparations were underway to change the installed charcoal filters
with filters provided from a WPPSS plant. The concurrence chain for
any changes involves the Industry Support Group, Metropolitan Edison,
BsW, and NRC but appears to be working smoothly. The implementation
of agreed to changes apparently is sometimes delayed, however,
because qf caution/concern by Metropolitan E respect to

perturbation of existing operations.
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We were shown the three auxiliary feed pumps (2 electric and 1 steam)
which were valved cut inadvertently during the early phases of tie
transient (first 8 minutes.) Each pump has a local block valve to
isolate it for testing, etc. and two remotely operated (controlled
from the reactor console) to block flow to the A and B steam gener-
ators. The arrangement is slightly different in the §1 Unit vs. the

$2 Unit, but this did ruc appear to contribute to the accident.

We were shown the control room and specifically the controls and instru-
ments associated with this transient which were available to the 2>~

erators. The following points are of particular interest.

. The two auxiliary feedwa.er block valves were closed when the
transient started. They were opened manually by the operator
when he observed that the zuxiliary feed pumps had come on the line
but the steam generators we € nct refilling. One of the valves
was tagged out at the time .nd the tag may rave obscured the valve
position (open/closed) lights. The other valve was not tagged out.
I noted that the valve position switch on bezh these valves is
spring return to the neutral position while c'.hers on the parel
remain in the open or closed positions providing indication of

valve position even if the valve position lights are not visible.
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(There are a mix of these two types of switches on the panel. The
Metropolitan Edison representative  ndicated that he did not feel
‘his contributed to any confusion by the operator regarding the
valve position. He noted that the pump block valves are exercised
once each week to check the auxiliary pumps operation. This
involves 3 weeks and the 4th week a valve position check is made.
He was convinceqlbased on discussion with the personnel who make
these checks that the block valves were open 24 hours prior to the

y
transient.

The pressurizer relief velve was blocked by the operator at 2.3
hrs into the transient when he realized that he had a primary

system leak and attempted to jsolate all possible leak paths.

Uy Fhloygd ol

—1ﬁere is no direct indication available to the operator tha®
.the primary relief valves are open. This must be inferred from
the R.C. drain tank level indication which is located around
behind the instrument cabinets some distance (est. 30 ft.) from

the control console.

The core outlet thermocouples do not read out directly but are

printed out by the computer printer on a cycle of approximately

228 24p
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20 minutes during normal operations. During abnormal conditions
(e.g., transients) the printer may be as much as 1 hour behina
because of the large number of off normal conditions it must
scan and the limited speed of the printer. The operator can
call for the thermocoule temperatures at any time if he desires.
Discussion with the Metropclitan Edison representatives indicated

that they did not consider this an important operating parameter.

Plant status {4:00 P.M.)

Plant status had not changed significantly from its status in the morn-
ing except thet the Heise gage was now operational and a single level
check compared to the 4Q P indicators was within 10 inches (135" level

vs. 145").

Attachments:

1. Preliminary Primary Coolant Analysis
for 4/11/79 Sample

2. Preliminary - Description of Events at the T™I2 Facility
Accident dtd. 4/10/79

3. ‘™I Tour and Briefing dtd. 1/78
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Coolant Analysis
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Results fr;ém >SRL

1.4 x 10'0 dpm
<10 ppd
n.d.

n.d.

>500 ppm ¥2600 # 200 ™3/
8.0 L
Calc. 8:AM
’ l ;
pCi/ml X /6 dpm/ml ey
179 & 2 x0
. 3 : 10
g.2 x 10 [.® & 1.01 x 10
<20 | =
82 1@ .68 x10°
330 13 7.1 x 10
108 o, 2.74 x 10°
i  2.01 x10°
290 g 38X 10°
: | 108 " - .
160 3.0 3.0x30° 7 . o
600 o |
@o‘){:«.a x 10° dprym
50 -
n.d. n.d. .
\ 8
—— 2.28 x 10
1.2 -

g x 1.0 P™/m
<.001 ™Nn
<2 x 10° dpn/nl

no transuranics
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i Iovity PRELIMINARY - " ppril 10, 1979

LW, ': DESCRIPTION OF EVENTS  « . . e
Ry v AY THE THREE RILE JSLAND 2 |
. i FACILITY ACCIDENT ’

- The fb110w1ng 1: ‘a sumsary of the significant events t} £ occurred
_at the Three M11e !s1and No. 2 nuclear fecil{ity on March 28, 1973, and
thereaftors Attached §s a cetafled chronology of these events 1isted

with the times they each occurred. - . ; Wy

At about 4:00 ém on March 28, 1979. the secondary (nonnuclear) coolfing
system of the Tﬁree éf1e Island facility suffered a malfunction:™ This -
system norna11y pumps water through the plant's steam genera.ors whz e
the wafer turns to steam which then flows to turn a turbine generator.

e Tbe water {s then condensed back to water, s pumped by a condensate

-M"

pump through a ¢clean up system. through a feedwater pump, 2nd fina11y ‘.

back to the steam generators. and continually flows around this loop. .

A malfunction 1n.the mafn feedwater-system caused the fhedwater pumps -
to turn off (tr{p). which 4n turn caused. the turbine- -generator to
turn off and stop geperatfng e!ectrfclty. Since the steam generr}ors
were not removing heat due.to the stcppagg-bf feedwater flow, the reactor
" . coolant System.pressdre facreased and the pressurizer relief
valve opened to reduce reactor pressure. Immedfately, the reactor
‘ turned of by the rapid insertion of the plant's control rods. (scranred) 2
+ a% .desfgnad and the nuclear chain reactfon stopped leaving beh!nd only
:‘ residua]. or dec'y.vheat ‘These events a]! occurred wfthin the tirst

. 30 seconds of the accident.
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Up to this point, this sequence {s normal and the aux{lfary feecwater
system should stariug and del}ver sccondary.COOIant to the plgnt's two
stean generators to rezove heat. In additien, the pressurfzer relief
valva should c!osc as reactor pressure decrea:es.

A1l three of the auxflfary feedwater pumps started but were unablk ts
deliver flow because thefr flow paths were bTocked by closed va1ves. In
additfon. the pressurizer relfef valve fai]ed to close and therefore

allowed the reactor coolant system pressure to continue to decreasa.

As the reactor pre;surc reached a preset value (1600 psf), the plant's

. Emergency Core Cooling System (ECCS) started as designed and began to

fnject cold water {nto the reacter about 2 einutes aft-r the event

sterted. A Indfcation of a rapidly rmnq bressurfzer Tevel accarently - -

Yed the p?ant operators to termfnate the ECCS flow. At this point the

. Three Mile Is?and accident had been underway. for 10-11-minutes.—.-

-

Between about 1 and 2 hours fﬁto the accident, the operatofs turned o?f
the four Targe pumpf which circulate the .reactor coolant through tﬁn .
reactor. It is -following this a;tion that we belfeve the severe dazage
to the nucTear fuel began. For the next seve}aI hours there was a very
large texperaturg difference across the nuclear. core fndicating 1{ttle

flow of coolant through the core,

™
™.
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K Durfng this several hOur period, when severe fuel danage was occurring,

primary coolant from the rcactor prinery coolant systex was being dumped
onto the reactor contafnment f100r from flow out of the pressurizer
relief valve and through the drain tank. This coo1ant. wntch contained
radfoactivity, was partfally pumped from the reactor conta‘nment building
floor to tanks 1n the aux(liary buildfng. The tanks overflcwed

i pennftting radioac.ivfty to be ventad from the auxi!iany bu11d1ng. This

sftuatfon lasted untf) about 9:C0 am when the reactor containment was
"~ sealed ({SQTated).‘

From about 6:00 a.m, unt{) 8: 00 p.m., the 1icensee tried

to depressurize the reactor coolant system svfficfent!y to be abdle to

! turn on the residual heat removal system, Since his attempts fafled,

4
-

it was decided to repressurize the system. . *a ¢

After repressurfzation. one of the main reactor coolant pumps-was -~

restarted and f1ow through the reactor core was’re-establfshed.

- Since feedwater was befng provfded to the steam generator. heat was
befng reﬂoved and ths reactor systen was s?owly cooled., Core s
" temperatures decreased over the next several days and stab'lized.

Reactor coolfng has essentia!]y been {a’ this mode since that time.

8 -
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PRCLIMINARY CHRONOLOGY OF

* THE MARCH 28, 1979 ACCIDENT

g ¥ AT _THREE MILE ISLAND

Time (2pproximate)

Before 4:00 a.m.
4:00 a.m.

3-6 Qec later :

9 sec after start of event
. ; N

12°15.$ec after start of event - .

14 sec after start of event

15 sec after start of event....

ﬁiscuss?oﬁ of Events

THI operator working on Feedwater Systen

The loss of all (mafn and auxiifary)
feedwater flow occurred while tha reactor.
was operating at 2% power. The transient
was inftiated by a loss of_condensate - -

- pumps. - The turbine tripped.

An electromatic relief valve opened to

. relieve pressure {n the RCS* (2255 psi).

The Reactor trippcd on high RCS pressure
(2355 psf) to terminate the nuclear reactor
and reduce power generation to decay

heat alene. . )

The RCS pressure decayed to the point

(2205 psi) where the relief valve should
have reclosed.= The RCS continued to '

-depressurize for about-the next two'

hours, -

The auxflfary feedwater pumps in both
safety trains (1 turbine driven pump

and 2 electrically driven pumps) wers
started and were .runnfng at pressurs -
ready to inject water into tha steanm
generators and remove the resfdual heat
produced fn the reazctor core. - No water
was fnjected since the discharge valves -
were closed. :

The temperzture 4n the RCS hot Teg peaks
at about 610°F with a pressure of adout .
2150 psi. ‘ ‘

® ‘hroughout, RCS denotes "reactor coolant system,®

298 247 °
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Time (cpproximate)

4:01 a.c.

? . 4:02 a.;.

°_4:_96 .o ..

 4:04-4:11 a.m.
4:06 a.x.

4:07-4:03 a.a.
4:08 a.e.

4:12-4:12 2.8

4:11 a.n.

4:15 a.m.

4:20-5:00 a.m.

5:14 a.m. .

‘5:27 a.a.
5:4]1 a.m. * ¢

.

were drying out,

Discussion of Events

The pressurfzer Yevel Indicatfon begca -
to rise rapidly. The steac generators,
A and B, had Jow levels of water and

- 3

3 .
The ECCS was inftiated as the RCS
pressure decreased to 1600 psi.

The pressurfzer Tevel indfcatfon went
offscale high.

The cperator manually tripped the first
HPI pumps at about 4:05:15 and the second
at about 4:11:01. _

Water in the RCS flashed to steam s

the pressure bottoms out at 1350 psi. The
hog leg temperature was about 584°F.

The Reactor building sump pump came on,

The operator opened the valves at the

discharge of the aux{lfary feedwater pump ‘

allowing water to be injected into the
stean generators.

The operator restarted the ECCS to 1n1ect
:ater fnto the RCS to control pressurizer
CVC‘. *

The pressurizer level fndicatfon comes
back on scale. :

The RC Drain (Quench) tank rupture disk

blew at 120 psig due to continued discharge.

of the relief valve that had failed to

- C]OSE.

The RCS parametcrs stabilfzed at a satur
ated condition of about 1015 psi and 550°F.

The operator tripped both RC pumps in
Loop B and one pump in Loop A,

Operator fsolated "B" Steam generator,

The operator tripped the second RC pump in
Loop A. - ,

PR RN Y - T |
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-2:00 p.m.

‘Time (approxfimate)

5:45-6 a.m.

6:20 s.m.

7:00 a.m.

7:15 a.nm.

7:45 a.n.

$:00 a.m.
$:00-11:00 .a.m.

11:30 a.m.

12:00 a.m.-1:00 p.m.

Dfscusgion of Events

The reactor core began a heatup transient
The RCS hot. Teg temperatura went offscale
‘at 620 degrees F within 14 m{nutes and
the cold leg temperature dropped to near
the temperature of hfgh pressure injection
water (150 degrees F). .

The failed ¢ ‘alfef valve was 1so1ated
by the oper . .y closing a block valve.

The RCS pressure had fncreased to 2150
psi and the relief valve was opened to
re!fef RCS pressure.

A pressure spike of 5 psig occurred in-
the RC drafn tank due to steam from the
relfef valve.

A pressure spike of 11 psfg occurred in the

" RC drafn tank and the pressure in the RCS
was at 1750 psi.

The pressure in containment peaked at
£.5 psig.

The RCS pressure fncrcasnd Trom 1250 psi
to 2100 psi.

The operate.: opened the pressurizer——-
relief-valvy to depressurfze tha RCS _
fn an attempt to fnftfate RHR cooling - °
at 400 psf. ' ‘

" The RCS pressure decreased to about 500

psi and the core flooding tanks partially
discharged The relfef capacity was

"not sufficfent to vent enough to reach

400 psi.

The pressure in the contafnment spfkes .
at 28 psfg causing containzent sprays ...
to be fnitfated. The cperator stopped

the spray pumps after about 2 minutes

of operation.
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Ce . _ ) Fo fndicating flow through the steam

'
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Tima {2pproximate) -

5:30 pz - . The pressurfzer r=1fef valvé was closed
: {n order to repressurize the resctor
coolant system., -

5:30 N 8 pa ] o The RCS pressure fncreased froa 650 psi
-, : . %o 2300 psi. . :
- 8 pm '; S RC pump 4n Loop A was startad at ;hich

tima the hot leg temperature decrezsed - -

. to about 560 degrees F end the cold leg
- temperature increased to 400 degrees
gensrator. Thereafter, the reactor was
befng cooled by reestablishing condenser
vecuum and steaming to-the condenser by
" steam generator A with the RCS-cooled. -
. to about 280 degrees ‘F and 1000 psi.

March 29

The RCS temperature and pressure wat stabilized at about 280 degrees F
and 840 to 1020 psi. The maximum reading on the {ncore thermocouples
was 612°F, but several thermocouples were not within range for computer

. readouts, {.e., the temperatures were higher than Zbout 700 degrees F.

March 30 . - .

The RCS temperature and pressure were stable at about 280 degreesF -

and about 1000 to 1050 psi. -Several-incore thermocouples were teyond:.." -~
the range for computer.readout, the maximum-indicated reading was 659 -
degrees F.- The 1icensee estimated the size of3a bubble of non-

condensible gas in the RCS to be about 1200 ft~ at 875 psig.

March 31
The RCS teaperature and pressure remained stable at about 280%F and 1000
psi. Slight drop in pressurizer level 251-191%. Temperatures fn the -
core as measured from the incore thermocouples were gradually decreasing

- (maximum {nd{cated about S500°F). The hydrogen recombiner was in an .

operable status but additfonal shielding was needed and was being
~htafined. Two samples of containment atmosphere were analyzed which

.. snowed a hydrogen concentration of31.72 and 1.02. Licensee estimated

the bubble size to be about 620 ft” @ 875 psig.

'
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CPoril 1 . ) .

No substant{a) changs in RCS temperature and pressure
Incore thermocounles €o

okup of‘hydr:gen recombiners and 2ddition of
calculated vajves of bubble size varfed. Containment
te 2.3% hydrogen. .

Aoril 2

Reactor pressure stable at about 1000 psi. Incore thermocouples continued
to show 2 decrease with all measurements below 475°F. Inlet and outlet
temperatures were still about 280°F. One hydrogen recombiner was put in
operatfon to decrease the hydrogen gas concentration in the containment

* building.

nalys{s {ndicated that the oxygen-generation rate in reactor less than
oricinally estimated, . Measurements indicated that the bubble was baing
significantly reduced by degassing operations,

Aor{l 3 . .

3 t¢ .

" Reactor pressure and temperature stable 2t 1000 psi and 280°F, respectively.
Thermocounle readings anzlyzed- maximum 477°F, only 3 thermocouples were
above 400°F. Gas bubble size much reduced. Containment about 179%
hydrogen. One pressurizer le' 1 indicatoer failed.

April -4

ature stable at 1000 psi ano 280°F, respectively.’
ature was 4659F. Gas bubble sfze decreasing.
ntermittently openr... and degassing continues

Rezctor pressure 2nd tempe
Thermocouple maximum tempe
Vent valve on pressurizer {
through letdown system.

-

<

Aoril § - . ‘
. - . i

Reactor pressure and temperature s° ble at 1000 ps{ and 280°F, respectively.
Maximum thermocouple reading s 452%F. Pressurizer level responding
normally to- pressure changes {ndicating a completely full system.
Containmant atmasphere indfcates 2% hydrogen. One recombiner operating,

__one fn standby. Pressurizer vented to containment 2bout 15 minutes every
6-8 hours, ‘

o . -

‘e 779 92"
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. April 5 - " ' .
" Resclor pressure s.table &t about 1000 pst and temperature ebout 285°F, s !

L e

i .

At spproximately 1:25 P2y resctop coolent pump 14 tripped and reactor
coolant pump 2h was started within about 2 ninutes., Shift {n thermre
coupl: readings. The three thermoceuples previcusly reading about
40077 are presently reading between Z85°F and 3159F, Centra) therroe
coupl2 increasad Yrom 3759F to 4259F and fs the only one now reading
above 4C0%F, .- .. . ;

Contairment measuremants indicate sbout 2% hydrogen, Pump-back system for
..PUmping waste gas decay tank volume to conta‘nment began. $

Aprit 7

Reactor pressure and temperature stable at about 1000 ps‘i and 280°F,
respactivaly. s

At 2bout 8:00 pm, the licensee began to slowly lower reactor system .
pressure in increments of 50 psig. The slow decrease ended when -
reacior pressure reached 500 ps§, This intentiona) pressure reduction
exparded gasses trapped in control rod drive housings above the vessel

- head so that they could be dissolved or entrafned and then ba gassed

through pressurizer venting and letdown 2t higher pressures. This

~

..
R — ————— .
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Briefing Notes K =+ . .

A.

c.

NRC Insnection Progranm Purpose .

To exa=mine, oa a representative sazple basis, licensee, con=-
tractor, and vendor safaety-related activicies, controls,
records, and work performance to ascertain cozpliance with
license provisions and regulations relating to health, safety,
cocon uefense, security, and protection of the environzment;
establish a basis to issue, deny, suspend, medify or revoke

a8 license; iavestigation of accideats or unusual circum-
stances involving facilities subject to licersing and regula-
ticn; and to docuzent such inspecticn for official review

acd public dissexzinaticm.

Inspestor/Licensee Interface

Inspections are usually unannouaced, with centact made with
the s2aior liceansee representative upea arrival at the site.
Findings are coc—unicated duriag the Managesent Interview at
the end of the inspectica. Managesent Interview attendees
pormzlly izclude licensee and contractor site Managers. If
there are sericus findinge, the Corporate Vice President
respensible for the activicy inspected usually 45 asked to
attena. Inspecticn results are forwarded to the licensee,

who 15 required to respond ian writiag to Ite=s of Noncompliance. -
This response must include what the licensee has done or in-

tends to do to correct Items of Neacompliasce. -

NRC Inscection Scove

There are basically six phases of inspection for reactors.
These are the .re-Construction Permis, Comstructica, Prr-
operational and Cperating Preparedness, Startup, Operations
and Decoc=issioning,

?:e-Construction'?hase

The Pre-Construction Per=it phare begins Before.the
Constructicn Permit is issued. NRC inspectors coaduct
a substantive review of the prospective licensee'’s
qualicy assurance program for early design and procure-
pent prior to accepting an application'for docketing.
After the application is accepced and under review,
site 1nspeccicns are conducted te cvaluate the appli-
cant's site preparaticn pregra=. During this phase,

3 228 255




2.

3.

the frequency of inspectiocn i{s dependent upen the azount
and extent of work being performed by the applicant.

Conscructioa Phase °

The second inspecticn phase begias when the Construction
Pernit is {ssued and continues until all cemstructicn
activities are cesplete. NRC inspectors examine, for
safety-related activities, quality assurance prograa
controls, docuzentation, and work performance. Typical
{tems reviewed include electrical cabling, ecergency
power sources, containzent building construction, reactor
cocpouents, safety-related piping, welding practices and
qualifications, nondestructive testing and procured itenm
docuzeatation. ; d

Precperational Testing and Operaticnal Preparedness Phase

' This phase begins approxizately ome year prior :o'co;plt-

tion of construction and extenc through the issuvance of
an operatizg licease. The minioun inspectica frequeacy
is eight per vear although typically considerably more

are cencucted. The SAC inspectors verify tiizough direct

" observatioca, perscanel imterviews, and roview of facility

4.

records that: systez=s and cocponents iz=pertant to the
sz2fety of the plant are fully tested to dezonstrate
satisfaction of their design requirexents; and panagezment
controls and procedures, inclucizg quality assurance pro=
gra=s, necessary feor operaticn of the facility have beea
{zplecented and doci=ented. Inspections are also com=*
ducced in the areas of plant staffing, training and emer-

- gency placning to eansure the facility is prepared to

macage suclear fuel. .

Startup Phase . - Lt

This inspection phase begins approxizately six months
before issuance of the cperating license and continues
unéil after the facility achleves full power and com-
percial operating status. NRC inspectors verify through
direct observation, indepen 2nt ceasurements, personnel
{nterviews, and reviaw of facility records that: systems
and compeonents impcrtant €O the safety @f the plant are
tested under normal operating and abnorizal transient con= .
ditions to deronstrate satisfaccion with respect to thelr
desizn requirements; aud qualicy assurance and other

. "2-' .
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Inéfecffon Frequenqi 

management controls are Implemented for the test program com-
sisteat with regulatory requirecents . '

. .
-

-_ e =

- - . -

Operations Fhase i :;3 N e R ' e .

¢ . .
o' 9 .

The operations phase 4s effective when an operatir.z liceanse °
has been i{ssued. Fuel may be loaded 4nto the reactor only
when the operating license has bdeen {ssued. The operations
phase iaspection progran remains in effect for the life of the-
facility (about 40 years), that 1s until the facility license
is significantly modified to reflect a deactivation, or decom=
missioned status, During the cperaticnal phase, NRC inspectors
verify through direct cbservation, independent measurements,
personnel interviews, and review of facility records and pro=-
cedures that: the licensee’s management control progran is
effective; and whether the facility is being operated safely
and in conformance with regulatory requirements.,

During this phase, four branches of the NRC's Regiohal '6ffice
are involved ia the inspection program. .The Reactor Operations
and Nuclear § pport Branch, the Fuel Pacility and Materials
Safety Bracch,-and the Safeguards Branch carry out a uniform
inspection program at the facility throughout its operational
lifetize (about 40 years). The Reactor Construction Engineering
Support Branch provides Engineering Support Specialists to
provide additional expertise to other bruaches during the
Operations Phase. i .ot : \

Decoxmissioning Phase ' T :

After the useful 1ife of a facility and the facility is to
be deactivated, the inspecti.n program will verify that ¢ - -

-1icensee's progranm -and controls to deactivate the facility .-

effective and in conformance with the license and the reg) loto:ry -
requiresents covering this phase. Site inspections assure that
facilities that have undergone or are undergoing decommissioning
are properly maintained throughout the lifetime of this phase.

Inspections at each facility are accomplished in accordance with a ;
pregram established by the NRC Icspection and Enforcement Eeadquarters.
Tue program is then transferred to an inspection plan for each

-
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facility. This ianspection plan is augmented as necessary with
special inspections. This approach ensures a degree of uniformity
for inspections conducted all over the country. In 1977, Three
Mile Icland 1 had 37 inspectioas aad Three Mile Island 2 had 45
inspections, 1Ia 1976, Three Mile Island 1 had 29 inspections and
Three Mile Island 2 had 20 inspections. In 1975, Three Mile Island
1 had 28 inspections and Three Mile Island 2 had 15 inspections.

In 1974, these plants had 37 and 9 inspections for Units 1 and 2,
respectively., Since the start of construction, 203 inspections of
Unit 1 and 106 inspecticns of Unit 2 have been conducted.

Inspector Training

It takes three to six moaths to qualify an faspector for unassisted
site inspections and 4in excess of one (1) year to develop inspectors
to the axpected proficiency level. .There are two inspector cate-
gori:s, Project Inspectors and Specialist Inspectors.

The Project Inspector has prizary responsibility for the conduct of
an appropriate asd thorough inspection program. To accomplish

"this, be plans the inspection program, performs inspections, and

wonitors and ccordinates inspecticns performed by Specialist In=-
spectors, 2 s Jo . AT
Specialisf laspectors are knowledgeable 4n given areas ia which

they focus their inspections. This assures high quality and uniform
inspections in these areas for all faci{lities.

The combination of Project and Specfalist Inspectors assures that a
thorough, well-planned, uniform, ard competent inspection program
is conducted.

Staffing of Repdon I

Attachment A shows the organization of Region I. A Project Inspector
is assigoed to each reactor facility, Specialist Inspectors from

the Radiclogical #nd Eavircumental Protection Branch, the Materials
and Plaat Protection Branch, and the Engineering and Nuclear Support
Sections are also utilized at these facilitles as required.
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II.

Attachments B g ok
A. Geneéal' . : " o

_Tﬂ:ee M{le island Nuclear 3tation consists eof cﬁo w=its of the
saze design but with soce minor variations between plants. o
The nuclear steam supply system for each unit is a two loop

-pressurized water raacteT. Unit 1 is designed to operate at

power levels up to 2535 M5t and will provide a gross electri=
<al cutput of 871 Mle. Unit 2 is designed to operaie at power
levels up to 2772 MWt and will provide a gross electrical
ocutput of 559 Mie. ' ! . .

Ovnerstio and Managenent

Three M{le Island Nuclear Statien is owmed jeintly by three’
vholly owmed subsidiary operating cozpanies of General Publle
Ucilities Corporatica (GPU) 4a the fellewing propertions:

Matropelitan Ediscn Cozpany (Met EJ) . . S0z
Jersey Ceztral Power & Light Compuny (Jersey Central) 252
Penasylvania Electiric Cozpaay (Penalec) N 252

C Mat-Ed s the licensee end ﬁas'céééieti responsibiiiii £o; -

engineering, design, constructicm, operatiom and maistenizce
cf the statlon. ik . > :
The principal centractors who support Yet-Ed in design, ceon-
structica, testing and start-up of the station are:

Unft 1

Cilvert Associates, Ime. = Architect-Engincer

Bzbeock & Wilcox, Company = Nuclear Steam System Supplier
United Engineers & Constructors, Ine. = Constructica Managezment

United Engineers & Constructors, Ins. = Principal Coastructicn

. ) ’ Contractor
Unic 2 =~ . 2 “ i el it = -

Burns and Rece, Inc. = Architect-Engineer

Babecock & Wilcox Company - Nuclear Steaz System Supplier

United Engineers & Coastructors, Inc. = Construction Manager -

United Enginecrs & Constructors, Inc. = Principal Constructica
: . . Contractor

GP') Service Cecpany = On-Site Owners Agent

e
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C.

In addition to Acting as owner's agent for comstruction, GPU
Service Coupaay is responsible for Quality Assurance.

Ei{story - . g
Unit 1

The initial applicatiocn for Three Mile Island Nuclear Station was
submitted by Met-Ed as the sole owner on April 28, 1967, as an
application for a Construction Permit and an operating license for
a single unit plant. A provisicnal Construction Permit for this
plant was granted on May 18, 1968. .
An application for an Operating License for Unit 1 was submitted
on June 25, 1970, and was amended om Jaouary 12, 1971, te reflect
the joint ownership by Met-Ed, Jersey Central, and Penelec.

Construction of Unit 1 started in January 1968, and was completed
{n Marck 1974, The Operating License was issued on April 19, 1974,
Commerc:ial operation began on Septezber 2, 1974. The unit capacicy
factor tarough November 1977, is 73.6Z.

M .-4 '- o .'-" . .-

Tre app.ication for a coastruction permit for Unit 2 was initially
subzitted for a locatior in New Jersey as Oyster Creek Unit 2 by
Jerssy Ceatral early in 1968. The site was transferred to Three

Mile Island and the unit designated as Three Mile Island 2 4n

February 1969. The application was also revised to identify Met-Ed
and Jersey Central 4 intly as the applicant., An exemption authorizing
start of some cons.ruction was authorized on June 27, 1569, and a

provisional comstruction permit was granted on November 4, 1969.

Construction was started oa July 1, 1969, and'wasAabout 832 complete
as of July 1, 1975, and was about 971 complete as of Decezber 1977.
The presently scheduled fuel loading date is March 1978.

A revised application for an operati~g license was submitted on

April 4, 1974, and is still under r: lew by Licensing. This appli-
cation was submitted by Met-Ed as the proposed licensee and identifies
Mecz-Ed, Jersey Central, and Penelec as the joiat owners.

228 261



D.

Pescriotion of Three Mile Tsland Wuclear Station

1., Three Mile Island Station Site

The site for the Three Mile Island Station {s located ia
Londonderry Township, Dauphin. County, im Scutheastern
Pennsylvania, on Three Hile Island mear the East Shore of
the Susquehanna River. The site is about 70 wiles north=
east of Baltizore, Maryland, 120 miles west of Philadelphia,
Pennsylvania, and 5 =iles southeast of Barrisburg,
Peansylvania. .

Three Mile Island is about 11,000 feet long and 17C2 feet
wide. It is locatad 2bout 500 feet frza the east bank of
the Susquehanna River with its looger axis approexinately
due porth and south and parallel to the flow of the
river. The generating staticm, comsisting of twe umnits
4s located on the morthern ose-third of the island.

Metrepelitan Edisea Cozpany cwns Three Mile Island in its
entirety as well as 2ll but several acras of Shelley
Island adjacent to it cn the west. The exclusion area is
2,000 fect in radius and includes porticns of Three Mile
Island, the river surface around it and a s=all piece cf
Shelley Islaad ia the portion cwned by Metropolitaa
Ediscn Company.

Plant grade (Elev. 3C4) is above the water surface eleva-
tion for the "design" flood. Protective dikes are provided
to protect the plant from wave action during a "desiga"
flood. At the northera tip of the island the top of the
dike {s at Elev. 310. It slcpes down unifornly to Elev.

" . 305 south of the site with 2 protective dike across the

island at this locatiea at Elev. 304.

Tn the event 2f a "Probable Maxizmua Flcod" (P)F), the
dikes will overtopped and flood waters will reach the
station bu..dings. The buildings are procected against
€locding in that case up to a level of &4 fecet above the
PMF water level.

Plant Lavout .

As shown on the attached plot planm, the units are located

at the northern end of Three Mile Island and ~° \& to
each other. The Nuclear Steaam Systems are ins d
-.8... . "
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3.

vithin the contain: ;¢ buildings vith the fuel handling
buildings between them. The centrol buildings are south=-

. @3st and east of Units 1 and 2 Tespectively, The turbine

buildiags are €ast of Unit 1 and South of Unie 2, while
the cooling tovers are to the northeast znd Southease, -
The river warer intakes are located adjaceant to each
other on the wese bank of the island, ‘

Certain facilitdes such as the electrical switchyard, pew
fuel storage, fuel handling €Tane, Dezineralized water
Storage, ete, are shared by Units 1 and 2. Hewever, ncae
ef the shared facilities affece the operation of the ‘
Buclear steam supply Syste=m, the eagineered safety fea-
tures or the €calrols of either unics, .

Nuclear Steam Susely Svstem

" controls and their in:ercoancc:ing wiring and ?iping,

Each nuclear Steaz supply Systea izcludes the Teactor

c€oTe and core Suppores housad withia the Teactor pressure
vessel; the reazctor €oRtrol system; che Teactor cooling ,
sys:ea,includinz the reazcter vessel, four Teactor coolame °
PuIps, two steam generators, a Pressurizer, interconnecte-
ing pipinz and valves; together wvith 1nsttu=encatian, '

. . & Reaceor Core

.

The reactor core is pade up of 177 fuel assecblies
arTazged 1n a square lastice aPproxizating a cylindrd-
€2l shape. The exctire core {s Supperted on and
Zaintained 4n Posirion sy a Stainless stoel Struc=-
tural cage, the regctor-incernals. which also serves ——
to direct the flow within the pressure vessel. The
fuel 15 cozposed of low enriched uraniym dioxide
eacased in 2ircaloy-4 tubing. 208 of thesa rods are
assezbled in a 15 15 array iaeo each of the fuel
assexblies whieh alse provides Space for entry of 16
control rods and incore 1nscruzenta:ion. Control
of Teactivicy {- Provided by contrsl rod assocblies,
burmable rolsons and soludle boren {a the ccoling
water. The control rods are an alloy of silver-
indiuve~cadniyn encased in stainless steel tubing,
Sixty-one (1) control rod assemblles are provided
and are Positioned by an eleceric motor dri.en
Bechanical drive. The position of each control
dssexbly is indicated in the reaceor control recom.
The burable poisen {s composed of Aluminug Oxide=- -
Boron Carbide encased in Zircaloy 4, :

. ' .-_9-
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b. Recactor Pressure Vessel -

The reactor vessel {s approxi=mately 15 feet in
diazecer and has an overall height of about 40 f-...
The minizsua shell thicktess is 8-~7/16 {anch~-. The
total weight of the vessel and Lca. _ over 440
tens. It is made cf Carbon Steel with an {aternal
stainless steel cladding approximately 3/16" thick.

€. Reactor Cocline System

The reactor cocling systeam cperates it a design pres=-
sure and cezperature of 2500 psig and 650°F. The
reactor ccolant pumps are single scage, vertical,
centrifugal pumps. Two pumps ara provided on each
loop of the systez each with a capacity of 92,000
grz at 382 feet head. They are rated at 9,000
horsepower and including the motor weigh approxi—
mately 60 tons apiece. .
The steax generators are 2 onée through shell and tube
design, approwizately 12 feat in diazatar azd 73 feet in.
height with a minimu= shell thickness of 4=3/16 inches.
At full lcad conditions thay will produce steaz at 910
psiz and 570°F. Oue steam generator is provided cn eazh

. loop. - , .

A single pressurizer is provided ia order to maintain
pre-sure in the reactor ccolant system and prevent boil-' .
ing. It 1s approxizately 8 feet in diazeter and 45

feet in height with a zini=um shell thickuess at 6-3/18
inches. Electric heaters-are provided in the lower

"section and a water spray mozzle in the upper head in
. order to control the prassure and temperature.

Reactor piping 1s carbon steel clad on the inner face
vith stainless steel or inconel. The rzactor inlet

.piping is 28 inches in diameter and the reactor ouclet

piping is 36 inches in dianetet. .

Containment

The reactor building is a reinforced cozcrete cylindrical.
structure with a dcme reof on a flac foundation mat. The
cylindrical wall and dome roof are prestressed using a
post teasioning syste=. The building is stecel=-lined for

--10 =
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containsent, The liner plate is 1/4 inch to 1/2 inch .
thick and designed as a lezk-tight membrane. The build-
ing.is 130 feet in diaceter and 157 feet in height to the
spring line cof the dooe.  The walls are 4 feet thick and
the doze is 3 feet thick. The fcundation mat bears on
rock and is 11 feet 6 inches thick with a 2 feet slab
over the base liner plate. ¥ : !

A 23 feet dizzeter equipment hatch 22d two 9 feet diameter
perscnnel air locks, one of thom withia the equipzent
hatch, are provided. All penetraticns of the Yuilding;
piping, electrical, etc. are carried through leak tighe
penetrations assezblies welded to the building liner with
isclation valves provided ea 211 Piping. The reactor
building has been desizned for 2z internal pressure of €0
psig and .will be pressura tested at 69 psig. :

Because cf its prexizicy to Sarrisburg Iaternational Alr-
port, the Catrgory I buildings have been designed to
withstand aircrafe i=pac: loadizgs based on a 200,000 1b
aircrafc at a veleceity of 200 kaots. .

. |

5. Engineered Safery Features

- Engineered safety features are provided so that under the
most severe loss of ccolaat aceider~ (LOCA) they will
preveat meltdewn of the core, mzinte.s the integrity of
the containzent and ensure that pudblie exposure to radia-
tions will be below the 10 CFR 100 limits. They are
provided with redundant equipment and poewer sources So as
to rezain effaective under such conditions.

The following syste=s are ptévidedt

a. Conotainment Systess ircluding: " W=

(1) Containzent structure descridbed above.

(2) Containment heat removal systems consisting of
the reactor building spray system and the reac-
tor building air cooling system. The air
cooling system coasists of five water to air
cooling units. This syste= functicns during
notmal operaticn using three units. Under
LOCA conditions all five units are operated to
pPrevent aa increase 1 the air temperature

- 11 e
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supplied from the borated water storage tank or
alternately may be recirculated fro=m the reactor
su=p. This zystea censists of two independeat
circuits eiher of which will satisfy the
requirezents icposed by a LOCA. This systea is
nor=ally ogeratad as part cf the decay heat
tesoval systeam during shutdown of the reactor.

Supoort Systems

Although not classed as engincered safety features sys-
tems, the following systems are tequired for their support.

a. Emergeacy power

b. Nuclear services river wvater systea

c. Nuclear services clesed ccoling water systea .
d. Decay heat glosed cooling water system . £

Tnstrumentarion 2nd Contiols . - .

Instrumeatacicn and controls imclude the safety related
syste=s 2s well cs noa-safety Telated svstc=s which are
pacessary for efrective cperatica of the plaac. The
safety related systezs ioclude: . "

a. The-tezc:or pro:ectién systez which scrves to shut-
_dowa the reactor by tripping the centrol rods whea
required. .

b. The safety features actuatien §ystem whict initiates
control signals so as to energize the engineecred-
safety features systems described above.

All of the coatrols and display instrumecntaticn necessary -
to startup, operate and shutdowm the plaat is located in
the ~ntrol rcom together with instruzents neces: Iy to
paintain safe shutdown ccnditionms after a LOCA.

All safety related wiring, cable trays, iastrucent sounts,
etc. are color coded. Redundant 'ines are physicalily
separated or if this is not possible are separated by
barriers.

“
Electric Power

Ps.er 1s'gencra:ed at 22 ¥Xv and stepped up to S00 Kv
for transmission to a 500 Kv substaticn off-site.

228 266
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Ezergency on-site power is provided by two standby diesel
generateors rated at 3300 ¥-. -each. The vorst case load on
the diesel generator i{s 2789 Kw thereby giving a safety
factor of over 500 Kw or about 152. The diesel generator
set is utilized solely as a standby power supply service
and it does not serve'a secondary purpose such as power
generation for peak demaad periods, ete. :
- The mor=al onsite power system for the Three Mile Island
Buclear Station has been designed so that the electrical
power froa the tranzaissisa network is supplied by two
physically independent circuits to mini=ize the 1ikeld-.
hood of their sizultznscus faflure undes operating and
postulated zccident and eavircncental condizisns. In the
. eveat of a failure of either eirculs, transfer of the
locads to the rezaining sourzu is accocplished autonmati-
cally. This coocept 4s a basic parz of the reliabilicy
analysis prograz performed using faulg analysis as a
design tool. .

D-C pover for controls, instrumentatien and d-c motors is
provided by two physically independeat 250/125 volt cire
cuits. Each circuit 4s supplied by rectifiers with bHate
teries as an alternate source. -

9. " Auxfliary Systems E n

a. Yew Fuel X ek

New fuel storage is provided in a separate and pro-
tected area for dry storage ia thte fuel storage —

area. This area is shared between Units 1 and 2.

b. Spent Fuel -

Spent fual is stored in twe adjaceat pools in the
Fuel Eandling Building, onme for each unit. The
pools are of reinforced concrete and lined with
stainless steel., Pool water is borated and 4s
circulated through a cooling systea to rezove decay
heat. Clearup is provided by bypass flow through a
filter and demineralized.

. . Nuclear Services River Water Svseda®

This systea provides cooling water for nuclear
closed cycle systems, emergency diesel generator i

- -
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11, Stez= and Power Cénversion Svstenm

¢. Compressied air systems

d. Equipzment and floor drainage .
e. Heating, ventilation and air conditiecning systems
£. Tire Protecticn System '
g. Communications System .

. The stea=m from each of the steam generators {s supplied

by two lines tc.a tandem compound two-stage reheat four-
£low turbice which generates the electric power. Steam

is supplied at 900 psiz and 566°F to the high pressure
turbine. Exhaust from this turbine eaters four moisture
separators for removal of excess moisture and reheat of
the steax before entry into two low pressure turbines.
Exhaust steaz from the low pressure turbinmes i{s condensed,
deaerated and collected L3 a dual pressure cain surface
coodenser for recirculsiicn by coadensate and condessate
beester puzps.

Radicactive Vaﬁte

Radioictivp wvaite syste=s imclude liquid, gasecus and
solid waste systezs. . tlet . :

a. licuid Waste Svstems

The liquid waste systez for each wnit ic heused
‘within the Auxilizry Building. It consists of
tanks, filters, evaporators, coolers and pumps with
associated piping, valves instrumeats and ccntrols.
The liquid waste systes consists of two chains; cne
tc service reacter ‘ccolant waste and-the cther to
service miscellazecus wastes.

(1) The reacior coolant waste chain provides for
boron rezoval from reacter cooclant, colleccicen,
holdup and processing by fon exchange to ramove
fissica products, recovery of boric acid,
voluze reducticn by evaporatien, stripping of
radicactive gases, recycle of distillate for
reuse and transfer of conceatrated wvaste for
disposal. " '

(2) The miscel.aneous waste chain collects liquid
wvastes froa drains, demineralizer regencraticn
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C.

laundry and shoew.i® processes the waste by
evaporatica at Umi' 1 and disposes saterial as
‘vequired. .

Caseous Waste Systems

Cases are normally cospressed and stored in decay

tanks.- After decay to acceptable levels.the com= ... °

seats of the tacks are sazpled and analyzed for
activity. 1If acceptadble the tanks are discharged
through a filter train. All releases are manually
¢ontrolled aad sonitored. .

Solid Waste Svstems ' ) .

Solid wastes consists of li{quid waste concentratices
and speat deminmeralizers resians in additicn to the
pormal selid material which has become ccaotazinated.
Liquid waste concentrates are stored in the lcncen=
rated liquid waste storage tanks which are heated
and coverad with a nitroges blazket. Speat resins
are allowed to decay e=d them transfacred to tke

. speat rtesia storage tazk at Umit 1. Other waste

paterial is packaged, placed in 55 gallon- druzs aad-
stored at v§§§~;, e ’
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