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0 Update of historical data concerning volumes processed and isotopic
inventories.
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system, these appendices are no longer applicable to the actual
operation of the system,
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The above changes are generally administrative in nature and reflect updates

to the system and historical information which continue to evolve as system
operations continue.
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Dirextor, TMI-2
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Chapter 1

Summary of Treatment Plan

Project Scope

To date the SDS system has processed almost 4.5 mi1lion gallons of
contaminated water, including; 656.000 gallons of Reactor Building sump
water, 500,000 gallons from RB decon and 1,200,000 gallons of RCS

water. The continued decontamination of TMI-2 includes the repeated
processing of the IIF/RCS using the Letdown/Makeup Method or the Reactor
Vessel Filtration System (DWCS). The activity level of this water ig
given in Table 1.1. In addit!oﬁ. Reactor Building Decon water or water

from other sources may be processed through $DS as necessary.

This report describes the Submerged Demineralizer System (SDS) and the
work associated with the development of the system for the expeditious
¢lean-up and disposition of the contaminated water mentioned above.

Specific design features of the system include:

1. Placement of the operating system in the spent fuel pool to take

advantage of shielding provided by the water in the pool.

2. Radioactive gas collection and treatment prior to release.

3. Liquid leak-off collection and treatment.

-1- 03988/LC
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4. Underwater placement of fon-exchange vessels into a shipping cask

without removal from the spent fuel pool.

5. Use of existing EPICOR-I11 equipment for polishing of SDS effluent,

as required.

Identification of Radionuclides and Radioactivitz Levels

Water samples were taken from the reactor coolant system and the
contatnment sump, and were analyzed to tdentify specific radionuclides
and‘concentrations. Typical results are listed in Table 1.1. The
Reactor Coolant System (RCS) and contginment sump specific radionuclides
and concentrations are based upon actual sample data taken. The RCS
activity decreases due to radiocact!ve decay and leakage from the RCS.
However, RCS activity may increase during processing shutdown due to

leaching.

Alternatives Considered

Ouring the early phases of developfng a system for the control,
clean-up, and disposttion of the contaminated water located in the
containment buildfng of TMI-2, several methods or alternatives were

evaluated. These alternatives were grouped into two categories:

(1) those with no volume reduction, and

(2) those with volume reduction.

-2 - : 03988/LC
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Presented below, are the altérnatives considered with a dlscuésion‘andﬁ ‘

concluston about each.

Alternative I: Leave Contaminated Wates 1n'conta1nment Indefinitely.’

(No Volume Reduction)
Discussion

A. Containment Sump Water

1. The sump water contains radionuclide concentrations as
depicted in Table 1.1. The existence of this may cause some
Increase in radiological-ekposure problems during the recovery -
program, i.e., increased exposure to recovery program
personnel, increased contamination levels, and increased

posstbtlity of airborne radiocactivity.
2.  The presence of the contaminated sump water would prevent
decontamination of the lower levels of the contafinment

building.

B. Reactor Coolant System Water

The presence of the contaminated water in the reactor coolant
system would inhibit disassembly of the reactor and impede-

defueling operations.

-3 03988/LC
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Conclusion: Alternative I is not deemed feasible for the following

reasons:

1, The potential for increased personnel exposure exists. Therefore,

compltance with the principles of ALARA is not possible.

2. Facility decontamination and défuelihg operations are seriogsly

Inhibited o1 perhaps prevented.

3. Continued storage of the contaminated water in the contatnment sump
for increased periods of time fncreases the probability that
leakage from the butlding may occur. Leakage of contaminated water
from the reactor butlding sump may threaten the public health ang

safety.

4. Conttinued storage of the water in the containment building for an
extended period of time Is undesirable. The primary 1sotopes of
concern (Cs-137 and Sr-90) exhisit decay half-lives of
approximately 30 year. Storage 1n the cohta1nment sump for
approximately 300 years would be required for 10 half-1ife decayi
Maintenance of»conta1nment Integrity for this interval of time

cannot be assured.

Alternative II: Transfer Water to On-stte Storage Facility (No Volume

Reduction)

-4 - 03988/LC
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Discussion:

1. To safely contain the‘contahinated water, the construction of an.

on-site 11quid radwaste storage fatllity would be required.

2. Additional radiation areas on the plant site would be created if a-

l1quid radwaste storage factlity were built.

3. Estimates indicate the construction of a liquid radwaste storage

factlity would require two to three years, at a minimum.

4. A l!du1d radioactive waste transfer system for the transfer of the
contaminated water from the vér1ous locations to the waste storage

complex would be required.

5. Handling and pumying operations may involve leakage and thevspread

of contamination.
6. Disposal of the water prior to natura) decay fs required because of
the long radioactive decay half-lives. This alternative is not

representative of an acceptable long-term solution.

Conclusfon: Based on the above discussion, Alternative II is not a

feasible method.

Alternative III: Solfdification and Disposal (No Volume Reduction)

-5 - 03988/LC
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Discussion:

- The construction of an on-site solidification facility would be
required.

2. Based on 1,000,000 gallons of contaminated water originally to be .
processed, a 30-gallon availability of water volume in a 55-gallon
drum, 70% availabiiity, 24-hour/day'operation, and a 45 minute

cycle time, the processing time may exceed four years.

3. Based on 1,000,000 gallons of contaminated water originally to be
processed and a 30-gallon avallability of water volume in a
55-gallon drum. The number of drums of solidified waste that would
be generated would exceed 33,000. Handling, transportation and
disposal of this extremely large quantity of solidified waste would
be prohibitively expensive and violate basic principles of

minimizing radioactive waste volumes.

4. The handling evolution required to solidify the contaminated water

may involve substantial radiation exposure to personnel.
5. The potential for leakage and contamination problems may be
substantial in operating a solidification facility for processing

this contaminated water in thisg manner,

Conclusion: Based on‘the above considerations, Alternative IIT {s not

considered to be feasible.

-6 - ' 03988/LC
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Alternative 1v: Submerged Demineralizer System (SDS) in the "B" Spent i

Fuel Pool and EPICOR-II System (Volume Reduction) -

Discussion:

1.

[}

-~

i

The system would be capable of concentrating fission products on a

medium to effective1y remove those products from the water. - o

Processing contaminated water would result in concentrated waste

requiring additional shielding.
The system fncorpcrates remote operability featyres.

Destign. construction and operation would allow for relatively short

lead times .

The system would require ainimal maintenance.
-
The SDS 15 amenable to location within the Spent Fye! Pool which

would utilize the shielding capability of the poo! water.

Containers of highly loaded fon eschange med!a arising from
operation of the SDS would not be acceptable at shallow lang
dlsposal sites. The SDS design and selection of ion exchange media
¢11ows volumes of such highly loaded media to be minimized to
permit interim storage and p}obable ultimate dlsposal in a
geological repository. It is believed that the EPICOR-11 1iners,
generated as a result of po1!shihg the SOS effluent, will be
sultadle for shallow land disposal because of their low curie

content .
-7 | 03988/LC
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8. The EPICOR-II system used 1n conjunction with SDS will provide
the capability to remove trace quantities of radionuclides from thé’”

SDS effluent.

Conclusion: Based on the above constderations, Alternative IV is an .

acceptabie method for cdecontamination.

Alternative V: Evaporation (Volume Reduction)

Discussicn:

[ Evaporation would require the design and construction of a new

factlity,

2. Due to the nature of the contaminated water to be processed the
design of the facility would be complex to allow for maintenance of
the processing system and personne! radtological protection. The

construction of the fac*lity may require at least four years.

3. Evaporation provides the abilfty to process a wide range of

chemical contaminants .

Conclusion: Evaporation is an acceptable alternative for processing the
contaminated waste waters. Based on the long tonstruction time of the
facility and inherent potentia! for higher occupational exposure due to
Increased maintenance requirements. this alternative 1s less destradbie
than Alternative 1V, Submerged Demineralizer System (SDS) coupled with

the EPICOR Il system.

-8 - 03988/LC
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1.4 Description of the Decontamination Process _— ‘_*__Lj}-- ;o

1.4.1 General

Analysis of the alternatives previously presented has resulted
In the determination that, of the two alternative categories
considered, volume reduction is appropriate for.the
disposition of contaminated water. This conclusion was reached

based on the considerations that volume reduction:

1. fixes the contaminants
2. concentrates the activity

3. mintmizes storage and disposa! space

Of the volume reduction category, the Submerged Demineralfzer
system (SDS) 1n conjunction with EPICOR I for final
polishing, or Alternative IV, was chosen as the most
appropriate process for the following reasons:

1. Basic design simplicity.

2. High performance for decontaminating liquids, f.e.,

decontamination factors up to 107. or higher,

3. Amenable to placement under water to take advantage of

shielding properties of the water

-9 - 03988/LC
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4. Abfiity to implement water processing in a time1y fash1on

for support of the overall objective of fuel removaI

5. Ability to use existing proven plant structures,
equipment and technology for containment of the procesﬁed

water and final process polishing (EPICOR-II)

The SOS with EPICOR Il is an ton-exchange process expected to
provide decontamination factors of up to 107 for cesium and

10°

for strontium (see Table 3.1), thus removing the
majority of the activity from the water pilor to placement in
the Processed Water Storage Tanks, or usage for continued

decontamination or makeup to the RCS.

S0S Operating Description

Figure 1.1 shows a block dlagram of the process flow of the
Submerged Demineralizer System (SDS) with the EPICOR 11
System. Radioactive water enters the $DS via the RCS
manifold. This source of water can pass through two cartridge

or sand type filters for removal of particulate matter.
Sample connections are provided on the influent and effluent
of the filters, and influent to the fon-exchange system to

determine radionuclide content and concentrations of the water

to be processed.

=10 - : 03988B/LC
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The first part of the SDS 1on exchange system cons1sts of up
to six underwater vessels (24 1/2 in. x 54 1/2 in.).: Each
vessel contains approx1mately 8 cubic feet of homogeneously
mixed 1E-96 and LINDE-A zeolite fon exchange media.- Zeolite
medta volumes and mixtures may be changed to reflect different
processing scenarios (The resin mix is specified by
Radiochemical Engineering on the form included in

OP 4215-0PS-3527.16). 1Inlet, outlet, and vent connections are
made with remotely operated couplings. The vessels are
arranged in two parallel trains with three columns in each
train. Flow may be directed thropgh one train of three
vessels or through both trains in parallel. Loading of the
vessels will be controlled by feed batch size, residence time,
fnfluent and effluent sample analysis, and continuous

monticring.

The secord part of the SDS ion exchange system consists of two
parallel sand filter vessels located underwater and
{mmediately downstream of the zeolite beds. These sand
fiiters will contain a mixture of sand and are intended to
remove system effluent particulates, primarily zeolite fines.

The columns are iIntended to be operated singly.
Present SDS operations are envisioned to provide for

radionuclide loading of the zeolite media to a maximum of

60.000 21 of '34cs ang '37cs at the time of shipping.

-1 . 03988/LC
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This loading tevel j; based on restrict!ons'imposed b&sed‘on E
the shielding provided by the Chem-Nuclear 1-13C II‘shippiﬁg |
cask. From the point of view of minimizing waﬁte volume
generation ft is desirable to load the zeolites to these
higher levels.

‘ {
When t' o desired bed loading is achieved on the first bed of
the train, the feed flow to the train will pe stopped, the bed
will be flushed vith‘cléan water, and the first bed will be
disconnected and moved to the storage rack tn the spent fuel
pool using the poo! area crane. The second and third beds
will be disconnected, moved to the first and second positions,
respectively. A new ton exchanger vessel is then installed in
the third position. Following installation of the new
fon-exchanger, the treatment of the contaminated water will
recommence. This ope}attonal concept, which §s the Currently
fntended mode of operation, has eliminated the potential for
valving errors and also minimizes the posstbility of an
unerpelted radionuc)ide "breakthrough® which could
recontaminate the water already processed. This mode of

operation may change 1f the processing scenario changes.

Additionally some processing operations wil) require fewer
than three (3) ion exchange unfits per train to achievé desired
decontamination factors, in these cases jumpers will be

installed to bypass»thevunused positions.

=12 - 03988/LC
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When the SDS 1s processing contaminated sump uater the
effluent from the "cation" sand filters can be sent to _
EPICOR-I1 for polishing. When processing reactor coolant the
effluent may be routed to installed tankage for 1njectlon back
fnto the Reactor cOolant System as a source of makeup or to
EPICOR for polishing.. The spent fon-exchangers and filters of
SDS will be retained under water in the spent fuel pool unfil
removed. To transport spent fon-exchangers, they will be bulk
dewatered, vacuum dewafered. and catalyst recombiner added,
and loaded into shielded casks while under water and removed
from the spent fue! pool. Following decontamination of the

cask surface, the cask can then be loaded onto a trafler for

transportation.

- 13- 03988/LC
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TABLE 1.1
Typical Results‘of Analysis from

the Reactor Coolant System Water and B
the Containment Sump Water Sy

Radionuclide Concentrations

(uCi/ml)

Reactor

Coolant RB Sump
[sotope System Decon
Sampling Date (4/87) | (2/87) :
H3 | 0.038 0.12
Sr-90 1. 0.
Sb-125 , 0.039 0.015
Cs-134 0.003 0.082
Cs-137 0.16 3.5
pH 7.61 7.48
Boron 5340 ppm 3297 ppm
Na 1560 ppm 548 ppm

- 14 - 03988/LC
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Chapter 2

Summary of Health and Environmental Effects

Occupationa! Radiation Exposure During Routine Operation

The SDS has been designed to maintain radiation exposures to operating
personnel as low as feasonably achievable. To implement the ALARA
concept, the following features have been incorporated into the SDS

design.

0 Shielding has been designed to 1imit whole body dose rates in
oOperating areas to less than 1 mRem/hr. The filters and
fon-exchangers are located approximately 16 feet underwater for
shieldinrg. Components and piping carrying high activity water not
contained underwater in the fye! pool have been provided with

shielding to maintain external dose rates to acceptable levels.
o Controls and instrumentation are located in low radiation areas.
0 Components containing high activity water have been designed for
venting exhaust gases to the SDS Off Gas System. The Off-Gas
System will minimize the potential for excessive airborne

radioactivity releases in the work dreas and to the environment.

Additional design and operationa) ALARA features are given tn Section 6.

- 15 . 03988/LC
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The occupational exposure for the EPICOR-1I system was assessed in .
NUREG-0S91. The occupational radiation exposure for the EPICOR-11
system will be lower for the pfocesslng of the effluent from the SOS
than previously processed by EPICOR-II.slnce the influent activity to
the EPICOR-I1 from the SDS has been substantially reduced by processing

the radtoactively contaminated water through the SDS.

2.1.1 Exposure Planning

Several activities will pe implemented prior to and shortly
after, the SDS start up to assure occupational exposures are

minimized. These activities include:

Review of operating, maintenance and survetllance

o.

procedures to assure precautions and prerequisites are

adequate.

[ Review of the Installed system to fdentify potential
problems during operation and the implementation of

corrective actions.

0 Operational evaluations during preoperationa) testing and
system training will be performed to update exposure

estimates.

o Determination of radiation dose rates during norma!

operations and maintenance evolutions wil) be performed.

- 16 - 03988/1C
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As these reviews are completed, operating and surveillance fréquencies_v
can be established; total occupationa) exposures can be updited for the
various activities during SDS operation. This exercise will permit |
review of those activities estimated to yleld the highest man-rem
expenditure. Pre-examination to assure that every reasonable effort is
expended to minimize personnel! exposure may include the following

considerations:

o} Reduction of the frequency of operation
O  Temporary or additional shielding

o} Tool modifications

0 Procedure mod!fication

0 Personnel training to reduce work time

o) Component modifications

Exposures to the Public Durfng Routine Operation of the SOS and EPICOR-1I1

Refer to Chapter 6 for Information on exposures to the pubiic from

routine operation of the SDS and EPICOR-11 processing.

Evaluation of Unexpected Occurrences

The radiological assessment of unexpected occurrences 1nclude§ the
analysis of five hypothstical accidents that are postulated to occur

during oper2*tion of the system,

- 17 - 03988/LC
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The first accident is an fnadvertent punping of RCS water into the fuel
storage pool until a total of 225 gallons of radiocactive water is

released to the pool. No exposures occur to the public since the

contaminated water is contained in the pool. The maximum exposure rate

at a distance of six feet above the pool surface is estimated to be 4.2
mR/hour. Since the release of water occurs underwater no signlflcant

internal exposures are expected for workers. The primary impact of the
accident is the contamination of water in the Spent Fuel Pool (233,000 -

gallons). (Refer to Section 7.1)

The second hypothetical accident assumes a pipe is ruptured and RCS
water is sprayed into the building .and fue! storage pool. It is
possible that workers could be contaminated, however, prompt
implementation of emergency procedures would minimize radfation
€xposures. The radioactive materials would be contained within the
butlding except small amounts of radionucliides that would become
airborhe and subsequently be released through the monitored station
discharge. This airborne radionuclide release would not result in

significant exposures to the pubtic. (Refer to Section 7.2)

The third hypothetical accident evaluated considers the {nadvertent

ratsing of a loaded prefiiter above the poo! surface. The dose rate at
a distance of 15 feet from the source is estimated to be 21 Rem/hour and
could result in a dose of approximately 1.8 rem to workers who remain in

the area for a five minute perfod. (Refer to Sectton 7.3)

- 18- | 03988/L¢
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The fourth hypothetical accident evaluated considers the inadvertent
ralsing of a loaded zeolite fon exchanger above the pool surface. The
dose rate at a distance of 20 feet from the source is estimated to be

approximately 340 Rem/hr. (Refer to Section 7.4)

The €inal hypothetical accidenf considers the inadvertent drop of the
SDS shipping cask containing a )oaded zedlite fon exchanger. The SDS
shipping cask is assumed to be dropped from the maximum hefght of the
Fuel Handling Building crane to the EL 305' floor. The dose rate
resulting from a complete rupture of the SDS shipping cask at a distance
of 20 feet is approximately 340 Rem/hr and assumes rupture of both the |
cask and the vessel. The small amounts of radionuclides assumed to | .
become afrborne would not result In significant exposures to the

putlic. Also there would not be a significant effect from direct

radtation exposure to the public. (Refer to Section 7.5)

The evaluation of unexpected vccurrences for the EPICOR-]1 system was
analyzed fn NUREG-0591. The potential releases from processing SDS
effluent water will pe sfgnificantly lower because of the lower
concentration of water being processed through EPICOR-IT from the $DS.
(See Table 3.1)

=19 - 03988/LC
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24 Industela) Hoalth and Safety

¢4,

2.4.0

Operation of the Submerged Demineralizer System poses no risk
from an Industria) safety standpoint to the genera! public for
the following reasens:

b LIfting and hand)ing activities described take place
within the T™M! complex,

2. Harardous chemical spectes, f1ammable or explosive
substances, heavy industria) processes, and concentrated
manufacturing aetivitios are not favelved 1a the
1nsta!latlon or operation of the $0S.

3. No toric substances are used in the $DS.

OccUpatlpngi Safety

During the operation of the SDS, operating personnel wil)
adhere 'to statlon requirements for occupational safety.
Structura! equipment and operating equipment used shal) meet
Occupational Safety and Health Administration requirements as
applicablie. Personne! protective equipment that would be
required for the operation of the SDS wil)) pe utitized 1n

accordance with standard station procedures,

.20 . 02988/LC
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2.6

Non-Radiological Environmental Effects

Adverse environmental effects from the construction and operation of the .

SOS are not anticipated. The system will be installed and operated in
an existing, on-site faciiity and thus will not require any chango'in
land-use. Additionally, the systom 13 designed fn such a manner as to
allow zern discharge of 11quid offluents to recelving waters, The final
disposition of the processed water will be determined at a later date.
Solid wastes (spent lon-exchangers, etc.) generated by the SDS will be

stored and held unti! final disposal is accomplished.

Ultimate Waste Disposition

Radioactive matoria! generated as a result of the accident at TM! 1
currently restricted to disposal at the commercial disposal site
operated by U.S. Ecology at Hanford, Washington. SDS vessels meeting
the criterfa for disposal at this site will be dlsposed of by shallow
land burial at this location. SOS vessels not meeting the Manford Site
criterta will be classified as abnormal waste and disposed of by the
Department of Energy in accordance with the Memorandum of Understandlng
dated July 15, 1981, between the Nuclear Regulatory Commission ang the
Department of fnergy dealing with the disposition of 1011d nuclear waste

from the cleanup of TM] unit 2.

. 2. | 03988/1¢
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Chapter 3 Lo 'ﬂ'ff

Process Description

Introduction

A combined filtration-ion exchange protess has been selected as the
method for treating radfoactive water contained in the reactor coolant
system and containment bullding. The fiiter fon-exchange method has
been used successfully to reduce quantities of radionuciides in the
process effluent to levels that are in compliance with 10 CFR 20 and 10

CFR 50.

Furthermore, experiments conducted at ORNL, documented in ORNL report
TM-7448, provide evidence that SDS processing, followed by EPICOR-11

polishing, should provide an effective method for water deconfamination.

The fnitla) processing of the waste water is filtration for the removal
of soltds to optimize the subsequent fon-exchange process. Filtration
Is belleved to be necessary to protect the zeolite beds from

particulates iIn the sump and RCS water.

After filtration, radioactive fon removal from the waste vater involves
the use of fon-exchange matertals. The two or three ion-exchange
columns (per train) contalin homogeneously mixed inorganic zeoltte

material which effectively removes essentially all of the cestum and

- 22 - 03988/LC
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much of the strontium. Other trace levels of radionuclides are also
partially remcved by the zeolite media. The radioactivity content in
the effluent stream of each bed Is used to determine when the bed is

expended and replaced.

Final demineralization of the contaminated sump water and selected
batches of RCS water is intended to be by the EPICOR-II system.
Essentially, all remaining radionuclides excluding tritium are expected

to be removed from the water during this process step.

Ion-Exchange Concepts

Ion- exchangers are solid 1norgan1c and organic materfals containlng
exchangeable catfons or anions. When solutions containing fonic species
are in contact with the resin, a stolchiometrically equivalent amount of
fons are exchanged. As an example, an lon-exchanger in the sodium

(Na*) form will “soften” water by an fon-exchange process. Hard water
containing CaC12 Is "softened” by this exchange mechanism which |
removes the Ca’* fons from solution and replaces them with Na*

fons. In a similar manner, Sr** and Cs* fons are exchanged with the

Na* fons from the solid zeolite material.

Characteristic properties of ton exchangers fnvolve micro-structural
features contalned 'n a framework held together by chemica) bonds and/or
lattice energy. Either a positive or negative electric surplus charge
Is carried within this framework which must be compensated for by tons

of opposite sign. Because the exchange of fons is a diffusion process
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within the structura) framework, it does not conform to normal.chemlcal-'

reaction kinetics. The preference of lon-exchangers for a particular..

specle 1s due to electrostatic interactions between the charged

framework and the exchanging fons which vary in size and charge number,

The decontamination factor (DF) s the ratio of the concentration in the

Influent stream to that in the effluent stream and 1s used for

determining the efficlency of a purification process for radionuclide

removal.

The following equation 1s a qualitative expression for the removal of a

stngle tonic specte from solution.

where:

N [

[ -

DF = 1

T - KnQEw
CeV

Q = Total exchange capacity (meq/m! wet resin)
Fraction of Q used

Equivalent weight of the nuclide under consideration
Nuclide concentration (welght/volume)

Feed throughput (number of fon-exchange bed volumes)_

Unit conversion constant

Important varigbles which are considered as part of the evaluation of

fon-exchangers for decontamination are fon exchange media type, selectivity

and capacity, concentration of the specles to be removed, total composition of

the feed stream, and the presence of contaminants, Operating parameters such

as resin bed size, flow rate, flow distribution, pH, and tompofaturos 0?0.

specified for the fon-exchange beds In order to maximtze removal of the

contaminating tons.
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Specifications which have been defined for this purification process include

(1) The flow rate to provide an acceptable residence time for 1on‘d|ffuslon

and exchange to occur.

(2)  The cross-sectional area of the fon-exchange medta to provide an

acceptable linear velocity through the bed.
(3)  The bed depth to result in an acceptable pressure drop.

(4) A uniform flow distribution'andva uniform media distribution to reduce

the potential for channeling.

(5)  The fon-exchange media bead size to minimize atrition and large pressure

drogs.

(6)  The curie loading to satisfy personnel exposure, radiation damage,

transportation, ang storage regulations.

(7). The cation form and the amount of fon-exchange medta Impurities to

maximize removal of specific nuclides.

3.3 lon-Exchange Matertals

The lon-exchanger media selected for use in thig processing system are
an tnorganic 2e0)ite materia) that g commercially available and known
4s lon S1v TE-96 (Na® form of 1€-95), and LINDE-A, to be used for $OS

and cation and anion resins to be used in EPICOR !].
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Zeolites are alumlnosllicates with framework structures encloslng largei
and uniform cavities. Because of thelr narrow, rigid, and uniform pore'
stze, they can also act as "molecular sieves" to sorb small molecules, -

but to exclude molecules that are larger than the opening in the crystal

framework.

Other media are also being evaluated. Should our plans change with

regard to lon exchange media to be employed, the NRC will be notified.

Organic ion exchanqe.reslns ire-typically gels and are classified as
cross-linked polyelectrolytes., Thelr framework, or matrix, consists of
an frregular, macromolecular, three-dimensional network of hydrocarbon
chains. In cation exchanqers..the matrix carries fonlc groups such as
SO3. €00, (PO )3. and tn anion exchangers groups such as

NH 4, Na*, H® are carried. The framework of the organic resins,

In contrast to that of the zeolites, is a flexible random network which
s elastic, can be expanded, and Is made insoluble by fntroduction of
cross-1inks which interconnect the various hydrocarbon chains. The
extent of crosslinking establishes the mesh width of the matrix and,
thus, the degree of swelling and the fon mobilities within the resin,
This, In turn, determines the lon exchange rates and electric

conductivity of the resin.

Since the mechanism of the fon exchange process involves the
stolchiometric exchange of ions between the exchanger and the solution
while electrical neutrality is maintained, the rate determining step is

controlled by the interdiffusion of lons within the framework of the
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fon-exchanger. Since the rate of fon exchange s determined by

diffusion processes, rate laws are derived by applying well- known |
diffusion equations to ion- exchange systems. However, complicatlons |
arise from diffusion-induced electric forces, from selectively specific.
interactions, and changes in swelling such that rate laws are app11cab1e f
for only a few limited cases. Experimental efforts have been conducted

at the Savannah River Laboratory to- investigate the kinetics of ces1um

and strontium fon- -exchange with the 2eolite exchanger. Cesfum was.
absorbed so rapidly that only rough estimates of the diffusion parameter ,
could be obtained. The resulting equation, used to calculate column
performance, did not involve kinetic parameters but was suitable to

described the equilibrium column behavior.

Resin Selection Criterfa

Technical Information obtained from previcus use of various fon-exchange
materlals and the results of recent experimental work with simulated and
actual water samples from Three Mile Islahd were used to support the
selection of specific ton exchange materials for this processing

system. The performance of an ion exchange system is controlled by the
physlical and chemical properties of the exchange materfal as well as by
the operating condttions specified tin Section 3.2. The important

criterta which were used in the lon exchanger selection process included:

(1) Exchange capacity

(2) Swelling equiltbriuym

R

(3) Degree of crosslinking

(4) Resin particle size

-27. 03988/LC
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(5) Tonic selectivity
(6) lon-exchange kinetics
(7) Chemical, radiolytic and phystcal stability

(8) Previous demonstrated performance (EPICOR-II)

Experimental studies with reactor coolant water have been conducted to‘ '
support and verify the selection of these ion- exchangers. refer to ORNL
TM-7448. Further, onsite_;tudies have been performed to support and
verify selection of the lon-exchange medta. The decontamination factors
for the major contaminants were measured using a number of candidate 10n
exchangers including the organic resins, HCR-5 and SBR-OH, and the
zeolite ION SIV IE-96 and LINDE-A. The results indicated the most
favorable type of ion exchange media to be used in the cleanup process
were the avatlable cation-anion resins 1n combination with the zeolite

exchanger,

Furthermore, as a result of processing in excess of 4,400,000 gallons of |
radioactively contaminated water from the Auxiliary Building, Reactor
Butlding and RCS, we are confident that the SDS, with EPICOR-II used as

a polishing syﬁtem for treatment of SDS efflyent: will continue to

provide an effective means to decontaminate the contaminated waters,
EPICOR-IT resin loadings may be altered to improve polishing

effectiveness, If required.
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Predicted Performance of Ion-Exchangers

The concentrations of radionuhlldes In. samples of water from the Reactor;;:
Coolant System have been measured. .Those radionuclides stlllvdetectable;f j
In June, 1984 fnclude Sr-90, Cs-134, Cs-137, and Sb--125. The expected';ﬂ.

performance of the SDS fon-exchangers, and the EPiCOR-II fon exchangers -

Is shown in Table 3.2. The concentrations of strontium and.cesium are
expected to be significantly reduced by processing through the SDS ahd
EPICOR-iI system. Table 3.1 s included to provide historical datavon

Reactor Bullding Sump water processing.

Antimony fs expected to pass through the SDS ion exchangers and will end
up as the predominant gamma emitter in the solution entering the
EPICOR-II system. The Concentration of Sb-125 in the containment

bullding sump sample s approximately 0.015 micrOCUries per milliliter.

Monitoring of Ion Exchangers

Methods which may be used to monitor the effectiveness of the ton
exchangers include liquid sampling and in-line radiation detectors.
Liquid samples of feed and effluent streams can also be used to

establish the approximate curie loadings in the loaded beds.
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TABLE 3.1
Actual activity concentrationsd in SDS process streams
after 200 bed volymes through each zeolite bed
(Based on continuous flow through four zeolite columns)

Historical - RB Sump Processing

Effluent concentrations, 3 uCi/mi.

Zeolite columns Effluent

Nuclide Feed Filter First Second Third Fourth EPICOR-II
ga 0.88 0.88 0.88 0.88 0.88 0.88 0.88

Co b b . 2E-5 2E-5 2E-5 2E-5 2.3E-6
9" ;r 5.02 5.02 2.5 1.0E1 B.5E-3 SE-3 <l.0E-5
106gy b b . 4. 0E-4 4.0E-4 4_.0E-4 4_0E-4 1E-6
1256y, b b 1.1E-2 1.1E-2 1.1€-2 1.1E-2 3.4E-7
1340, 1.39E41 1.39€41 . 1.7€+0 1.1€-4 1.1E-4 1.1E-4 2€-8
137¢¢ 1.23E+2 1.23E+2 1.5E+1 1.0E-3 1.0E-3 1.0E-3 2E-7
144¢q - b b 4.0€E-24 4.0(-4 4_0E-4 4.0E-4 1E-6
ap

"ei/m as of February 1982 based on actual samples
Not quantifiable by gamma spectroscopy due to overali sample activities.

- 30 -,

il

.y

0564x LC i




TER 3527-006° . -

TABLE 3.2 :
Actual activity concentrationsd in SDS process streams
after 200 bed volumes through each zeolite bed
(Based on continuous flow through two zeolite columns)

RCS Processing

Effluént’COncentrations, 4 yCi/ml.

Zeolite columns

Nuclide Feed Filter First Second Sand Filter =
60co <2.0£-3 2.26-3 1.2E-3 <).6E-4 <2E-4

90¢, 3.4 3.1 0.084 2.8E-3 3.0E-3
102RU 2.3E-2 <2€-2 ¢5.2E-3 <1.5€-3 <1.7€-3
125¢p 0.16 0.15 0.15 0.14 0.15

134¢s 0.025 0.023 1.2E-3 ¢<1.1€-4 <1.2E-4
137¢¢ 0.56 0.51 3.0E-2 ¢1.7€-4 <1.6E-4
184¢, ¢1.2E-2 ¢1.2E-2 ¢4.5E-3 <1.8E-3 ¢2.0E-3

I Tn pCi/ml as of

June 1984 based on actual sampies

Not quantifiable by gamma spectroscopy due to overall sample activities.
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Chapter 4 o

Submerged Demineralizer System Design Basis
4.1  Introduction

The Submerged Demineralization System (SDS);is an underwater
fon-exchange system which has been specifically destgned to process
higher-level waste waters®, w1th fnherent system features for reduction
of occupational and environmental exposures. The SDS is submerged in
the spent fue! poo! (1) to provide shielding during operation, (2) to
permit access to the system durihg demineralizer changeout, (3) to
minimize the hazard from potential acclidents, and (4) to utilize an
existing Seismic Category I facility. 1In conjunction with the SOS, the
EPICOR-11 system may be used to provide final polishing of the S$DS

effluent water for removal of trace quantities of radionuclides.
Destgn features for 3DS Include:

b A prefilter and final filter in series.ifollowed by two parallel
tralns of 2 or 3 zeolite 1on-éxchangers in serfes. These
fon-exchangers are followed by two “cation” sand filters in
parallel followed by the EPICOR-II equipment. This combinatics of
filters and fon-exchangers achieves the desired process flow rates

and decontamination factors (DF's).

‘Higher-Tevel waste waters are those contaminated waters having gross activity
concentrations in excess of 100 pCi/ml.
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demineralization units to prevent activity breakthrough 1n the S
final zeolite bed and maximize activity loading on spent beds to
accompllsh the best possible activity concentration. .
The design objective are as follows: | o .
;i
a. A totally integrated system that 1s as Independent as possible from ;
existing vaste systems at the Three Mile lsland plant. The SDS i§ 
A temporary system for the recovery of TMl-2,
b. A system that has the capablility to reduce the fission product
concentration In the contaminated water ang has opthnal
capabllities for removing chemica) contaminants to permlt future g
disposttion of the concentrated waste form, :
C. A system that could be operated with a minimum of exposure to
personnel and a negligible risk to the public.
d. A system that could accomplish the objective 1isted above in a
timely and cost effect!ive ‘manner.
e. A system that Incorporates known and demonstrated processing

Serfes operation logic that allows for sequencing the

equipment, matertals and techniques. (EPICOR-I1:

- 03988/LC




6. Two monitoring tanks for collecting treated water.

7.  An off-gas system for treatlng and filtering gases and vent air

N s 5

Components of the

The SOS 15 comprised of the following components, all of which wil
located 1n the Unit 2 8 fue! pdol or In the near vicinity of the 8 fuel
pool. (See Figure 5.6, General Layout Plan.) s:y;f; f;f

1. feed filtering system:

2. Two parallel {on exchanqe trains, each comprised of two or three
10-¢cubic-foot vessels Ioaded with 8 cubic-feet (nom!nal) of

homogeneously mired 1€-96 and LINDE-A zeolite exchange media.

3. Two parallel “cation® sand filters containing qraded sand filter B

medtia:

4. A monitoring and sampllng system for control of demtneraltzer unit fmtd

loading;

5. A secondary containment system for the filters and zeollte beds and

radlation shielding for piping. valves, sampllng. and monttOrlng

systems,

from the system:

-%- 0398B/LC
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8. A Liner Recombiner and Vacuum Outgassing System (LRVOS) deslqned'to

eliminate the potential of a combustible hydroqen and oxyqen'gﬁ o

mixture existing in the SOS llners

9. Associated pipfng. valVing. and structural supports required fOr

placement of system components :

10.  Auxiliary systems including underwater fon-exchange column storage

3 dewatering system, and analytical equipment:
Vert system to allow for‘Ventinq of stored vessels.

The EPICOR-I1 system ts downstream of the SDS process flow stream for

removal of trace fission products that are not removed in the ton

exchange media of the S0S.

Submerged Demineralizer System Design Criteria

4.3.1 Design Basis

Regulatory guidance followed during the design of the

Submerged Demineralization System was extracted from the

following documents:

o U.S. Nuclear Regulatory Guide 1.140 dated March, 1978

o] U.S. Nuclear Regulatory Guide 1.143 dated July, 1978

- 35 - © 0398B/LC -
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o u.s. Nuclear Regulatory Guide 8. 8, dated June 1978

0 U.S. Nuclear Regulatory Guide 8.10, dated May, 1977

0  U.S. Nuclear Regulatory Guide 1.21 Revision 1, June 1974

©  Coce of Federal Regulations, 10 CFR 20, Standard for = = i“

Protection Against Radiation

o) Code of Federal Regulations, 10 CFR 50, Licensing of

Production ang Util1zation Facilfties.

4.3.2 Process

The design shall provide for operations and maintenance in

Such a manner as to maintain exposures to plant personnel to

Tevels which are "as low as s reasonably achievable”, in

accordance with Regu[atory Guide 8.8.

4.3.3 Performance

The isotopic inventory for the water to be processed is
summarized in Table 1.1. The SDS followed by the EPICOR-II
systems {s designed and operated such as to reduce the average
tsotopic specific activity of the treated waste streams. The

expected performance of these systems is given in Table 3.2.
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4.3.4 Capacity

Flow Rate - § to 30 GPM (up to 15 GPM per train). The system
will have the ability to operate continuously, (subject to

periodic maintenance shutdown).

4.3.5 Pirformance and Design Requirements

The following system requirements have been incorporated into

the design of the SDS.

o} Leak Protectfon and Containment
0 Shielding (Beta, Gamma)
o) Ventilation

0 Functional Design and Maintainability

o Criticality Concerns

0 Decontaminatior - Decommissioning

4.3.6 Piping System (piping, valves and pumps)

1. The mechanical and structural design criteria and
fabrication of piping systems and piping components are
specified in ANSI B31.1, 1977 Edition with Addendum
through Winter 1978 or ANSI B31.1, 1980 for components

added after 1980, and Table 1 of Regulatory Guide 1.143.

2. Piping system design shall be based on a maximum of 150
pst at 100°F.
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3. Piping runs are generally designed to pérmit vater

fiushing. s

4. Instrument connecfions to piping systems are located to; L

provide clearance for atfachment. operation and

maintenance.

4.3.7 Vessels and Tanks

1. The mechanical and structural design criteria and
fabrication of vessels and tanks will be in accordance
with the requirements of the ASME Boller and Pressure ';. -,_. ;
Vessel Code, Section VIII, Diviston 1, 1977, Addendum :

through Winter 78.
2. The vessels shall be of two types:

a. Primary fon-exchangers shall contain approximately
efght (8) cublc feet of zeolite fon exchange media
for the purpose of removing cestum and strontium
from the waste water. Should our processing
scenario be changed 1t may be necessary to alter the |
volume of the zeolite medli. Should changes occur,

the NRC will be informed.
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b.. Influent_andv5cation" sand filter units are planhéd
to contain cartridge type filter assemblies or sand -
capable of removing particles greater than - ;_
approximately 10 microns. SDS effluent filter -

capability has been provided to 1ncorpqrate the

capability to filter out fon-exchange media f|nés};"

from the process stream should fines carryover occur.

The SDS fon-exchangers and filters shall be capable of
functioning submerged under approximately 16 feet of water

within the spent fuel pool.

The fon-exchangers shall be designed for 15 GPM nominal
process rate, filters shall be designed for 50 GPM nominal;
volume velocity through the loaded fon- -exchangers shall be '

limited to prevent thanneling or breakthrough.

Pressure loss through the lon-exchangers should not exceed 15

ps! when operating at 5 GPM with clean resins.

The fon-exchangers shall be equipped with a lifting
arrangement compatible with the spent fuel pool crane to

permit movement of the vessels in the pool.
The 10-cubic-foot vessels will be equipped with all réquired

nozzles, including 1n1ét. outlet, vent connectlons, and fin

and sluicing connections.
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8.  Each lon-exchanger shall be equipped with all IhterhaISji

required for media distribution, dewatering, and venting, .-

9. Design Condition

3. The 10-cublc-foot vessels will be compatible with the .
piping design conditions of 150 psig at lOO'f; The .. <

vesse! design conditions for continuous operation vl]] o

be, at least, equivalent to the piping design condfitions..

b.  The following additional design conditions have been

_ - :
imposed: : <

o) Overal) Height 54 1/2 inches o '  }
0 Overall Diameter 24 1/2 inches

o Materials Stalnless Steel

o Weight | will have negative buoyancy

(loaded with fon-exchange media)

10. Testing

The vessels shall be hydrostatically tested at 1.5 times the
design pressure per ASME Section VIII.
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4.3.9

4.3.10

Shielding Design

The shielding shall be designed to reduce levels resultlngl

from the SOS to less than I1mR/hr, general area. The shielding

for the EPICOR-II equipment is adequate for the processing 6f_,

the SDS effluent because the SOS effluent water activity wil)
be lower than the activity lgvel of the water for which

EPICOR-IT shielding was originally designed.

Leakage

To minimize the operational impact of activity that_caﬁ
potentially leak from bad process connections td Fuel Poo! B,
SOS vessels are contatned in secondary containment

enclosures. Pool water is continuously drawn through these
enclosures and passed through separate fon exchangers (Leakage
containment). This design prevents the pool water from
eventually attatning high level concentrations of
radionucltdes. Monitoring of potential leakage s

accomplished through the established SDS Sampling System.

Bullding and Auxiliary Service Interfaces

The SDS has been designed to meet the following building

interface requirements.
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TER 3527-005
All components of the SDS located in the Fuel nandllng
Bullding do not exceed the normal load capacities of thc
cranes 1In thls.area ‘The Fue! Handling Bullding : - | : g
auxilfary and. maln ¢ranes have capacities of 15 tons and I

110 tons, respectlvely

The SDS will operate In the ambient conditions of the
Fuel Handling Building as supplied by the butlding
heating, ventilating and air conditioning system, and

lighting system. . _ E

Auxiliary services supplied to the SDS are,from the
Demineralizer Water, Electrical Distribution, Instrument

Afr and Service Alr Systems,

Ouring tnstallation of the system, no equipment was
permanently attached to the fuel poo! liner and no

penetrations were made 1n the fye! pool 1iner.
Structural support for the system will be designed to

take the dynamic and static loads assoclated with the

normal operation of the system.
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4.3.11,

Controls and Instfumentattbn

4.3.11.1 General System Description | R B

The control and instrumentatlon systems shall be
designed to contro! and monitor the various normal
process functions throughout the system and uill

permit a safe orderly shutdown of the system

The controls and Instrumentation systems wil) enable
the operators to perform the designated functions

efficiently and safely. :

Where portions of the process must be operated
remotely, sufficient Instrumentation shall pe -
fncluded to assure safe operation and permit
analysis of a process upset or remote detection of

equipment malfunction.

Control and instrumentation systems shall pe
categorized as: (1) controls and Instrumentation
systems essenttal for the matntenance of process
flutd confinement, and (2) process controls
Instrumentation systems essential for the »

determination of process operating parameters. _i
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Radlatiohjmbhitoring and survelllance =

|nstrumtntation essential for the protection of -‘;f*f

operating personnel, the public and the environment

is provided.

4.3.11.2 Performance and Design Requirements

Remote controls and'instrumentation shall have

provisions for remote connection of electrical leads.

Alarms and/or indicators are provided for adequate

survetllance of process operation.

Process-cdnnected instrumentation shall be
constructed of material compatible with that used '

for the construction of the process equipment.

Electrical wiring shall pe designed in such a manner

as to minimize nofse and spurious signals.

Instruméntation identification and numbering should
follow the standards and practices of the Instrument

Soclety of America (ISA).

Radfation monitors shall be provided for the
detectlon of gamma radiation. In-1ine radlation
monitors were Installed to monitor beta radiation,
however to date have not been used or maintained,

nor are they planned to be.
- 44 . 03988/LC
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7. Specific instruments shall be designated to funct!on
tn a fatl-safe mode and wil) a!ert to a failure

condition. -

System Operational Concepts

The following ts a summary opératlon description. This operating
sequence depicts the processing scenario as currently planned and could

be changed based on operating experience.

The SDS process logic as currently planned, ts based on the following

steps:

1. lon-exchanger units will be preloaded with new fon exchange media
prior to placement in the system. The ion exchanger units will

utilize a homogeneous mixture of 2eolite media.
2. MWater will be introduced to fil11 and vent the ifon-exchange unlts;-

3. These preloaded SDS fon-exchange units will be lowered into the

Unft 2 spent fuel poo! and placed in the containment enclosures.

4. Inlet and outlet header connections will be made to the

fon-exchange units.

5. The fon-exchange system isolation valves will be opened ang
treatment of the contaminated waste stream will begin at low flow
rates until system integrity and acceptable out water Quality are

verified. ,
- 45 - 03988/LC

LR ;;;
. ,,;..nwa-w-—:‘ -*»“" -




s

TER 3527-006

The flow rate to the fon-exchange units will be increased on a:ff¢ A

gradual basis until the desired operational flow rate 1s_achievgd,\ )

When the first fon-exchange bed becomes depleted, the unit vlll_bp :

B
5
,A:
¥
Y

b

flushed with processed water to ensure that radicactive waste water

in the system piping is purged prior to disconnecting the quick

disconnects on the demineralizer unit.

The ton-exchange unit will pe decoupled remotely via the use of
quick disconnects and wil) be stored in the spent fue! poo!.

However, loading directly into a cask prior to shipment 1s possible.

After the first fon-exchange unit 6as been removed, the second ton
erchange unit will be placed 1nto the position of the first unit,
and the third lon exchange unit will be moved to the second
position. A new fon-exchange unit will be Installed in the third
position. In some tnstances fewer than three (3) fon-exchange
units will be required to achieve the desired decontamination

factors. 1In these cases, Jumpers will be tnstalled to bypass the

unused positions.
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Chapter 5.

System Description and Arrangement

5.1  Demineralizer System

5.

!

A

Influent Water Filtration

A flow diagram of the waste water Influent system is shown in
Fig. 5.1. Contaminated water 1s pumped into the SDS from the
containment sump, the RCS, the fuel transfer canal, or

Ttquidwaste (WOL) tanks. The containment sump wili employ the

presently installed SWS-P-) pump (et pump).

Two filters have been installed to filter out solids in the

untreated contaminated water before the water 1s processed by

the fon-exchangers. These filters will be elther cartridge or

sand type. The cartridge filter elements are protected by
3716 inch perforated metal piate serving as a roughing

screen.  The prefiiter has 126 micron filter cartridges to
remove debris and suspended solids from the contaminated
water. The design of the final filter I's similar to the
prefilter except that the filter cartridge is designed for
removal of suspended solids of greater than 10 microns in size
from the contaminated water. The two sand filters are loaded
in layers. The first layer 1s 200 pounds of 0.85 mﬁ sand and

the second layer is 700 pounds of 0.45 mm sand. Borosilitcate

-4 - 03988/.C




et et o

TR 3521-006

glass with a normal Boron content of 22%1 Vs added uniforhly
through the sand to preveht potential criticality. The:f!ow'
capacity through each filter is §0 gpm. Reverse flow thrduqh
filters is prevented.by a check valve in the supply 1ine fo

each filter.

Each filter is housed in a containment enclosure to enabie
leakage detection and confinement of potential leakage. The
filters are submerged In the spent fuel pool for shielding

considerations.

Influent waste water may be sampled from a shielded sample box -
located above the water level to determine the activity of

contaminated water prior to and following filtration.

Inlet, outlet, and vent connections on the filters are made
with quick disconrnect valved couplings which are remotely
operated from the top_of_the pool. Inlet-outlet pressure
gauges are prévided to m0nitor and control solids loading.}'
Load 1imits for the filters are based on filter differential
pressure, filter Influent and effluent sampling, and/or the
surface dose limit for the filter vessel. A flysh liné Is
attached to the filter inlet to provide a source of water for

flushing the filters prior to removal,

- 48 - C o3vBLe




5.1.2

TER 3527-006

Ion Exchanger Units

A flow diagram of the ton exchange manifold and primary
fon-exchange columns 1§ shown fn Fig. 5.2. This system
consist§ of six underwater columns (24 1/2 in. x 54 1/2 1n.),
each containing eight cubic feet of homogeneously mixed lon
Siv 1E-96 and LINDE-A zeolite media and two underwater columns
containing sand filter media. The six zeo!llte beds are
divided fnto two trains each containing three beds (A, B, C.)
with piping and valves provided to operate efther train

fndividually or both trains in parallel,

The effluent from the flrﬁt parallel trald of three 2eolite
beds flows through either of the “cation" sand filters,
Jumpers are provided to permit fewer than four (4) vesse! per
train operation. An in-line radtation monitor measures the
activity level of the water exiting the cation exchanger. The
valve manifold for controlling the operation of the primary
fon exchange columns ts located above the pool, instde a
shielded enclosure that contdlns a bullt-in sump to collect
leakage that might occur. Any such leakage s routed back to
the RCS manifold. A 1ine connects to the Inlet of each
primary exchanger to provide water for flushing the exchangers
when they are loaded. Radfbnuclide loadlnglof fon exchange
vessels is determined by analyzing the influent and effluent
from each exchanger. ’Process water flow is measured by

tnstruments placed n the 1ine to each ton-exchange train.
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When processing contﬁinment sump water, effluent from”theuéog‘f
s directed to the EPICOR-II polishing unit, 1f destired. When
the SDS 1s to be utilized to process reactor coolant, fhe
effluent can be valved into the RCS clean-up.manifold then

back Into the Reactor Coolant System via installed tankage.

bypassing EPICOR-11].

Leakage Detection and Processing

Each submerged vessel is located inside a secondary
containment box that contains spent fue! pool water. puring
operation the secondary containment 11d is closed. This 1id
Is slotted to permit a calculated quantity of pool water to
flow past the vessels and connectors. Pool water from the
contatnment boxes s continuously monitored to detect leakage

and 1s circulated by a pump through one of the two leakage

contatnment fon-exchangers (See Figure 5.2). Any leakage

which occurs during routine connection and disconnection of
the quick-disconnects will be captured by the contatnment
boxes, diluted by poof water, and treated by fon-exchange

before being returned to the pool,
EPICOR-11

EPICOR-IT (Figure 5.3) can provide final treatment of wafer
after the water is processed through the SDS. When prdcessing
containment sump water, the processing plan is to polish with

EPiCOR-II. Khen processing RCS water, EPICOR Il may be used
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as necessary to remove Antimony 125 before belng returned to ¢
RCS (prior chemical adjustment will be required). EPICOR-1T
consists of filters, ton-exchangers and recefver tanks.. The
purpose of EPICOR-II 1s to remove trace fission products théj
may be present in the water. The EPICOR-1] safety assessment
's provided in NUREG-0591 . o |

Monitoring Tank System

Effluent from the SDS fon-exchanger can flow 1nto one of two
monitoring tanks (Figure 5.4) or in the case of RCS
processing, directly to one of three RCBT's. The purpose of
the monitoring tank system is to collect treated water. Edch
monitor tank is equipped with a sparger and tank level
indicators that will automatically shut the inlet to the tank
should a high level condition exist. Hater in the monitoring
tanks can be transferred back for reprocessing by SDS or used

as flush water in the‘SDS. or directed to existing tankage.

Off-Gas and Liquid Separation System

An off-gas and 1iquid separation system collects gaseous and
11quid wastes resulting from the operation of the water
treatment system. The off-gas system is 11lustrated in Figure
5.5. Gaseous effluent ]1nes from the fon exchange vessels,
sampling glove boxes and shielded valving manifolds are
connected to the off-gas system. Gaseous effluent {s passed
through a mist eliminator in the off-gas separator tank before

being treated by an electri¢c off- -gas heater to reduce the
- 5 - 03988/LC
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off-gas relative humidity to 70%. A roughing f\ltir and tvo _
HEPA filters are provided for further treatment, Alr is moved
through the system by a centrifugal blower rated at 1000 cfm.
The discharge of this blower will be monitored and routed to ‘
the existing Fyel Handling Bulldlng HVAC system, “Moisture
collected by the off-gas system and waste returned from the
continuous radiation monitoring system is directed into a
separator tank. At the top'of the tank a mist eltminator
separates moisture from effluent gas prior to the gas enterting
the off-gas treatment system. The tank fs located tn the ‘
surge pit and 1s covered with a concrete and lead shield. - The
Tevel in the tank will be fndicated and controlled manually to
return collected water to the RCS manifold for reprocessing.
Offgassing of the RCBT's ddrlng processing of the RCS to the
RCBT's i handled by established station procedures Involvtng
the Waste Gas Decay Tanks. Discharge from these tanks is

filtered through HEPA filters before being released through
the station vent. '

Sampling and Process Radiation Monitoring System

The sampling glove boxes are shielded enclosures which allow water
samples to be taken for analysis of radionuclides and other
contaminants. The piping entering the glove boxes contalins cylinders
that permit draining a predetermined amount of sample into a collection
bottle. Cylinders are purged by posttioning valves to permit the water

to flow through them and return to 3 waste drain header and lnto the

- % - 03988/LC

e




TER 3527-006

off-gas separator tank. A vater line connects to the Inlet of the |

sample cylinders to allow the - Iine to be flushed after a sample has been

. .
taken. : : . P

By
.
ia e
" ¥
B
L
P
$3
"y

5.2.1 Sampling System

/

K AN IR L

Sampling of the $DS process tb monitor performance is _ | _
accomplished from tﬁree'shielded sampling glove boxes. One - . 3
glove box is for sampling the filtration sysfem. the second ls.

for sampling the feed and efflyent for the first zeolite bed

if there is significant breakthrough of the first zeolite bed

and the third for Sampling the efflyents of the remaining

zeolites beds. ' : ' e

The entire sampling sequence 15 performed In shielded glove boxes to

minimize the possibility of inadvertent leakage and spread of

contamination during routine operation.

5.2.2 Process Radiation Monitoring System

The SOS is equipped with a process radiation monitoring system

which provides 1ndfcatlon of the radioactivity concentration

H
In the process flow stream at the effluent point from each fon

exchanger vessel. The purpose of this monitoring system is to .

provide indication and alarm of radionuclide breakthrough of f%
the fon exchange media.
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lon-Exchanger_and Filter Vessel Transfer in the Fuel Storage gg

Prior to system operation, ion exchanger and filter vessels are placed

fnside the containment boxes and connected with quick- dlsconnect
couplings. When it ig determlned that a vesse! 15 loaded with
radioactive contaminants to predetermined limits as spec1f1ed}ln thev
Process Control Program, the system will be flushed with low-activity
processed water. This procedure flushes dway waterborne radiocactivity,
thus minimizing the potential for loss of contaminants into the pool
water while decoupling vessels. Vstel decoupling 15 accomplished
remotely. Vessels are transferred using the existing fuel handling
Crane util12ing a yoke attached td a long shaft. The purpose of this
yoke-arm assembly 15 to prevent inadvertent 11fting of the fon exchange
bed or fi!ter vessel to a height greater than eight feet belou the
surface of the water in the poo!. This device s a safety tool that
will mechanically prevent 11fting a loaded vessel out of the water

shielding and preclude the possibility of accidental exposure of

operating personnel.

The fon-exchange vessels are arranged to provide series processing
through each of the beds; the Influent waste water i treated by the bed
fn position "A", then by the bed in position “B", then by the bed in
position "C" and finally elther of the “cation" sand filters "A" or

“B". The first vessel in each train fposition A) will load with
radfoactive contaminants first. The loaded vessel will then be stored
until transfer to a shielded cask. At no time during the operation of
the system will a loaded vessel be taken out of the pool before 1t has

been placed 1n a shielded cask. The loaded cask will be transferred

from the pool with the overhead crane.
- 84 - . 0398B/LC
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Arrangement of the Mater I[ggtment*§1stem in the Fuel Stora 3 Poo

- R’_’ R
s

Figure 5.6 11lustrates the arrangement of the SDS in the fuel storaqe i -

poo! (viewed from above)' The fllters. and zeolite 1on exchanger

vessels, are located undervater 1n contalnment enclosures in the “B“'
spent fuel pool. These enclosures and the exchangers are supported
along one side of the poo! on a structural steel rack that is attached N
to the pool curb. The racks act as a support for the system and also :{fffﬁ«gq
provides an operating platform from uhtch the remote connections can be

made. The off- -gas system ls mounted on the curb near the. surge tan

area.

A dewat erlng station i located in the "B” SFP cask plt below the water

level and ls used for dlsplaclng the water from expended columns and

fllters and dewatering them prior to placement tn the cask. An

underwater storage rack, designed to handle 60 expended vessels is o
located fn the pool. This storage capacity allows processlng to o . j
continue without lnterruptlon due to handllng operations or. vessel f;',’ ,j,-f o
disposal or shipping. Stored IX vessels will be vented via a common;fn
header connecting to the 1iquid separatlon module to continually vent }*

9as byproducts that may be generated fn the vessels during storage.

Liner Recombiner and Vacuum Outgasslng’System (LRVOS)

The Liner Recombiners and Vacuum Outgasslng System (LRVOS) g deslgned

to eliminate the potential of a combustlble Hydrogen and Oxygen mlxture

existing in the SDS Llners This will facilitate the ultimate shipment
and burial of the SDS Liners. '

-85 . . 03988/LC




The LRVOS wil1 perform the following operations vhile maintainingwthe ;

normal operating depth of vater betueen the operators and the SDS liner“’

Reduce water 1n the SDS iinér'qstng vacuum outgasslngito

enhanced operation<ofbthe1re;6mbiner cat:iyst.

2. Allow sampling of the 1iner gas at atmospheri¢ pressures.

3. Provide capabliity to inert the SOS Liner with Argon or N, to
approximately 10 psig prior to tool removal. This wil) prevent any
water 1ntruslqn during tool decoupling.

4, Provide a means to remotely lnsert the recombiner catalyst 1nto the
SDS liner vent port. The catalyst is retained inside the 1iner by”- R
the finternal vent port screen. ' '

5. Provide sufficient recombinef catalyst to recombine the hydrogen
and oxygen produced by radiolosis of the water remaining in the
ner,

6.

Provide vacuum to defueling canisters at the DS to allow canister
gas sampling. ’
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6.1

< Chapter 6

Radiation Protéction

Ensuring Occupationa! Radlation Exposures are ALARA

6.

1,

Poltcy Considerations

The objectives vith_réspect'to SOS operations are fo ensurelf
that operations conducted in support of the on-going
demineralizatlon_broqram are conducted in a ridibloqitdilyﬂ
safe manner, angd fufther. that operatlons assoclated with
radiation exposure will be approached from the standpolnt of

maintatning radtation exposure to levels that are as low asg -

reasonably achtevable.

Ouring the operational period of the system the effective

control of radlation expOSure will be based on the

considerations:

1. Sound engineering design of the facilities and equlpmént.

2. The use of proper radfation protection prkctices

Including work task planning for the proper use of the - %

appropriate equipment by qualified personnel.
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6.‘!2

6.1.3

as developed for TMl- 2.

Design Conslderatlohs e

implement this concept the components carrying high Ievelv
activity water will be provided with additional shlelding)o
are submerged In the spent fue! poo1 Shieldlng has bee

designed to 1imit whole body body exposure rates in operatinguu B
areas to approximately 1 mR/hr. 1n addition, components

carrying high leve! process fluids have been deslgned for ;,,‘

exhaust to the SDS off-gas system. This method of off-gas f;;“
treatment wil} mlnlmlze the potential for airborne releases 1n '

the work areas.

The specific design features utilized In meeting this

requirement are dlscuesed fn detall 1n Section 6.2.1.

Qgeratlonal;Considerat!ons

The system deslgn reflects the following operational ALARA

considerationS'

58 . 0338B/LC



radiation sources to the receptor
The exposure of personnel who operate valves on the SDS |
will be reduced through the use of reach rods throughf%”"

lead and steel shield boxes.

Controls for the SDS will be located in low radiation

zones.

Afrborne radioattive materia) concentrations will be ' it R
minimized by routing the off-gas effluent from the S0S to .._f'f?y

the TMI venttlation system for further treatment

The sampling stat1ons for the feedstream and filters that
contain high levels of radioactive matertals will be . f‘b

exhausted through the SDS ventilation system

A1l sampling is performed in shielded glove boxes to

minimize the possibility of inadvertent leakage and

spread of contamination during routine operation.

rg |  0398B/LC.
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Radiation Protection Design Features:;

6.2.1

2. The entire process and all equipment {s housed in the

3.  The system is designed in such a manner as to allow zero

Facility Design Features -

The system is destgned to take maximum advantage of station
features already in place and operattonal in terms of
protection of the public In addit:on, design features

provided by the system are’ 1ntended for the reduct1on of

releases of radioacttve materfal to the environment." The é;f;'ﬁ
following features provide for protection of 1nd1v1duals frOm o
radiological hazards durtng normal operations from external

exposure and unanttctpated operat1onal occurrences. such as'

spills, . >

1. The SDS primary dem1neraltzat10n units are housed under

approximately- 16 feet of sh1eld1ng water in the TMI-2 f?f.fﬁ A

spent fue! pool . | | IV'V;?‘V’_ o]

Auxiliar: and Fuel Handling Bulldings which are Se1smic :f", - -

A R
Tebgol AT

Category I structures with atr handling and ventilation .

systems designed to mltigate the consequences of

radiological accidents.

d1scharge of liquid effluents. The effluent processed
water will pe stored on thHe TMI site unt!) final

disposition has been determined.
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fuel pool.

monitored before Input to existing ventilation exhaust

systems.

Filters, primary fon-exchange beds, "cation” sandlf
filters, and their associated couplings are operated in.
containment devices. Each containment device is
connected to a pump manifold and a continuous flow of
approximateiy io GPM is maintained through each |

containment The combined flow from the containment

enciosures is then processed through a separate 1on

exchange column and then discharged back to the spent_

X

Loaded vessels will be placed in a shielded cask

underwater.

To the extent possibie all-welded stainless steel ' {'

construction is specified to minimize the potentiai for s

leakage.

Lead or equivalent shielding s provided for pipes,

valves, and vessels (except those located under water)-

where necessary for personne) protection.

Design of a sequenced multi-bed process - three (3) beds';ga*
tn serfes to preclude breakthrough and contamination of

the outiet stream.
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6.2.2

6.2.3

10.

S

11. Inlet, outlet and vent connection are made with remote!

operated- valved quick release couplings.

Shielding

The minimum shielding'th1ckness required for radiological f T ;'4
protection has been designed to reduce levels {n occupled - - - -

areas to less than 1 mR/hr Operating panels and - . ;9 IR

,‘v»,'

1nstrumentation racks are located away from potent1al source

S agq.”(‘;”
of radiation or adequate shielding s provided to meet

radiological exposure design 1imits.

A1l movements of the vessels out ofvthe fuel pool will be

performed utilizing a shielded transfer cask. , fi ' o]

Ventilation

The ventilation and off-gas system provided to service the SpS - 175

Is designed to minimiz . atrborne radiological releases to thé

environment. Among these design features are:

Manual level controlied off-gas separator tank with m\st

eliminator to receive vent connections from the fon

W8T T R
e

exchange and filter vessels

-3
T

» sample glove boxes, piping
manifolds, and the dewatering station.
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5. Sample ports for monitoring the system and DOP test ports
for HEPA' testing o : ¢~1§,;‘

ot
AT

6. The effluent of the SDS off-gas system is routed to the
existing TMI-2 ventilation system exhaust, which is

filtered again.through the Fuel Handling Building exhaUsth;

HEPA filters prior to discharge from the plant. ST
6.2.4 Area Radiation Monitoring Instrumentation : S L %

General area radiation monitors have been provided which wiil
be utilized to alert personnei of increasing radfation ievels f

during norma) operations or maintenance activities

6.3 Dose Assessment

6.3.1 On-site Occupational Exposures ' T
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Norma) Operation"i

During the operation of the Submerged Demineraiization System

there are operations that involve occupational exposures.vbut

precautions have been taken in the design stage to minimiz

personnel exposures. _Major operational activities involving ,’ifff}

such exposures are as foiiowS'

A.  Sampling operations -

System start-up valve alignment

(@]

Spent vessel.cnangeout

o

Cask removal, decontamination and survey operations
E. System maintenance:

F.  Vessel dewatering

Decommissioning

The SDS detafled decommissioning plan s being developed in ,
conjunction with the operating procedures for the system. 3f,gx‘.‘_'v “j
However, the modular design of the system is conductive to -

disassembly while minimizing exposure to personnel. . "j_i
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6.3.2

Off-site Radioiodical,Exbosures

Source Terms for Liquid Effluents

Liquid effluent from the system will be returned to. statiOn B
tankage for further disposition therefore, no iiquid source ’&,

term is required for this report.

Radiological source terms for potential environmental releases -

are dependent on the processing schedule proposed for SDS ,
and/or EPICOR-2. Up to this time EPICOR-2 has not been used ‘l e
for RCS processing, but recent elevations fn the Sb-125 = - -
concentration in the RCS may necessitate the use of EPICOR- 2
to remove this contaminant The assumption made here for
potential source term generation purposes is that both SDS and \
EPICOR-2 will be dedicated to processing RCS. Miscellaneous t A
small batches of 11quid waste may be processed by EPICOR- 2;'1‘
but would be infrequent since liners dedicated for RCS more

than likely could not be used for other waste streams

Experience with previous operations within the RCS show that
minor disturbances within the reactor vessel give rise to
Increased concentrations of a select number of fsotopes which

become candidates for potential releases to systems involved
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in RCS decontamination and therefore potentially to the -

environment. A hlstory of concentrations of the major -
radiologically Significant fsotopes with time 15 shown in e

Figure 6-1. Not reflected in this figure are the 1ncreases 1n

Ce-144 and alpha concentratlons that accompany dlsturbances 5@5

within the RCS. Sample analysis results, tabulated below,

show typical concentret!ons resulting from RCS disturbanCeg. - 'ffv‘@

3
-

N
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3
i
1
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1
Fl
S
. ‘J
u
!
4

a Fevic

i
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Radiochehl;try_Analystﬁ Results
for RCS Sample of 4/9/84
(Sample #84-04966)

-ITC66céntration . !
Isotope Gy Uncertainty 4
Ag-110m O <1.5E-2 | _ fjé
Ce-144 11640 4.0¢-2 o
Co-60 CO1L7Ea 1,0E-2 I
Cs-134 2,364 o 1.0E-2 | o
Cs-137 4.9E40 4.26-2 S
Ru-106. S 3.6 - 5.8€-2 o E';
$b-125 © 5.5E0 3962 '“_;;g
gross a 12643  6.1E-4 |
gross i 1.9E¢l _ 2.6E-1 o
H-3 3.5€-2 2.2% . 1:'f5
Sr-90 9.9E40 35% '

The increased concentration of Ce-144 and assoclated alpha'

activity 1s expected for RCS disturbances and 1s due to a

Y PRI N I

collotdal suspension of finely divided fuel fines resulting o3
from the accident. Concentration elevations of alpha bearing . ,i
activity, and Ce-144, are projected to be much more o

sfgnificant than reflected in the table above. Short term

concentration spikes may increase a factor of 103 or more

depending on operations in the R.V.. However, for purpose of
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potential source term generation these time averaged :
concentrations are assumed to be as tabulated above except for

tritium which remains fairiy stable at 0.04 pCi/mi : 3j~f j"ff;”

neglecting radioactive decay.

Source Terms for'Gaseous Effluents

Rhen the SDS Technical Evaliation Report was originally . = . -
written a methodology was conceived for the definition of g

- S
gaseous effluent source terms resulting from SDS/EPICOR-2 = . v

Processes. This methodology used defendable, but highly

conservative assumptions for defining gaseous effluent source -

~terms. Since the beginning of S0S operatfon in August 1981, a
significant amount of operating experience has ylelded

' ]
effluent data that allows more reasonable gaseous effluent - i

source terms. The effluent data applicable to the EPICOR 2

and SDS operations 1s reviewed in the following section for o
purposes of arriving at gaseous source terms appropriate to

the proposed future operations of these two systems.

A review of the 6/83 version of the SDS TER shows that, -l

according to Table 6.2, the following quantities of the

applicable Isotopes would have been released to the

environment over the previous 27.5 months of SOS operation

through the off-gas system had the release values been correct. i
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. Isotope wantity uehy
H-3 5.20 x 108,ct BT
§r-90 11, 5uC! P n.,
I-129 - L
Cs-138 31,6 St

Cs-137 280 uCt

Review of thesekvaIues against airborne effluent reIeesev _
reports, shows thevprojected releases from the SDS off-gas
system to be highly conservative. Because the data applicable '
to the SDS Off-Gas system has been reduced so that the amount

attributable to this system can be separated from other

B S AP NP

sources, the following sources attributable to the future
SOS/Eptcor-2 operations are based on previous Operations of
these systems. Processed water concentrations, the ultimate
source of alrborne effluent concentrations, for previous
operations will differ from water concentrations to be

processed in the future This Inftial water concentratlon ; “‘%

= e Fovmiarn? . m,

difference has been factored into the projected release vaIues

S
considered for this evaluation. _ o

e e M .
s Lo W o A , we
e i i et o . B b i
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SOS Off-Gas System Releases for the Period 09/15/81 to 12/31183,i

SOS Off-Gas Particulate & Tritium Releases

Particulate and tritium data as measured by the Off-Gas PING-1A & H-3 bubblers
was assembled for the period 9/14/81 to 12/31/83. The total amount of Tritlum
released through the off-gas system for this period was 7 18E-) Curies |

The total particulates attributed to sampling through the PING-1A at the
off-gas system was 3.156-7 curies of Cs 137 and 2.52€-8 curies of Cs- 134
Cs-134 appeared > LLD on one instance between 12-14-8) and 12-21-81,

~ The SDS Off-gas system feeds to the exhaust ventilation of the Fuyel Handl1ing

Bullding at 1000 cfm. The point of insertion into the Fuel Handling Building

exhaust ts before the HEPA filters, therefore, no Increase in particulate is

seen at the station vent. 1In addition, the Fuel Handling Building exhaust §s

diluted by a factor of 3 by the time it reaches the station vent.

Table 6.1 1ists the dates of positive particulate samples identified as Cs-137.

As a condition to startup of SDS, a tritium sampler in the off-gas system was

required. A sampling unit which consists of two Fisker-Mill1gan bubblers in
series was installed downstream of the pump of the PING-1A in the $DS off-gas
system. The total cumulative curies releaﬁed through the off-gas system was
Integrated for the time period 09/14/81 to 12/31/83 and 1s 7.18E- 1 Curfes of
tritium, Table 6.2 1ists the H-3 curies by month and compares amounts released
from the station vent, the SOS amount as a fraction of the Station Vent

Release and the curles of H-3 released through EPICOR-2.
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Table 6.3 shows environmental release calculations for the proposed RCS

processing through SOS and EPICOR- 2 The values of column 3 of the table 6. 3 )
are about a factor of 100 lower than would have been estimated by the method | _af
of the orlglnal SER but are considered to sti11 be conservative. The values | - dff
In column 3 are the assumed values for the release rate to the envlronment _ L
The values in column 4 are the concentratlons at a downwind distance of 0. S :>'-f?: K
miles from the station vent assumlng atmosphere dispersion s calculated by
the most restrictive data publlshed In NUREG-0683, (Table W-3). The hlghest_

value of X/Q from this table 1n 3.996 E-6 sec/M>. Using this factor and the

dose conversion factor for trltlum from Reg. Guide 1.109, an inhalation dose’

was calculated for the most restrictive recipient, an adolescent. This dose o ;

vas calculated to be 1.5 x 10°5 mrem/yr.

As shown by the value of summation of the Cx/MPCx at the bottom of column 6,

the total maximum yearly average coocentratlon for all the isotopes 1s 16. 5

mi11fon times more restrictive than allowable under the guidelines of lO CFR

20 using the more restrictive of the . “soluble"/"lnsoluble" form of each
Isotope.

. ., . . Lo
et rwrb, M eeea e
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Figure 6-1
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- Table 6.1 o
Positive Particulate Samples Identified as Cs-137 |
Dates | Curles of Cs-137 Curles of €s-134 |
9-28-81 to 10-5-8! T 3.17E-9 - f
12-7-81 to 12-14-81 1.64E-8 - | S
12-14-81 to 12-21-81 2.498-7 2.526-8 - o
12-21-81 to 12-28-81 2.886-9 . |
- .
1-18-82 to 1-25-82  4.53E-9 - E
6-14-82 to 6-27-82 4.46E-9 -
9-20-82 to 9-27-82 © 6.16E-9 - ;
9-25-83 to 10-2-83 1.73¢-8 - g
11-20-83 to 11-27-83 1.09€-8 - |
Total  3.15£-7 Curtes of Cs-137; 2.52E-8 Curfes }
of Cs-134 ié
| !
y
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I Table 6.2

Station Tritium'Reléase Values

¥, : -
A A PR S

VAR ST MY SR <

-+ PR
. C xR
il

SOS Ping 1A S Tam
SOS Ping 1A Station Vent H-3, fraction EPICOR-IT 77 5
Dates o H-3, Ci __H-3 Ct of Station Vent H-3, €t "=
9-14-81 to :
9-30-81 2.99E-2 5.24€-1 0.0367 2.91€-1
Oct. 81 5.71€-2 3.25E0 0.0176 1.03€-2
Nov. 81 1.17€-1 1.30E1 0.0090 1.20€-2 ,
Dec. 81 6.64€-2 1.14E0 , 0.0582 3.10€-2 .
Jan. 82 5.70E-2 5.77€0 0.0099 3.06E-2 !
Feb. 82 2.12€-2 1.68E-1 0.1262 5.77€-3
Mar. 82 3.54E-2 3.97¢1 0.0009 7.7E-1
Apr. 82 2.72€-2 1.80E0 , 0.0151 2.30E-3
May 82 1.02€-2 - 6.31€0 0.0016 1.26€-3
Jun. 82 9.80£-3 3.06E0 0.0032 6.39E-3
Jul. 82 8.50€-3 1.42€0 0.0060 6.58E-~3 y
Aug. 82 2.17€-2 1.40F1 0.0016 1.11E-2 -
Sep. 82 8.80¢t-3 1.48¢1 0.0006 1.30E-2
Oct. 82 1.38¢€-2 Snam 0.0012 1,331 -
Nov. 82 2.84¢€-2 1.88E0 0.015 6.50€-2
Dec. 82 2.05¢-2 1.0261 0.0020 2.02€-2
Jan, 83 1.44¢-2 3.83t0 0.0038 3.00€-2
Feb. 83 1.08€-2 8.04¢€0 0.0013 1.01E-2
Mar. 83 1.05€-2 3.58€0 0.0029 6.20€-3
Apr. 83 3.00£-2 3.03€0 0.0099 1.02€-3
May 83 7.80E-3 1.61£0 ' 0.0048 3.7ME-3
Jun. 83 2.13E-2 1.33¢€1 ' 0.0016 4.82€-3
Jul. 83 9.50€-3 2.13E0 0.0045 3.56E-3
Aug. 83 7.00€-3 3.15€0 0.0022 1.04E-2
Sep. 83 1.33€-3 2.60E0 0.0005 9.10E-3
Oct. 83 2.34¢-2 2.15€0 0.0109 4.24E-3
Nov. 83 3.48E-2 2.41E0 0.0144 < LLD
Dec. 83 1.38E-2 2.83E0 0.0049 < LLD
Total 7.175€-1 177.4 - ——— 1.44
Ci/month 2.61E-2 6.45 ‘ - 5.22E-2
s ”t‘;"
- 74 - 03988B/LC

e :
0 .

PR



e
. TER 3527-006 -

Environmental: Release Calculations fo the PfoQbEe&,,, ’
RCS Processing Through SDS and EPICOR-2 L

A I

S o N

The amount of RCS to be processed over 'a years time is projected to be 1.3 «x 105 o
gallons. Concentrations of the various radfonuclides ‘1n this volume are assumed_to be
as tabulated below. S : C R L
~ Table 6.3

RCS Processing Release Parameters

Conc. . Conc. at 0.5 unfts 10 CFR 20 3 Cx

Isotope (pCi/ml) Ci/sec. (Ci/m5) Table II Col. 1 PCx -1
Ag-110m <1.5E-2 <4.7E-18  ¢1.9E-23 3E-10 - <6.3E-14
Ce-144 1.1E+0 3.4E-16 1.4E-21 2E-10 7.0E-12 .
Co-60 1.7€-1 5.3E-17 © 2.1€-22 3E-10 7.06-13
Cs-134 2.3E-1 7.0E~17 = 2.8€-22 . 4E-10 7.0E-13
Cs-137 4.9€+0 1.5E-15 6.0E-21 . S5E-10 1.2E-1
Ru-~106 3.2E-1 9.9E-17 3.9E-22 2E-12 2.0E-12
Sb-125 5.0E-1 1.6E-16 6.4€-22 9E-10 7.1E-13
Sr-90 9.9€+0 3.2E-15 1.3E-20 3E-N 4.3E-10
H-3 3.5€-2 2.9E-9 1.28-14 . 2E-7 - .. 6.0c-8
U-235* 3.8E-7 1.26-22 - 4,8E-28 4€-12 : 1.2€-16
U-238* 2.4E-6 7.4E-22  3.0E-27 3E-12 1.0E-15
Pu-238* 4.7t-7 1.56-22 ° 6.0E-28 7€-14 8.6E-15
Pu-239* 8.4E-4 2.6E-19 1.0€E-24 6E-14 1.7e-11
Pu-240* 2.1€-4 6.5€-20 2.6E-25 6E-14 4.3E-12
Pu-241+ 1.4E-2 4.3E-18 1.7€-23 3E-12 5.7€-12
Am-241* 1.4E-4 4.3E-20 1.7€-25 2E-13 8.5€-13
Np-237* 1.1E-7 3.4€-23 1.4€-28 1€-13 1.4€-15
Np-339* 1.7€-8 5.3E-24 2.1E-29 - 2E-8 1.1E-21"°
(Gross a)  (1.2f-2 (3.76-19)  (1.5€-24) (2E-14) ST PR

Cx ' o - ' = 6.056-8
TOTAL MPCx o

* Values calculated according to the Ce-144/fuel ratio value is calcuTated'by the"fff
ORIGEN Computer code as programmed for the TMI-2 Operational history and a decay .
time of 5.5 years. ‘

Y
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- Chapter 7

Accident Analysis

Because of the inherent safety features of ‘the Submerged Demineralizer System

and maximum utiliz2ation of existing s1te facilities,

Hypothetica) accidents during system operations are proposed and evaIuated in

the following assessment. The following accident analysts has been performed

based on the assumption that zeolite beds are radiological]y loaded to 60,000

C1. Should higher radiological loadings be determined to be appropriate, the

accident analysis will be reassessed using the higher radiological Ioadlngs

7.1 Inadvertent pumping of RCS water into the spent fuel pool.

Assumptions;:

The effluent line from the final filter develops a leak and Is not® .
detected immediately.

rate of 15 gpm for a period of 15 minutes, (225 gallons or ~15 curfes).

It 1s assumed that the total activity fs made up of 0.2C1 of Cs-134 and

4.2 C1 of Cs-137, 0.94 Ci of Ce-144, 8.4 Ct of Sr-90, and 0.5 Ci of |

Sb-125 (based upon the measured concentrations as reported in

Chapter 6). Analysis of the accident also assumes uniform mixing in

233,000 gallons of pool water and results in pool water contamination

-76 - 03988/LC
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potential accidents whlch ‘fi*_‘
Involve the release of radionuclides to the environment are mtnimtzed..-_;ﬁf‘~@° '
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Contaminated water is released into the pool at a -
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levels of 0.017 uCi/ml of total activlty or of 0. 0075 pCiIml of ;'wv oo
gamma emitters. This value 1s only about 3% of the value calculated for f“
the same accident assuming RB "sump water was inadvertently pumped Into o

the fuel pool water. o | ﬂffﬂ*;;;{iﬁ?ﬂ

o S

L e R

0ccupat1bna1 Exposure Effects:

The dose rate s calculated to an individual on the walkway at a point
three feet above the surface of the water using the ISOSHLD-II computer
code. The depth of water in the poo! 1s 38 feet. The calculated

maximum exposure rate at three feet above the surface is 4.2 mR/hr,

After such an accidental ieak‘thé pool would contain ~) millicurié of
alpha activity. Such a Ieék would require that more stringent
contamination contro)l procedures would have to be fnstalled to prevent
alpha activity from leaving the pool. Cleanup of the pool'would require
passing the water through 2 specially prepared 4x4 liners; one similar

to the SDS Tiners and one similar to the EPICOR. o ) BT

Off-site Effects:

A review of previous $DS operation shows that this accident does not

release measurable activity to the environment.

No significant increases in the'site boundary direct gamma exposure
level s expected as a result of this hypothetical accident due to the
spent fuel poo) configuration and fnherent shielding properties of the

pool side walls and the distance to the site boundary,

kg
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7.2

Conclusions:

Although the analysis of th1s hypothetical accident provides results

that 1nd1cate radiation field of 4, 2 mR/hr at a level three feet above '

the pool surface, area radiation monitor alarms would fndicate fts

presence. Personnel would bevevacuated to ensure that occupationali', -

exposures are limited.

Off-site radiological consequences potentially resulting from this

hypothetical accident are 1nsign1f1cant

Pipe rupture on filter inlet line (above water level)

Assumptions:

A pipe rupture occurs in the 1nlet line to the filters above water level;‘.'”

at the southeast corner of the pool The leak proceeds for fifteen . ﬂﬁiﬁ,

minutes before the pump {s stopped. Contaminated water sprays from

around the lead brick shtelding. A total of 38 gallons of water is

spread onto a surface area of 100 ft.2 and 340 gallons of contaminated - -

water are drained into the pool. It-is further assumed that the
contaminated water contains 0.065 Ci/gallon of activity in the same
concentration ratios that were assumed for the previous hypothetical

accident.

- 78 - . o398B/LC
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Occupational Exposure Effettsrfglﬂ

Cow

As a result of this hypothetical accldent five significant effects are‘ -‘
postulated: '

1. The maximum gamma exposure rate at the surface of the contaminated e
floor area is calculated to be 100 mRem/hr, :

2. The maximum beta exposure rate at a point three feet above the - - .

. ' R
surface of the contaminated roor area fis estimated to be :
560 mRad/hr.

3. The exposure rate from the’surface of'the contaminated spent fue) ;
pool waters, at a point three feet above the surface, would be : f
approximately 6.3 mRem/hr gamma, and ~32 mRad/hr beta. >

4. The pool water would contain about 1.5 millicuries of alpha o . ; : g

activtty, and

the floor surface would be contaminated with about 0.2 millicuries .

of alpha activity,

Offsite Effects:

To calculate off-site concentrations 1t {g conservatively assumed that _ ‘ ,f

0.1% of the activity sprayed from the pipe becomes airborne within the

Fuel Handling Bullding. This airborne activity is evacuated from the

- 79 - 0398B/LC
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Fuel Handling Bulldlng by the FHB H&V ‘system which is flltered through

HEPA filters before the alrborne effluent reaches the envlronment._zrh o

B R

offsite concentration is maximized by assuming the activity ls evacuated v}

from the FHB in a 15 minute tlme period and, consequently. the

hypothetical release to the environment occurs over a 15 minute perlod

Release parameters for this accldent are as tabulated below. Credlt has h

been taken for only 1 of the 2 HEPA filter banks of the FHB exhaust
filter system.

Conclusions:

Analysis of this hypothetical accident, show that even under the
conservative assumptions of the acctdent, the effluent concentratfons, .
for a pertod of 15 mlnutes are calculated to reach a level such that

the summation of the lndlvldual Cl/MPCi values is 79% of the

allowable. Credit for the neglected HEPA filter and a less conservatlve

X/Q would reduce this fraction to an even lower value.
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Release Parameters for a RCS Pipe Spray Leak

Accident EA Concentration <c1/M3>
Release rate Station Vent (at 610m with S

Isotope to FHB (ci/s) Release Rate (ci/s)  X/Qn1.3x10-3 S/M3)* Cx/MPC, U

Ag-110m <2.4£-8 <2.4E-11 <3.1€E-14 ¢1.0E-4" ]

Ce-144 1.8£-6 1.8E-9 . 2.3E-12 N ] S
Co-60 2.7E-7 ' 2.7€-10 : 3.5€-13 1.2E-3 5. t
Cs-134 3.7€-7  3.76-10 4.8€-13 1.26-3 7 ¢
Cs-137 7.8E-6 ~ 7.8E-9 1.0E-11 - 2.0E-2 -y

Ru-106 5.1€-7 5.1€E-10 6.66-13 o 3.3E-3 Lo
Sb-125 8.0E-7 8.0E-10 1.0E-12 = JUE-3 L
Sr-90 1.6€-5 1.6E-8 2.1E-1 7.0E-1 "
H-3 5.6E-8 - 5.6E-1 7.3E-1 3.7€-4 "
U-235 6.1E-13 6.1E-16 7.9€-19 2.0E-7 .-
U-238 J.8E-12 _ 3.8E-15 4.9E-18 1.6E-6 L
Pu-238 7.5€-13 7.5E-16 9.8£-19 1.4E-5 *
Pu-239 1.3E-9 1.3E-12 1.7€-15 | 2.8e-2
Pu-240 3.4€-10 3.4E-13 4.8E-16 7.3€-3 > ]
Pu-241 2.2£-8 2.2E-1 2.9E-14 9.7€-3 ¥ ¥
Am-241 2.2€-10 2.2€-13 2.9E-16 1.5€-3

NP-237 1.8E-13 1.8E-16 2.3E-19 2.3E-6

NP-239 2.7E-14 2.7E-17 3.5€-20 - 1.86-12

TOTAL MPC1 | L

* The X/Q value chosen for this analysis (1.3x10‘3 S/M3) was used because_of

the short duration of the release. This precluded the use of the annual average . :

X/Q. ' '

As shown at the bottom of column 5, the summation of the Cx fs only 79% Qf.fhe :5§
MPCx

specified 1.0 for this scenario. | ' - T
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Even though high surface contamination ieveis exist at the floor area ?

and the spent fuel pool waters are contaminated such that the total body ;:f”

could be exposed to reiativeiy high radiation levels, area radiation
monitors would indicate the presence of high radiation. Personnel wouid

be evacuated from the area to ensure that occupational exposures are
1imited.

“‘
1
1

Inadvertent lifting of prefilter above pool surface
Assumptions:

It 1s assumed that due to a fallure in the crane control system, thev':;yv B
over head crane moves toward the loading bay after pulling one expendedv£'A ’
filter to the maximum height of eight feet below the pool surface. As

the crane moves toward the bay, the handling too! hits the end of the

pool and the filter i dragged from the water exposing operating

personnel,

Analysis of the accident is performed by using a point souroe ‘
approximation and calculating the dose rate at a distance of 1§ feet

from the filter. The calculated dose rate ts 21 Rem/hr and is based on -

an assumed filter ioading of 1000 curies,

Occupational Exposure Effects:

As the fiiter assembly nears the surface of the spent fuel pool water
area, radlation monttor alarms will be sounded announcing the presence

of high radiation fielgs. Personnel would be evacuated from the area to 5

ensure that occupational exposures are limited. =
- 82 - - 03988B/LC
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Off-site Effects: : T

RN S

Airborne contamination as a}reﬁhlt of this hypothetical accident would - fﬂ; ;
not occur since the particulate activity is fixed on the fiter elements

oy
which are contained within the filter housing. ‘ L

The fncrease in the radiation:)evel»at the site boundary would not.be_‘
significant due to the shielding characteristics of the fuel building

walls and the distance to the site boundary. R

3R

Conclustons: v » |

The public health and safety s not compromised as a consequence of this o

hypothetical accident.

Inadvertent 1ifting of zeolite lon exchanger above pool surface

Assumptions:’

It 1s assumed that due to multible fatlures, a zeolite vessel s 1ifted

from the poo! resulting in the exposure of plant operating personnel.

Analysis of the accident ts performed by modeling the zeolite fon

* 4
exchanger bed in cylindrical geometry and calculating the dose rate at a .

3
distance of 20 feet from the surface of the zeolite ion exchanger. The ‘ g
calculated dose rate is approximately 340 Rem/hr based on an estimated - ‘ B ;
zeolite ion exchange bed loading of approximately 2730 Curies of ' -"f%
Cestum-134 and approximately 51,900 Curles of Cesium 137. _ R - ﬁgé
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Occupational Exposure Effects:

As the zeolite vessel nears’fne surféée of the spent fuel boolvwater‘

area radifation mon1tor alarms will automatically sound announcing the
presence of high radtation fields. Personne! would be evacuated from

the area to reduce occupational doses. Airborne contaminatlon would not

occur since the activity is fixed on the zeolites.

Offsite Effects:

Afrborne contamination as a result of thfs hypothetical accident would
not occur since the activity is contained on the 2eolites which are _
contatned in the ion exchanger vessel. The increase in the radiation~
level at the site boundary would not be stgnificant due to the shielding

provided by the Fuel Handling Building walls and the distance to the
site boundary.

Conclustons:

The public health and safety is not endangered as a result of this

hypothetical acc1denf. Occupational exposures are minimized by

evacuation of the area.
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Inadvertent Drop of SOS Shlnglng,Cask

Assumptions:

It s assumed that due to a fatlufe in s0S shipping cask handltng?
equipment an SDS cask containing a zeolite fon exchanger fig dropped from;
the Fuel Handling Building (FHB) ¢rane to the floor at EL 305'. The SDS
shipping cask 1s assumed to drop from the maximum ¢rane llft helght.{a
Upon lmpact with the floor at EL 305'. the SOS shipping cask is assumed
to experience rupture as well as rupture of the zeolite vessel, thus
exposing the dewatered zeoltte restns to the FHB atmosphere. Theﬁ

radiation source i approxlmately 2730 Curies of Cs 134 and

approximately 51,900 Curies of Cs- 137 on the zeolite ion exchange ';; kN
media. The contribution from other Isotopes on the zeolite media and L
residual containment building.sump water (Table 1.1) in the 1on exchange -'vﬁ\
media 15 negligible: 1t is assumed that a factor of lo of the

fsotopes are lnstantaneously released to the FHB atmosphere. This ° oy
assumption is conservative because the tsotopes are absorbed onto the< R

zeolite media. The Fuel Handling Building HEPA filters are assumed to
have an efficiency of 99%.

Occupational Effects:

Assuming that the SDS shipping cask ruptures completely exposing the -
Zeolite lon exchanger containing the activity mentioned above, the
calculated dose rate is approximately 340 Rem/hr at a distance of 20

feet. Upon the rupture of the cask. radiation monitors will sound |
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announcing the presence of high radiation fields. Personnel would be,

evacuated from the area to reduce radiation exposures. Airborne

atmospheric release.

N

Operational Effects:

Impact on systems, structures and components has been consldered»

which could possibly result. in adversely affecting the ab1l1ty to-
operate these Reactor Plants safely. transfer 1oad or unload fuel

safely, or maintain these Plants in a safe cold shutdown condition. .-

s

Analysis has been conducted which demonstrates that a postulated

SDS Cask drop along the proposed travel path would not adversely
affect elther TMI Unit ) or Unlt 2.

Off-Site Effects:

The increase in radiation level at the site boundary would not be

significant due to the shielding provided by the FHB walls and the

distance to the site boundary, {f the SDS cask ruptures exposing the

zeolite fon exchanger. Hith the assumption that radioactive matertal

escapes, the whole body dose due to the released activity at.the slte

boundary will be less than 1 mrem for both beta and gamma radiation.
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Conclusions:

The public health and safety'aré not.gOmpromised as a conseduence éf

this hypothetical accident. . =+ ¢ . Lo
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The SDS program for operations is dlvided Into a phased approach

phases are:

8.1

S,

Conduct of Operations

S
-These

System Development

System development activities"have beeh'performed to assure that7
components are developed spec1f1cally to meet the conditions 1mposed at

TMI and perform in the intended manner:

The ion-exchange process is a well understood process. Even though
fon-exchange media have been in use for approximately 50 years or more,
a development program was conducted at the Oak Ridge National |

Laboratory, the results of which are documented in ORNL TM-7448 'to .

LM

ensure that the media selected for use at TMI provided optlmized v
performance characteristics of various media using sampies of the waters.
to be processed at TMI. In some cases, $DS effluent winl be polished by
EPICOR-IT,

-
7

Additional development effort has been expended to verify that medfa
loading and dewatering can be accomplished in the fntended manner and y
that the remote tools, necessary for the coupling and de- coupling of the

vessels, operates in the intended manner,

T | 0398B/LC




8.2

8.3

éisgﬁngI-OQsi

System Preoperationalllestihgg

Prior to use in the SDS each vessel will be hydrostatically tested in
conformance with the requirements of applicable portions of the ASME
Boiler and Pressure Vessel Code. Upon completion of. construction. the "
entire system will be pneumatically tested to assure leak free

operations. The system will be tested to an internal pressure of no

less than 1.5 times the design pressure

Individual component operability will be assured during the o :
preoperational testing Motor/pump rotation and, control schemes will
be verified. The leakage collection sub-system, as well as the gas .
collection sub-system, will be tested to verify operability Filters
for the treatment of the collected gaseous waste will be tested prior to _‘f,
fntttal operation.. System preoperational testing will be accomplished
in accordance with approved procedures.; ‘SDS system testing will be

approved by the GPUN Start up and Test Manager

System Operations

System operations will be conducted in accordance with - written and
approved procedures. These procedures will be applicable to normal

system operations, emergency situations and required maintenance

evolutions.

0. . o03gsB/C
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Prior to SDS- operation formal classroom instruction will be provided to
systems operations personnel to ensure that adequate knowledge istqained
to enable safe and efficient operation During system operetions s
on-going operator evaiuations wiil be conducted to ensure continuing

safe and efficient system operation

System Decommissioning

The decommissioning plan for:SDS is being developed. An outline of'the

planned approach to'decommissioning i shown below.

The basis for the decommissioning plan is that the Submerged

Demineralization System is a temporary system; its installation and

removal will cause no permanent plant changes. o - j'ﬂﬁ

1) Equipment ..d interconnecting’piping will be‘decontaminated: the

levels to which decontamination is accomplished wil] depend on the = .

intended disposition of individuai'items. f.e., disposal or reuse.

2)  The system wil) be disassembled, component by component.

3)  Major system components can be stored for later use or disposed of

at a licensed burfal facility. | I

4) Small components, such as valves, piping, Instruments, etc. can be

disposed of as radioactive waste.
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SUMMARY OF TREATMENT PLAN

1.1 Project Scope

The decontamination of the TMi-Z Reactor Coolant System (RCS)
requires the processing of the radiocactive contaminated water to ; o ,,gfﬁ
reduce the activity therejn; The present activity level of this
water is given in Table 1. 1 'To date, in excess of 1,000,000

gallons of water have been processed from the RCS. The feed and

bleed operation via the Submerged Demineral!zer System- (SDS) has
reduced the radionuclide concentration of the RCS water;
specifically the Cs-137 concentration has been reduced from 14.0

BCi/cc to the present value of approximately 0.016 wCilce. |

This report describes the processing of the RCS by the SDS while

maintaining the RCS fn the partially drained, open condition. The

destgn features of this processing method will utilize:

v . . i B ‘-. ...;
1. proven processing capabilities of the SDS, and . - :
2. Existing plant systems In support of the SOS. . B

-1 - ' 04008/LC‘




1.2

Current RCS Radionuciide Inventory and Chem!stry

Hater samples have been taken continuously from the RCS to tdentify

specific radionuclides and concentrations and plant chemistry.
Typical results are listed |n Table l 1. This data is based on.
actual samples taken. RCS activity is decreasing due to
radioact1ve decay and leakage from the RCS which {s being made up
by injection of clean water into the RCS, and due to batches which
have been removed for SOS processing Figure 1.1 shows how
act1v1ty for the major nuclides has decreased with respect to

time. Currently Sb-12% concentrat1ons have risen to radiologically
slgnificant levels due to changing RCS chemistry parameters. The.

Sb-125 will be removed by batching water from SDS through EPICOR

using organic resins.

o B
vk
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1.3 RCS Processing Descgiggion’jff

On a batch basis, radioactive RCS weterVis letdown to a Reactor
Coolant Bleed Tank (RCBT) while clean water 1s injected Into the |
RCS from another RCBT. RCS watefg1s then pumped from the receiving . -

RCBT through the prefilter and final filter. RCS water then goes - o
through the RCS manifold and the SDS Ion exchangers. The effluent '., _Vﬁff;;
from the fon exchangers is routed through the cation sand filter to |

another RCBT for chemical adjustment, 1f necessary, and injection

back into the RCS as makeup. The above process is repeate? until
the RCS water ¥s decontaminated. EPICOR II may be used for.

processing selected batchesvof:RCS Qater unless needed for chloride

control.

The processing of the.RCS'wiliﬁuse the existing filter and ton
exchangers of the SDS. Existing sampling connections will be used o v
on the influent and effiuent of fhe filters and fon exchangers to o fﬂ;
determine radionuclide and chemical composition of the RCS before

and after processing.

As described in the SDS TER, the prefilters, final filters, and

cation sand filters are for the removal of particulate matter. The
prefilter and final filter are followed by a series of fon exchange
vessels containing about 8 cubic feet of zeolite fon exchange
media. Location, operatlon and handiing of these vessels remains
unchanged from the mode of operation used for processing of the

Reactor Building sump water and the RCS water ag described in the ‘ S
SOS TER, o B
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H-3
Sr-90
Cs-134
Cs~137

Boron
Na

>} TABLE 1.1

RCS RADIONUCLIDE AND CHEMISTRY DATA
(May 1986)
RADIONUCLIDE CONCENTRATION
uCl/ce
0.085
2.4
0.0
0.35
7.58
5460 ppm
1500 ppm
- 5.

b e, e xom s
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o Chagtér'Z:A:
RCS PROCESSING PLAN DESIGN CRITERIA

Introduction

This RCS Processing Plan is des1gnéd to use the.Submerged__
Demineralizer System (SDS) and portions of existing plant 1iquid
radwaste disposal systems to decontaminate the RCS water. This
will reduce plant personnel and off site radiation exposures. The

design objectives of this processing plan are to utilize:

. A system that is as independent as possitble from existing
radioactive waste systems at TMI-Z. The SDS portion of this
plan s a temporary system for the recovery of TMI-2, 'Only
small sections of existinngMIQz'plant systems will be used.

2. A system that haslproven performance in processing radtoactive: ”  ‘f‘ ;flﬁ?
waste. The SDS portion of this processing plan has |
successfully decontaminated the_Reactor Building sump and the

RCS water.

Design Basis

2.2.1 Submerged Demineralizer System

The Submerged Demineraiizer System was designed in

accordance with the following regulatory documents:

-6- (0400B/LC




2.2.2

7.

Code of Fed"e“}avi_iRegdi?a’tions 10CFR20, Standard for .
Protection agaipsf Radiation. | o
Code of Fe&efiiihegulations lOCFRso Licensing of ;
Production and Utilization Facilities

u.s. Regulatory Guide 1.21, dated June 1974.

u.s. RegulatO(y Fuid¢»1.14o. dated March 1978, A
u.s. Reguiqtoiygcuide:iﬂIAB. dated July 1978} -
U.S. Regulatory Gulde 8.8, dated June 1978, -
U.S. Regulatory 'cui&e 8.10, dated May 1977.

The design basis for the SDS 15 presented in greater

detall in Chapter 4 of this TER.

Interfacing Systems = .

The interfacing systems with the SOS in the RCS

Processing system are:

1.
2.
3.

o

Nttrogen Supply System

Radwaste Disposal (Reactor Coolant Liquid) System
Reactor Coolant Makeup and Purification System
Auxiliary and Fuel Handling Buildings Heating
Venttlation and Alr Conditioning Systems -

Decay Heat Removal System

Waste Gas System

Standby Pressure Contro! System
Spent Fue! Cooling System

Instrument Afr System

-7- - 04008/LC




The design crlteria for these systems (except SPC) are

presented in Chapter 3 of the TMI 2 FSAR. Conformance

these criteria. 1s presented in the respective sections o

to

for these systems 1n.the»TMI-2 FSAR. Standby Pressure '

Control System data may be found in the TMI Recovery B

System Descrtpttons and TER s.

2.3 RCS Processing Plan Goal

The goal of the RCS Processlng Plan is to reduce the total
radfonuciide concentration of Cs in the RCS to less than 1

uCi/cc. The RCS Chemistry wtlt_bevmaintained as follows as a

minimum:
Chlorides < S ppm
pH v > 7.5 but ¢ 8.4
Boron > 4950 ppm

The processing of water through the SDS s not expected to haye a
undesirable effect on the chemical characteristics of the RCS
water. Maintatning proper chemistry of the makeup water wil)

ensure that there will be no adverse effects on the RCS with

ny

respect to corrosion. The boron concentration of the makeup will

also ensure that sufficient boron 1s_present to maintain the core

tn a non-critical safe condition. Sampling of the RCS water will

be continued in accordance with approved operating procedure.

04008/LC




3

3.

—

_Chapter 3

SYSTEM DESCRIPTION AND OPERATIONS : '?»
Introduction

This RCS Processing Plan is designed specifical1y for the

controlled decontamination of the radioactive water in the RCS and '

the treatment of the radioactive ‘gases and solid radioactive vaste R

which are produced. This p1an will use the SDS as the means of
decontamination of the RCS with support from other existing p1ant v

systems.

Submerqed Demineralizer System-

The SDS consists of a liquid waste processing system, an off gas
system, a monttoring and sampling system, and solid vaste handling

system. The 1tquid waste processing system decontaminates the RCS

water by a process of filtration and demineralization The of f gas.v' "i-

system collects, filters, and adsorbs radioactive gases produced
during processing, sampling, dewatering, and spent SDS liner
venting. The sampling system provides'measurement of process
performance. The solid waste handling sysfem Is provided for
moving, dewatering, storage, and loading of filters and
demineralizer vessels into the shipping cask. The SDS w111 be

unchanged from that described in the SDS TER.

a9 04008/LC
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3.1.2 Interfacing Systems f-;

3.2

3.2.

R ] g 3, ety 'M'a“

rsa 3527-006'“

Interfacing with the SDSAare“existing b1ant systems, as giyen'in;" :;
Section 2.2. The Reactor Coofanf,Liqﬁid Waste Chain provi&eﬁ’a - l:'jk
staging location for the SDS fer collecting and injection of RCS -
water from and to the RCS. Tﬁe'Fuel'Handling Building and

Auxiliary Bullding HVAC systems provide tempered ventilating air

and controlled air movement to prevent spread of airborne.

contamination with the plant and to the outside environment. The - “
Nitrogen Supply system providee N2 for blanketing the Reactor , - 'f vff‘g
Coolant Bleed Tanks. The Makeub and Purification and Spent Fuel o v
Cooling Systems provide pipjng»for tﬁe.transfer of the waste : -
water. The Waste Gas System processes the gases from the Vents - n
from the RCBT's. The Instrument Air System provides alr pressure }e o iffélg
for afr-operated valves in the Interfacing Systems. The Standby v
Pressure Control System, installed as a. temporary TMI-2 recovery o fff?;@
system, will be used as a backup system to ensure a source of

additional makeup to the RCS. | - o

RCS Water Processing Preparation

RCS Preparation

The RCS will be maintained {n a partially drained condition vented
to atmosphere. Its water 1e9el may vary from Elevation 347' to

323'6" depending on the needs for access to the reactor vessel.

210 - | 04008/LC



The minimum water !evel Is expected to be 323'6" (1 above the

reactor vessel flange)»

At this level and at al} levels above thls. the Waste Transfer )
pumps will be used to inject RCS makeup water into the RCS for the F;."
RCS cleanup process. The maximum discharge pressure of these pumps ,7;~;;-~'iEﬁé
Is 74 psig at a flow rate of 40 gpm. - Flow to the RCS will be _ o o
controlled by valve NDL-V—36A or- 368 depending on which waste

transfer pump is used for feed;ahd.-1f necessary, MU-V-9. MU-V10 3
W11 als0 be open to permit makeup flow to the RCS. The flow rate B o
to the RCS will be maintained at less than 5 gpm to match the R

letdown flow rate. Minor adjg;tmenes in flow rate will be made to

maintain the RCS water level within the 1imits required.

The decay heat analysis as reported in Appendix B TMI-2 Decay Heat
Removal Analysis, Apri) 1982, subm1tted as a part of the Safety
Evaluation for Insertion of a Camera Into the Reactor Vessel

Through a Leadscrew Opening Rev.iz July 1982, s applicable for the-
RCS processing described herejn:_ The average incore coolant
temperature will be 1imited to less than 170°F. This criterion was
adopted as a conservative value for the recovery program to

maintain a positive margin to boiling. ‘ v HE :5

- | 04008/LC’
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3.2.2 SPC Operation

The Standby Pressure Control System (SPC) will serve as a backup
system to ensure that the RCS level is maintained during RCS

i

processing.

S

L]
T

3.2.3 Reactor Coolant Liquid Maste Chafn

Prior to starting RCS water process1ng, an RCBT will be filled w1th
more than 50,000 gallons of borated. su1table processed water.

The radionuclide and chemistry data for this water will be similar ’
to that used for RCS makeup durjng the previous RCS processing

perfod. Chemicals will be addea to this water if required to :

ensure that this water complies with the plant chemistry specified -
in Section 2.3,

3.3 RCS Water Letdown and Injection

L g

RCS letdown will be performed by a bleed and feed process of

simultaneously removing the radioactive RCS water ang injecting

borated processed water at the same flow rate to maintain RCS water '

volume constant. The bleed and feed process will be controlled _ o
from the Control Room in coordination with the Radwaste Control o ';fi
Panel. The RCS water 1s letdown through the normal letdown 1ine on |

the loop cold leg before Reactor Ceolant Pump RC-P-1A. The letdown

rate 1s 5 gallons per minute if the waste transfer pumps are used

- 12 - | . 0400B/LC
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or 10 gpm if a newly 1nsta1led;wandpiper pump <fig 3 4) uhichwis

normally disconnected, 1s used 'The RCS water 1s letdown through
the letdown coolers to a RCBT The plugged block oriflce and ’
fsolated Makeup Dem1nerallzers and F1Iters are bypassed RS the'*ﬁ;I
RCS water is letdown, simultaneously the borated processed water ‘i‘
located 1n another RCBT 1s 1njected 1nto the RCS. ~After the RCBT'

has been filled to more than 50.000 gallons, the letdown and

injection of wdter from and to the RCS will be secured. The RCBT

will be recirculated prior to processihg. After recirculating,
decontamination of the RCS radioactive water by the SDS will S "' ;

commence.

3.4 RCS Processing By SDS

3.4.1 RCS Water Filtration

NEY AR SR AR

Two filters have been tnstalled to filter out solids in the
untreated contaminated water before the water is processed by the

fon exchangers. Both filters are sand type. The two sand filters

are loaded in layers. The first layer is 0.85 mm sand and the
second layer is 0.45 mm sand. Mixed uniformly with the sand is
approximately 6 pounds‘borosilicate glass which is at least 22
weight percent boron. The loading of these filters may be changed
If applicable. The purpose of the borosilicate is to prevent the
possibility of criticality should any fuel fines be transported 1in
the let down. The flow capac1ty through each filter is 50 gpm..

Reverse flow through filters is Prevented by a check valve 1n the

supply 1ine to each filter.

- 13 - - o4008/LC




3.4.2

Each filter is housed in 3 containment enclosure to enable leakage
detection and confinement of potentlal leakage. The fllters are '
submerged in the spent fuel-for.shielding considerations.

Contaminated water can be pumped through the filters and the RCS

manifold to the ion exchangersr,;,tb. .

Inflyent waste water may be sampled from a shielded sample box
located above the water level to determine the activity of

contaminated water prior to and following filtration.

Inlet, outlet, and vent connections on the filters are made with
quick disconnect valved coupiinge'which are remotely operated from .
the top of the pool. Intet/outlet pressure gauges are provided to
monitor and control solids loading. Load 1imits for the filters

are based on filter differential pressure, filter influent and

effluent sampling, and/or the surface‘dose 1imit for the filter

~vessel. A flush line is attached to the filter inlet to provide a

source of water for flushing the filters prior to removal.

RCS Water Demineralization

This system consists of elght underwater columns (24 1/2" x 54
1/2"), each capable of containing eight cubtc feet {norganic

zeolite sorbent. Homogeneously mixed Ion Siv I1£-96 and LINDE-A

-4 04008/LC
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2eolite are the medias of choice to efficiently 1mmob111ze the

.,“ N

Cesium and Strontium in the RCS 51x zeolite beds are divided into
two trains each containing two or three beds (A, B, C) with p1p1ng
and valves provided to operate e1ther train individually or both

tra1ns in parallel.

The efflyuent from the zeolitentfa1ns flows through the reméin1ng'
"cation" sand vessel. Jumpers ére provided to permit 2, 3, or 4

vessels per train operation. An in- line radiation monitor measures

the activity level of the water ex1t1ng the last fon exchanger
vessel. The valve man1fo]d'for controlling the operation of the
primary ion exchange columns~1§ located above the pool, inside a

shielded enclosure that conta1ns a built fn sump to collect 1eakage

that might occur. Any such leakage s routed to the off gas

bottoms separator tank and pump. A line connects to the inlet of
each ion exchanger to provide water for flushing the fon exchangers
when they are loaded. Radionuclide_]dading of fon exchange vessels '-’.5?

s determined by analyzing the influent and effluent from each

exchanger,

Process water flow is measured by instruments placed tn the line to o f;i
each ton-exchange train. The effluent from the “cation" sand
vessel Is routed back to a RCBT, as shown in Figure 3.3. The

remaining SDS equipment and EPICOR Il are not used for RCS water

processing.
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3.4.3
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Perfodic sampling of the processfstream will occur during the “hg;?

processing of a batch of water At ‘the completion of processing a:

.'.i~f‘

batch, the contents of the rece1v1ng RCBT will be sampled to
determine acceptability for 1njecttonsnof this water into the RCS.
'f the water fs within specification, 1t is injected into the RCS.

The types of samples to be taken at RCBT after letdown and prior to

reinjection are shown in Tab1e 3 1.

Leakage Dctection and Processing

Each submerged vessel is locafed:inside a secondary containment box
that contains spent fuel pool water.- During operation the
secondary containment 11d 1s ¢losed. -This. 11d 1s slotted to permit
a calculated quantity of pool water to flow past the vessels and
connectors. Pool water from the containment boxes is continuously
monitored to detect leakage-and.is circulated by a pump through one
of the two leakage containment fon exchangers. Any leakage which
occurs during routine connection»and disconnection of the
quick-disconnects will be capturéd by the containment boxes,
diluted by pool watér, and treated by ion exchange before being

returned to the pool.
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3.4.4

3.4.5

Off Gas and Liquid Separation System

An off gas and 1iquid separation system collects gaseous and 11qu1d

wastes resulting from the operation of the water treatment system.ks.

Sampling and Process Radiation Monitoring System

The sampling §love boxes are shieldéd enclosures which allow'wafer'ﬂ
samples to be taken for analysis of‘radionuclides and other
contaminants. - The piping entering the glove boxes permits thg
withdrawal of a volume 1imited amount of sample into a collestion
bottle. Cylinders are purged by positioning valves to permit the
water to flow through them and return to a waste dratn header and
fnto the off gas separator tank. A water line sonnects to the

sample line to allow the line to be flushed after a sample has been

taken.

The entire sampling sequence is performed in shielded glove boxes

to minimize the possibility of 1nadvertent leakage and spread of

contamination during routine operation.

3.4.5

Sampling System

Sampiing of the SOS process to monitor performance 1{s
accomplished from three shielded sampling glove boxes. One

glove box is for sampling the filtration system, the second 1s'

-1 - 0400B/LC




 for sampHng the feed and’ effluent for the first zeolite beg. " ?
and the third from samp]ing the effluents of the rema!n!ng

zeolite beds and the‘"catton sand filter.»

3.4.5.2 Process Radfation Monitoring System

The SDS 1s equipped with a process radiation monitoring system
which provides 1nd1cat10n of the radioactivity concentration e
in the process flow stream at the effluent point from the last

lon exchanger vessel. The purpose of this monitoring system

fs to prov1de 1nd1cation and alarm of radionuc!ide

breakthrough.

3.4.5.3 Transuranic Element Monttdring

Filter and process trainvsamples'are being analyzed for

fsotopes of Urantum and Plutonium.

3.4.6 lon Exchanger and Filter Vessel Transfer in the Fuel Storage Poo] . P
Prior to system operation, fon exchanger and filter vessels are
placed instde the containment boxes and connected with
quick-disconnect couplings. When 1t is determined that a vessel is

loaded with radioactive contaminants to predetermined limits as

specified in the Process Control Program, the system will be - o lf’i
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flushed with 1ow activity processed water - This procedure flushes
away waterborne radioactivity. thus minimizing the potentiai foi_
loss of contaminants into the pooi water while decoupiing vesseis.

Vessel decoupling 1is accompiished remotely Vesseis are _li

transferred using the existing’fuei handling crane utiiizing a yoke
attached to a long shaft. The purpose of this yoke- -arm assembiy is_ﬂj
to prevent inadvertent iifting of the ion ‘exchange bed or. fiiter
vessel to a height greater than eight feet below the surface of the
water in the pool. This device is a safety too! that wiii _
mechanically prevent lifting a ioaded vessel out of the water
shielding and preciude the possibiiity of accidental exposure of

cnerating personnel.

The fon exchange vessels arerarranged to provide series processing"
through each of the beds: the infiuent waste water is treated by
the bed in position "A", then’byvthe:bed in position "B".'then_by‘
the bed in position “C", and finaliy by the bed in the "catioh";

sand filter "A" or "g" positiontf«f¥'~

Zeolite Mixtures

The SDS fon exchangers will contain a uniform mixture of IONSIV-96

and LINDE-A fon exchanger media. . These two zeolites were seiected
for their proven capabilities whiie processing Reactor 8uiiding

Sump water to remove radionuciides IONSIV-96 primarily removes .

el - osoene
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:h‘ % N

to determine the optimum loading

Perfodic sampling of the process stream will be used to verify theli
performance of the ion exchange medta._ If necessary revtstons wtl]n
be made to the loading rattos If condittons warrant to ach1eve the

EAR

proper decontamination factors

the fon exchange media wil) be made 1n accordance with the Process
Control Plan. L

Naste Produced

Based on operating experience processing the Reactor Building sump
water, the useful 1ife of a zeoltte resin bed 1s in excess of

100,000 gallons of waste water processed At this point the DF of
the zeolite bed for Strontium goes‘to 1.

- 20 - - 04008/LC -




RCBT LETDOWN SAMPLE

Gamma Scan , :
Gross Beta - Gamma
Sr-90 L

pH ‘ ‘
Conductivity

Boron

Na

Cl

Sulfates

H-3

Sulfates =
‘H=-3" Lo
~-Oxygen
Fluorides

Gross Beta - Gamma
Sr=90- . .
‘pH at 77° F '
Conductivity
Boron

Na _




B 8 e Snme e S G
' o awe @ anm 5 o o=

- - - e -
Pt d X 20 T LK 1]

\.‘ “ AW

o

3




> TER 3527-006

-2

1ss3a
Wil -}

MH-¢XN
i
00y
¥0ivie
8=2-¢
add
1AV 00)
¥04v 3e
ﬁ

St-M-Ju
9510

5 5 ;
55 295 | [252
e 'f‘.-.a s83
a - il ;'5
-2
] 1 -
: 8
-]
g
]
'::.85 <
P—— a
FROM REALTOR :
COOUMT (1Qu10 . —{33-
< 8
- 23 .




TER 3527-006

. (o "8 °1 °9 $2uladsle)

131110) 9%13313084
» Fhois wl s wou

o

0862x

- 24 -



TER 3527-006

RCS_Processing Safety Assessment

Processing of the RCS while in a partially drafned condition does
not present a unique safety cbncern. 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 adequately addressed in the
Quick Look Safety Evaluation. The only evolution not previously
addressed 1s the simultaneous feed and bleed of the Reactor Coolant
System in a partially drained configuration. Ouring this
evolution, RCS water level will be monitored and maintained by
operating procedures. Such procedures will maintain the water
level to within six (6) inches of the predetermined level set
point. At the present RCS level, to permit incore Inspections,
this level §s 210" + 6". This level is the same as that
established for the Quick Look program and will be monitored in a
similar fashion. Thus this evolution will not increase the
probability of occurrence or consequences of an accident previously
evaluated or create the possibilfty of a different type ac.ident,
nor will the margin of safety as defined in the basis for any

Technical Specification be reduced.
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Chapter 1

SUMMARY OF TREATMENT PLAN

1.1 Project Scope

The capability to maintain water clarity and radgionuclide concentrations
In the Fuel Transfer Canal (Deep End) during defueling operations must be |

avatlable. The design features of this processing method are:

1. Use of the proven processing capabilities of the SDS.
2. Use of existing plant systems in support of SDS.

3. Use of FCC-P-1 (cana) drain pump) .

4, Use of DHC system piping.

1.2 Current Fue! Transfer Canal Activity & Chemistry

Hater samples are taken weekly to monitor radionuclide activity and
chemical parameters of the Ffuel Transfer Canal. Current results are
listed in Table 1.1. Activity decreases due to decay, however activity
In water may increase due to leaching from plenum or activity on

canisters being transferred through the Fue! Transfer Canal.
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1.3 FCC Processing Description

Figure 1.1 shows a block diagram of the FCC processing flow path. The
Fuel Transfer Cana) may be processed on a continuous basts through the
SDS pre & final filters, o.e or both trains of fon exchangers, and the
cation sand filter with the effluent routed back to the FTC or the 'A’
Spent Fuel Pool. In addition the FTC may be processed through the SDS to

any of the RCBT's. The FCC processing will yse the existing. SDS filters

and fon-exchangers. Existing sampling capabilities wil) be used to
monitor the process as in past processing. Further information on the

SDS system may be found in the matn sections of the TER.
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Table 1.1
FTC Radtionuc!ide and.Cnem1stry Data
(05/14/86)
Cob0 3 x 109 yci/m
$r90 3.3 x 10-2 ,Ct/m
Ryl06 < 6.1 x 10-5 uci/m
Sb125 3.3 x 10-3 ,Ci/m)
Cs'34 3.2 x 1074 uct/m)
Cs137 ' 1.3 x 10-2 uCi/m)
Celdd < 4.8 x 10~5 uCt/ml
Boron 4990 ppm
Turbidity 1.25 NTU
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Chapter 2

FCC PROCESSING PLAN DESIGN CRITERIA

Introduction

The FCC Processing Plan is designed to use a high capacity submersible
pump (FCC-P-1), the Submerged Demineralizer System, and portions of the
Defueling Water Cleanup System to maintain water clarity and activity

levels in the Fuel Transfer Canal. The design objectives are:

[ A system to maintain FIC clarity and radioactivity levels.

2. A system that i¢ as fndependent as possible from existing plant
systems. The only portions of this system that are not temporary
recovery systems are plant services connections (water, air,
electric) and if water is to be processed to a RCBT, the inlet
header to the RCBT's kHDL System).

3. A system_that has proven performance in radioacttve waste
processing. The SDS has successfully decontaminated to date almost

4.5 mi1lion galions of contaminated liquids.

Design Basis
2.2.1 5D

The design basis of the SDS §s presented in Chapter 4 of the $DS
TER.
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2.2.2 Interfacing Systems

The interfacing systems with the SOS in the FCC Processing system

are.

1, Reactor Coolant Liquid Waste System |

2. Reactor, Auxiliary and Fuel Handling Bulldings Heating,
Ventilation and Alr Conditioning Systems.

3. HWaste Gas System

4. Plant Air, Electric, Nitrogen and Demin. Water Systems

5. RB Jet Pump

6. DWCS-Reactor Vesse! Filtration System

7. Fuel Transfer Canal Shallow End Drainage System.
The Design Criteria for Systems 1.4 above are presented in the
TMI-2 FSAR. System; § thry 7 are covered in the SDS System

Description.

FCC Processing Plan Goal

The goal of the FCC Processing Plan s 1) to maintatn Gross By activity
less than 1 x 10”9 wCl/ml to minimize the source term and 2) to

mafintain turbidity less than INTU to maintain Qnderwater visibility. The
processing of this water through SDS has no effect on the chemical

cha(acterlstlcs of the water.
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Chapter 3

SYSTEM DESCRIPTION AND OPERATIONS

Introduction

The FCC s designed to maintain liquid levels and water clarity in the

Fuel Transfer Canal.

3.1.1 Sybmerged Demineralizer System

~The SDS consists of a liquid waste processing system, an off gas

system, a monitoring and sampling system, and solid waste handling
system. The liquid waste processing system decontaminates the FTC
water by a process of filtration and demineralization. The off gas
system collects, filters and absorbs radioactive gases produced
during processing, sampling, dewatering and spent SDS liner
venting. The sampling system provides measurements of prﬁcess
performance. The solid waste handling system is provided for
moving, dewatering, vacuum drying.'inerrization. storage, and

loading of filters and demineralizer vessels into the shipping cask.
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3.1.2 Interfacing Systems

Canal water is transferred from the FTC using a commercially
available high capacity submersible pumﬁ. This pump (Canal Drain
Pump FCC-P-1) takes suction in the 4" drain located in the deep end
of the canal. A 1 1/2 inch ID rubber hose with quick-disconnect
two way shut-off type fitting connects the discharge of the pump to

the fuel transfer canal drain manifold.

The manifold serves as a tié-in boint fo} 3 systems; the Reactor
Bldg. Basement Pump system, the fue) transfer canal drain system,
and the FTC Shallow End Drainage System. Double tsolation of the
FCC processing system from the other two fs provided by ball valves
FCC-V003 and FCC-V002 in addition to disconnected/capped
connections located on each of the Other branches of the manifold.
From the manifold, the system uses an existing flow path through
Reactor Building penetration R-626, Fuel Handling Building
penetration 1551 to tie-in and fnterface with the SOS system.

Power for the pump 15 supplied from distribution panel POP-6A,

breaker #12,

Flow from the FTC may be manually throttled via CN-V-fL-1 or
CN-V-FL-3 {n SDS if desired.
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The Fuel Handling Building, Auxiliary Building, and Reactor
Butlding HVAC systems provide tempered ventilating air and
controlled air movement to prevent spread of airborne contamination
with the plant and to the outside environment. The Nitrogen Supply
system provides N2 for blanketing the Reactor Coolant Bleed
Tanks, should the system effluent be routed to them. The Waste Gas

System processes the gases from the vents from the RCBT's.

The principal components of the SOS are located in Spent Fuel Pool
"B", as shown in Appendix No. 2 Fiqure 3.1. The piping and

components of the systems interfacing with the SDS are located in

the Fuel Handling ang Auxiliary Butldings. Tanks, pumps, valves,
piping, and fnstruments are located in controlled access areas.
Components ang pipiqg containing significant radfation sources are
located in shielded cubicles, such as the Reactor Coolant Bleed
Tanks and the Waste Transfer pumps WDL-P-S5A and WDL-P-58 (see

Appendix No. 2 Figure 3.2).

3.2 FCC Transfer Operations

3.2.1 Normal QOperations

The FTC will be filled with RCS grade water. The function of the
FCC system is to possible a controlled means of draining or

processing this water from the canal.
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To start the FCC processing stem, the valves must be aligned and
the SDS must be configured per the approved operating procedure and
both the connections from SWS-P-] and DWC-P-1 must be
disconnected. The pump FCC-P-1 s started and valves are operated

per the procedure to ensure effluents ts routed where desired.

FCC Instrumentation

Pump FCC-P-1 {5 controlled via hand indicating switch FCC-HIS-1, which is
located on SDS control panel CN-PNL-] at E1. 347'-6" of the fuel handling
building. The switch starts and stops the pump and shows, via a 1ight,
that power is being delivered to the pump. The starter FCC-STR-1, for

the pump is mounted adjacent to pane! CN-PNL-1.

Pressure gauge FCC-PI-3 is provided on the canal drafn mantfold to sense

the Tine pressure downstream of the manifold tsolation valves.

Fuel Transfer Canal Water Level FCC-LI-102 fs provided by a bubbler
(FCC-VICV-104) through proportiona! controller FCC-LT-102, with Local
Level Indication FCC-LIS-103 which also actuates high/low level alarms

(FCC-LAHL-103).
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FCC Processing by SDS

3.4.1 FCC Water Filtration

Two filters are installed to filter out solids in the untreated
contaminated water before the water is processed by the
fon-exchanger. The filters are loaded in layers using various sand
stzings to optimize filter pérformance. Mixed uniformly with the
sand is approximately 6 pounds of borosilicate glass which is at
least 22 weight percent boron, to prevent the remote possibi11ty of
criticality should any fue! fines be transported to the filters.
The filters and their containment enclosures, sampling, etc. are

unchanged from that in previous sections of this TER.

FCC MWater Demineraltization

This system consists of two trains of ion exchangers consisting of
2 or 3 fon exchangers each. Each fon exchanger contains elght
cubi; feet of ion organic zeolite sorbent. Piping and valves exist
allowing operation of efther trafn individually or both in -
paraliel. The effluents from the two trains of ion exchangers s
routed through one of two sang filters installed in the "cation"
positions. These sand filters were fnstalled in place of the
original cartridge type post filter, and is used to trap zeolite
fines aﬁd_improve effluent clarity. These fon-exchangers, their
containment enclosures, sampling, etc. are discussed in more detail

In previous sections of this TER.
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3.4.3 Leakage Detection and Processing

3.4.4

3.

4

.5

Each submerged vessel is located inside a secondary containment box
that contains spent fue) poo! water. During operation the
secondary containment 11d is closed. This 1id is slotted to permit
a calculated quantity of pool water to flow past the vessels and
connectors. Pool water from the containment boxes is cortinuously
monitored to detect leakage and is circulated by a pump through one
of the two lTeakage containment fon-exchangers. Any leakage which
occurs during routine connection and disconnection of the
quick-disconnects will be captured by the containment boxes,
diluted by pool water, and treated by fon-exchange before being

returned to the pool.

Off-Gas and Liquid Separation System

An off-gas and liquid separatton system collects gaseous and 1iquid

wastes resulting from the operation of the water treatment system.

Sampling and Process Radiation Monitoring System

The sampling glove boxes are shielded enclosures which allow water
samples to be taken for analysis of-radionuclides and other
contaminants. The piping entering the glove boxes permitg the
withdrawl of a volume 1imited amount of sample into a collection
bottle. Cylinders are purged by positioning valves to permit the
water to flow through them and return to a waste drain header ang
fnto the off-gas separator tank. A water line connects to the
sample line to allow the 1ine to be flushed after a sample has been

taken.
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The entire sampling sequence is performed in shielded glove boxes

to minimize the possibility of inadvertent leakage and spread of

contamination during routine opération.

J.4.5.1

3.4.5.2

Sampling System

Sampling of the SDS process to monttor performance §s
accomplished from three shielded sampling glove boxes. One
glove box s for sampTing the filtration system, the sécond is
for sampling the feed and effluent for the first Zeolite bed
and the third from sampling the effluents of the remaining

2eolite.

Process Radiation Monttoring System

The SDS is equipped with a process radiation monitoring system
which provides indication of the radioactivity concentration
In the process flow stream at the effluent point from the last
fon exchanger vessel. The purpose of this monitoring system
ts to provide indication and alarm of radionuclide

breakthrough.
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3.4.6 lon-Exchanger and filter Vesse! Transfer in the Fuel Storage Pool

Prior to system operation, fon exchanger and filter vessels are
placed inside the containment boxes and connected with quick-
disconnect couplings. When ft 1s determined that a vessel is
loaded with radicactive contaminants to predetermined 1imits as
specified in the Process Control Program, the system will pe
flushed with low-activity processed water. This procedure flushes
away waterborne radioactivity, thus minimizing the potential for
loss of contaminants fnto the pool water while decoupling vessels,
Vessel decoupling 1s accomp!ished remotely. Vessels are
transferred using the existing fuel handling crane utilizing a yoke
attached to a long shaft. The purpose of this yoke-arm assembly fis
to prevent inadvertent lifting of the ion exchange bed or filter
vessel to a height greater than eight feet below the surface of the
watgr In the pool. This device Is a safety tool thaf will
mechanically prevent 11fting a loaded vessel out of the water
shielding and preclude the possibility of accidental exposure of

operating personnel.

The fon-exchanger vessels are arranged to provide series processing
through each of the beds: the Influent waste water fs treated by
the bed in position "A", then by the bed in position "B", goes

through a bed or Jumper in position "C", and finally by the sand

filter in position "D".
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3.5 Zeolite Mixtures

The SDS ton exchangers will contain a uniform mixture of IONSIV-96 and
LINDE-A fon exchanger medfa. These two zeolites were selected for their
proven capabilities while processing Reactor Butlding Sump water to
remove radionuclides. IONSIV-96 primarily removes the fsotopes of Cesium

and LINDE-A removes the isotopes of Strontium.

The ratio of loading the two types of ton exchanger media will be

determined by experimental data to determine the optimum loading.

Perfodic sampling of the process stream wil) be used to verify the
performance of the ion exchange media. If necessary, rev1s16ns will be
made to the loading ratios if conditions warrant to achieve the proper

decontamination factors.
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CHAPTER 4

Radiation Protection

4.1 Ensuring Occupational Radiation Exposures are ALARA

4.1.1 Qverall Policy

The objectives with respect to FCC processing operations are to
‘ensure that operations conducted in support of the on-going
demineralization program are conducted in a radiologically safe
manner, and further, that operations associated with radifation
exposure will be approached from the standpoint of maintaining
radiation exposure to levels that are as Tow as reasonably

achievable.

During the operational period of the system the effective control

of radiation exposure will be based on the following considerations:

I, Sound engineering design of the facilities and equipment.

2. The use of proper radiation protection practices, fncluding
work task planning for the proper use of the appropriate
equipment by qualified personnel.

3. Strict adherence to the radiological controls pProcedures as

developed for TMI-2.
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4.1.2 SDS Design and Operation

.3

The SDS design and operational considerations are given in Chapter
6 of the SDS TER. These destgn and operational considerations and

features remain unchanged from this evaluation.

The radiation dose exposures to plant personne! during FCC
processing will be lower due to the fact that the radionuclide
concentration in the FTC water ig stgnificantly lower than those
experfenced during processingvof Reactor Building sump water. -The
design basis for shielding the SDS equipment is to reduce radiation
levels to less than 1 mrem/hr using the radionuclide concentration
of 200 uCi/ce of predominatély Cestum. The radionuclide
concentration of Cesium in the FIC water is currently much less

than 0.1 uCi/cc.

Existing Plant Considerations

The radiation protection features for the existing plant system
which interface with the SDS are described in Chapter 12 of the
TMI-2 FSAR. The extsting radiation shielding within the Auxiliary
Building for the following systems is adequate to reduce the
radiation levels to below the design basts of 2 mrem/hr in areas
requiring access: |

1. Reactor Coolant Liquid Waste Chain

2. Waste Gas System
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4.2.1 On Site Assessment

4

2

2

Operation of the SDS in the FCC processing mode is expected to

require intermitted processing of the FTC as required to maintatn

water clarity and Gross By activify A x107? uCi/m) as

required. Based on current experience with the SOS this amount of
processing is expected to result in a negligible exposure for $DS -

operating area activities.

Off-site Radiological Exposures

source Terms for Liguid Effluents

Liquid effluent from the system will be returned to station tankage
for further disposition. The ‘efore, no Yigquid source term 1

fdentified for thisg evaluation.

Source Terms for Gaseous Effluents

The plant vent system is a potential pathway for carrying airborne
radiocactive material and release. Radionuclides in the gaseous
effluent arise from entrainment during transfer of contaminated
water to various tanks, fiiters, ion‘exchange untts, and also from
water sampling. For further tnformation, see section 6.3.2 of the

SDS TER.
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Chapter §
CONDUCT OF OPERATIONS

System Performance

By processing the Reactor Building sump water and RCS successfully
assurance has been granted that components developed specifically to meet

the conditions imposed at TMI will perform in the fntended manner.

The fon-exchange process is a well understood process. The SDS has
demonstrated that high decontamination factors can be achieved by the use

of zeolite ion exchange media.

Ouring FCC processing, the SD§ system flow rates may be higher than
during all previous processing. An eight hour test was performed to
assure that these increased flowrates will not adversely affect zeolite
performance. Also, calculations have been performed by ORNL to
demonstrate that system performance will not be Jeopardized. Although
radionuclide breakthrough May occur sooner in the batch, it wil] progress
more slowly. This breakthrough will be allowed to occur to extend
zeolite 1ife (minimize wastes) since the effluent 1s routed back to the

Fuel Transfer Canal.
Zeolite media loading and dewatering can be accomplished in the intended

manner and remote tools, necessary for the coupling and decoupling of the

vessels, operate in the fntended manner.
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System Testing

Prior to use in the SDS each vessel will be hydrostatically tested in
conformance with the requirements of applicable portions of the ASME
Boiler and Pressure Vessel Code. Upon completion of construction, the
entire system was pneumatically tested to assure leak-free operations.
The system will be retested prior to IIF processing at the design

pressure,

Individual component operability will be assured during the
preoperational testing. Motor/pump rotation and, control schehes will be
verified. The leakage collection sub-system, as well as the gas
collection sub-system, will be tested to verify operabilify. Filters for
the treatment of the collected gaseous waste Qill be tested prior to
inftial operation. System preoperational testing will be accomplished in

accordance with approved procedures.

System Operations

System operations will be conducted in accordance with written and
approved procedures. These procedures will be applicable to normal
system operations, emergency situations, and required maintenance

evolutions.
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Prior to FCC operation, formal classroom instruction wil] be provided to

systems nperations personnel to ensure that adequate knowledge is gained
tn enable safe and efficient operation. During system operations
on-going operator evaluations will be conducted to ensure continuing safe

and efficient system operation.
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Chapter 6
ADDITIONAL ACCIDENT SCENARIOS

6.1 Possible Accident Scenarios

6.1.1 A breech of the system pressure boundary while delivering water
from the fuel transfer canal could result in additional

contamination of reactor building surfaces.

6.1.2 Introduction of reactor building sump water into the fuel transfer
’ canal would contaminate the canal and could result in a potential

criticality problem.

6.2 Design Features to Mitigate Effects of Casualty Events

6.2.1 A hose or pipe break wil) result in 1oss of line pressure,
Pressure and flow indication are provided at various locations on
the pump discharge flowpath. The piping and hoses are

hydrostatically tested to 1.5 times their maximum operating

pressure per ANSI B31.1. To ensure pressure boundary integrity,
hoses are to be inspected prior to operation of the FCC canal drain

network.
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6.2.2 The fuel transfer canal drain system and the IIFf processing or fuel

transfer canal shallow end drainage system connections of the canal
drain manifold contain double'isolation, which includes a check
valve in each line. This is to prevent reactor building sump and
flush water from befng delivered fnto the canal. 1In addition, the
coupling connections on the canal drain and fuel transfer canal
shallow end drainage branch lines of the manifold are 1 1/2-inches
and incorporate a two-way shut-off feature. All other manifold
coupling connections, including the reactor butlding basement jet
pump system connection, are 1-inch diameter. This prevents
connecting a 1 1/2-inch pump discharge hose to the 1-inch RB
basement jet pump system connection which does not include a Check
valve. QC is to.verify that each hose is connected to the proper

manifold branch connection prior to system turnover.
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Chapter 1

SUMMARY PLAN

Project Scope

The capability to transfer water from the shallow end of the Fuel
Transfer Canal to the deep end or a RCBT is necessary to deal with
FTC dam leakage or overflow, or Inleakage from some other source.
This report 1s presented as an addendum to the previously submitted
SO0S TER to provide details of the transfer of water from the FIC

shallow end.

FIC (shallow end) Activity Chemistry

There are a number of sources which may contribute water to the
shallow end (1If Leakage, FTC dam leakage, decon, etc.) and
therefore 1t 1s impossible to state the actual activities or
chemistry of the water to be transferred. However water from all
of these sources has been transferred/processed through SDS 1n the
past, and any‘possible sources have been covered in detat! in

previous secttons of this TER.
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shallow End Drainage Description

Figure 1.1 shows a block dlagram of the shallow end drainage flow
paths. The shallow end of the FTC may be transferred to the deep
end of the FIC, or the RCBT's, with or without filtration through

the SDS pre- & final-filters,
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figure 1.1
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Chapter 2

DESIGN CRITERIA

Introduction

The FTC Shallow End Dratnage System Is designed to use a submersible pump
(DWC-P-1) previously used as the IIF Processing Pump, and portions of:
the SDS Feed & Filtration subsystem, the Reactor Cootant Liquid Waste
Disposal System and the Fue! Transfer Canal Drain System. The Shallow

End Dratnage System design objectives are:

1Y capability to drain shallow end by transfer to deep end or existing
tankage.
2) as independent from existing plant system as possible.

3 use SDS or portions thereof.

Design Basis

2.2.1 SD

See Chapter 4 of the SDS TER.
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2.2.2 Interfacing Systems

The Interfacing systems with the SOS in the Shallow End Dratnage

System are:

1) Reactor Coolant Liquid Waste System

2)  Reactor, Auxiliary and Fuel Handling Butlding Heating,
Ventilatton and Afr Conditioning System

3)  HWaste Gas System v

4) Plant Services (A1r; Electric, Nitrogen and Demin. Water)

5 RB Jet Pump

6)  OWCS - Reactor Vesse! Filtration System

7)  FCC - Fue! Transfer Canal Orainage System.

The design criterfa for systems 1-4 are presented tn the TMI-?
FSAR.  The remaining systems are covered by the SDS System
Description.

2.3 System Goal

The goal s to provide a system capable of transferring water from the

shaliow end of the RTC back to the deepend or the RCBT's.
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Chapter 3

SYSTEM DESCRIPTION AND OPERATIONS

Introduction

The FTC Shallow End Drainage System is designed to allow pumping of water
from the shallow end back to the deepend or to the RCBT's for future

processing as necessary.

3.1.1 808
The portions of the $DS used, congist of a liquid filtering system,
an off gas system and a sampling system. The liquid filtering
system 1f used removes solid: from the transfer stream. The off
gas system collects, filters and absorbs radioactive gases produced

during sampling, dewatering and vessel venting. The sampling

system provides measurements of filtration performance.

3.1.2 Interfacing Systems

Canal water is transferred from the shallow end using a
commercially available submersible pump. This pump, DNC5P-I
(formerly the IIF processing pump) s fnstalled on Elev. 308'-0"
and takes suction in an existing 4" dratn located tn the New Fue!
Pit. A1 1/2" ID rubber hose with quick-disconnect two way

shut-off fitting connects the pump discharge to the FCC manifold.
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The manifold server as a tie-in point for 4 systems; the RB Jet
Pump, the fuel Transfer Cana) Orain System (FCC), the DWCS-Reactor
Vessel Filtration System (Early Oefueling) and the FTC Shallow End
’Drainage System. Double isolation of all other systems from the
Shallow End Drainage system is provided by manifold isoltation
valves and the disconnecting of the SHS, FCC and DWC hoses from the
manifold. From the manifold, the discharge hose is elther routed
to the FTC deep end or through the existing flow path through R8
penetration R-626 and FHB penetration 155! to the RCS manifold at
S0S. Power for the pump ts supplied from circutt 11 of
distribution pane! POP-6-A. From the RCS manifold, flow may be
filtered through the SDS Pre and Final Filters, or may bypass the

filters. The receiving tank in elther case s one of the RCBT's,

The Fuel Handling, Auxtltary and Reactor Bullding's HVAC systems
provide tempered ventilating alr and controlied alr movement to
prevent'the spread of airborne contamination within the plant or to
the environment. The Nitrogen system provides Nz for blanketing
the RCBT's when transferring to them. The Waste Gas system stores

and processes the gases from the RCBT vents.

3.2 Shallow End Drainage Operations

3.2.1 Normal Operations

The fuel transfer canal shallow end drainage system is a temporary
modification in the reattor butlding designed to pump water from
the shallow end of the canal and dellver the water to the deepend

of the canal or the reactor coolant bleed tanks (RCBT)'s.
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Ouring defueling operations, the shallow end of the FTC may require
dratnage as a result of leakage, spills, or deliberate flooding of
the canal. This system provides the means to accomplish this

dratnage.

The fuel transfer canal shallow end drainage operation is started
and stopped by opening or closing valve FCC-V003 ang using on/off
hand switch DWC-HIS-1. This, in turn, automatically starts or

stops pump DWC-P-1,

3.3 Shallow End Orainage Instrumentation

Pump OWC-P-1 s controlled via hand indicating switch DWC-HIS-1, which §s
located on SDS control panel CN-PNL-] at El. 347'-6" of the fue! handling
bullding. The switch starts and stops the pump and contains tndicating
11ghts for pump status. The starter, DWC-STR-1, for the pump fs mounted

adjacent to panel CN-PNL-1.

A local emergency stop switch, DRC-HS-1, 15 located in the Reactor
Butlding near the pump on El. 347'-g". This local switch overrides the
Indicating switch, and the pump can be started again only after the local

switch has been reset.

Pressure gauge FCC-PI-3 is provided on the canal drain manifold to sense

the 1ine pressure downstream of the manifold tsolation valves,
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Air-operated valve FCC-V003 15 interlocked with the pump such that the

valve must be opened before the pump will start.

A high level alarm is provided at control panel CN-PNL-1 to inform the
operator to begin draining the pit. A low level alarm is also provided
at CN-PNL-1 to inform the operator to stop the pump. The low level alarm

will not alarm when the pump is off.

Shallow £nd Filtration by SDS

3.4.) Filtration
Two sand filters are installed to remove solids from the canal
water prior to storage fn tanks for future processing. The filters
contatn layers of varfously stzed sand uniformly mixed with
borosilicate glass which is added to preclude criticality
concerns. The filters and related SDS subsystems are unchanged

from that discussed in previous sections of this TER.

3. 4.2 Leakage Detection and Processing

The filters are located 1nsidé submerged containment boxes which
are monitored and recirculated through the SDS Leakage Containment
System which is unchanged from that discussed in previous sections

of this TER.

3.4.3 Off-Gas and Liquid Seperation System

An off-gas and 1iquid separation system collects gaseous and Hquid
wastes resulting from the operation of the filtration system ang

sampling.
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3.4.4 Sampling System

Sampling of the filtration influent and effluent to monitor filter
performance s accomplished using the shielded High Rad Filter

Sample Glove Box. This system ig discussed fn detail elsewhere in

this TER.

3.4.5 Filter Vessel Transfer in the Fuel Storage Pad

Prior to system operation, filter vessels are placed inside the
contalnment boxes and connected to the system using h
quick-disconnect coup11ngs. When 1t {5 determined that a filter is

loaded with solids (based on 4p), the filter is flushed with

low-activity processed water, transferred to a storage location in

the pool or the dewatering station, and replaced with a new filter.
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- Chapter 4

RADIATION PROTECTION

~ 4.1 Ensuring Occupational Radifation Exposures are ALARA

4.1.1 Qverall Policy

4.

1

.2

The objectives with respect to Shallow End Drainage Operations are
to ensure operations are conducted in a radiologically safe manner
and radifation exposure will be matntained as low as reasonably

achievable.

The effective control of radiation exposure will be based on the

following considerations:

1. Sound engineering design of facilities and equipment.
2. Use of proper radiation protection practices and qualifiable
personnel.

3. Strict adherence to TMI-2 radiological controlg procedures.

SDS Design and Operation

The SDS design and operational considerations are glven in

Chapter 6 of the SDS TER. These design and operational
constderations and features remain unchanged from this evaluation.
The radiation dose éxposures to plant personne) durihg

Shallow End Dratnage oper. tions will be Tower due to the fact that
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activities of canal water should be stgnificantly lower than that experienced

during processing of RB sump or initial RCS processing. The SDS shielding

design basis is levels less than 1 mr/hr using 200 uCi/cc Cesium.

4.1.3 Existing Plant Considerations

The radiation protection features for the existing plant and
systems which interface with the SDS are described in Chapter 12 of

the TMI-2 FSAR.

4.2 Dose Assessment

4.2.1 On Site Assessment

4.2

2

Operation of the SOS Filtration system in the FTC Shallow End
Drainage mode may be required tntermittently to drain the shallow
end of the canal. Based on past SDS operating experience, the
exposure for SDS operating area activities due to this operation 1;

expected to be negligible.

Offsite Assessment

Source Terms for Liquid Effluents

A1l Tiquid effluent from the system will be retained in station

tarkage.

Source Terms for Gaseous Effluents

The plant vent system is a potentia) pathways for gaseous or

airborne release, see section 6.3.2 of this TER.
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Chapter 5
CONDUCT OF OPERATIONS

System Performance

Past processing experience i.e., filtering RB sump and Tank Farm water,

assures that the filtration system will perform in the intended manner.

During Shallow End Orainage Operations, the flow rates through the
filters may approach 50 gpm. Filters will be taken out of service on
high differential pressure. Filter changeout and dewatering can be

accomplished in the intended manner using remote long-handled tools.

System Testing

Prior to use, each SDS vessel will be hydrostatically tested in
conformance with the requirements of applicable portions of the ASME
Boiler and Pressure Vessel Code. Upon completion of construction, the
entire system was pneumatically tested to assure leak-free operations.
Individual component and subsystem operability was preoperationally

tested satisfactorily in accordance with approved procedures,
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5.3 System Operations

System operations will be conducted in accordance with written and
approved procedures. These proceduresvwill be applffable to normal
system operations, emergency operatidns. and required maintenance
evolutions. During system operations on-going operator training and
evaluation will be conducted to ensure continuing safe and efficient

system operations.
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Chapter 6
ACCIDENT SCENARIOS

6.1 Casualty Events

6.1.1 A breech of the system pressure boundary\vhile removing water from
the shallow end of the fue! transfer canal could result in

additional contamination of reactor butlding surfaces.

6.1.2 Introduction of this water into the fuel transfer canal could

contaminate the canal.

6.2 Design features to Mitigate Effects of Casualty Events

6.2.1 A hose or pipe break will result in loss of line pressure.
Pressure and flow indication are provided at various locations on
the pump discharge flowpath. The piping and hoses are
hydrostatically tested to 1.5 times their maximum operating
pressure per ANSI B31.1. To ensure pressure boundary fntegrity,
hoses are to be inspected prior to operation of the canal shallow

end drainage network.
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6.2.2 The fuel transfer canal and the shallow énd drainage system branch
connections of the fue) cahal drain manifold contain double
fsolatton, which tncludes a check valve in each line. This is to
prevent rgpactor building sump and flush water from being delivered
into the canal. 1In addition, the coupling connections on the canal
drain and shallow end drain lines of the manifold are 1 1/2-inches
and incorporate a two-way shut-off feature. A1l other manifold
coupling connections, Including the reactor building SWS system
connection, are l-inch diameter. This prevents connecting a
1 1/2-fnch pump discharge hose to the 1-inch SKS system connection
which does not include a check valve. QC is to verify that each
hose is connected to the proper manifold branch connection prior to

system turnover,
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