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Dear Sir:

Three Mile Island Nuclear Station, Unit 2 (TMI-2)
Operating License No. DPR-73
Docket No. 50-320
Reactor Coolant System Processing in Draindown Condition

Attached for your information and use is a supplement to the Reactor Coolant
Processing Plan originally submitted via GPU letter 4400-82-L-0043 dated
March 23, 1982, and a revision to Appendix C of the CRDM - Quick Look Safety
Evaluation Report originally submitted via GPU letter 4400-82-L-0110 dated
July 6, 1982. These docurents were prepared to assess whether further
processing of Reactor Coolant System ) coolant in the present drained
down cordition could be safely performed. This additional processing is
required in order to further reduce the radioruiclide concentrations presently
in the RCS to 1 uCi/cc, the original goal for RCS processing.

Procedure changes, implementing the enclosed evaluations, which are needed
to process RCS coolant will be subject to NRC approval prior to implementation
as required by Tecdmical Specification 6.8.2.

If you have any questions, please contact Mr. J. E. larson of my staff.
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Chapter 1 |
Summary of Trsatment Plan ‘

1.1 Project Scope

The decontamination of the TMI-2 Reactor Coolant Syatem (RCS)
requirea the procesaing of the radiocactive contaminated water
to reduce the activity therein. The preasent activity level

of this water ia given in Table 1.1. To date, spproximately
250,000 gallons of water have been proceased from the RCS.

The feed and bleed operation via the Submerged Demineralizer
System (SDS) haa reduced the radionuclide concentration of the
RCS wvater; specificslly the Ca-137 concentration vas reduced
from 14.0 to 2.5 uCi/cc. Recent semplea from the RCS, taken
since the processing has been suspsuded have revealed a gradual
increase in the radionuclide concentrations in the RCS water.
The reasona for thia increase are not fully understood, but
they may continue in the future. Therefore, the need to achieve
and maintain the radionuclide concentration goal of 1 uCi/ce
requires further ECS processing.

The RCS,is at present, partially drained and opened to the

| reactor building atmoaphere. This report deacribes the pro-

| ceasing of the RCS by the SDS vhile maintaining the RCS in the
| partislly drained,open condition. The design features of this
processing sethod vill utilize:

1. Proven processing capabilities of the SDS, and
2, Existing plant syatems in support of the SDS.

Thia report is presented as an addendum to the previously
submitted SDS Technical Evaluation Report (TER) including
Appendix No. 1 dated March 1982, to provide for future
proceaaing of the RCS water.

1.2 Current RCS Radionuclide Inventory end Chemistry

Water esmpleas have been taken continuously from the RCS to
identify specific radionuclides and concentrations, and plant
chemigtry. Present activity rasults are listed in Table 1.1.
Thia data is based on actual samples taken. BECS activity
decreased during previous procesaing via the SDS, but now
appears to be increasing. The Ca-137 activity has incressed
from 2.5 to 4.1 yCi/cc since RCS proceaaing wvas terminated.
Further increases are poasible if proceasing is not continued
in the future.

1.3 RCS Conditions

The RCS has been partislly drained to a vater level of 210"

2 6", the CRDM top closurea are removed and the ayatem ia
vented to atmoaphere. This configuration is required to
accomodate pending iuvestigations within the reactor vessel.
In the future, the BCS will have to be drained to below the
reactor veasel flange to permit removal of the resctor vesael
hesd. Proceaaing of the RCS wvater through the §DS is deairable
and may be mandatory in either condition.
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Present RCS Radionuclida and Chemistry Data

Isotope

/-3

Kr-85
S$r-90
I-131
Ca-134
Ca-137
Groas Beta
pH

Boron

Radionuclide Concentration

uCifece
0.049
N/A
12.0
<2.8 x 107>
0.32
4.1
15.0
7.70
3875 ppm
820 ppm
1.2 ppm
N/A
R/A

N/A

-
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1.4 RCS Processing Description

On a batch basis, radioactive RCS water is letdowvn to Resactor
Coolant Bleed Tsnk (RCBT) "C" while clesn water is injected
ineo the RCS from RCBT "A". ERCS water is then pumped from
RCBT "C" through the prefilter and finsl filter, bypassing
the SDS water storage tanks. BRCS water then goes through

the RCS manifold and the SDS ion axchangers. The effluent
from the ion exchangers is routed through the post filter to
RCBT "A" for chemicsl adjustment, if necassary, and injection
back into the RCS as makeup. The above process is repeated
until the RCS vater is decontaminated. EPICOR II will not
be used for processing RCS vater unleas needed for chloride control.

The processing of the RCS will use the existing filters and
ion exchangers of the SDS. Existing sampling comnections
will be used on the influent and effluent of the filters and
ion exchangers to determine radionuclide and chemical
composition of the BCS before and after processing.

A3 described in the SDS TER, the prefilters snd final filters
consist of sand filters for the removal of particulate matter.
These filters are followed by a series of ion exchange vessels
containing about 8 cubic feet of zeolite ion exchange medis.
Location, operation, and hsndling of thesa vessels remains
unchanged from the msode of operation used for processing of
the Reactor Building aump vater and the RCS wvater as described
in the SDS TER and Addendum No. 1.
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Chapter 2
RCS Processing Plan Design Criteria

2.1 1Introduction

This epdified RCS Processing Plan is designed to use the Submerged
Deminsrslizer System (SDS) and portions of existing plent 1liquid
radwaste dispossl systems to decontaminate the RCS water. This
will reduce plant personnel and off site radistion exposures. The
design objectives of this processing plsn sre to utilize:

1. A system thst ia ss independent as possidble from existing
radioactive vaste systems st TMI-2. The SDS portion of this
plan is s temporary system for the recovety of TMI-2. Only
small sections of existing TMI-2 plant aystems will be uased.

2. A system that has proven performance in processing radioactive
vaste. The SDS portion of this processing plan has successfully
decontaminated the Reactor Building sump and the RCS water.

2.2 Design Basis

2.2.1 Submerged Demineralizer System

The Submerged Demineralizar System was designed in sccordance
with the following regulatory documents:

1. Code of Federal Regulstions, 10CFR20, Standard for
Protection sgsinst Radiation.

2. Code of Federsl Regulstions, 10CFRSO, Licensing of
Production snd Utilization Facilities.

3. U. 5. Regulatory Guide 1.21, dated June 1974.

4. U. 5. Regulatory Guide 1.140, dsted March 1978.

S. U. 5. Regulatory Guide 1.143, dated July 1978.

6. U. 5. Regulatory Guide 8.8, dsted June 1978.

7. U. 5. Regulatory Guide 8.10, dated May 1977.

The design basis for the SDS ia presented in greater detsil in
Ghapter &4 of the SDS Technical Bvaluation Report.

2,2.2 Interiacing Systems

The interfacing syatems with the SDS 4n the RCS Processing
aysten are:

1. Radwvaste Disposal (Resctor Coolsnt Liquid) System.
2. Reactor Coolant Makeup and Purification System.
3. Auxiliary and Fuel Hasndling Buildings Heating Ventilation
snd Air Conditioning Systems.
. Nitrogen Supply System.
S. Decay Heat Removal Syatenm.
6. Waste Cas Syasten.
7. Standby Preseure Control Syatem
8. Spent Fuel Cooling System
9. Instrument Air System
The design criteria for these aystems are presented in Chapter 3
of the TMI-2 FSAR. Conformance to these criteris is presented
in the respective sectisns for these systems in the TMI-2 FSAR.
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2.3 RCS Processing Plan Goal

The goal of the RCS Processing Plan is to reduce the total radionuclide
concentration of Cs in the RCS to leas than 1 uCi/cc. The RCS chemistry
vill be maintained as follows as a minimum:

Chlorides <5 ppm

Oxygen Approximately 8 ppm
pH >7.5

Boron >3500 ppm

The processing of water through the SDS is not expected to have any
undesirable effect on the chemical characteristics of the RCS water.
Maintaining proper chemistry of the makeup water will ensure that
there vill be no adverse effects on the RCS with reapect to corrosion.
The boron concentration of the makeup will also ensure that sufficient
boron is present to maintain the core in a non-critical safe condition.
Sampling of the RCS water will be continued by taking samples via the
CRDM nozzle in accordance with TCN 2-82-362 to Operating Procedure
2104-10.7 because to obtain samples via the letdown system in this
configuration is not possible without modifying the present sampling
system.
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Chapter 3
Systenm Description and Operstions

3.1 Introduction

The modified RCS Processing Plan is designed specifically for the
controlled decontaminstion of the radicactive water in the RCS
and the trestment of the radiocactive gases and solid radioactive
vaste wvhich sre produced. This plan will use the SDS as the means
of decontsmination of the RCS with support from other existing
plant systems. :

3.1.1 Submerged Deminerslizer System

The SDS consists of a 1liquid waste processing system, an off
gss aystem, a monitoring and sampling aystem, and solid

wvaste handling system. The liquid wvaste processing system
decontsninates the RCS water by a process of filtration and
dezineralizstion. The off gas system collects, filters

and absorbs radioactive gsses produced during processing,
sampling, devstering and spent SDS liner venting. The sazmpling
systen provides msasurement of process performance. The

solid vaste handling system is provided for wmoving, devatering,
storage, and loading of filters and deminerslizer vessels

into the shipping cssk. The SDS will be unchanzed from that
described ir the SDS TER.

3.1.2 Interfacing Systems

Interfacing with the SDS are existing plant systems, as given
in Section 2.2. The Reactor Coolsnt Liquid Waste Chsin provides
s staging location for the §DS for collecting and injection of
RCS water from and to the RCS. The Fuel Randling Building and
Auxiliary Building HVAC systems provide tempered ventilsting
sir and controlled air sovement to prevent apread of airbornme
contarminstion with the plant and to the outside eaviromment.

The Nitrogen Supply system provides Rz for blanketing the
Reactor Coolant Bleed Tanks. The Mskeup and Purification and
Spent Fuel Cooling Systems provide piping for the tranafer of the
vaste vater, The Waste Gas System processes the gasses from the
vents from the RCBT'a. The Instrument Air System provides sir
pressure for air-operated vslves in the Intsrfscing Systems.

The Standby Pressure Control System, installed as a temporary
T™I-2 recovery system, vill be used as a backup system to
ensure a source of additionsl makeup to the RCS.

3.2 RCS Wster Processing Preparation

3.2.1 ECS Preparation

The RCS will be maintained in a partially drained condition
vented to atmosphere. 1Its water level may vary from Elevation
347' to 323'6" depending on the needs for access to the reactor
vessel. The minimum water level is expected to be 323'6"

(1' above the reactor vessel flange).
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3.2.1 RCS Preparation (continued)

At tbis level and at all levels above this, the Waste
Transfar pumps will be used to inject RCS makeup

yatar into the RCS for the RCS cleanup process. The
maximm discharge pressure of these pumps is 74 paig

at a flov rate of 40 gpm. Flow to the RCS will be
controlled by valve WDL-V-36A or 36B depending on which
vaste transfer pump is used for feed and, if necessary,
H0-V=9. MU-V10 will also be open to permit makeup flow
to the RCS. The flov rate to the RCS will be maintained
at less than 5 gpow to match the letdowvn flow rate.
Minor adjustments in flov rate vill be made to maintain
the RCS vater level within the limits required.

The decay best anzlysis as reported in Appendix B T™MI-2
Decay Best Removsl Analysis, April 1982, submitted as a
part of the Safety Evalustion for Insertion of a Camers
into the Resctor Vessel Through a Laadscrew Opening Rev. 2
July 1982, is applicable for the RCS processing described
berein. The average incore coolant temperature vill be
limited to less than 170°F. This criterion vas adopted
as a conservative vslue for the recovery progrea to main-
tsin s positive margin to boiling.

3.2.2 SPC Operation

The Standby Pressure Control System (SPC) will serve as
8 backup syatem to ensure that the RCS level is msintained
during RCS processing.

3.2.3 Reactor Coolant Liquid Waate Chain

Prior to starting RCS vster processing, the RCBT "A" will

be filled witb wore than 50,000 gallons of borated, suitable, processed
vater. The rsdionuclide and cheaistry data for this vater

vill be similsr to thst used for RCS mskeup during the previous

RCS processing period. Chemicals will be sdded to tbis vater if required
to ensure that this vater complies vith the plant chemistry

specified in Section 2.3.

3.3 RCS Water Letdown end Injection

RCS letdown will be performed by a blesd and fesd procass of
simultaneously removing the radicactive RCS water and injecting
borsted processed vater at the same flov rate to maintain RCS

vater volune conatant. The bleed and fead process will be controlled
from the Control Room in coordination with the Radwaste Control Panel.
The RCS water is letdovno through the pmormal letdown line on the loop
cold leg before Reactor Coolant Pump RC-P~1A. The letdown rate is

5 gallons per minute or less. The RCS water is letdown through the
letdovn coolers to RCBT "C". The plugged block orifice and isolated
Makeup Deainerslizers and Filters are bypsssed. As the RCS watar

is letdown, simulteneously the borated processed vster located in RCBT
"A" 13 injected to the RCS. After RCBT "C” hss been filled to mora than 50,000

gallons, the letdovn and injection of vater from and to the RCS will
be secured. RCBT "C" will be recirculated prior to proceasing. After

recirculating, decontamination of the RCS radioactive water by SDS will
coomence.
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3.4 RCS Processing by SDS

4.1

RCS filcering through the SDS will be the same as that described in
Appendix 1 to the Submerged Demineralizer System Technical Evalustion
Plan - Reactor Coolant Processing Plan March 1982. Radiation
protection, dose assessment, accident analysis, and the conduct of
operations are similarly the same as reported in this document.

RCS Processing Safety Assessment

Processing of the RCS while in a partially drained condition does not
present a unique safety concern. The actual processing of Reactor
Coolant is adequately addressed in the SDS Technical Evaluation Report
and the maintenance of the Reactor Coolant System in a partially drained
condition is adequstely addressed in the Quick Look Safety Evaluation.
The only evolution not previously addressed is the simultaneocus feed
and bleed of the Reactor Coolant System in s psrtially drained con-
figuration. During this evolution, RCS water level will be monitored
and maintained by operating procedures. Such procedures will maintain
the water level to vithin six (6) inches of the predetermined level

set point. At the present RCS level, to permit incore inspections,
this level is 210" 2 6". This level is the same as that established
for the Quick Look program and will be monitored in a similsr fashion.
Thus this evolution will not increase the probability of occurrence

or consequences of an accident previously evaluated or create the
possibility of a different type accident, nor will the margin of safety
as defined in the bssis for any Technical Specification be reduced.



ArrEDIX C

ERACTOR COOLANT SISTEM (RCS)
DILUTION SAFETY EVALUATION

-

CTIOR
During the "Quick look" uitlu. reactor abutdown (subcriticelity) will
be sssured by the presence of boron ip tbe resctor .oolant. The Quick
Look Ssfety Evalustioo has shown thst mainteining BRCS boron comcentrations

of 3500 ppm or grestsr essures subcriticslity under all credidble conditions.

TMI Unit 2 operstions during the past two yasrs has demvnstrated thst

4t is possidble to maintain a l.:ontrou.d boroo concentration iv the

RCS. Bowever, during tbe "Quick Look"™ testing the RCS conditfons will
differ from those that existed during the previscus two yesars. The
primary coolant level wvill be lowered and the primary coolant pressure
vill be reduced. In viev of thase differences it 1» necsssary to
evaluate the ebility to continue to reliasdbly maintain @ controlled boron
concentretion in the RCS. The purpose of this appendix is to raview
the precautions thet will be taken to assura thst the required RCS

boron concentrston will be saintained.

The Resctor Coolant System tempersture and chemistry will not be
significently affected by the Quick Look test and, benca, boron
e0lubility will remain essentislly emchanged. The only way RCS

boron concentrstion can be changed in an ancontrolled wmamer during

this test 1s by dilution of the RCS eocolsnt with water that is

eitber, amborsted or doreted below 3500 ppa. This discussion will
therefore reviev the metbods that will de used to prevent boron dilutiom.

Cc-1
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Uacontrolled boroo dilutfon vill be pruvented by s comdination of

prevention, monitoring, and corrective sctioms.

The followving discussion shovs that the procedures in effect during

the time the RCS 18 dspreseurized will prevent the uncontrolled sddition
of coolant to the RCS end, haul. Prevent the mncontrolled reduction

of the boron concentraticn. In addition, 1f for ecme unforeseen Teason
boron diluticn should occur, the monitoring and corrective action
procedures will preclude significant zeductions 2n boron coocentration

and essure the zesactor Temains shutdown.

ACTIONS TAKEN TO PREVENWT BORON DILUTION

As stated shove, boron dilutico vill result if water containing

boron concentraticns lsss than 3500 ppm s added to the BCS. The
sources of this water are the various systems connacted to the RCS
vhich includes the secondery Systam. Systems which potentislly contain
coolant with boron concentrstions less than 3500 ppm Bave been raviewed

to ‘sssure that thay will no® be crediteble sourcses of boronm dilutico.

The follouing sctions will be taken to prevemt the uaintentional
dilution of the boroo in the RCS. It 4s concluded that these sctiocns
wvill praevant the dflutioco of the BCS bdoron coocentrstion during the

time the pressure and water level are lowvered.

1. Steeam Genesrator

One potential source of.dilutiocn of the RCS borom is stemm
generatir coolent lul'uc through the ateam genarator tubes.
The potentisl for this leakage has been precluded in the past
by maintaining the RCS pressure highar than the secondsry



2.

c-3

coolant pressure, &5y laakage would be frum the BCS to the

secondary system,

-

During the "Quick Look™ the primary System pressurs will be
reduced to atmospheric presscre. To preclude BCS dilutiom
vhile the RCS pressure is rwducad, procedures require that
vater levels in the secovndary side of the stesm geverstore
vill be maintained lover than the levels in the primary side.
In this sammer the preferred potentisl] leakage path, froe
primary to secondery volumes, is maintained. Under these
conditions the secondsry volume of the stess gepsretors Wwill

not be 8 credible source of RCS boron dilution.

Makeup and Purification Standby Pressure Control Systems

These systems are borated greater than 3600 ppm and will be operated by
spproved procedures to letdown, processing through the SDS System and

makeup back to the RCS. The mskeup pumps MU-P-1A/B/C will tagged “off"

and portions or connections to these ayatems that are not used for makeup
will be isolated. Should the RCS level decrease below the controlled

range, letdown from the RCS will be secured until the level increases

to the controlled range. Should the level continue to decrease, makeup

will be initiated from the SPC System using approved procedures. Assurance
that the makeup vater is borated greater than 3600 ppm will be provided by
analysis of a sample taken from the appropriate Reactor Coolant Bleed Holdup

tank of each batch used for makeup.

Demineralized Uster Systes
The édaminerslized water System has been reviewved and vbere possible

spool pieces in the flow path to the RCS have been Temovwed,
Where this could ot be done, isoletion valves in the flow

Revision 1




paths bave deen tagged shut.

4. Submerged Deminerslizer System

puring the RCS processing period, the SDS will be opersted to process the
vater letdown from the RCS. This will not creste s dilution problem
becsuse the SDS will be isolated from the Resctor Coolsnt System except
via the sppropriste Bleed Eoldup Tank which will be monitored for boron

content.

S. Other Systems
IABLE 1

Decsy Hast Removal

Min{ Decay Hest System

Core Flood System

Intermadiste Closed Cooling Water
Ruclesr Services Closed Cooling Water
Decay Beat Closed Cooling Water
Chemical Addition

Steam Generstor Feed Water

Spent Fuel Cooling

The folloving scticmns will be taken to prsvent dilution of RCS boron
by unintentionsl transfer from the systems in Table 1 of coolent con-

taining boron concentrations less than 3500 ppa to the BCS.

A. The systeas in Tsble ] have been Teviewed and isoletion valves
in the flow paths huve been tagged shut.

B. A checklist hss been prepared listing all valves that are to
be used for isoletion during the time the BRCS 1is at Taduced
pressure (including those in Sectiom II.2, 3, and §). The
position of these valves will be eonfirmad svery 24 bours during
this perioed.

Revieion 1
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D.

All pumps in thess systems; excspt muclesar services cloeed

cooling water which ecools the iastrument air compressors and
waste gas compressors; will be tagged out to further preclude
the insdvertent transfer of coolant to the RCS.

The levels of all storsge tanks thst could be sourcss of water
4nto the RCS will be monitored and logged cuce avery 24 hours.

The systems in Table 1 vill.not be operated in any manner,
except for emergencies vhere plant safety is involved, while

the control drive mechanisms are open during the Quick Look.

All other times their operation will be limited to those

actions necessary to support plant operation. Such operations
will require the written approval of the Shift Foreman and will
be conducted under his direct surveillance. During this period
any change in status or operation of the systems in Table 1 will
be entered into the control room log. Surveillance testing for
the systems in Table 1 will be postponed during the time the RCS

is at atmospheric pressure.

ACTIONS TAKEN TO DETECT AND TERMINATE IRADVERTERY BOROR DILUTION

The sctions described in Section I1I will prevenmt the inadvartent

dilution of the boron 4o the RCS. However, even though such 41lution

1s tnlikely, procedurss have been estsbdlishad to essure the esrly

detection of a dilution event. In puch a case, sction can be taken

to f1nd the source of the dilution and atop it or to inject additional

boron.

Revision 1



The boron cooeentration will be wonitored by mouitoring the RCS
coolant level. After the BCS level bas deen reduced, a Dase systen
laakagsrzate will be astablished. Using this leakage Tate s plot

of predicted level wersus time will be given to ths operaticus steff.
Superimpased on this predicted level will an ¥ alarm and + sction
level limit. The alarw levels will be 24 inchas adove &nd belov

the base levsle. The action level 1s 12 fnches sbove the base level.
If 4t 1s assumed that tmborated water 1s being added to tha RCS, the
RCS boron concentration will still be above 3500 ppm st the highar
alerm level. The lover alars level u used es a precaution to
indicete a possidle incresse in plant leskage and, bence, a meed

change the level.

Procedures will require the following action in the event the high

action level 1s exceeded.

1. The control room operation log discussed in Section I1 2E will
be taviewved to attempt to determine the source of dilution.

2. The position of all isolation wvalves and -ontu of all pumps
diecuseed in Sections II 2B and C shall be checked.

3. Storsge tank levels (Section 'II 2D) will be chacked to
determine the acurce of coolant dilutiom.

4. Quick Look operations ahall be temporarily termisated and the
sechanism seal shall be replaced 41f the high alarw level is

zeached.

If the above actiocns do not atop the increase of RCS.coolant level
and high alarm level is raached, ¢he TIC Unit 2 Emergancy Procedure
2202-1.2 "Unanticipated Boron Diluticn™ will be used to incressse the

RCS boron concentratiom.
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Ia the evest ths lower slarm level £5 Teached, a nav base level
carve will be estsdlished with approprisate alars and actico level
mite. -

In eddition to monitoring the BCS coolmnt lsvels and the alars
and action levels discussed adove, the sourcs range msutron
iostrumentstion wvill be scnitored. A bass comt rate will be
asteblished after the coolant level bas bean lowered. An increase
in comnt rate for more than cns mimmte, of two times the base
count rate shall be emsidersd an slarm limit. 4An increases of
five timss the coumt rate for less than ope minute shall also be
considered an alera limit. On veaching these limits the rasponse
will be the same as for the RCS coolant high levsl slarm.

SIOOARY -

The sctions discussed above are considered sufficfent to preclude
dnsdvertent boron dilution. In the unlikely event such dilution
were to occur, procedures will peruit ite detection and provide

the {nformation meeded to terminate the coolant transfer. Basad
upon the use of chese plant limits and procedures, reactor ahutdown

49 assured and criticality 1s pot considered credible.
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