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Chapter 1

Summary of Treatment Plan

Project Scope

To date the SDS system has processed in excess of 2 million gallons of
contaminated water, including; 650,000 gallons of Reactor Building sump
water, 366,000 gallons from RB decon and 760,000 gallons of RCS water.
The continued decontamination of TMI-2 includes the repeated processing
of the IIF/RCS using the IIF Processing System or the Reactor Vessel
Filtration System (DWCS). The activity level of this water is given in
Table 1.1. [In addition, Reactor Building Decon water or water from

other sources may be processed through SDS as necessary.

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

Specific design features of the system include:

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

advantage of shielding provided by the water in the pool.

-
[

Radioactive gas collection and treatment prior to release.

Liquid leak-off collecticn and treatment.



(]

4, Underwater placement of lon-exchange vessels into a shipping cask

without removal from the spent fuel pool.

5. Use of existing EPICOR-II equipment for polishing of SDS affluent,

as required.

Identification of Radlonuclides and Radicactivity Levels
Hater samples were taken frcm the reactor coolant system and the
contalnment sump, and were analyzed to identify specific radionuclides
and concentrations. Typical results are listed in Table 1.1. The
Reactor Coolant System (RCS) and containment sump specific vadicnuclides
and concentrations are based upon actual sample data taken. The RCS

activity decreases due to radiocactive decay and leakage from the RCS.

However, RCS activity may increase during processing shutdown due to

leaching.

Alternatives Considered

During the early phases of developing a system for the control,
clean-up, and disposition of the contaminated water located in the
containment bullding of TMI-2, several mepthods or alternatives were

evaluated. These alternatives were grouped into two categories:

(1) those with no volume reduction, and

(2) those with volume reduction.



Presented below, are the alternatives considered with a discussion and

conclusion atcut each.

Alternative [: Leave Contaminated Hater in Containment Indefinitely

(No Volume Reduction)

Discussion

A. Containment Sump Water

The sump water contains radionuclide concentrations as
depicted in Table 1.1. The existence of this may cause some
increase in radiological esposure problems during the recovery
program, i.e., increased e«posure to recovery program
personnel, increased contamination levels, and increased

possibility of airborna radicactivity.

The presence of the contaminated sump water would prevent
decontamination of the lower levels of the containment

bullding.

B. Reactor Coolant System Water

The presence of the contaminated water in the reactor ccolant

system would inhibit disassembiy of the reactor and impede

defueling operations.

-3 - 0558%/LC



Conclusion: Alternative [ is not deemed feasible for the following

reasons:

The potential for increased personnel exposure exists. Therefore,

compliance with the principles of ALARA is not possible.

Facility decontamination and defueling operations are seriously

Iinhibited or perhaps prevented.

Continued storage of the contaminated water in the contalnment sump
for Increased periods of time increases the probability that
leakage from the bullding may occur. Leakage of contaminated water
from the reactor bullding sump may threaten the public health and

safety.

Continued storage of the water in the containment building for an
extended period of time is undesirable. The primary isotopes of
concern (Cs-137 and Sr-90) exhibit decay half-lives of
approximately 30 year. Storage in the containment sump for
approximately 300 years would be required for 10 half-life decay.

Maintenance of containment integrity for this Interval of time

cannot be assured.

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

Reduction)

4 - 0564X/LC



Discussion:

12 To safely contaln the contaminated water, the construction of an

on-site liquid radwaste storage facility would be reguired.

2. Addittona) radiation areas on the plant site would be created if a

liquid radwaste storage facility were built.

3. Estimates indicate the ccnstruction of a liguid radwaste storage

facility would require two to three years, at a minimum.
4. A liquid radicactive waste transfer system for the transfer of the
contaminated water from the various locations to the waste storage

complex would be regquirad.

5. Handling and pumping operations may involve leakage and the spread

of contamination.
6. Disposal of the water prior to natural decay is reguired because of
the long radioactive decay half-lives. This alternative is not

representative of an acceptable long-izrm solution.

Conclusion: Based on the above discussion, Alternative Il is not a

feasible method.

Alternative I11: Solidification and Disposal (No Volume Reduztion)

W = 1562X/LC



Discussion:

1. 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 1 55-gallen
drum, 70% avallability, 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 availability of water volume in a
55-gallen drum. The number of drums of solidified waste that would
be generated would exceed 33,000. Handling, transportation and
disposal of this axtremely large quantity of solidified waste would
be prohibitively -xpensive and violate basic principles of

minimizing radiocactive wasta volumes.

4, The handling evolution required to solidify the contaminated water

may involve substantial radiation exposure to perscnnel.

5. The potential for leakage and contamination problems may be
substantial in operating a solidification facility for processing
this contaminated water in this manner.

Conclusion: Based on the above considerations, Alternative III is not

conslidered to be feasible.

B 0564X/LE



Alternative IV: Submerged Demineralizer System (SDS) in the “B" Spent

fuel Pool and EPICOR-II System (Volume Reduction)

Discussion:

The system would be capable of concentrating fission products cn a

medium to effectively remove thcse products from the water.

Processing contaminated water would result in concentrated waste

requiring additional shielding.

The system incorporates remote operablility features.

Design, construction and operation would allcw for relatively short

lead times.

The system would require minimal maintenance.

The SDS Is amenable to location within tne Spent Fuel Pool which

would utilize the shielding capability of the pool water.

Containers of highly loaded ion exchange media arising from
operation of the SDS would not be acceptable at shallow land
disposal sites. The SDS design and selection of ion exchange media
allows volumes of such highly loaded media to be minimizes 1o
permit interim storage and probable ultimate disposal in 2
geolegical repository. It is believed that the EPICCR-II tiners,
generated as a result of polishing the SDS effluent, will be
suftable for shallow land disposal tecause of their low curie
content.

il



3. The EPICOR-II system, used in conjunction with SDS, will provide

the capability to remove trace guantities of radionuclides frca the

S0S effluent.

Conclusion: Based on the above considerations, Alternative IV is an

acceptable method for secontamination.

Alternative Y: Evaporation (Volume Reduction)

Discussion
). Evaporation would require the design and construciion of a new
facility.

2. Due to the nature of the contaminated water to be processed th2
design of the facility would be complex to aliow for maintenance of
the processing system and personnel radiological protecticn. The

construction of the facility may require at least four years.

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

chemical contaminants.

Conclusion: Evaporation i5 an acceptable altermative for processing the
contaminated waste waters. Based on the long construction time of the
facility and inherent potential for higher occupational esxposure due to
increased maintenance rvequirements, this alternative is iess desiranle

than Alternative [V, Submerged Deminaralizer System (SDS) couplzd with

the EPICUR Il system.



1.4 Description of the Decontamination Process

1.4.1

General

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

based on the consideraticns that volume reduction:

1 firzes the contaminants
2 concentrates the activity

3. minimizes storage and disposal space

Of the volume reduction cateqory, the Submerged Cemineralizer
system (SDS) in conjunction with EPICOR II 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, i.e.,

gecontamination factors up to 10", or higher.

J% Amenable to placement under water to take advantage of

shielding properties of the water

s 0564X/LE



1.4,2

4., Abllity to implement water processing in a timely fashion

for support of the overall cbjective of fuel removal.

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

water and final process polishing (EPICOR-II)

The SDS with EPICOR II is an fon-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 prior to placement in
the Processed Water Storage Tanks, or usage for continued

decontamination or makeup to the RCS.

S0S Operating Description

Figure 1.1 shcws a block diagram of the process flow of the
Submerged Demineralizer System (SDS) with the EPICOR II
System. Radioactlive water enters the SDS 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-e«change system to
determine radlonuclide content and concentrations of the water

to be processed.

-
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The first part of the SDS ion-exchange system consists of up

to six underwater vessels (24 1/2 tn. « 54 1/2 in.). Each
vessel contains approximately 8 cubic feet of homcgenecusly
mixed IE-96 and LINDE-A zeolite ion exchange media. Zeolite
media volumes and mixtures may be changed to reflect different
processing scemarios (The resin mik is specifiea by
Radlochemical Engineering on the form included in

0P 4215-0P5-3527.16). Inlet, outlet. and vent connections are
made with remotely operated couplings. The vessals are
arranged in two parallel trains with three columns in each
train. Flow may be directed through one train of three
vessels or through both trains in parallel. (oading of the
vassels will be controlied by feed batch size, resicence time,
influent and effluent sample analysis, anc continuous

monitoring.
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The second part of the SDS lon exchange system consi

paraliel sand filter vessels located underwater and

immediately downstream of the zeolite begs. These sand
filters will contain a mixture of sand and are intended to

. remove system effluent particulates, primarily zeclite fines.

The columns are intended to be operated singly.

Present SDS operations are envisioned to provide for
radionuclide loading of the zeolite media to a mas«imum of

60,000 Ci of ""*Cs and ''’Cs at the time of shipping.



This loading level 15 based on restrictions imposed based on
the shielding provided by the Chem-Nuclear 1-13C Il shipping
cask. From the polint of view of minimizing waste volume
generation it is desirable to load the zeolites to these

higner levels.

When the desired bed loading {s achleved on the first bed of
the train, the feed flow to the train will pe stopped, the bed
will be flushed with clean water, and the first bed will be
dlsconnected and moved to the storage rack in the spent fuel
pool using the poo! area crane. The second and third beds
will be disconnected, moved to the first and second positicns,
respectively. A new jon eschanger vessel i5 then installed in
the third position. Following installaticn of the new
fon-exchanger, the treatment of the contaminated water will
recommence. This operational concept, which is the currently
intended mode of operation, has eliminated the potentlal for
valving errors and also minimizes the possibility of an
unexpected radlionuclide "breakthrough™ which could
recontaminate the water already processed. Thils mode of

operation may change If the processing scemaric changes.

Additlonally scme processing operations will require fewar
than three (3) ion exchange units per train to achieve desired
decontamination factors. in these cases jumpers will he

installed to bypass the unused positions.



When the SDS is processing contaminated sump water, the
effluent from the "cation” sand fllters can be seat to
EPICOR-II for polishing. HWhen processing reactor coolant the
effluent may be routed to installed tankage for |njectfon back
into the Reactor Cocolant System as a source of makeup or to
EPICOR for polishing. The spent ion-exchangers and filters of
505 will be retained under water in the sgent fuel pool until
removed. To transport spent icn-exchangers, they will be bulk
dewatered, vacuum dewatered, and cataiyst reccmoiner added.
and loaded into shielded casks while under water and removed
from the spent fucl pool. Following decontamination of the
cask surface, the cask can then be loaded cnto a trailer for

transportation.



[s0tope
Sampling

H3

Typical Results of Analysis from
the Reactor Coolant System Water and
the Contalnment Sump Water

Radionuclide Concentrat!

(uCt/ml)
Reactor
Coolant
System

Pate (h/R5)

.07

ans

RB Sump
Decon

(7/33)

3193 ppm

240 ppm




Chapter 2

Summary of Health and Environmental Effects

Occupational Radiation Exposure During Routine Operation

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

design,

0 Shielding has been designed to limtt whole bcdy dose rates in
operating areas to less than | mRem/hr. The filters and
fon-exchangers are located approx‘mately 16 feet underwater for
shielding. Components and piping carrying high activity water not
contained underwater in the fuel pool have been provided with

shielding to maintain external dose rates to acceptable levels.
[} Controls and instrumentation are located In low radiation areas.
o} 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

radioacti ity releases in the work areas and to the envircnment.

Additional design and operaticonal ALARA features are given in Secticn 6.

15 - 1564 /LC
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The octcupaticnal exposure for the EPICOR-II system was assiessed in
NUREG-0591. The occupationa! radlation exposure for the £PICOR-11
system will be lcwer for the processing of the éffluen{ from the SDS
than previously processad by EPICOR-II since the influent activity to
the EPICOR-1I from the SDS has been substantially reduced oy processing

the radioactively contaminated water through the SOS.
2l Exposure Planning

Several activities will be implemented crior to and shortly
after, the SOS start up to assure occupational esposures are

minimized. These activities include:

(] Review cf cperating, maintenance and survelllance
procedures to assure precautions and prereguisites are

adequate.

o Review of the instalied system to identify potential
problems during operation and the implementation of

corrective actlions.

] Operational evaluations during preoperational testing and
system training will be performed to update exposure

estimates.

o Determination of radiation dose rates during normal

operations and maintenance evolutions will be performed.



2.2

2.3

Ay these raviews are ccmpleted, operating and survelllance freguencies
can be established; total occupational ewposures can be updated for the
varlous activities during SDS cperation. This exercise wil1 permit
review of those activities estimated to yleld the highest man-rem
ependiture. Pre-e<amination to assure that every reascnable effort is
cipended to minimize personnel exposure may include the fol'~wing

considerations:

(v} Reduction of the frequency of cperaticn
0 Temporary or additional shielding

0 Tool modifications

0 Procedure modification

0 Personnel training to reduce work time

0 Component modifications
Exposures to the Public During Routine Operation of the SDS and EPICOR-II

Refer to Chapter 6 for information on exposures to the public from

routine operation of the SDS and EPICOR-II processing.

Evaluation of Unexpected Occurrences

The radiological assessment of unexpected occurrences includes the
analysis of five hypothetical accidents that are postulated to occur

during operation of the system.

o b 0564%/LC



The first accident §s an inadvertent pumping of RCS water into the fuel
storage pool untll a total of 225 gallons of radicactive water is
released to the pool. No exposures occur to the public since the
contaminated water is contained in the pcol. The maximum e«posure rate
at a distance of six feet above the pcol surface is estimated to be 4.2
mR/hour. Since the release of water occurs underwater, no significant
internal exposures are expected for workers., The primary lmpact 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 1s ruptured and RCS
water is sprayed into the building and fuel storage pool. [t is
possible that workers could be contaminated, however, promnot
implementation of emergency procedures would minimize radiation
ewposures. The radiocactive materials would be contained within the
building except small amounts of radionuclides that would become
alrborne and subsequently be released through the monitored station
discharge. This airborne radionuclide release would not result in

siynificant exposures to the public. (Refer to Secticn 7.2)

The third hypothetical accident evaluated considers the inadvertent
raising of a loaded prefilter above the pool 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 period. (Refer to Secticn 7.3)

- 18 - 0564x/LC




The fourth hypothetical accident evaluated considers the inadvertent
ralsing of a loaded zeclite icn eschanger above the ocol 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 final hypothetical accident considers the inagvertent drop of the
SDS shipping cask containing a loaded zeollite lon eschanger. The SDS
shipping cask ic assumed to be dropped from the masimum height 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 15 approximately 340 Rem/hr and assumes rupture of both the
cask and the vessel. The small amounts of radionuclides assumed to
become airborne would not result in significant 2xposures to the

public. Also there would not be a significant effect from direct
radiation exposure to the public. (Refer to Section 7.5) Evaluation of

additional unexpected occurrences is covered in Appendix 2 to this TER.

The evaluation of unexpected cccurrences for the EPICOR-II system was
analyzed in NUREG-0591. The potential releases from processing SDS
effluent water will be significantly lower because of the lower
concentration of water be!nj processed through EPICOR-II frcm the SDS.

(See Table 3.1)

19 - 564X/ LC



2.4

Industrial Health and Safety

2.4.

2.4.

(]

Publlic Safety

Operation of the Submerged Demineralizer System poses no risk
from an industrial safety standpoint to the general public for

the follcwing reascns:

1. Lifting and handling activities described take place

within the TMI complex.

L]

Hazardous chemical species, flammanle or e«plosive
substances, heavy industrial processes. and concentrated
manufacturing activities are not Involved in the

installation or operation of the SD3.

3. No toxic substances are used in the SDS.

Occupational Safety

During the operation of the SDS, operating perscnnel will
adhere to station requirements for occupational safety.
Structural equipment and cperating equipment used shall meet
Occupational Safety and Health Administration requirements as
dppl}:able. Personnel protective equipment that would be
required for the operation of the SDS will be utilized in

accordance with standard station procedures.

L3
=
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2.5

2.6

Non-Radiological Environmental Effects

Adverse environmental effects from the construction and cperation of the
SDS are not anticipated. The system will be installed and operated in
an exlsting, on-site facility and thus will not require any change in
land-use. Additionally, the system Is designed in such a manner as to
allow zero discharge of ligquid effluents to receiving waters. The final
disposition of the processed water #1111 be determined at a later date.
Solid wastas (spent lon-exchangers, etc.) generated by the SDS will be

stored and held until Final disposal s accomplished.

Ultimate Waste Disposition

Radiocactive material generated as a result of the accldent at TMI is
currently restricted to disposal at the commercial disposal site
operated by U.S. Ecology at Hanford, Washington. SDS vessels meeting
the criteria for disposal at this site will be disposed of by shallow
land burial at this location. SODS vessels not meeting the Hanford Site
criterfa will be classified as abnormal waste and disposed of by the
Department of Energy fn accordance with the Memorandum of Understanding
dated July 15, 1981, between the Nuclear Regulatory Commission and the
Department of Energy dealing with the disposition of solid nuclear waste

from the cleanup of TMI Unit 2.

<21 - 0564X/LC



Chapter 3

Process Description

3.1 Introduction

A combined filtration-ion exchange process has teen selected as the
method for treating radicactive water contained in the reactor ccolant
system and containment building. The Filter ion-exchange method has
been used successfully to reduce guantities of radionuclides in the
process effluent to levels that are in compliance with 10 CFR 20 ang 10

CFR 50.

Furthermore, experiments conducted at CRNL, documented in ORNL report
TM-7348, provide evidence that SDS processing, followed by EPICOR-II

polishing, should provide an effective method for water decontamination.

The inttial processing of the waste water is filtraticn for the removal
of solids to optimize the subsequent ion-exchange process. Filtration
is believed to be necessary to protect the zeolite beds from

particulates in the sump and RCS water.

After filtration, radicactive ion removal from the waste water involves
the use of lon-exchange materials. The two or three icn-eschange
columns (per train) contain homogeneously mixed inorganic zeolite

material which effectively removes essentially all of the cesium and



3.2

much of the strontium. Other trace levels of radionuclides are also
partially removed by the zeolite media. The radloactivity content in
the effluent stream of each bed 15 used to determine when the bed |5

expended and replacad,

Final demineralization of the contaminated sump water and selected
batches of ACS 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.
lon-E<change Concepts

Icn-exchangers are solid inorganic and organic materials containing
exchangeable cations or anicns. Hhen solutions containing icnic specles
are in contact with the resin, a stoichicmetrically equivalent amount of
fons are e«changed. As an example, an ion-exchanger in tne sodium

{(Na*) form will “soften" water by an icn-exchange process. Hard water
ccntaining CaCl, is "softened” by this e<change mechanism which

removes the Ca®" ions from solution and replaces them with Na®

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

Ha" lons from the solid zeollte material.

Characteristic properties of fon exchangers involve micro-structural
features contained in a framework held tcgether by chemical bonds and/or
lattice energy. Either a positive or negative electric surplus charge
is carried aitﬁin this framework which must be compensated for by ions

of opposite sign. Because the exchange of fons is a diffusion process
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within the structural framework, it does not conform to normal chemical
reaction kinetics. The preference of lon-e«changers for a particular
specle |s due to electrostatic interactlons between the charged

framework and the e«changing lons which vary in size and charge number.

The decontamination factor (DF) is the ratio of the concentraticn in the
Influent stream to that in the effluent stream and 15 used for
determining the efficlency of a purification process for radicnuclide

removal .

The following equation is a qualitative expression for the removal of a

single fonic specie from solution.

Off=r oo s e
1 - KnQEw
C.v
where: Q = Total exchange capacity (meq/ml wet resin)
n = Fraction of Q used
E. = Equivalent weight of the nuclide under consideration
C, = Nucllde concentration (welght/volume)
V =« Feed throughput (number of ion-exchange bed volumes)

K = Unit conversion constant

Important variables which are considered as part of the evaluation of
lon-exchangers for decontamination are fon exchange wmedia type, selectivity
and capacity, concentration of the species 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 temperatures are
specified for the fon-exchange beds in order to macimize removal of the

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

o The flow rate to provide an acceptable residence .time for icn diffusion

and exchange to occur.

) The cross-sectional area of the ion-2xchange media to provice an

acceptable linear velocity through the bed.

3 The bed depth to result in an acceptable pressure drop.

(4) A uniform flow ..strivution and a uniform media aistribution to reduce

the potential for channeling.

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

drops.

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

transportation, and storage regulations.

(7) The cation form and the amount of fon-exchange media Impurities to
maximize removal of specific nuclides.

3.3 Ion-Exchange Materlals
The ion-exchanger media selectad for use in this processing system are
an inorganic zeolite material that 15 commercially available and known

as lon Siv IE-96 (Na° form of 1£-95), and LINDE-A, to be used for SDS

ind cation and anion resins to be used in EPICOR II.

0563x/LC



Zeolites are aluminosilicates with framework structures enclosing large
and uniform cavities. Because of their narrow, rigid, and uniform pore
size, they can also act as "molecular sieves” to sorb small molecules.

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

framework .

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

reqard to fon eschange media to ba emploved, the NAC will be notified.

Organic lon exchange resins are typically gels and are classified as
cross-linked polyelectrolytes. Their framework, or matric, consists of
an frreqular, macromolecular, three-dimensional network of hydrocarpon
chains. In cation exchangars, the matrix carrias lonic groups such as
S03. CO0™, (PO;);, and in anion e<changers groups such as

HH3, Na®, H® are carried. The framework of the organic resins,

in contrast to that of the zeolites, Is a flexible random network which
is elastic, can be expanded, and Is made insolubla by introduction of
cross-links 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 lon exchange process involves the
stoichiometric exchange of ions batween the exchanger and the solution
while electrical neutrality Is maintained, the rate determining step i3

controlled by the interdiffusion of lons within the framework of the
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3.4

jon-exchanger. Since the rate of ion eschange 15 determined by

diffusion processes, rate laws are derived by applying well-known
diffusion equations to fon-exchange systems. However, complications
arise from diffusion-induced electric forces, from selectively specific
interactions, and changes In swelling such that rate laws are applicable
for only a few limited cases. Experimental efforts have been conducted
at the Savannah River Laboratory to investigate the kinetics of cesium
and strontium fon-asxchange with the zeolite pechanger. Cesium was
absorbed 30 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 Criteria

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

system. The performance of an ion exchange system |5 controlled by the
physical and chemical properties of the exchange material as well as by
the operating conditions specified in Section 3.2. The important

criteria which were used 'n the ion exchanger selection process Included:

(1) Exchange capacity
(2) Swellling equilibrium
(3) Degree of crosslinking

(4) Resin particle size

rs
~4
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(5) Ionic selectivity
(6) Ion-exchange kinatics
(7) Chemical, radiolytic and physicai stabiiity

(8) Previous demonstrated performance (EPICOR-ID)

Experimental studies with reactor coolant water have been conducted to
support and verify the selection of these ion-exchangers; refer to CRAL
TM-7448. Further, onsite studies have been performed to support and
verify selection of the ion-exchange media. The dacontamination factors
for the major contaminants were meatured using a number of candidate ion
exchangers including the organic rasins, HCR-5 and SER-GH, anc the
zeolite [ON SIV [E-56 and LINODE-A. The results indicatea the most
favorable type of ion eschange media to be used in the cleanup process
were the avallable cation-anion resins in combination with the zeolite

exchanger.

Furthermore, as a result of processing in excess of 2,000,000 galions of
radicactively contaminated water from the Auxiliary Building, Reactor
Building and RCS, we are confident that the SDS. with EPICOR-1I usecd as
a polishing system for treatment of SDS effluent, will continue to
provide an effective means to decontaminate the contaminated waters.
EPICOR-1I resin loadings may be altered to improve polishing

effectiveness, If required.
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3.5

3.6

Predicted Performance of lon-Exchangers
The concentrations of radionuclides in samples of water from the Reactor
Coolant System have been measured. Those radionuclides still detectable
in June, 1984 include S5r-90, Cs-134, Cs-137, and Sb-125. The expected
performance of the SDS ion-cxchangers, and the EPICOR-II ion exchangers
I5s shown In Table 3.2. The concentrations of strontium and cesium are
expected to be significantly reduced by processing through the SDS and
EPICOR-I1 system. Table 3,1 is included to provide historical data on

Reactor Bullding Sump water processing,

Antimony i5 expacted to pass through the SDS ion exchangers and will end
up as the predominant gamma emitter in the sclution entering the
EPICOR-1I system. The Concentration of Sb-125 in the containment

building sump sample 1s approximataiy 0.01) microcuries per milliliter.

Honitoring of Ion Exchangers

Methods which may be used to monitor the effectiveness of the ion
exchangers include 1iquid sampling and in-1ine 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 concentrations® in SDS process streams
after 200 bed volumes through eacn zeolite bed
(Based on continuous flow through four zeolite columns)

Historical - RB Sump Processing

Effluent concentrations, * uCi/ml.

Zeolite columns Effluent
Huclide Feed Filter First Second Third Fourth EPICOR-11
Ve 0.83 0.88 0.88 0.88 0.88 0.88 0.88%
b B ] b 2E-5 2E-5 2E-5 2E-5 2.3t 6
90, 5.02 5.02 2.5 1.0E-1 B8.5E-3 5E-3 <1.0E-5
106 . b o 4.0E-4 4.0E-4 4.0E-4 4.0E-4 1E-6
125¢s b b 1,1E-2 1. 1E-2 1.1E-2 1.1E-2 3.4E-7
134, 1.3G9E+1 1.39E+1 1.7€+0 1.1E-3 1.1E-4 1.1E-4 2E-8
137, 1.23E+2 1.23E+2 1.5E+1 1.0E-3 1.0E-3 1.0E-3 2E-7
144,. b b 4.0E-4 4.0E-4 4.0E-4 4.0E-4 1£-6

* In wCi/m)l as of February 1982 based on actual samples
“ Not guantifiable by gamma spectroscopy due to overall sample activities.

LT




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

RCS Processing

_ Effiuent concentraticns, ° uCt/ml

__feolite columns

Sand Filter

<2E-4
3.0e-3
<1.7E-3
0.15
<1.2E-4
«1.6E-

Nuclide feed Filter First Secand
*0Co <2.0E-3 2.2E-3 1.2E-3 <1.6E-8
0., 3.4 3.1 0.084 2.8E-3
106, 2.3e-2 <2E-2 <5.2E-3 <1.5€-3
125<, 0.16 0.15 0.15 0.14

134, 0.025 0.023 1.2E-3 <] 1E-4
137, 0.56 0.51 3.0E-2 <1.7E-4
144, <1.2E-2 <1.28-2 «4.5E-3 <1.8E-3

*"In uCi/mi as of June 1984 based on actual samples
" Not quantifiable by gamma spectroscopy due to overall sample activities.

- 31 - 0564X/LC

2
<2.0E-3



Chapter 4
Submerqged Demineralizer System Design Basis
Introduction

The Submerged Demineralization System (50S) Is an underwater
lon-exchange system which has been specifically designed to process
higher-level waste waters®, with inherent system features for reducticn
of occupational and environmental exposures The SDS 1§ submerged In
the spent fual pool (1) to provide shielding during operation, (2) to
permit access to the system during deminerallzer changeout, (3) to
minimize the hazard from potential accidents, and (4) to utilize an
existing Seismic Category I facility. In conjunction with the SDS, the
EPICOR-II system may be used to provide final polishing of the SDS

effluent water for removal of trace gquantities of radionuc!ides.
Design features for SDS Include:

1. A prefilter and final filter in series, foilowed by two parallel
trains of 2 or 3 zeolite ton-exchangers in series. These
lon-exchangers are followed by two "cation" sand filters in
parallel fofloaed by the EPICOR-II equipment. This combination of
filters and ion-exchangers achiaves 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 uCi/mi.
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2. Series operation logic that allows for sequencing the
demineralization units to prevent activity breakthrough in the
final zeolite bed and maximize activity loading on spent beds to

accomplish the best possible activity concentration.

The design objectives are as follows:

a. A totally integrated system that is as independent as possible from
existing waste systems at the Three Mile Island plant. The SDS is

a temporary system for the recovery of TH[-2.

b A system that has the capability to reduce the fission product
concentration in the contaminated water and has cptional
capabilities for removing chemical contaminants to permit future

disposition of the concentrated waste form.

Gy 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 listed above in a

timely and cost effective manner.

e. A system that incorporates known and demonstrated processing

equipment, materials and techniques. (EPICOR-1D)
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4.2

Components of the SD5 Waste Processing System

The SDS is comprised of the following ccmponents, all of which wiil te
located in the Unit 2 B fuel pool, or In the near vicinity of the & fuel

pral. (See Figure 5.6, General Layout Plan.)

1. Feed filtering system:

75 iwo parallel ign exchange trains, each comprised of two or three

10-cubic-foot vessels loaded with 8 cubic-feet (nominal) of

homogenecusly mixed 1E-96 and LINDE-A zeolilte esxchange megia;

3. Two parallel “cation™ sand filters containing graded sang filter

media;

4. A monitoring and sampling system for control of demineralizer unit

loading;

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

radiation shielding for piping, valves, sampling, and monitering

systems;

6. Two monitoring tanks for collecting treated water.

7. An off-gas system for treating and filtering gases and vent alr

from the system;
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4.3

8. A Liner Recombiner and Vacuum Outgassing System (LRYOS) designed to
eliminate the potential of a compustible hydrogen and oxygen

mixture existing in the SOS liners.

9. ssoclated piping, valuing, and structural supports reguired for

placement of system components;

10. Auxiliary systems including underwater ign-eschange column storage,

a dewatering system, and analytical equipment;

11. Vent system to allow for venting of stored vessels.

The EPICOR-II system is dounstream of the SDS process flow stream for

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

exchange media of the S0S.

Submerged Demineralizer System Design Criteria

4.3.1 Design Basis
Regulatory guluance {ollowed during the design of the
Submerged Demineralization System was extracted from the
following documents:

o U.5. Nuclear Regulatory Guide 1,140 dated March, 1978

0 U.5. Nuclear Regulatory Guide 1.143 dated July, 1978
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4.1.3

o U.S. Nuclear Requlatory Guide 8.3, dated June, 1978

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

[¢] U.S. Nuclear Regulatory Guide 1.21 Ravision I, June 1974

a Code of Federal Regulations, 10 CFR 20, Standard for

Protection Against Radiation

0 Code of Federal Requlations, 10 CFR 50, Licensing of

Production and Utilization Factlities.

Process

The design shall provide for operations and maintenance in
such a manner as to maintain esxposures to plant personnel to
levels which are "as low as 15 reasonably achievable", in

accordance with Regulatory Guide 8.8.

Performance

The isotopic Inventory for the water to be processed is
summarized in Table 1.1. The SDS followed by the EPICOR-II
systems is designed and cperated such as to reduce the average
isotopic 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

4.3.5

4.3.6

Flow Rate - 5 to 30 GPM (up to 15 GPM per train). The systea

will have the ability to ogerate continuously, (sublect to
v ¥

pericdic maintenance shutdown).

Performance and Design Requirements

The following system requiremants have bean incorparated into

the design of the SDS.

Leak Protecticn and Containment
Shielding (Beta, Gamma)

Ventilation

Functional Design and Maintainability
Criticality Concerns

Decontamination - Decommissicning

Piping System (piping, valves and pumps)

ra

The mechanical and structural design criteria anc
fabrication of piping systems and piping components are
specified in ANSI B31.1, 1977 Edition with Addendum
through Winter 1978 or ANSI 831.1; 1980 for components

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

Piping system design shall be based cn a maximum of 150

psi at 100°F.
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3. Piping runs aré generally designed to permit water

flushing.

4. Instrument conrections to piping systems are locateo to
provide clearance for attachment, operation and

malntenance.

4.3.7 Vessels and lanks
1. The mechanical and structural design criteria and
faprication of vessels and tanks will be in accordance

wWith the requirements of tho ASME 8oiler and Pressure
Vessel Code, Section VIII, Divisicon 1, 1977, Addendum

through Hinter 73.

2. The vessels shall be of two types:

a. Primary lon-s«changers shall contain approsimately
efght (8) cubic feet of zeolite ion e«change media
for the purpose of removing cesium and strontium
from the waste water. Should our processing
scenario be changed it may be necessary tc alter the
volume of the zeolite media. Should changes occur,

the NRC will be informed.
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b. Influent and “cation” sand filter units are planned
to contain cartridge type filter assembliss or sand
capable of removing particies greater than
approsimately 10 microns. S05 effluent filter
capability has been provided to incorporate the
capability to filter out fon-g«change media fines

from the process stream should fines carryover cccur.

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

within the spent fuel pool.

4. The lon-e«changers shall be designed for 15 GPM ncminal
process rate, filters shall be designed for 50 GPM nominai;
volume velocity through the loaded ' n-e«changers shall be

limited to prevent channeling or breakthrough,

5. Pressure loss through the ton-exchangers should not esceed 15

ps! when operating at 5 GPM with clean resins.

6. The lon-exchangers shall be equipped with a 1ifting
arrangement compatible with the spent fuel pool crane to

permit movement of the vessels in tha pool.

r The 10-cublc-foot vessels will be equipped with all required
nozzles, including inlet, outlet, vent connections, and fill

and sluicing connections.




required for media dist-ibution, dewatertng, ang

9. Dasign Condition

a. The 10-cubic-foot vessels will g2 comgatisle

piping design ccnditions of 150 psig at 100
vessel design conditions for centinucuys opera

Each lon-eschanger <hall be equipped with al ntérna

pe, at least, equivalent to the piging design

b. The following additional design conditions

imposed:

Q Qverall Helght 58 V/2 inches

) Overail Diameter 24 1/2 inches

0 Materials Stainless Steel

o Height will have negative

10. Testing

The vessels shall be hydrostatically tested at 1.

design pressure per ASME Section VIII

N
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4.3.3

4.3,

4.3.

9

10

Shielding Design

The shielding shall be designed to redu levels resulting

from the SDS to less than ImR/hr, general areg The shielding
for the EPICOR-II equipment |5 adequate for the processing of
the 505 effluent because the SDS affluant water activity wil

be lower than the activity level of the water for which

EPICOR-II shielding was originally designeag

Leakage

To minimize the gperatignal impact of activity that can

potentially ieak from bad procass

50S vessels are contained in secondary contalnment

enclosures. Pool water is continuously drawn through these
erclosures and passed thrcugh separate ion exchangers (Leakage
containment). This design prevents the pool water from
eventually attaining high level concentraticns of

¥

radfonuclides. Monitoring of potontial leakage i3

accomplished through the establis<feu SDS Sampling System.

Bullding and Auxiliary Service Interfaces

The SDS has been designed to meet the following building

Iinterface requirements




(V]

All ccmponents of the SDS located in the Fuel Handling
Bullding do not exceed the normal load capacities of the
cranes in this area. The Fuel Handling Pullding
ausiliary and main cranes have capacities of 15 tons and

110 tons, respectivaly.

The SOS will operate in the ambient condlitions of the
Fuel Handling Building as suppiied by the building
heating, ventilating and air conditioning system, and

1ighting system.

Auxiliary services supplied to the 505 are from the
Demineralizer Hater, Electrical Distribution, Instrument

Alr and Service Air Systems.
During installation of the system, no equipment was
permanently attached to the fuel pool liner and no

penetrations were made in the fuel poo! liner.

Structural suppcrt for the system will be designed to

" take the dynamic and static loads associated with the

normal operaticn of the system.
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4.3.11. Controls and Instrumentation

4.3.11.1

General System Qescription

The control and instrumentaticn systems shall be
designed to control and monitor the various normal
process functions throughout the system and will

permit a safe, orderly shutdown of the system.

The controls and instrumentation systems will enable
the operators to perform the designated functions

efficiently and safely.

Hhere portions of the process must be operatea
remotely, sufficient instrumentation shall be
included to assure safe operation and permit
analysis of a process upset or remote detection of

equipment malfunction.

Control and instrumentation systems shall be
categorized as: (1) controls and instrumentation
systems essentfal for the maintenance of process
fluid confinement, and (2) process controls
instrumentation systems essentlal for the

determination of process operating parameters.



Radiation monitoring and surveillance

instrumentation essential for the protection of
cperating personnel, the public and the environment

is provided.

4.3.11.2 Performance and Jesign Requirements

Remote controis and instrumentation snall have

provisicns for remote connecticn of electrical leads.

Alarms and/or indicators are provided for adeguate

surveillance of process operation.

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

for the construction of the process equipment.

Electrical wiring shall be designed in such a manner

as to minimize noise and spurious signals.

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

Society of America (ISA).

Radiation monitors shall be provided for the
detecticn of gamma radiation. In-line radiation
monitors were installed to monitor beta radiation,
however to date have not been uted or maintaimed,
nor are thay planned to be
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7. Specific instruments shall be designated to function
in a fall-safe mode and will alert to a fallure

condition.
System Cperational Concepts

The following is a summary operation 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, 15 based on the following

steps:

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

utilize a homogeneous mixture of zeolite media.
2.  Hater will be introduced to fil! and vent the lon-exchange units.

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

Unit 2 spent fuel pool and placed in the containment enclosures.

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

fon-exchange units.

5. The ion-exchange system isolation valves will be opened and
treatment of the contaminated waste stroam wlll begin at low flow
rates until] system integrity and acceptable out water gquality are
verified.
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The flow rate to the ion-exchange units will be increased on a

gradual basis until the desired operational flow rate Is achieved.

When the first ion-exchange bed becomes depleted, the unit will be
flushed with processed water to ensure that radioactive waste water
in the system piping is purged prior to disconnecting the quick

disconnects on the demineralizer unit.

The fon-exchange unit will be decoupled remotely via the use of
quick disconnects and will be stored in the spent fuel pool.

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

After the first fon-exchange unit has been removed, the second fion
exchange unit will be placed into the position of the first unit,
and the third ion exchange unit will be moved to the second
position. A new lon-exchange unit will be installed in the third
position. [In some instances fewer than three (3) ion-exchange
units will be required to achieve the desired decontamination
factors. In these cases, jumpers will pe installed to bypass the

unused positions.
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Chapter S

System Description and Arrangement

5.1 Demineralfizer System

Sl

Influent Hater Filtration

A flow diagram of the waste water influant system is shown in
Fig. 5.1. Contaminated water is pumpec into the SOS froa the
containment sump, the RCS, the fuel transfer canal, or
liguidwaste (HDL) tanks. The containment sump wili employ the

presently Instalied SWS-P-1 pump (jet pump).

Two fllters have been installed to filtar out solids in the
untreated contaminated water before the water is processed by
the fon-eschangers. These filters will be either cartricge or
sand type. The cartridge filter elements are protected by
3/16 inch perforated metal plate serving as a roughing

screen. The prefilter has 125 micron filter cartridges to
remove debris and suspended solids from the contaminated
water. The design of the final filter is similar to the
prefilter except that the filter cartridge s designad for
vemoval of zuspended solids of greater than 12 microns in size
from the contaminated water. The two sand filters are loaded
in layers The first layer is 200 pounds of O.35 mm sand ang

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



glass with a normal Boron content of 221 |5 added uniformly
through the sand to pravent potential criticality. The flow
capacity through each filter is 50 gpm. Reverse flow through
filters 15 prevented by a check valve in the supply line to

each filter.

Eacn filter is housed in a containment enclosure to enable
leakage detection and confinement of potential leakage. The
filters are submerged in the spent fuel pcol for shielding

considerations.

Influent waste water may be sampled from a shieldeg sample box
located above the water level to datermine tha activity of

contaminated water prior to and follcwing filtration.

Inlet, outlet, and vent connections on the filters are made
with quick disconnect valved couplings which are remotely
operated from the top of the pool. Inlet-outlet pressure
gauges are previded to monitor and contrel solids loading.
Load limits for the filters are based on filter differential
prassure, filter influent and effluent sampling, and/or the
surface dose limit for the filter vessel. A Flush line is
attachad to the filter inlet to provide a source of water for

flushing the filters prior to removal.

i3 - LT T E



Ton Exchanger Units

A flow diagram of the ion exchange manifold and primary
fon-exchange columns is shown in Fig. 5.2. This system
consists of six underwater columns (24 1/2 in. x 54 1/2 in.),
each containing eight cublc feet of homegenecusly mixed Ion
Siv IE-96 and LINDE-A zeolite media and two underwater columns
containing sand filter media. The six zeolite peds are
divided into two trains each containing three beds (A, B, C,)
with piping and valves provided to operate elther train

individually or both trains in parallel.

The effluent from the first parallel train of three zeolite
beds flows through elther of the “cation" sand filters.
Jumpers are provided to permit fewer than four (4) vessel per
train operation. An in-line radiation 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 is located above the pcol, Inside a
shielded enclosure that contains a built-in sump to collect
leakage that might occur. Any such leakage is routed back to
the RCS manifold. A line connects to the inlet of each
primary exchanger to provide water for flushing the exchangers
when they are loaded. Radionuclide loading of ien exchange
vessels is determined by analyzing the influent and effluent
from each exchanger. Process water flow ts measured by

Instruments placed in the line to each lon-exchange train.
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5.1.4

When processing contatnment sump water, effluent from the SDS
is directed to the EPICOR-II polishing unit, if desired. When
the SDS is to be utilized to process.reactor coolant, the
effluent can be valved into the RCS clean-up manifold then
back into the Reactor Coolant System wia installed tankage,

bypassing EPICOR-II.
Leakage Detection and Processing

Each submerged vessel is located Inside a secondary

containment box that contains spent fuel pool water. During

a

. This 1ia

(s

operation the secondary centainment lig ts5 closee
is slotted to permit a calculated quantity of pool water to
flow past the vessels and connectors. Pcol water from the
containment boxes i5 continuously monitored to detect leakage
and is circulated by a pump through one of the two leakage
containment ion-exchangers (See Figura 5.2). Any leakage
which occurs during routine connection and disconnection of
the quick-disconnects will be captured by the containment
bores, diluted by pool water, and treated by ion-exchange

before being returned to the pool.

EPICOR-11
EPICOR-11 (Figure 5.3) can provide final treatment of water
after the water is processed through the SDS. When processing
contalnment sump water, the processing plan is to polish with

EPICOR-11. When processing RCS water, EPICOR I! may te used
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5.1.6

as necessary to remove Antimony 125 bafore being returned to
RCS (prior chemical adjustment will te required). EPICOR-II
consists of filters, ion-exchangers and receiver tanks. The
purpose of EPICOR-II is to remove trace fission products tney
may be present in the wat'r. The EPICOR-II safety assessment

is provided in NUREG-CS591.

Effluent from the SDS ion-exchanger can flow Into 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. Each
monitor tank is equipped with a sparger and tank level
indicators that will automatically shut the inlet to the tank
should a nigh level condition exist. Wate. 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.
0ff-Gas_and Liquid Separation System

An off;gas and liquid separation system collects gaseous and
liquid wastes resulting from the operition ¢© the water
treatwent system. The off-gas system 15 illustrated In Figure
5.5. Gasacus effluent lines from the fon e«change vessels,
sampling glove boxes and shielded valving manifolds are
connected to the off-gas system. Gaseous effluent is passed
through a mist aliminator in the off-gas separator tank before
being treated by an electric off-gas heater to raduca the

= a1 s 05644/1L.C
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off-gas relative humidity to 70%. A roughing filter and two
HEPA filters are provided for further tra2atment. 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 Fuel Handling Bullding HVAC system. Mofsture
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 eliminator
separates molsture from effluent gas prior to the 3as 2ntering
the off-gas treatment system. The tank is located in the
surge pit and is covered with a concrete anuy leag shield. The
level in the tank will be indicated and contrallad manualiy to
return collected water to the RCS manifold for reprocessing.
Offgassing of the RCBT's during processing of tne RCS to the
RCBT's is handled by established station procedures involving
the Haste Gas Decay Tanks. Discharge from thase 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 anmalysis of radionuclides and other
contaminants. The piping entering the glove boxes contains cylinders
that permit draining a predetermined amount of sumgie into a collection
bottle. Cylinders are purged by positioning valves to permit the water
to flow tnrough them and return to a waste drain header and into the
off-gas separator tank. A water line connects to the inlet of the
sample cylinders to allcw the 1ine to be flushed after 1 sample has been

taken,



Sampling System
Sampling of the SDS process to monitor uérformance is
accomplished from three shielded sampling glove boxes. One
glove box is for sampling the filtration system, the second is
for sampling the feed and effiuent for the first zeolite bec
if there is significant hreakthrough of the first zeolite bed
and the third for sampling the effluents of the remaining

zeolites beds.

The entire sampling sequence is performed in infeldea giova boses to
minimize the possibility of inadvertent learage and spreag of

contamination during routine operation.
$.2.2 Process Radiation Monitoring System

The SDS is aquipped with a process radiation monitoring system
which provides indication of the radicactivity concentration
in the process flow stream at the effluent point from each ion
exchanger vessel. The purpose of this monitoring system is to
provide indication an& alarm of radionuclide breakthrough of

the lon exchange media.
lon-Exchanger and Filter Vessel Transfer in the Fuel Storage Pool
Prior to system operation, ion exchanger and rilter vessels are placeg

inside the containment boxes and connected with quick-gisconnact

couplings. MWhen it is determined that a vessel is loaded with




radicactive contaminants to predetermined 1imits as specified in the
Process Control Program, the system will be flushed with low-activity
processed water. This procadure flushes away waterborne radioactivity,
thus minimizing the potential for loss of contaminants into the pcol
water while decoupling vessels. Vessel decoupling is accomp!ished
remotely. VYessels are transferred using the existing fuel nandling
crane utilizing a yoke attached to a long shaft. The purpose of this
yoke-arm assembly is to prevent inadvertent 1ifting of the ion 2xchange
bed or filter vessel to a helght greater than eignt feet below the
surface of the water in the pool. This device is a safety tcol that
will mechanically prevent 1ifting a loaded vessel out of tha water
shielding and preclude the possibility of accidental e«posure of

operating perscnnel.

The jon-exchange vessals ara arranged to provide series processing
through each of the beds: the influent waste watar is treated by the bed
in position "A", then by the bed in position “B", then by the bed in
position “C" and finally either of the "cation" sand filters "A" or

“8“, The first vessel in each train (position A) will load with
radicactive contaminants first. The locaded vessel will then be stored
until transfer to a shielded cask. At no time during the operation of
the system will a loaded vessel pe taken out of the pool before it has
been placed In a shielded cask. The loaded cask will be transferred

from the pcol with the overhead crane.
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5.4

5.5

Arrangement of the Water Treatment System in the Fuel Storage Pool

Figure 5.6 illustrates the arrangement of the SDS in the fuel storage
pool (viewed from above). The filters, and zeolite ion exchanger
vessels, are located underwater in containment enclosures in the "8"
spent fuel pool. These enclosures and the exchangers are supported
along one side of the pool on a structural steel rack that is attached
to the pool curb. The racks act as a support for the system and also
provides an operating platform from which the remote connections can be
made. The off-gas system is mounted on the curb near the surge tank

drea.

A dewataring station is located in the "B" SFP cask pit pelow the water
fevel and is used for displacing the water from expended columns and
filters and dewatering them prior to placement in the cask. An
underwater storage rack, designed to handle 60 e«pended vessels is
located in the pool. This storage capacity allows processing to
continue without Interruption due to handling operations or vessel
disposal or shipping. Stored IX vessels will be vented via a common
header connecting to the liquid separation module to continually vent

gas byproducts that may be generated in the vessels during storage.

Liner Recombiner and Yacuum Qutgassing System (LRVOS)

The Liner Recombiners and Vacuum Qutgassing System (LRVOS) is designed
to eliminate the potential of a combustible Hydrogen and O«vgen mixture
existing in the SDS Liners. This will facilitate the ultimate shipment

and burial of the SDS Liners.

- 581> 0563%/1.C
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The LRVGOS will perform the following operations while maintaining the

normal cperating depth of water petween the cperators and the SDS limer.

1. Reduce water in the SDS liner using vacuum ocutgassing to ensure

enhanced operaticn of the recombiner catalyst.

s Allcw sampling of the liner gas at atmospheric pressures.

3. Provide capability to inert the SDS Liner with Argon or N; to
appro<imately 10 psig prior to tool removal. This will prevent any

water intrusion guring tool deccupling.

4. Provide a means to remotely insert the reccmpiner catalyst into the

SOS liner vent port. The catalyst is retained inside the liner by

the internal vent port screen.
5. Provide sufficient recombiner catalyst to recombine the hydrogen

and oxygen produced by radiolosis of the water remaining in the

liner.

‘ 36 - Q564N /LC
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Chapter 6

Radiation Protection

6.1 Ensuring Occupational Radiation Exposures are ALARA

6.1.

Policy Considerations

The objectives with respect to SDS opsrations are to ensure
that operations cenducted In support of the on-going
demineralization program are conducted in a radiologically
safe manner, and further, that operations associated with
radiation exposure will be approached from the standpoint of
maintaining radiation exposure to levels that are a low as

reasonably achievable.

During the operational period of the system, the effective

control of radiation exposure will be based on the following

consliderations:

1. Sound engineering design of tha facilities and equipment.

2. The use of proper radiation protection practices,

including work task planning for the proper use of the

appropriate equipment by qualified personnel.
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=

3. Strict adherence to the radiological controls procedures

as cdeveloped for TMI-2.

Design Considerations

The SDS was specifically designed to maintain exposure to
operating personnel to as low as reasonably achievable. To
implement this concept the components carrying high level
activity water will be provided with addgiticnal shielding or
are subrerged in the spent fuel pool. Shielding has been
designed to Iimit whole body body exposure rates in operating
areas to approsimately | mR/hr. [In addition, ccmocnents
carrying high level process fluids have teen designec for
exhaust to the SDS off-gas system. This method of off-gas
treatment will minimize the potential for airporne releases in

the work areas.

The specific design features utilized in meeting this

requirement are discussed in detail in Section 6.2.1.

Operational Considerations

The system design reflects the following operaticonal ALARA

considerations:
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Exposure of persannel servicing a specific Component on
the SDS will te rzduced by providing shielding between
the individual components that constitute substantial

radiation scurces to the receptor.

The exposure of personnel who cperate valves on the SDS
will be reduced through the use of reach rods through

lead and steel shield boxes.

Controls for the SDS will be located in low radiation

zones.

Alrborne radicactive material concentrations will be
minimized by routing the off-gas affluent from the SDS to

the TMI ventilation system for further treatment.
The sampling stations for the feedstream and filters that
contalin high levels of radioactive materials will be

exhausted through the SDS ventilation system.

All sampling |5 performed in shielded glove boxes to

minimize the possibility of inadvertent leakage and

spread of contamination during routine operation.
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6.2 Radiation Protection Design Features

6.2.1 Facility Design Features

The system is designed to take maximum advantage of station
features already in place and operational in terms of
protection of the public. In addition, design features -
provided by the system are intended for the reduction of
releases of radicactive matertal to the envircnment. The
following features provide for protection of individuals frem
radiological hazards during normal cperations from external
axposure and unanticipated cperationil occurrences, such as

spills.

1. The 3DS primary demineralization units are housed under
approximately 16 feet of shielding water in the TMI-2

spent fuel pool.

2. The entire process and all equipment is housed in the
Auxiliary and Fuel Handling Buildings which are Seismic
Category I structures with air handling and ventilation
systems designed to mitigate the consequences of

radiological accidents.

3 The system is designed in such a manner as to allow zero
discharge of liquid effluents. The effluent processed
water will be stored on the THMI site until final

disposition has been determined.
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The off-gas system effluent will be filtered and

monitored before input to 2xisting ventilation exhaust

systems.

Filters, orimary ion-exchange beds. “caticn’ sang
filters. and their associated couplings are ogerated in
containment devices. Each containment device is
connected to & pump manifold and a continucus Ticw of
approximately 10 GPM is maintained through 2ach
containment. The combined flow from the containment
enclosures s then processed through a separate ion
exchange column and then discharged back tc the spent

fuel pool.

Loaded vessels will be piaced in a shielced cask

uncerwater.

To the extent possible ali-weld:d stainless steel
construction ts specified to minimize the potential for

leakage.

Lead or equivalent shielding is provided for pipes,
valves, and vessels (except those located under water)

where necessary for personnel protection.

Design of a sequenced multi-bed process - three (3) beds
in series to preclude breakthrough and contamination of

the outlet stream.



10. The entire process stream is designed with appropriate

pressure indicators.

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

cperated-valvad quick release couplings.

The minimum shielding thickness required for radiological
protection has been designed to reduce levels in occupied
ar2az to less than | mR/nr. Operating panels and
instrumentation racks are located away from potantial sources
of raaiation or adequate shielding is provided to meet

radiological axposure design limits.

All movements of the vessels out of the fuel pool will be

performed utilizing a shielded transfer cask.
Ventilation

The ventilation and off-gas system provided to service the SDS
Is designed to minimize airborne radiological releases to the

envircnment. Among these design features are:

1. Manual level controlled off-gas separator tank with mist
_eliminator to receive vent connections from the lon
guchange and filter vessals, sample glove boxes, piping

manifolds, and the dewatering station.
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6.2.4

6.3 Dose Assessment

6.3.

L]

Roughing filter with differential pressure indication.

Two HEPA filters with differential pressure indication.

A centrifugal off-gas blower with flow indication.

Sample ports for monitoring the system and DOP test ports

for HEPA testing.

The effluent of the SOS off-gas system is routed to the
existing TMI-2 ventilation system exhaust, which is
filtered again through the Fuel Handling Building exhaust

HEPA filters prior to discharge from the plant.

Area Radiation Monitoring instrumentation

General area radiation monitors have been provided which wiil

be utilized to alert personnel of Increasing radlation levels

during normal cperations cr maintenance activities.

On-site Occupational Exposures
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Mormal Operation

During the cperaticn of the Submerged Demineralization System,
there are cperations that involve occupaticnal exposures, out
precautions have been taken in the design stage to minimize
personne’ exposures. Major operational activities invoiving

such exposures are as follows:

A. Sampling operaticns

B. System start-up valve alignment

C Spent vessel changeout

D. Cask removal, deccntamination and survey operations
3 Systam maintenance

f Yessel dewatering

Deccmmissioning

The SDS detailed decommissioning plan is being deveicped in
conjunction with the operating procedures for the system.
However, the modular design of the system is conductive to

disassembly while minimizing exposure to personnel.



Off-site Radlclagical Exposures

Source Terms for Liguid Effluents

Liquid effluent from the system will be returned to station
tankage for further disposition, therefore, no liguld source

term 15 required for this report.

Radiological source terms for potential envircnmental releases
are dependent on the processing schedule proposed for SOS
and/or EPICOR-2. Review of this schedule shows that from the
present (4/84) until the end of defueling, SDS, and possinly
also EPICOR-2, will ba gedicated to processing of RCS. Us to
this time EPICCR-2 has not heen used for RCS processing, but
recent alevaticns in the Sb-125 concentration in the RCS may
necessitato the usa of £PICOR-2 to semove this contaminant.
The assumption made hera for potential source term gensration
purposes i35 that both 505 and EPICOR-2 will be dedicated to
processing RCS. Miscellanecus small batches of liguid waste
may be processed by EPICOR-2, but would be itnfrequent since
liners dedicated for RCS more than likely could not be used

for other waste s%reams.

Experience with pravious cperations within the RBCS show that
mipor disturoances within the reagtar veszal give rise to

incréa-ad concentrations of a select number of Isotopes which

become candigatas for potential relsases to systems involy




in RCS decontamination and therefore, potentially to the
anvir.nment. A histary of concentrations of the major
radiologically significant isotopes with time is shown in
Figura 6-1. MNot raflected in this figure are the increases in
Ce-144 and algha concentrations that accompany disturbances
within tne RCS. Sample analysis results, tabuiated below,

show typical concentrations resulting from RCS ¢ sturbances.
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Radiochemistry Analysis Results
for RCS Sample of 4/9/84

(Sample #34-04966)

Concentration
Isotope . uCh/mly Uncertainty
Ag-110m ¢1.5E-2
Ce-144 1.1E+0 4.0€E-2
Co-60 1.7E-1 1.0E-2
Cs-134 2.3E-1 1.0E-2
Cs-137 4.9E+0 4,2€-2
Ru-126 3.2E-1 53.BE-2
50-125 5.5E-1 3.1E-2
gross a 1.22-3 6.1E-4
gross B 1.9E.1 2.6E-1
H-3 3.5E-2 2.2%
Sr-90 9.9E+0 5%

The increased concentration of Ce-144 and associated alpha
activity is expected for RCS disturbances and is due to a
colloidal suspension of finely divided fuel fines resulting
from the accident. Conrantration elevations of alpha bearing
activity, and Ce-144, are projected to be much rore
significant than reflected in the table above. Short term
concentration spikes may increase a factor of 10' or more

depending on czerations in the R.V.. MHowever, for purpose of

h7 J364%/LC



potential socurce term generation, these time averaged

concentrations are assumed to be as tabulated above ercept for
tritium which remains fairly stable at 0.04 uCi/ml,

neglecting radicactive decav.

Source Terms for Gaseous Effluents

Hnen the SDS Technical Evaluation Report was originally
aritten a methodology was conceived for the gefinition of
qaseous effluent source terms resulting from SOS/EPICOR-2
processes. This methodology used defendabie, but highly
conservative assumpticns for defining gasecus effluent source
terms. Since the teginning of SDS operaticn in August 1931, a
significant amount of operating experience has yielded
effluent data that allows more reasonable gasecus effluent
source terms. The effiuent data applicacle to the EPICOR-2
and SDS operations is Eevieueu in the following section for
purposes of arriving at gaseous source terms appropriate to

the proposed future operations cf these twd systems.

A review of the 6/83 version of the SDS TER shows that,
according to Table 6.2, the following quantities of the
applicatle isotopes would have been released to the
anvironment over the previcus 27.5 months of SDS operaticn

through the off-gas system had the release values teen correct.



Isotope Quantity ¢uCi)

H-3 5.20 x 10*uCi
Sr-90 11.5uCi

1-129 4,125 uCi
Cs-134 31.6 uCi
C5-137 230 uCi

Review of these values against airborne effluent release
reparts, shows the projected releases from the SDS off-gas
system to ve hignly conservative. Because the data applicable
to the SDS Off-Gas zystem has been reduced so that tne amount
attributable to this system can be separated from ather
sources, the follcwing scurces attributable to the future
SDS/Eplicor-2 operations are based on previous operations of
these systems. Processed water concentrations, the ultimate
source of airborne effluent concentrations, for previous
operations will differ from water concentraticns to be
processed in the future. This Initial water concentration
uifference has been factored into the projected release values

consider«d for this evaluation.




SDS Off-Gas System Releases for the Period 0G/15/81 to 12/31/83

SDS Off-Gas Particulate & Tritium Releases

Particulate and tritium data as measured by the Off-Gas PING-1A & H-3 bubblers
was assembled for the pericd 9/14/81 to 12/31/83. The total amount of Tritium

released thrcugh the off-gas system for this period was 7.18E-1 Curies.

The total particulates attributed to sampling through the PING-1A at the
off-gas system was 3.15€-7 curies of Cs-137 and 2.52E-8 curies of Cs-134.

Cs-134 appeared » LLD on one instance between 12-14-81 and 12-21-81.

The SDS Off-gas system feeds to the exhaust ventilation of the Fuel Handling
Building at 1000 cfm. The point of insertion into the Fuel Handling Building
exhaust Is before the HEPA filters, therefore, no Increase in particulate is
seen at the station vent. In additicn, the Fu2l Handling Building exhaust is

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

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

As 1 condition to startup of SDS, a tritium sampler in the off-gas system was
required. A sampling unit which consists of two Fisker-Milligan bubblers in
series was installed downstream of the pump of the PING-1A in the SDS off-gas
system. The total cumulative curies released through the off-gas system was
integrated for the time period 09/14/81 to 12/31/83 and is 7.18E-1 curies of
tritium, Table 6.2 lists the H-3 curfes by month and compares amounts released
from the station vent, the SDS amount as a fraction of the Station Vent

Release and the curies of H-3 released through EPICOR-2.
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Table 6.3 shows environmental release calculations for the proscsed RCS
processing througn SOS and EPICOR-2. The values of column 3 of the table 6.3
are andu: a factor of 100 lower than would have been estimated by the method
of the original SER but are consicered to still be conservative. The valuas
in column 3 are the assumed values for the release rate to the environment.
The values in column 4 are the concentrations at a downwind gistance of 0.5
miles from the station vent. assuming atmosphere dispersion is calculated by
the most restrictive data published in NUREG-0683, (Table W-3). The highest
value of X/Q from this table in 3.996 £-6 sec/M’. Using this factor and the
dose conversicn faktor for tritium from Reg. Guide 1.109, an inhalation dose
was calculated for the most restrictive recipient. an adolescent. This dose

was calculated to ge 1.5 x 107" mrem/yr.

As shown by tne value of summation of the Cx/MPCx at the bottom of column 6,
the total maximum yearly average concentration for all the lIsotopes is 16.5

million times mora restrictive than allowable under the guidelines of 10 CFR
20 using the more restrictive of the “soluble"/"insoluble” faorm of each

isotope.
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Table 6.1

Positive Particulate Samples Identified as Cs-137

Dates Curles of Cs-137 Curfes of Cs-134
9-28-81 to 10-5-31 3.17E-9 =

12-7-81 to 12-14-81 1.64E-8 -

12-14-81 to 12-21-81 2.49E-7 2.52E-8
12-21-81 to 12-28-31 2.88E-9 -

1-18-82 to 1-25-32 4.53E-9 -

f-14-82 to 6-27-32 4 4GE-9 -

9-20-82 to 9-27-82 6.16E-9 -

9-25-83 to 10-2-R3 1.73E-8 -

11-20-83 to 11-27-33 1.09€E-8 -

Total 3.15€-7 Curfes of Cs-137; 2.52E-8 Curies
of Cs-134
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Table 6.2

Station Tritium Release Values

S0S Ping 1A

SOS Ping 1A Station Vent H-3, fracticn EPICOR-II
Dates-.. . - ‘Wo3, 6% . #-3 CV. - . of StationiVent - ‘He3. C}
9-14-381 to
9-30-81 2.99E-2 5.24E-1 0.0367 2.91£-1
Oct. 81 S.7T1E-2 3.25¢k0 0.0176 1.03E-2
Nov. 81 1.17E-1 1.30E1 0.00%0 1.20£-2
Dec. 8] 6.64E-2 1.14E0 J.0582 3.10E-2
Jan. 82 5.70E-2 5.77€0 0.0099 3.08E-2
Feb. B2 2.12E-2 1.65E-1 0.1262 5.77E-3
Mar. &2 3.54E-2 3.9760 0.0009 7.71E-1
Apr. B2 2.72€-2 1.80E0 0.0151 2.30E-3
May 82 1.02e-2 6.31E0 0.0016 1.26E-3
Jun. 82 9.80E-3 3.06E0 0.0032 6.392-3
Jul. 82 4.50E-3 1.42€0 0.0060 6.58E-3
Aug. 82 2.17E-2 1.408! 3.0016 1.11E-2
Sep. 82 3.80E-3 1.43E1 0.0006 1.30E-2
Oct. B2 1.38E-2 1.17E} 0.0012 1. 1
Nov. B2 2.84E-2 1.83EQ 0.0151 6. 4
Dec. A2 2.05E-2 1.02E1 0.0020 74
Jan. 81 1.43E-2 3.83E0 0.0038 3.00e-2
Feb. B2 1.08E-2 8.04E0 0.0013 1.01€-2
Mar. B3 1.05E-2 3.58E0 0.0029 6.20E-3
Apr. R3 3.00E-2 3.0380 0.0099 1.02€-3
May 83 7.80E-3 1.61E0 0.0048 3.71E-3
Jun. 83 2.13E-2 1.33E0 0.0016 4.R2E-3
Jul. 83 9.50E-3 2.13E0 0.0045 3.56E-3
Aug. 83 7.00g-3 3.1580 0.0022 1.04E-2
Sep. 83 1.33E-3 2.60E0 0.0005 9.10€-3
Oct. 83 2.34E-2 2.15E0 0.0109 4.24E-3
Nov. 83 3.48E-2 2.41EQ 0.0144 < LLD
Dec. 83 1.38E-2 2.83£0 0.0049 < LLD
Total 7.175%E-1 177.4 -————— 1.4
Cl/month 2.61E-2 6.43 ———— 5.22E-2

s 0
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Environmental Relaase

i e culaticns for the Proposed
RCS Processing ¥

e Calcula

Through SDS and £PICOR-2

The amount of RCS to be processed ovar a years time is projected to pe 1.3 « 10°
gallons. Cuncentrations of the various radionuclides in this volume are assumed to be
as tabulated helow.

Table 6.3
RCS Processing Release Parameters
Conc. Conc. at 0.5 units 10 CFR 20 X

Isotope (uCi/ml) Ci/sec. _(Ci/m5) = Table II Col. |  MPCx

Ag-110m €1.5E-2 <4.7e-138  <1.9E-23 3E-10 <6.3E-14
Ce-144 1.1E.0 J.4E-16 1.4E-21 2E-10 7.0E-12
Co-60 1.7E-1 5.3E-17 2.18-22 3E-10 7.0E-13
Cs-134 2.3E-1 1.CE-17 2.8e-22 4E-10 7.0E-13
Cs-137 4.9E.0 1.5E-15 6.0E-21 SE-10 1.2E-11
Ru-106 3.2E-1 3.9€-17 3.9E-22 2E-12 2.06-12
Sb-125 5.0E-1 i.6E-16 6.4E-22 3e-10 7.1E-13
Sr-90 3.9E+0 3.2E=15 1.3E-290 JE-11 4.3E-10
H-3 3.3E-2 2.0E-3 1.2E-14 2E-7 6.0E-8

y-235* .3E-7 1.2E-22 4.3E-28 4E-12 1.2E-16
U-233* 2.4E-6 7.4€-22 3.0E-27 3E-12 1.0E-15
Pu-238* $UJE-7 1.5€-22 6.0E-28 1E-14 8.6E-15
Pu-239* a8.4E-4 2.6E-19 1.0E-24 6E-14 1.7E-11
Puy-240" 2.1E-4 §.5e-20 2.6E-25 6E-14 4,3E-12
Pu-241* 1.4E-2 4.3t-13 1.7€-23 3E-12 5.7E-12
Am-241" 1.4E-4 4.3E-20 1.7E-25 2E-13 3.5E-13
Np-237° 1.1E-7 3.4E-23 1.4£-28 1E-13 1.4E-15
Np-339* 1.7E-8 5.3E-24 2.1E-29 2E-3 P 1E-21
(Gross a)  (1.2E-3) (3.76-19) (1.5£-24) (2E-14) —m———

Cx_ 5056
TOTAL MPCx

*  Vaiues calculated according to the Ce-144/fual ratio value is calculated by the
ORIGEN Computer code as programmed for the TMI-2 Cperaticnal history and a decay
time of 5.5 years.



Chapter 7

Accident Analysis

Because of the inherent safety features of the Submerged Uemineralizer System
and macimum utilization of e«<isting site facilities, potential accidents which
involve the release of radionuclides to the environment are minimized.
Hypothetical accidents during system operations are proposed and evaluated in
the following assessment. The following accident analysts has been performed
based on the assumption that zeolite beds are radiologically loaded to 60,000
Ci. Should higher vadiological loadings be determinad to be appropriate, the

accident analysis will ba raassessed using the higher radtological loagings.
7.1 Inadvertent pumping of RCS water into the spent fuel pcol
Assumptions:
The effluent line from the fipal filter develops a leak and 15 not
detected immediately. Contaminated water 15 released into the pool at a

vate of 15 gpm for a period of 15 minutes, (225 gallons or ~15 curies)

It Is assumed that the total activity s made up of 0.2Ch of Cs5-134 and

4.2 Ct of Cs=137, 0.94 Ci of Ce-144, 8.4 Ci of Sr-90, and 0.5 C) of

Sb-125 (based upon the measured concentrations as reported In
Chapter f). Anaivsiis of the accident also assumes uniform mieing in
233,000 qallons of pool aater and resulty in pool water contamination



levels of 0.017 uCi/ml of total activity or of 0.0075 uCi/ml of
gamma emitters. This value is only about 31 of the value calculated for
the same accident assuming RE “sump" water was inadvertently pumped into

the fuel poc! water.

Occupational Es«posure Effects:

The dose rate is calculated to an ingividual on the walkway 3t a point
three feet above the surface of the water using the ISOSHLD-I1I computer
code. The depth of water in the pool is 38 feet. The calculated

maximum exposure rate at three feet above the surface is &4.2 mR/ihr.

After such an accidental leak th: pool would contain ~i miliicurie ofF
alpha activity. Sucn a leav would require that more stringent
contamination contrel procedures would have to be installed to prevent
alpha activity from leaving the poo!. Cleanup of the pool would reguire
passing the water thraugh 2 specially prepared 4.4 liners: one simila

to the SDS liners and ore similar to the EFICOR.

Off-site Effects:

A review of previous SDS operation shews that this accident doces not

release measurable activity to the anvironment.

No significant iIncreases in the site Loundary divect gamma esposure
level 15 axpocted as a result of this hypothetical accident due to the
spent fuel poo! conflguration and tnherent shielding propertie F e

1 ] 1) le " 1 " [ -1 tnfar
pool side walis ang the distance to the site L ia



ra

Conclusions:

This hypothetical accident is evaluated under conservative assumptions.

Although the analysis of this nypothetical accident provides rasults
that indicate radistion field of 4.2 mR/hr at a level three feet above
the pool surface, area radiation monitor alarms would indicate its
presence. Personnel would Le evacuated to ensure that occupational

exposures are limited.

Off-site radiological consequences potentially resulting from this

hypothetical accident are insignificant,
Pipe rupture on filter inlet line (above water lavel)
Assumptions:

A pipe rupture occurs in the inlet line to the filters above water level
at the southeast corner of the pool. The laak proceeds for fifteen
minutes before the pump is stopped. Contaminated water sprays from
around the lead brick shielding. A tota! of 38 gallons of water i3
spread onto a surface araa of 100 ft.” and 340 gallons of contaminated
water are drained into the pool. It i5 further assumed that the
coataminated water contains 0.065 Ci/qallcon of activity In the same
concentration ratios that wers assumed for the pravious hypothetical

iccident



Occupational Exposure Effects:

As a result of this hypothetical accident, five significant effacts are

postulated:

ra

e

The macimum gamma esposure rate at the surface of the contaminated

floor area is calculated to be 100 mRem/hr.

The macimum beta exposure rate at a point three feet above the
curface of the contaminated floor area is estimated to ba
560 mRad/hr.

The axposure rate from the surfarc of the contaminated spent fuel

30l waters. at a point three feet above the surrace would be
f

approcimatelv 6.3 mRem/hr gamma, and ~32 mRad/hr beta.

The pool water would contain about 1.5 millicuries of alpha

activity, and

the floor surface would be contaminated with about 0.2 millicuries

of alpha activity.

Offsite Effects:




Fuel Handling Building by the FHB HEV system which is filtered through

HEPA filters before the airborne effluent reaches tne envircnment. ihe
offsite concentration i5 masimized by assuming the activity is evacuated
from the FHB in a 15 minute time period and, consequently, the
hypothetical release to the envirconment cccurs over a 15 minute period.
Release parameters for this accident are as tabulated below. Credit has
been taken for only | of the 2 HEPA filter bants of the FHE eshaust

filter system.

Conclusions:

Analysis of this hypothetical accident, show that even under the
conservative assumptions of the acciagent, the arfluent conclentraticns,
for a period of 15 minutes, are caiculated to reacn a level such that
the summation of the individual. Ci/MPC, values is 791 of the
allowable. Credit for the neglected HEPA filtar and a less consarvative

X/Q would reduce this fraction to an aven locwer value



Release Paramaters far a RCS Pipe Spray Leak

Accident EA Concentration (Ci/M%)
Release rate Station Yent {at 610m with

Isotope  to FHB (ci/s)  Release Rate (cl/s)  £/Q=1.3x10"" S/M™)® Cx/MPC.
Ag-110m «2 4E-8 c2.4E-11 cl VE-14 <1.0E-4
Ce-144 1.8E-6 1.8E-9 2.3E-12 1.2E-2
Co-60 2.7E-7 2.7E-10 3.5€-13 1.2€-3
Cs-134 3.7E-7 3.7e-10 4.3E-13 1.2E-3
Cs-137 1.8E-6 7.88-9 1.0E-11 2.0E-2
Ru-106 5.1E-7 5.1E-10 6.6E-13 3.3E-3
Sb-125% 8.0E-7 3.CE-10 1,0€-12 1.1E-3
Sr-%90 1.6E-5 1.6E-3 2. 1E=1) 7.0E-1
H-3 5.6E-8 5.6E-11 7.3E-11 3.7E-4
u-235 6.1E-13 6.1E~-16 7.9E-19 2.0€-7
U-238 3.BE-12 3.8E-15 4.98-18 1.6E=-6
Pu-233 71.5E-13 71.56-16 9.8E-19 1.4E-5
Pu-239 1.3E-9 1.3E-12 1.7E-15 2.8E-2
Pu-240 J.4E-10 3.4E-13 4. 4E-16 7.3E-3
Pu-24i 2.2E-3 2.2E-11 2.9€-14 1.7E-13
Am-241 2.26-10 2.2E-13 2.9E-16 1.5C-3
hP-237 1.8E-13 1.8E-16 2.3E-19 2.3E-H
nP-2139 2 IE=1% . TE=17 3.5E-20 1.8E-12

Ci_ = g.746
TOTAL MPC

* The %/ value chosen for this analysis (1.3«12°" S/M") was used because of
the short duration of the raleasa. This precluded the use of the annual average

£19.

As shown at the bottom of column 5, the summaticn of the Ce«  is only 791 of tne
MPC.

specified 1.0 for this scenario.



7.3

Even though high surface contamination levels esist at the floor area

and the spent fuel pool waters are contaminated such that the total body
could be exposed to relatively high radfaticn levels, area radiation
monitors would Indicate the presence of high radiation. Personnel wculd
be evacuated from the area to ensure that occupational exposures are

1imited.

Inadvertent 1ifting of prefilter above pool surface

Assumpt ons:

It is assumed that due to a failure in the crame contral system, the
over head crane moves toward tne loading pay artar pulling one erpendad
filter to the maximum height of eight feet below the pool surface. As
the crane moves toward the bay, the handling tool hits the end of the
pool and the filter is dragged from the water exposing operating

personnel,

Analysis of the accident 15 performed by using a point source
approximation and calculating the dose rate at a distance of 15 feet
from the filter. The calculated dose rate is 21 Ram/hr and 15 based on

an assuned filter loading of 1000 curies.

Occupational Ewposure Effects:

As the filter assembly nears the surrace of the spent fuel podl water
area, Wlation monit tlarms «will GLe e ane ncing the prasence
af high vadiation tield Poarsonnal wnuld te avacuated from the area to
onstire that ToR R vt ) ' tod



1.4

Off-site Effects:

Airborne contamination as a result of this hypothetical accident would
not occur since the particulate activity is fised on the filter elements

which are contained within the filter housing.

The increase in the radiation level at the site boundary would not be
significant due to the shi2iding characteristics of the fuel building

walls and the distance to the site boundary.

Conclusicns:

The public health and safety is not comprcmised as A conseguence of this

hypothetical accident.

Inadvertent lifting of zeclite ion as«changer above pool surface

Assumptions:

It Is assumed that due to multiple failures, a zeolite vessel is liftea

from the pool resulting in the svposure of plant operating perscnnel.

Anmalysis of the accident is performed by modeling the Zeolite ifon
exchanger bed in cylindrical geometry and calculating the dose rate at a

distance of 20 feat from the surface of the zeolite ion exchanga Tha
calculated dose rate 145 approximately 340 Rem/hr baszed on an ast*imated
zeollite fon aschange hed loading of approsimataly ] yigs of

Cesium-134 and approvimately §1. 900 Curvies of Costum 13



Occupaticnal Exposure Effects:

As the zeolite vessel nears the surface of the spent fuel pcol water,
area radiation monitar alarms will automatically sound announcing the
presence of high radiaticn fields. Parsonnel would be evacuated frem
the area to reduce occupational doses. Alrborne contaminaticn would not

occur since the activity is fixed on the zeolites.
Offsite Effects:

Airborne contamination as a result of this hypothetical accident would
not occur since the activity is contained on the zeolites wnich are
contained in the ion eschanger vessel. The increase in the radgiation
level at the site boundary would not be significant due to the shielding
provided by the Fuel Handling Building walls and the distance to the

site boundary.
Conclusions
The public health and safety is not endangered as 4 result of this

hypothetical accident. Occupational e«posures are minimized by

evacuation of the area.




1.5

Inadvertent Orop of SOS Shipping Cask

Assumptions:

It ic assumed that due to a failure in SDS shipping cask handling
equipment an SDS cask containing a zeolite ton exchanger 15 dropped from
the Fuel Handling Building (FhB) crane to the floor at EL 305'. The SDS
shipping cask is assumed to drop from the ma<imum crane 1ift height.
Upon impact with the floor at EL 305', the SDS shipping cask {5 assumed
to experience rupture as well as rupture of the zeollte vessel, thus
exposing the dewatered zeolite resins to the FHB atmosphere. The
radiation source is approximately 2730 Curias of Co-134 and
approximately 51,900 Curies of C3-137 on the zeclite lon ea«cnange

media. The contribution from other isotopes on the zeolite media and
residual contalnment building sump water (Table 1.1) in the ion e«change
media i5 negligible; it is assumed that a factor of 10 ° of the

isotopes are instantaneousiy released to tha FHB atmosphere. This
assumption is conservative because the isotopes are atsorbed onto the
zeolite media. The Fuel Handling Bullding HEPA filters are assumed to

have an efficiency cf 99%.

Occupational Effects:

Assuming that the SDS shipping cask ruptures completely evposing the
zeolite lon exchanger containing the activity mentioned above, the
calculated dose rate 15 approximataly 340 Rem/hr at a distance aof 20

foapt Upon the vupture of the cask, yradiaticn nY o will ind




announcing the presence of high radiat on fields. Perszonnel would oe

evacuated from the area to reducs radiation e«posures. Airtorne
contamination will not cccur if the zeolite ion eschange vessels remains
intact. Hith the assumption that the vessels ruptur2 and radicactive
material becomes airborne, the airborne activity wi
acceptable levels by the Fuel Handling Builging KVAC System pricr to

atmospheric release.

Operational Effects:

ie Impact on systems, structures and components has been considered
which could possibly result in adversely arfacting the ability to

operate these Reactor Plant; szafely, tranifer 1032 or unicad fuel

safely, or maintain these Plants in a zafe colo shutdown condition.

2. Analysis has been conducted which demorstrates that s postulated
SDS Cask drop along the proposed travel path would not aaversety

affect efther TMI Unit ' or Unit 2.

Off-Site Effects:

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

significant due to the shielding provided by the FHB =alls and the

distance to the site boundary, if the SDS cask ruptures esposing the

2eolite fon eschanger Hith the assumption that radicactive material
ps5capes. the whole body dosa due to the releasad activity at the site
boundary will be less than 1 mrem for bath bety and gamma witath



Conclusions:

The public health and safety are not compromised as a consequence of

this hypotnetical accident.
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The SDS program for coperations is divided into a phasag approach. Th

Chapter B

Conduct of Cperaticns

i d
]
v
L

phases are:

8.1

System Development

System development activities have been performed to assure that
components are developed specifically to meet the congitions imposed at

TMI ana perform in the intended manner.

The ton-eschange process is a well understood process. Even though
ion-exchange media have been in use for approximately 30 years or more,
a development program was conducted at the Qak Ridge Nationral
Laboratory, the results of which are documented in JRNL TM-7448, to
ensure that the media selscted for use at TMI provided optimized
performance characteristics of various media using samples of the waters
to be processed at TMI. In some cases, SDS effluent will be polished by

EPICOR-II.

Additional development effort has been 2«pended to verify that media
1oading and dewatering can be accomnlished in the intended mannar and
that the remote tools, necessary for the coupling and de-coupling or the

vessels, operates in the intendad manne



System Precperational festing

Prior to use in the SDS each vessel will be hydrostatically tested in

ons of the ASME

conformance with the requirements of aenlicable port

Boiler and Prescure VYessel Code. Upcn compietion of construction, the
entire system will be pneumatically tested to assure leak-free
cperations. The system will be tested to an internal prassure of no

iess than 1.5 times the design pressure.

Individual compcnent operabliity will ba assured curing the

ureaperational testing Motor/pump rotation and, control schemes will
pa verlifiog The leaxage collection D=-system, as well as the gas
collection sub-system, will pe tasted to verify cperabiiity. Fi

for the treatment cf tne

initial operation. System precperational testing will be

in acrordance with appt precedures SDS system testing will he

approved by the GPUM Start-up and Test Manager

Gy

stem Operaticns

written and

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

avolutions.



3.4

Prior to SOS operaticn, formal classroom instruction will be provided to

systems operations personnel to ensure that adequate knowiedge is gained

to enable safe and efficient operation. During system operations

on-going operator evaluations will 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 i35 shown beiow.

The basis for the decommissicning plan is that the Subimergad

Demtneralization System is a tempovary system: its inztailation and

removal will cause no permanent piant changes.

Equipment and interconnecting piping will be decontaminated: the
levels to which geccontamination is accomplished will depend on the

intended disposition of individual items, t.e.. dlsposal or reuse.

The system will be disassembied, component by component.

Major system components can be stored for latar use or disposed of
at a licensad burlal facility,
Small components. such as vatves, piping, instruments, at

disposed of 45 radinactive =asta
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Chapter |

SUMMARY OF TREATMENT PLAN

Project Scope

The decontamipation of the TMI-2 Reactor Coolant System (RCS)
requires the processiing of the radioactiva contaminated water to
reduce the activity trerein, The present activity level of this

water 15 .given:in Tabla 1.1,

O

date, in excess of 1.C00,000

gallons of water nave geen processed from the RCS. The reed ang

(s}

bleed cperation via tne Subrerged Demineralizer System (SDS) has
reduced the radionucliige cencentration of the RCS water;
specifically the Cs-137 concentration has been reduced from 14.0

uCi/cc to the present value of appreximately 0.3 uCi/cc.

This report describes the processing of the RCS by the SDS while
maintaining the RCS in the partially drained, open condition. Tre

design features of this processing method will utilize:

| B proven processing capabilities of the SDS, and

2 Existing plant systems in support of the SOS.




Current RCS Radlonuclide Inventory and Chemistry

Water zamples have been taken continuously from the RCS to identify
specific ragionuclides and concentrations, and plant chemistry.
Typical results are listag in fanle 1.1. This data 1s Dased on
actual samples taken, RIS activity 15 decr2asing due to
‘ragicactive decav and ieakage from the RCS which 15 teing made up

py injection of clean water into tne RCS, and due to batches which

have been removed for SOS procassing. rigure 1.1 shows how

aictivity for the major nuciides has decreased witn vespact t3
time. Currently Sb-125 conceatratisns have ¢lsen to ragictogicaily

Sb-125 will k& removed Dy batching water from SCS through EPICOR

using organic resins
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RCS Processing Description

On a batch basls, ragioactive RCS water Is letdown to Reactor
Coolant Bleed Tank (RCBT) "C" while clean water is injectad into
the RCS from RCBT "A". RCS water i5 then pumped from RCBT “C*
through the prefilter and final filter. RCS water then goes
through the RCS manifold and the SDS ion exchangers. The effiuent
from the ion exchangers is routed through the cation sand filter to
RCBT "A" for chemical adjustment, 1f necessary, and injection back
into the RCS as makeup. The above process Is repeated until the
RCS water is decontaminated. EPICOR II may be usea for processing

selectes Gatcnes of RCS water unless needed for chloride control.

The processing of the RCS will use the e«isting filter and icon
axchangers of the SDS. Existing sampling connections will be used
on the influent and effluent of the filters and ion exchangers to
determine radionuclide and chemical composition of the RCS before

and after processing.

As described in the SOS TER, the prefilters, final filters, and
cation sand filters for the removal of particulate matter. The
prefilter and final filter arve followed by a serlies of ion exchange
vessels contalning about 3 cubic feet of zeolite ion exchange
media. Location, cperation, and handling of these vessels remains
unchanged from the mode of operation used for processing of the
Reactor Butlding sump water ang the RCS w~ater as described in the

505 TER.
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Chapter 2
RCS PRCOCESSING PLAN DESIGN CRITERIA

Intreducticn

This RCS Processing Plan 15 cesignad to use the Submerged
Demineralizer System (S0S) and portions of existing plant liquid
radwaste disposal systems to decontaminate the RCS water. This
will reduce plant personnel and off site ragiation erposures. The

design objectives of this processing plan are to utilize:

1. A gystem tnat i35 as indepandent as possinle from existing
radioactiva waste systems at TMI-2. The 505 portion of this
plan i5 a tamporary system for the recovery of TMI-2. Only

small sections of edisting TMI-2 plant systems will be used.

ra

A system that has proven performance In processing radicactive
waste. The SDS porticn of this processing plan has
succassfully decontaminated the Reactor Building sump and the

RCS water.

Design Basis

ra
ra

Sutmerged Demineralizer System
The Susmerged Deminerallzer System was designed in

accordance with the follicwing regulatory documents:

LT |



i Code of Federal Regulaticns, 10CFR2G, Stancard for

Protection agalnst Radiation.

2. Code of Federal Regulations, 13CFR50, Licensing of
Production and Utilization Facilities.

35 U.S. Requlatory Guide 1.21, dated June 1974,

4, U.S. Regqulatory Guide 1.140, dated March 1973.

§. U.S. Regulatory Guide 1,143, dated July 1973.

6. U.S. Regulatory Guide 8.8, dated June 13%73.

7. U.S. Regulatory Guide B.10, dated May 1977.

The design basis for the SDS is presented in greater

detatl in Chapter 4 of the SDS Technical Evaluation

Report.

[nterfacing Systems

The interfacing systems with the SDS in the RCS
Processing system are:

1. Radwaste Olsposal (Reactor Coolant Liguid) System
2 Reactor Coolant Makeup and Purlfication System

3. Auxiliary and Fuel Handling Bulldings Heating

Ventilation and Alr Conditioning Systems

4, Nitrogen Supply System

8 Decay Heat Removal System

6 Haste Gas System

7 5tandcy P ¢ ntrol System
3 [ P - ;|.,-. 75 tem

i ngt ent A t



The design criteria for these systems (except SPC) are
presented in Chapter 3 of the TMI-2 FSAR. Conformance to
these criteria is presented in the respective secticns
for these systems in the T™[-2 FSAR. Standby Pressure
Control System data may te found in the TMI Recovery

System Descriptions and TER's.

RC5 Processing Plan Goal

The qoal of the RCS Processing Plan is to reguce the total

ragienuc!ide concentration of Cs in the RCS to less than !

uClscc. The RCS Chemistry will De maintainea as follows as a

ninimum:
Chlorides <3 ppm
pH » 7.5 but « A.4
Boraon » 4550 ppm

fhe processing of water through the SDS 15 not espected to have any
undesirable effect on the cnemical characteristics of the RCS
water. Maintaining proper chemistry of the makeup water will
ensure that thera will be no adverse affects on the RCS with

respect to corrosicn. The boron concentratton of the maveup will

also ensure that surficient borch i present to maintain the cote
in a non-critical safe conditton. Sampiing of the RUS water will
beé continued hy taking samples +1a the CROM no22le in accordance

with approved operating procedure



3=k

3.1,

Chagter 3

SYSTEM DESCRIPTION AND OPERATIONS
Introduction

This RCS Procassing Plan is designed specifically for the
controlled decontamination of the radicactive water in the RCS and
the treatment of the radioactive gazes and s0lid radiocactive waste
which are produced. This plan wil! usa the SDS as the means of
decontamination of the BCS with-support from othey sxisting plant

systems,
Subrerged Demineralizer System

The SDS consists of a liquid waste processing system, an off gas
system, a mc:i£crtnq and sampling system, and solid waste hangling
system.  The Hauld «saste processing system decontaminates the RCS
water by a process of filtration and demineralization. Tne off gas
system collects, fliters, and adsorbs radioactive gases produced
during processing, sampling, dewatering, and spent 505 liner

venting. The sampling system grovides measurement of process

gerformance. fhe sobid waste hardling system 15 provided for
moving, dewatertng, ftarags, and louding of filters and
faminaralizer ue 3t FEe ene shipping 13k the S0S will be



3.1.2 Interfacing Systems

Interfacing with the SDS ara e«isting plant systems, as given in
Section 2.2. The Reaztor Coolant Liquid Haste Chain provides a
staging location for the SOS for collecting and injection of RCS
water from and to the RCS. The Fuel Handling Buflding anc
Auxiliary Builaing HVAC systems provide tempered ventlilating air
ang controlled alr movement to prevent spread of airborne
contamination with the plant and to the outilde environment, The
Nitrogen Supply system provides N, for blanketing the Reactor
Coolant Bieed Tanks., The Makaup and Purification ang Spent fuel
Cooling Systems provide piping for the transfer of the waste
water. The Waste Gas System gprocesses the gases from the vents
from the RCBT's. The [nstrument Air System provides alr pressure
for air-operated valves in the Interfacing Systems. The Stancby
Pressure Control System, installed as a temporary TMI-2 recovery
system, will be used as a backup system to ensure a source of

additional mabeup to the RCS.

RCS Hater Processing Preparaticn

RCS Preparation

The RCS will be maintatnec in a parttally drained condition vented

to atmosphere. Its water level may vary from Elevation 347" to

323'6" depending on the neags for access to the raacter vessel
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The minimum water level 15 s«pected to be 323°'6" (1' above the

reactor vessel flange).

At this lgvel and at all levels above this, the Waste Transfer
pumps will be used to inject RCS makeup water into the RCS for the
RCS cleanup process. The maximum discharge pressure of these pumps
is 74 psig at a flow rate of 40 gpm. Flow to the RCS will te
controlied by valve WOL-V-36A or 368 degending on which waste

transfer pump 1s used for feed ang, if nacessary. MU-V-9. MJ-VIQ

wili also be ocpen to permit makaup Figw to the RCS.  The flow rate
to the RCS will ge maintaineg at Teys than 5 gpm 13 match the
fatoown flow rate. Minor agjustments in flow rate will be made o

feval within the limits requires.

The decay heat analysis as reported in Appendis 8 TMI-2 Decay Heat
Removal Analysis, April 1932, submitted as a part of the Safety

Evaluation for Inserticn of a Camera into the Reactor Vessel

Through & Leadscraw Opening Rev. July 1982, is applicaplie for the
RCS processing described herein. The average incore ccolant
temperature will be limited to less than 170°F fhis criterion was
adopted as a conservative value for the reCovery program to

maintain a positive margin 0 boiling.



3.2.2 SPC Ggeration

33

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

processing.

Reactor Coolant Liquid Waste Chain

Prigr to starting RCS water processing, the RCBT "A" will be filled
«ith more than 50,000 gallons of borated, sultable, processed
watar, The ragionuclide and chemistry data for tnis water will te
similar to tnat used for RCS makeup curing the previous RCS
procassing periog. Cremicals will be added to this water if
required to ensure that this water complies with the plant

chemistry specified in Section 2.3.

RCS water Letdown and Injection

RCS letdown will be performed ty a bleed and feed process of
simultaneously removing the radloactive RCS water and injecting
porated processed water at the same flow rate to maintaln RCS water
yolume constant. The blesd and feed process =111 be controlled
from the Control Rocm in ccordinaticn with the Radwaste Control
Partal. The RACS water i3 lstdown through the normal letdown line on
the laop cold leg vafore feactor Cgolant Pump RC-P-IA The letdown

rate 15 5 gatlons per minute if the waste transfer pumps are used

JRkR2N
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or 10 gom if a newly installed sandpiper pump (fig, 3.4), which 15
normally disconnected, is used. The RCS water is letdown through

the letdown cocolers to RCET "C'. The plugged block orifice and
{solated Makeup Ceminaralizers and Filters are bypassed. As tne
: RCS water 13 letdown, simultanecusly the borated processed water
located in RCET "A" 15 injected to the RCS. After RCBT "C" has
t;§n filled to more than 50,000 gallons, the letdown and injection
of water from and to the RCS will be secured. RCBF "C" will be
racirculated prior to processing. After recirculating,
decontamination of the BCS radloactive water by the 505 will

commence.
3.4 RCS Processing By SDS
3.4.1 RCS Water filtration

Two filters have been installed to filter cut solids in the
untreated contaminated water before the water 15 processed by the
fon eschangers. Both filters are sand type. The two sand fliters
wre loaded in layers. The first laver 15 0.85 mm sand and the
second layer Y5 0.45 mm sand. Mixed uniformly with the sand 15
ipprodimately 6 pounds borosilicate glass which is at least 22
welght percent borcn The lcading of these filliters may be changed
if applicabie The porpose of the borosilicate is to prevent the
possibility af criticality should any fuel fines be transported in

the let down The flow capacity through each Filter is 50 gpm

Ravarse flow through filte § wrevented t \ check valve tn the
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Each filter 15 housed in 4 containment enclosure O enable leakage

detection and confinement of potential leakage. The filters are
submerged in the spent fuel for shielaing consicerations.
Contaminated water can te pumped through the fiitars and the RS

manifold to the ion eschangers

Influent waste wateér may be sampled from a shiglded sample oo
located above the water level to determine the activity ot

contaminated water plor to and following filtration

Intet. outlet, and vent coapactioni on the Tiiters are mace witd
quick disconnec: valved couplings wnich are remotaly oparated from
the top of the pool inlet/outiat gressure Qauges are proviged o
monitor and control solids loading. Load limits for the Filters
are based on filter differential pressure, filter influent ana
effluent sampling. andfor the surface dose limit ¢ the filte
vessel. A flush line is atzached %o tne filter inlet to provice a
source of water ¢ f ning ihe fiiters pri e remova

RCS Water Demineralization

This swstem consists of eight underwater columr 28 172 & 54
1/2%), each capable of ntaining eight cubic fear ingrgar

ronlite bant Hoamaigar ved | P H i
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zeolite are tne medias of choice to afficiently immobilize the
Ceslum and Strontium in the ICS. Si« zeolite beds are divided into
two trains each containing two or three oeds (A, B, C) with piping
ard valves provided to cperate either train individuaily or both

trains in parallel.
RCS Water Deminerallzation ¢cant’d)

The effluent from the zealite trains flows through the remaining
“cation” sang vessael. Jumpers are provided to permit 2, 3, or &
733215 per train cperation. An in-line radiation monitor measures
tne activity level of the water exiting the last lcn a«changer
yessel. The valva manifold for controlling the operation of the
primary lon escnange columns is located above the pcol, inside a
shialded enclosura that contains a pbullt-in sump to collect laakage
that might occur. Any such leakage 15 routed to the off gas
bottoms separator tank andg pump. A line connects to the Inlet of
each ion sschangar to provide water for flushing tne 'on ea«cnangers
when thay ars icaded. Radigonuclide loading of lon exchange vessels
i5 determined by analyzing tne influent and effluent from each

aichangar.

Pracess water flaw 15 meadured by instruments placed in the line to

each ton-gxchange train Tha effluent from the “cation™ sand

vessel ti routed back to the

2

‘BT A", a% shown in Figure 1.3 The
ematning 505 equipment and ERPICOR 1T are not used for RACS water

pracasiing




3.4.2 RCS Water Demineralization (cont'a)

J
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3

Periodic sampling of the process stream will occur during the
processing of a batch of water At the completion of processing a
batch, the contents of RCBT "A™ will be sampied to cetermine
acceptab!lity for injections of this water into the RCS. If the

water 15 within specification, it is injected into the RCS.

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

relnjection are shown in Table 3.1

Leakage Detecticn and Proc

9',;”‘-)

Each submerged vessel 15 located iInside a secondary containment box

that contains spent fue! pool water During operation the
secondary containment tid 15 closed This 1id i5 slotted to permit
ad calculated guantity of pool water to flow past the wvessels and
connectors Pool water from th tainment boxes 1 1tin 3

monitored to detect leakage and ts circulated by a pump through one
of the two leak 18 containment lon exchangers Any ?.\1.;;.‘1 which

occurs during routine connection and disconnection of the

julck-disconnects will be captured by the containment bose

11 luted by pool water, and treated by lon e«change before baing
returned t ‘ha f




3.4.4 Off Gas and Liguid Separation System

1.4.5

o
wn

An off gas and liguid separaticn system collects gaseous and !lquig

wastes resulting from the cperation of the water treatment system.

Sampling and Process Radiation Monitoring System

“The sampling glove boxes are shiglded enclosures which allow water

samples to be taken for analysis of radionuclides and other

contaminants. The piping entering the glove boses permits the

withdrawal of a volume limited amount of sample into a

pottle.

purged by positioning valves to permit the
water to flow through them and return to a4 waste drain header ang
into the off gas separator tank. A water line connects to the

sample line to allow the line to be flushed after a sample has been
takten,
The entire sampling sequence 15 performed in shielded glove boses

to minimize the possibility of inmadvertent leakage and spread cf

contamipation during routine operation.

| Sampling System
ampling f the SDS p A om tor erformance !
\ m hed f t - elded sampling § » Dowe o
jiove v T 5t Fiitrat) tem, tha sg ]
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3.4.5.3

for sampling the feed ang affluent for the first zeolite bed,

and the third from sampling the effluents of the remaining

zeplite beds and the “cation” sand filter.

Process Radlation Monitoring System

The S0S 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
ion s«changer vessel. The purpose of tnis monitoring system
i3 to provide indication and alarm of radicnuclide

greakthrougn.

Transuranic Element Monitoring

Filter and process train samples are belng analyzed for

fsotopes of Uranlum and Plutonium.

3.4.6 lon Exchanger and Filter Vessel Transfer in tne Fuel Storage Pool

Prior to system operation, fon e«changer and filter vassels are

pliced *nside the containment bos2s and connected with

quick-disconnect coupiings. khen it is detarmined that a vessel fs

loaded with radloactive contaminants to predetermined limits as

specified in the Process Control Program, the system will be

086X



flushed with low activity processed water. This procedure flushes
away waterborne radiocactivity. thus minimizing the potential for
loss of contaminants into the pool water while decoupling vessels.
Vessel decoupling is accomplished remotely. Vessels are
transferred using the axisting fuel nandling crane utilizing a ycke
attached to a long shaft. The curpose of this yoke-arm assembly is
to pravent inagvertent l1ifting of the ion exchange bed or filter
vessal to a height greater than eight feet below the surface of the
water in the pcol. Tnis device Is a safety tool that will
mechanically prevent lifting a lcaded vessel out of the water
shielding and preciudge the possibility of accidental exposure of

operating perscnnaj,

The ion exchangn vessels are arranged to provide series preocessing
through each of the beds; the influent waste water is treated by
the bed in position “A", then by the bed in position "B", then by
the bed in position “C", and finally by the bed in the "cation"

sand filter “A" or "B" position.

Zeolite Mixtures

The SDS fon exchangers will contaln a uniform mixture of IONSIV-96
and LINDE-A icn exchanger media. These two Zeollites were selected
for thelr proven capablilittes while processing Reactor Bullding

Sump water to remove radicnuclides [ORSIV-96 primarily removes



3.6

the isotopes of Cesium and LINDE-A removes the isotopes of

Strontium,

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

determined by esperimental data to determine the cptimum loading.

Pertodic sampling of the process stream will be used to verify the
performance of the ion exchange media. If nacessary revisions will
pe made to the loading ratios if conditions warrant to achieve the
proger decontamination factors. Verification of the performance of
the ion exchange media will be made in accordance with the Process

Control Plan.

Based on cperating experience processing the Reactor Building sump
water, the useful life of a zeclite resin bed 15 in escess of
100,000 gallons of waste water processed. At this point the OF of

the zeolite bed for Stroatium goes to 1.



RCBT_LETDOHN SAMPLE

Gamma Scan

Gross Bata - Gamma
Sr-50

pH

Conductivity

Boron

Na

cl

Sulfates

H-3

RCBT WATER SAMPLING

RCBT INJECTION SAMPLE

Gamma Scan
Gross Beta - Gamma
Sr-90

pH at 77°F
Conductivity
Boren

Na

Cl

Sulfates

H-3

O«ygen
Flucrides




ey T g
. |l..l —!ﬂ

— 1@& i

e B

| | G| T .m.m

Tl E.LE.H

Tl e el (2




e

ifns dast

QIral Lwioad

§OLIVIN WCW i

-Ez-

X2580

ERTECHL O T T
A E T

n 20T

F 9

LT Fl e neenw
n e
_ V- L s] )
Wi Wi
W+ j Vi
any ny
n o) oo
v oo
[UR. ]
1]
¥ Twol § N ”
1% 115 81011 e &
i
gi-en
w2 "=
u
I*i*n
mu
LT
|
] 1 P— :
_ _ =
I 5 o) o)
wooll)
Diiw
0N - -
0 __. _ Jwrerm
Pt Py







4.1

RCS Processing Safety Acsessment

Processing of the RCS while in a partially drained congition does
not present a unigue safety concern. The actual processing of
Reactor Coolant is adequately zddressed in the SDS Technical
Evaluation Repcrt and the maintenance of the Reactor Cocliant System
in a partially drained congition 15 adequately addresses in the
Quick Lock Safety evaluation. The only evoluticn not previously
ageressed is the simultanecus feed and bleed of the Reacter Ccolant
System in a partially dgrained configuration. &wuring this
evolution, RCS water isvei will be monitored ana maintained oy
operating procedures. Such procedures will maintain tha water

¥

leve! to within six (6) inches of the opredeterminad level set
point. At the present RCS level, to permit incore inspections,
this level 15 210" + 6". This level is the same as that
established for the Quick Look program and will be monitorad in a

similar fashicn. Thus this evolution will not increase the

probability of occurrence or consaguances ©
evaluated or create the possivility of a different type accident,
nor will the margin of safety as defined in the basis for any

Technical Spacification be reduced.

L

an accident previgusiy
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Chapter 1

SUMMARY OF TREATMENT PLAN

Project Scope

Reactor Coolant System (RCS) orocessing via IIF capanility must be
continualiy avatlable; Tne compined volume of water in the Ry Vassal 4
the internals indexing ficture <IFF) is 50,000 qal. The current RCS

activity 1s given 1n Taplte i The primary purpgse for the system, i3
the control of dissoived radio nuclitdas however. improvement of watar

clarity Is expectag a5 3 byprosuct,

This report describes the post Rx vessel head removal processing of the
Reactor Coolant System (RCS) by the Submerged Demineralizer System (SDS)
and other interfaciry plant system for the maintenance of RCS dissoived
radicnuclide concentrations. The design features of this processing

method ave:

3 Use of the proven processing capabifities of the S0S.

2. Use of existing plant systems in support of the SODS.

This report is prasented a5 an addendum to the previously submitted SDS
Technical Evaluation Report (TER) (Refarence 11 to provide greater detail
in those aspects of system dediqn-and dperation which are unigque to the

processing of the RCS 4 [[F water ing the [IF Processing System.



1.2 Current RCS Ragignuclida [nveatory and Chemistry

Water samples have been taken weekly from the RCS to tdentify specific
radlonuclides and concentraticns, and plant chemistry. Current resulss
are listed in Table }.1. This gdata is basead on actual samples taken.

RCS activity decreases due to radicactive secay, leakage from the RIS,
and RCS processing. -However, RCS activity may increase during processing
shutdown aué to leaching. Radionuclides concentrations ave expellel 10
be lazs in the IIF due to the diluticn of the R« UVeszel when the [If i

filled with RCS grade processed water.

Figure 1.1 shows a tlock siagram of the LIF processing flow path. ©n a
batch basis, ragicactive RZS water i5 pumped directly to the SOS and
processed through the prefilter and final filter. RCS water then goes
through the RCS manifold and cne or both trains of ion swxchangers at a
flow rate of up to 15 gpm. However, due to deboration concerns the
flowrate will not exceed 6.5 gom. The effluent from the fcn eschangers
s routed through a sand filter in the cation position to either the A or
C RCBT for sampling. Concurrently, while water is teing removea for
processing, previously processed RCS grade ;G!E' from the other pleea
tank 1: being injected intc tha RCS to maintain water level. The return
flow path i3 identical to that used during the prehead 1ift RCS

processing




The I1F processing of tne RCS will use the existing filter and fon
e«changers of the S0S5. Existing sampling connections will be used on the
infleent and effluent of tha filters and ion exchangers to determine
racicnuctide and cnemical composition of the process steam tefora and

after processing.

-

A< descrived in the SDS TER. the prefilters and final filters consist o
sand filters for the removal of particulate matter. These filters are
followed by a serles of lon sichange vesse!s contalning about § cubic
foat of zeolite fon e«cnange media. tocation, cperation, and nandling of
thaza vessals remains unchanged from tha mode of cperation used for the
preneid 1ifr ACS processing. no<2ver DOtn trains may ta used. A 5sang
filtar in the cation position will replace the a«isting post fiitar in

order to lower system differaatial pressure and improve affluent

turbidity




TABLE 1.}

RCS RADIONUCLIDE AND CHEMISTRY DATA
(06/0G3/85)

1SOTGPE RADIONUCLIDE CONCENTRATION
uCl/cc
H-3 0.07
Sr-90 2.3
Su-125 0.055
Cs-134 0.0058
£3-137 514
Grass Hata 25
pH 7295
2aran 5237 ppm
Na 1420 pom
1 2 45 po

o
>
&
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Chapter 2

LLF PROCESSING PLAN DESIGN CRITERIA

Introduction

the IIF Processing Plan i5 designed to uyse a high capacity submersible
pump (DWC-P-1) the Submerged Oemineralizer System (SDS! and partiong of
edisting plant ligquid radwaste disposal systems to deccntaminate the RCS
water. Trnis will reduce olant personnel sdposures and the gossinility
for of f site ragiation esgosuras. The design 2blactives of this

pracassing olan are;

E: A‘system that 15 a5 ingependent as possibie from existing
radicactive wasta systams at TM[-2.  The SCS portion of this plan
5 a temporary system for tne racovery of TMI-2. Only small

sections of existing TMI-2 plant systems will be used.

r

A system that has proven performance in processing radioactive
waste. The SOS portion of this processing plan has successfully
decontaminated RCS water. Also, the reinjection path used for the
[iF Prpcessing Plan i5 the same path as was used for prehead lift

RCS processing.,



2.2 Design Basis

ra

2.2.1 Sutmerged Demineralizer System

The Submerged Cemineralizer Syitem was aesigned in accordance with

the following regulatory documents:

1. Code of tegeral Regulations, 10CFR20, Standard for Protection
against Raalation,

2. -Code of Federal Regqulations, VOCFRSD, Licansiing of Brogucticn
ang Utitization Facilities:

3.0 U:S. Regulatory Guide 1.21, dateg June 974

4. U.S. Regulatory Guide 1.140, dated Marcn (973,

5. U.S. Regulatery Guide 1.143, dated Juiy 1978.

6. U.5. Requlatory Guida B.8, cated June 1978.

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

The desiqn basls for the SDS 15 presented in greater aetail in

Chanter 4 of the SDS Technical Evaluation Report.

Interfacing Systems

The interfacing systems with the SOS in the [IF Processing system

dare:
i Reactor Coolant Liquia Haste Train,
2. Purification and Makeup System.



ra

3 AULE I Iary ang rue "?'3‘- 1
Alr Conoltioning System

q. Nitrogen Suppiy System

5 Decay Heat Remcval System

[ naste Gas Systerm

7 Standhy Prassure Control System

waste nanaling Svitem

w
wi
<
=3

ing Bulldings reating Venti]

U R.8. Jet Pump

19, fuel Transfer Carzi Drain System

The design criterta for thaza systems 1 -through 2

presented n Cnaptar 3 of the TM[-2 FSAR, Conformance t
criterta s presented in the respective secticns the

in tne TMI.2 FSAR. Item 7 15 addressed in the SP

Description. Items 8 through 10 are Included in the

ODascription

IIF Processing Plan Goat

one

U

s

System

*irn
“
3

ystenm

and

The goal of the IIF Processing Plan is to maintain the Cs137 radionuciide

concentration in the RCS to less than | uCi/cc and reduce

concentration. The RCS chemistry will be maintained as

minimum:

he SrSd

follows as a



Chlortdes ¢35 pom ’
oH »

Baron » 47159 ppm

The processing of water thrsugn the S0S does not have any effect on the

=
-

chemical charactaristics of the RCS water. Tne chemistry specifled above
wiil ensure that tnera wil! te no 3aversa effects on the RCS with respect
to corrosion. Tne goron concantration «i1] also ensure that sufficient

baron in present to maintaln tre core in a aoncritical safe condition.



Chapter 3

SY5TEM DESCRIPIION AND OPERATIONS

3.1 Introduction

The [IF Processing Plan I5 designed specifically for the controlled
decontamination of the radioactive water in the Reactor Vessel & [IF ang
the treatment of the radicactive gases and solid radicactive waste which
are produced. This plan will use the SDS as the means of gecuntamination
of the [IF with suppert from other axisting plant systems and a new
suction pump. See Fig. 1.1 for a dlagram of tne [IF processing system

flowpath.

3.1.1 Submerged Demineralizer System

The SD5 consists of a liguld waste processing system, an off gas
system, a monitoring and sampling system, and solid waste handling
system. The liquid waste processing system decontaminates the RCS
water by a process of filtration and demineralization. The off gas
system collects, filters and absorbs radicactive gases produced
during processing, sampling, dewatering and spent 505 liner
venting. The <ampling system provides measurements of process
performance. The salid waste handling system is provided for
moving, dewatering, vacuum drying, lIrertization, storage, and

loading of fllters and demineralizer vessels into the snipping cask.

§54¢



3.1.2 Interfacing System:

R» coolant water is transfarred from the I1F

avatlabie hign capicity submersinie pump
fisture Progessing Pump DHC-P-1) %5 supported from the [IF and

takes suctlon approsimately 2 1/2 ft avove the R« Vessel Fiang

]

-
3
3

"
1

| 172 inch ID rubger nose with guick-gisconnect twd way chutof?
type titting connects the gischarge of the pump to tne fuel

transfer canal drain manifolae.

Ihe manifold serves as a tis-—tn point for 3 svsteris tne Reactds
Bldg. Basement Pump system, tne fuel traniter canal arain systism,
ang tne 1;‘ processing system. Ocunie isolation of tha [{F
processing system from the other two is provided by air cperated

ball valve FCC-VO03 and check valve FCC-Y0ln in adaiticn to manual
valves and disconnected/capped connecticns located on each cf the
other branches of the manifaold. From the marifold, tha system uses
an existing flow path through Reactor Bullding penetration R-626,
Fuel Mandling Building penetration 1551 to tie-in and interface
with the SDS system. Power for the pump i5 supplied from circuit

\1 of distribution panel POP-6A. Initfal Fi1ling of the IIF is
accomplished by transferring reactor coolant grade water to the IIF
via the Fuel Transfer Canal Fill System, or via a waste transfer

pump to an RCS cold lej.



Subsequent maxeup to the !IF 13 accomplilished by transferring
reactor coolant grade w~ater from RCBT-1A to tne [IF via 3 waste
transfer pump and an e«izting flow path through the WOL and MU

systems to a cold leg of the reactor ccolant system.

The roles of the RCBT's (1A 4 1C) can be interchanged provided
valves are properly realigned and the tank used to Fill tne [IF

containg reactor ¢oolant grade water.

Flow from the [IF may e manuaily throttied at valves CN-V-FL-1 or
CH-V-FL-3 tn SDS If desired.  Flow to tne [IF may te automatically
controlled by valve MU-Y9 based on [IF watar level or manoally
controllea using WOL-V-167 and WDL-Y-36A. Snutoff of the IIF
supply (via WOL-Y40) and discnarge flcws (via FCC-YG03) i5 achieved
automatically in the event of unacceptable water levels in the IIF

and may also be manuaily acccmplished at severa! locations.

The Fuel Handling Building, duxiliary Building, and Reactor
Building HVAC systems provide tempered ventilating air and
controlled alr movement to prevent spread of airborne contamination
with the plant and to tne outside envirgnment. The Nitrogen Supply
system provides N, for blanketing the Reactor Coolant Bleed

Tanks. Reactor Cooiant grade water currently contained in the
RCBI"s pravides boratad water for injection into the RCS/IIF for
the initial fill cperaticn. The HWaste Gas System processes tne

gd5se4 frem the vents from the RCBT's.



3.2

The Standby Pressure Control System, instalied as 4 temporary IMi-2

recovery system, will be used as a iafety system to ensure that a

second RCS inlfection path i5 avallable.

Tne principal componants of the SOS are located in Spent Fuel Pool
“B", as shown in Figure 3.1. The piping and ccmponants of the
systems interfacing with the SDS are located in the Fuel Handling
and Auxiliary Bulldings. Tanks, pumps, valves, olping, and
instruments dre located in controlled access areas. Components and
piping containing significant radiation sources are located n
shielded cubicles, such as the Reactor Coolant Bleed Tanks and the

WHaste Transfer pumps WDL-P-5A and WDL-P-5B (see figure 3.2).

[IF Transfer Operations

3.2.1 Normal Operaticn

Under normal operating conditions the IIF will be filled to the
desired water level and normal start up will be required. To start
the IIF processing system the valves must be alligned per referance
B (or the reverse alignment as discussed in paragraph 4, section
3.1.2), SDS must be configured for reactor coolant processing, the
automatic trip switches must pe In the not-blocked position, tne
surface suction system must be flushed, and both the surface

suction system and the fuel transfer canal drain system must be



isolated at the Fuel ‘ransfer Canal Drain Mantfold. Ihe tusply

water to the [IF must ge sampled to verify that it i< within

specification for reactor coolant grade water

{IF processing system start-ug 15 cegun Dy starting waste transfer
pump WOL-P-5B and opening valve WDL-V4D. The curo will remain in
minimum recirculation until rlcw to tne IIF i3 reauired andg MU-V.5
is opened. Valve FCC-VOG3 ts remotely opened from SLS cantrol
panel CH-PNL-1, automatically starting the 1IF procesiing oump te
pegin transferring water to the SO5. Valve MU-VH autcmatically

opens or is manually opened ang maintains the
Infrequent operation

The system has incorporated two hand switches (DWC-HIS-IA ang
DWC-HIS-1266-1) which are located on SDS control panel CN-PNL-1
which can be used to block auvtomatic shutdown of the sysitem fo
high or low levels. These switches will allow the operators to

fill or drain the [IF to the desired water level as needed.

Relocation of the [IF processing pump within the I1iF may be
required to avoid interferences with post head removal activities.
By using flexible hose with two-way shutoff “guick disconnect” :
couplings on the pump discharge, and the overlapping hanger design
for the pump suppart, movement of the pump can easiiy be

accemplished using overhead matevial handling eguipment
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[1f Instrumentation & Control

On/off controls for the waste transfer pumps are located on radwaste

panel 13018, and In the control rcom on control panel 9.

Valve WDL-Y40 has existing open/cloie controls located on ragwaste panel
1018 and In the control recom on tne control panel 9. Agditional
open/close contrgls are locatad on SDS control panel CN-PNL-1.  WDL-VA0
terminates flow In the eyent of high or low water laval in the [IF. A
nlock switch 1s Tocated on CN-PNL-1 which can be used to olock the fow

iavel trip to permit filling tne 1If to the desirad favel.

Normal control of valve FCC-Y003 and tne [IF processing pump 15 performed
from SOS control panel CN-PNL-1. A single hand switch controls operation
of both the valve and pump. A dual indicating light is provided on
CN-PNL-1 for valve position. FCC-Y003 stops flow in the event of high or
low water level in the IIF. A block switch is located on CN-PHL-1 which
can be used to block the hign level trip to permit draining the [IF to

the desirad lavel.

dater level will be maintained manually or automaticailly at a prescribed
level Capprocimately 327'6“) in the IIF by valve MU-V9. The control
signal to valve M-V9 is provided by tne reactor water level monttoring
system (bubblari through proportional controller RC-LIC-102 or from

RC-LT-102 which i5 located on contral room panel SPC-PNL-3



3.4

Emergency stcp switches are oroviged at the [IF to ¢lase valves FCC-Y003
and HOL-V40, thereby stopping flow to an from the [IF. (Closure of valve
FCC-V003 will in turn trip pump DWC-P-) .1 High ang low leval switches
are provided on the pubbler panel to automatically stoo flow $o and from
the IIF in the same manner as the emergency sStop Switches. and w11 soung
alarms locally, in the control room on panel SPC-PNL-3 and at 505 panel

CH-PHL-T.

[IF ievel indication i5 proviged on panels SPC-PNL-3 and CN-PNL-! and

bubbler panail RC-LCPI.

LIF _Processing by SOS

3.4.1 1IF Water Filtration

A flow dlagram of the waste water flltering is shown in Figure

3.3. Two filters have been Installed to filter out solids in the
untreated contaminated water before the water 5 processed by the
fon-exchangers. Both filters are sand type. The two sand filters
are loaded in layers, using varfous sand sizings to optimize filter

performance.

Mived uniformly with the sand i5 approximately & pounds
borosilicate glass which is at least 22 welght percent boron. The
purpose of the borosilicate is to prevent the possibility of

criticality should any fuel fines be transpdrted in the jetdoan.



The flow capacity tnrough eacn fiiter is 80 gom. Reyerse fica

through filters is prevented by 3 check valve In the suppiy lime to

each filter

gEach filter {s housed in a containment enciosure to enabie iearage
detection and confinement of potential leakage. The filters arve
submerged in the spent fuei pool for shislging constgeraticns.
Contaminated water is pumped (using DWC-P-1) thrgugn the fiiters

and the RCS manifold to the ton eschangers

Influent waste water may ke sampied from a shieilag tample 23.
located above the water level to g2termine tne actiwity of

contaminated water prior to ang following fiitraticon.

Inlet, outlet, and vent connections on the filters are made with
quick disconnect valved ccuplings which are remotely operated from
the top of the pool. [Inlet-outlet pressure gauges are provided to
monitor and control soiids loading. Load limits for the filtars
are based on filter differentlal pressure, filter Influent and
efflyent sampling, and/or the surface dose limit 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.



3.4.2

L1F Water Demineraltizaticn

A flow diagram of the fcn a«change manifold and primary
fon-aschange columns 15 shown tn Figure V.1, Tnis system consists
of eight underwater columns (24 1/2" « 54 1/2"), each capaple of
containing alght cubic f2et inorganic zeolite sorbent.
Homogeneously mixed {on Siv I£-36 and LINDE-A zeclite are the
medias of cholce to efficiently immopilize the Ceslum and Strontium
in the RCS. Four zeolite peds are divided into two trains each
cantaining two bBeds (A B) with cigtng ang valves provided to
cperate either train tnsivigually or cotn trains in parallel. [n
crder to malntain tne IIF ragtation layels ALARA, nigher 505
Process flow rates ar2 necassary. Normal cperation «i11 consist of
two traing of two vessels per train operating in paratial with a
flow rate of 5-15 gpm per train., How2ver deboration concerns and
impracticality of more frequent samplings have limited the process

flow rate to 6.5 gom (total).

An in-line radiation monitor measures the activity level of the
water e«iting the last polishing filter. The valve manifold for
controlling the operation of tha primary fon exchange columns is
located above the pcol, inside a shielded anclosure that contains a
built-in sump to collact leakage that might occur. Any such
laakage 15 routed back to the RCS manifold via the off 945 bottoms

saparator tanx and purp. A line connacts to the inlet of 2ach icn
g«changer to provide =water for flushing the lon efchangers when

they are lcaded. Radianuicides loading of lon eschange vessels s

starmingd by inalyzing tha influent and affluant from each



3.4.3

eschanger. Process water flow 13 measureg by Instruments places in
the line to each ton-esxchange train. The effluents from the two
tratns of lon exchangers is routed through eitnher of the two
“cation” positions. However for 1IF processing, these "caticn®
positions will contain sand polishing fliters similar to the pre
ang final filters Instead of zeolite beds. Sand filters are used
to improve effluent clarityv. The axisting post filter is bupassed
to reduce system differential pressure. Therafore the zeolits
effluent will pass through a sand fiiter In alther of the caticn

positions directly to one of tne RCET 5.

Perfodic sampling of tna process stream «ili Occur during the
processing of a batcn of watar At the completion of processing a
batch, the contents of RCBT "A" will be sampled to determine
acceptability for injection of this water into the RCS5. [f the

water is within specification, it is injected into the RCS

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

rainjection 5 shown in fable 3.1,

Leakage Detectlon and Processing

Each submerged vessal in located inside a secondary containment box
that contains spent fuel pool water. During operation the
secondary containment 1id s closed. This tid 15 slotted to permit

a calculated quantity of pool water to flow past the vessels and
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3.4.5

connectors. Pool water from the containment bo«es is centineousiy

of the two leakage containment ion-zechangers. Any leakage which
occurs during routine connaction and gisconnection of tne
quick-gisconnects wilil te captured Ly the contalinment DOses,
diluted by pcol water, ang treated by ton-sschange tefore taing

returned to the pocl

Off-Gas and Llquia Separation System

An off-g5as and ‘Tiguia separation system collects gasecus ang iigaig
wastas resulting from tha coeratton of tne water freatment system

Tnis system will be operates in the sarme manrer for ROS wmatsr

processing as it was for Reactor Bullaing Sump water processing.

Sampling and Process Radiation Monitoring System

The sampling glove boxes are shialgad enciosures which allos water
samples to be taken for analysis of radionuclides and other
contaminants. The piping entering the glove boxes permits the
withdrawl of a volume iiwited 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 and.
Into the off-gas separatdr tank. A wataer iine connects to the
sample line to allow the line to be flushed after a sampie has been

taken

< = ST



The entire sampling jequencae is cerformed in shielded glove boxes

to minimize the pos;ibility of inadvertent leakage and spread of

contamination during routine cparation.

3:4.57]

3.4.5.2

1.4.5.3

Sampling System

Sampling of the SO0S process to menitor performance s
accempiisned trom threa shieslded samoling glove boxes,
One glove 5ox 15 for sampling the filtration system, the
second 15 for sampting the feed ang arfiuent for the
first Zeolite bed and-the tnird from sampling the

effluents of the remaining zeolite.
Process Radiation Monitoring System

The SDS is equipped with a process radiaticn monitoring
system which provides indication of the radicactivity
concentration in the grocess flow stream at tha effluent
point from the last ion exchanger vessel. The purpose of
this monttoring system 15 to provide indication and alarm

of radicnuciide breakthrough.

Transuranic Element Monitoring

During IIF processing the need for TRU Monitoring I5 not
required. as the majority of TRU is espected to deposit

in the filters & lon E«changers tefore reaching the RCBT.

Sy 0R541



3.4.6 lon-Exchanger and Filter Yessel Transfar in the Fuel Storage Pool

Prior to system operation, lon exchanger and filter vessels are
placed inside the containment boxes and connected with quick-
disconnect couplings. wren it 15 determined that a vessel is
loaded with radicactive ccntaminants to predetermined limits as
specified in the Process Control Program, the system will ce
flushed with low-activity processed water. This procedure flushes
away waterborne radioactivity, thus minimizing tne potential for
1055 of contaminants intc tha pcol watar while decoupling vessels.
Vessal decoupling !5 accocmplished remotely. Vessals are
transferred using the ex<isting fual handling crane utilizing a yoxe
attached to a long sharft. The purpose of this yoke-arm assemply is
to prevent inadvertent lifting of the lcn e«change bed or filter
vassal to a height greater than eight feet below the surface of the
witer in the "col. This device s a safety tool that will
mechanically prevent lifting a loaded vessel out of the water
shlelding and praclude the possibility of accidental aeposure of

operating personnel.

The ion-exchanger vessels are arranged to provide series processing
through each of the beds: the tnfluent waste water 15 treated by
the bed in position "A", then by the bed in position “&", goes
through a jumper in position "C", and finally by the sand filter in

position "D"




3.5 Zleollte Mi«tures

The SDS ion esxchangers wili contain a uniform misture of IOANSIV-56 ang
LINDE-A lon exchanger media. Thnese two Zeclites =ore selectes for thair
proven capabilities while processing Reactor Sullaing Sump water to
remove radlonuclidas. I[ONSIV-95 primarily removes the isotcces of Casium

and LINDE-A removes the isotopes of Strontium,

The ratic of loading the two twpes of fon gxchanger megia wili be

determined by esperimental dara to determing tne cotimum ifoaaing.

Pariodic sampling of the process stream wiil pe used to weriry e

performance of the ion eschange medla.  If necessary, rerisicns wiil ce
maﬁe to the loading ratios if congiticns warrant to acnieve the oproger
decontamination factors. vertficaticn of the performante of the ion
exchange media will be mades in azcordance with the Process Control Plan

for lIF processing.



RCBT INJECTION SAMPLE

Gamma Scan
Gross Beta - Gamma
Sr-%0

pH akt 77°F
Conductivity
Boron

Ha

Cl

Suifates

H-3

Oxygen

Fluorides

™

TasL

RCBT WATER
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4.1.2 SOS Design and Ogeration

4,

-3

The 505 deslgn and speratiocnal considerations are given in Chapter
6 of the S0S TER. These design and cperatignal considerations and

features remaln unchanged from this evaluation,

The radiation dose exposuras to plant gersonnal during LIF
processing will be lower due to the fact that the ragicnuclide
concentration In the RCS water 15 significantly lower tnan those
a«parienced during processing of Reactor Bullding sump water. The
design basis for snleldirg the SD3 eguipment 5 %o reguce radiation
lavels to less that | arem/fir ysing the ragicnuclide concentration
of 200 uCilcc of predominately Casium. The ragionuclige
concentration of Casium in the RCS water i3 currently less than 0.5

uCl/cc.

Existing Plant Considerations

The radiation protection features for the existing plant system
which interface ~ith the SOS are deccribed in Chapter 12 of the
M[-2 FSAR: The evisting radiation shieiding within the Auxiliary
Building for the following systems is adequate to reduce the
radiatian levels to telcw the design basis of 2 mrem/hr in areas
requiring access:

1.  Makeup and Purification Sysitem

2. Reactor Coolant Liguid daste Chaln

1.  Miscallanecus Waste Chatn

i Aaste Gas System

My IR CR54%



4.2 Dose Assessment

4.2.1 On Site Assessment

4.2.

el

Operation of the SDS in the [IF processing mode is e«pected to
require 50,000 galions of processing per week from installation of
the IIF processing system unti!l plenum removal (aporoxirately 14
months). This amount of precessing 15 required to maintain Cs5-137
concentration at less than 1.0 uCl/mi in order to maintatn
radiation levels in the reactor vessel head area as low as
veasonably achievable. Eased on current a.ceriance with tnz 505
this amount of processing is eupected 1o result in an eaposure for
SOS operating area activitias of 0,225 man-rem/week or

approximately 13.5 man-rem over the 14 month pericd.

Off-site Radiolegical Exposuras

Source Terms for Ligquid Effluents

Liquld effluent from the system will be returned to station tankage

for further disposition. Therefore, no liquid source term is

fdentified for this evaluation.






5.1

CONDUCT CF OPERATICNS

System Performance

By processing the Reactor Bullding sump water and RCS successfully
assurance has been granted that components develcped specifically to meat

the conditions tmposed at TMI will perform in the intendad manner.

Tha fgn-adchanga process i5 a well underitocd process. The SDS has
demonstrated that high decontamination factors can pe achieved by the use

of zzolita ion exchange media.

During IIF processing, the SOS system flcw rates will be higher than
during all pravious processing. An eight rour test was performed to
assura that these increased flowrates will not adversely affact zeolite
gerformance. Also, calculaticns have been performed by URNL to
demanstrate that system performance will not be jeopardized. Although
radionuciide break .through may occur sconer in the batch, it will
progress more slowly. This breakthrough will pe allowed to occur to
petend zeolite 1ife (minimize wastes) since the effiuent is routed back

to the 1IF.
leolite media lcading and dewataring can be accomplished in the intended
manner and remote tools. necassary for the coupling and de-coupling of

the vessels, aoperate Ia the Intanded manner,

- 32 « CH54x
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5.3

System Testing

Prior to use In the SDS each vessel will be hydrostatically tested in
conformance with the reguirements of applicable gortions of the ASME
Boller and Pressure Vessel Code. Upon completion of construction, the
antire system was pnsumatically tested to assure leak-free ogerations.
The system will be retested prior to [IF processing at the design

pressure.

Individual component operability will be assured during the
pracgerational testing. Motor/pumo rotaticn and. cantrol schemes will ge
verified. The leakage collection sub-system, as well as the gas
collection sub-system, will be tested to verify ocpervability. Filters for
the treatment of the collected gaseous waste will pe tested prior to
inftial cperation. System pracperational 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 cperations, emergency situations, and required mainténance

evolutions.



Prior to IIF operation,
,ystems operations personnel
tc erable safe and efficient

na

g cperator evali

and efficient




6.1

Possib

Chapter 5

ADDITIONAL ACCIDENT SCENARIOS

ble Accident Scenarios

6.1.1 Qverfill of tha IIF could result in contamination of the pool area

3

.4

in the vicinity of the reactor vessel, and potentiaily increase

airborne activity in the Reactor Bullding.

towaring of the [IF water lavel would reduce tne shialding provided

thareby increasing worker exgosure on the [IF platform.

Injecticn of telow spacification borated water into the IIF woula
violate technical specification requirements. and could lead to

criticality.

A braach of the system pressure boundary during pumping of the
reactor ccolant to the RCBT could result In the release of reactor
czalant which could cause additional contamination of reactor

buflding or Aux/FHB surfaces.

If FCC-V0O3 remains open after pump DWC-P-1 stops, siphoning from

the IIF would rasult in lowering the L[IF witer level.

“ 35 = 0454x



6.2 Design Features to Mitigate Effects of Accldent Events

6.2.1 wWhen tranzferring water from the RCBT to the [IF, flcw rate will be
automatically controlleg by MU-V3, or manuvally contrelled using
WOL-Y-36A and WDL-V-157. VYalve WOL-V40 will recelve input frcm a
hi-level switch, which will autcmatically cicse the walve in the
event of nigh water level, terminate system croavation, and sound
local and remote alarms. Additionally, when initially filling the
[IF, the water leve] will be monitored by visual inspection to

prevent overfilling of the iif.

o
(]
s

When transferring reactor ccolant from the [IF through 50S to the
RCBT, reactor coolant will be pumped using DHWC-P-1. Suction w#ill
be taken about 2 1/2 feet above the reactor vessei flange. This
will allow a sufficient inventory of reactor coolant to remain in
the reactor vessel for shielding as well as decay heat removal in
the event the systam does not automatically stop for low level.
Valve FCC-VOO03 will autematically close and alarms sound in the
avent of low level. Closing valve FCC-V003 autcmatically trips the
IIF processing punp and termipates system cperation. An emergency
stop switch providad at the IIF will allow workers to terminate

system operation in the event of low level iIndication,

6.2.3 System procedures will require that the surface suction system be

flushed and both the surface suction system and the fuel transfer



canal drain

Double isolation is provided to prevent injection of below specificat

systems isciated tefore starting the [IF processing system.

F

RCBT

borated water into the IIF from these scurces. Sampling of the RCET supplying

the IIF is required pefore the system 13 placed in cperatice

6.

The discharge hose and pipe, including the manifold will e leabed
tested in accordance with ANSI B31.1. Periodic visual inspecticn
of the hose is rvequired to assess tts congition., The hose ang
couplings are rated higher than tne 1IF processing pump snutoff

head (= 150 psig).

FCC-V0Q3 is provided with a soring loased actuator which w11l couse
the valve to fall close on loss of air or alactrigity, thereby

Should the valve remain cpen,

preventing siphoning f
suction will be broken 2 172 feet above the reactor vessel flange,

leaving a sufficient inventory of reactor coolant for shielding ang
decay heat removal. Should water level drop dramatically perscnnel

will be restricted from the immediate area.
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Chapter 1

SUMMARY OF TREATMENT PLAN

Project Sccpe

The capability to maintain water clarity and radionuclide concentrations
in the Fuel Transfer Canal (Deep End) during early defueling cperations

must be available. The design features of this processing methcd are:

1% Use of the proven processing capabiiities orf the 50S.
23 Use of existing plant systems In support of SDS.
3: Use of FCC-P-1 (canal drain pump).

4. Use of DWC system piping.

This report is presented as an addendum to the previcusly submitted SDS
TER to provide greater detati in those aspects of system design and

operation whivw .. ~'7ie to the processing of the Fuel Transfer Canal

Current Fuel Transfer Canai Activity & Chemistry

Hater samples are taken weekly to monitor radionuciide activity and
chemical parameters of the Fuel Transfer Canal. Current results ava
Iisted in Table 1.1. Activity decreases due to decay, however activity
in water may incraase due to leaching from plenum or activity on

canisters being transferrad through the fFuel fransfer Canal.






fapla 1.1

FTC Radicnuctiide and Chamistry Data

(05/29/35)
Cot® 5.9 « 107 uCi/ml
§pt0 .14 uCi/ml
P 6 ¢ 10°% uCi/ml
gyt 4.9 « 107 uCl/ml
cgitt 2,3 x 107 pCi/ml
Cgrv? 6.4 ¢« 19 P uCh/mi
e § 10 uchim
Borvan 5150 ppm
Turbigity 3.4 il

3 - ialdx



Figure 1.1
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Chapter

FCC PROCESSING PLAN DESIGN CRITERIA

Introduction

The FCC Processing Plan i5 designed to use a high cacacity submersiple

pump (FCC-P-1), the Submerged Demineralizer System, and portions of

Defueling Water Cleanup System to maintain water ciarity and acti

levels in the Fuel Transfer Capal. The design cbjectives ars:

. 3 A system to maintain FIC clarity ang radicactivity levels

A

[N

w

vity

ystem that is 3; independent as possible from 2«isting 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 RCET, tne inlet

header to the RCBT's (WOL System).

i A system that has proven performance in radicactive waste

processing. The SDS has successfully decontaminated to date almost

three mitlion gallons of contaminated 1igquids.

Cesign Basis

2.2.1 508

The oestgn basis of the S0S is presented in Chapter & of the 3DS

TER.,



2.2 2 Interfacing Systens

The interfacing systems with the S0S in the FCC Processing system

are:

1. Reactor Coolant Liguld Wasta System

2. ' Reactor, Ausiliary and Fual #andling Euitoings Heating,
Yentilation ang Air Conglzioning Systams.

3. dasta Gas System

4. Plant Air, Elactric, Nitrogan and Demin. Water Systems

5. RB Jet Pump

6.  CRCS-Reactor Vasszal Filtration System

I. LIF Processing SystemfFual Transfar C3nai Shallow Eng Oralnage

System,

The Design Criteria for Systems 1-4 above ara presented in the
TMI-2 FSAR. Systems 5 thru 7 are coverad in the SDS System

Description.
FCC Processing Plan Goal

The goal of the FCC Processiing Plan is 1) to mafntain Gross By activity
fess than 1 « 10" uCi/ml to minimize the source term and 2) to

maintain turbigity less than INTU to maintain underwater visibility. The
processing of this water through SDS has no offect on the chemical

characteristics of the water.

1513%



chapter ]

SYSTEM DESCRIPTION AND OPERATICNS

3.1 Introduction

The FCC Processing Plan is ¢esigned to mainrain rad

until the

water clarity in the Fueil Transfer C

operational

3.1.1 Sunmerged Deminaralizer System

SUS consists of a 1iquid waste processing sy

G

system, a monitoring and sampling system, an

system.  The liquld waste orocessing system dezontaminates the Fil
water by a process of filtration and demineralization. Tha off gas
system collects, filters and absorbs radis ¥R gaszes m

during procassing, sampiing, dewatering angd zzent 505

venting. measuyromenti of

performance. The solid waste handling system is5 provided for

moving, dewatering, vac

=1

toading of Filters and demineralizer vessiels into the shipping cask.



3.1.2 Interfacing Systems
Canal water is transferred from the FIC using a commercially

avallable high capacity submersible pump. This pump (Canal Crain

Pump FCC-P-1) takes sucztion in the 4" drain locatad in th

"

deep

o

=
of the canal. A ! 1/2 inch ID rubber hose with guich-dizconnect
two way shut-off type fitting connects the discharge of the pump %o

the fuei transfer canal drain manifold.

The manifold serves as a tle-in point for 3 systems; the Reactor

Bldg. Basement Pump system, the fuel transfer canal drain system,

and the IIF processing system/FTC Shall End Dratnage System.
Bouble isolation of the FCC processing system from the other two is
5ing syste the Of o is

provided by ball vaives FCC-¥003 and FCC-¥002 in agdition to
disconnected/capped connections located on each of the other
tranches of the manifold. Ffrom the manifold, the system u
existing flow path through Reactor Building penetratica R-626, Fuel
Handling Building peretration 1531 to tie-in and interface with the
SOS system. Power for the pump §s supplied from gistribution panel

PDP-6A, breaker #12.

Fiow from the FIC may be manually throttled via CN

CN-V-FL-3 In SDS §f desired.



Tne fual HMandling Building, Auviliary Builiing, and Reastor
Bullding HYAC systems provide temgered vantilating alr and
controlled air movement *o oravent spreadg of alrborne contamination
«ith the plant and to tns cutside anvircnment. The Nitrzgen Supply
system provides N; for clankating the Reactor {colant Bigzad

Tanks, should the system affjuent be routed =5 them,  The Haste Gas
System processes the gases from tne vants from the RCBT 5.

The princieal composents of the SDS are 'ocated in Spent Fuel Pon

“BUL as snown In Agsendis o, 2 Figura 3.7 The piping ard
mpotants af tha tyst s Intarfacing with tha 305 aes -ratsd in
the Fue! Hindling and-Age: biary Sufldings Tanks . oumps . Yalves,

aiping, and Instruments ara locatad in contrailed access areas
Components and afping cantaining significant raglation sourcss are
tocated in shisldea cubicles, such as the Reactor Coolant blaed

Tanks and the Waste Transfer pumps WOL-P-54 and WOL-P-53 (:zea

Apgendic« No. 2 Flgure 3.2).

3.2 FLC Transfer Operations

3.2.1 Normal Operaticns

The FTC will be £illad with RCS grade water. The function of the

FCC system b5 to possible 3 contrslled means of draining or

processing this watay ferom tha <anmal,
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3.4 FCC Processing by SOS

3.4.) FCC Water Filtration

3.4,

3

Two filter; are installed to filter out solids in the untreated
contaminated water before the water is processed by the
fon-exchanger. The filters are lcaded In layers using various sand
sizings te cotimize fiiter performance. Mixed uniformly with the
sand 15 approximately 6 pounds of borosilicate glass which i5 at
least 22 weight percent boron, to prevent the remote possteility of
critizcality shouly any fuel Fines be transported to the filters,
The filters and their containment enclosures, sampling, etc. are

unchanged from *hat in previous iections of this [ER.

FCT Hater Cemineral.zation

This system consists of two trains of ion exchangers conilsting of
2 or 3 ion e«changers each, Each lon exchanger contains sight
cubic feet of ion organic zeolite sorbent. Plping and va'ves exist
allowing operation of sither train individually or hotn in

parallal The effiuents from the two trains of ifon evchangers is
routed through one of two sand filters installed in the “cation”
positions. These zind filters were installed in.piace of the
original cartridge type post filter, and is used to trap zeolite
fines and improva effigent clartty. These ion-euchangers, their

containment enclosures, sampling, =tc, are digcis @0 in more detail

in pravicus sectlans oF this TeR




3.4.3

3.4.4

3.4.5

Leakage Detection and Processing

gach submerqged vessel is located inside a secondary containment bor
that contains spent fus! poo! water. [During operation the
secondary containment tid i5 closed. This 1id 5 slotted to permit
4 calculated guantity of pool water to flow past the vessels and
connectars. Pocl water from the contalnment boxes is continuously
monitored to detect leaxaqge and I5 circulated by a pump through one
of the two leakage containment ion-exchangers. Any leakage which
accurs during routine conpection and disconnection of the
quick-disconnects will be captured hy the containment boses,
diluted ty pool water, ang treated by lon-exzhange before being

re#turned to the pocl

Off-Gas and Liquid Separation Syitem

An off-gas ang tiquid separation system collects gaseous and liquid

waitas resulting from the oparation of the water treatment system,

Sampling and Procass Ragiation Monitoring System

The sampling glove boxes are shielded enclosures which allow water
samples to be taken for analysis of ragionycitdes and other
contaminants. The piping entering the glove bo<es permits the
withdraw! of a volume limitad amount of sample into a collection
bottle. <vlinders are purged by positioning valves to permit the

water to Flow through them and return 'O a waste dratn header and

Inta the aff-gas separator tank. A water line comnects to the
jample Plpe to aficy the tine 44 he figthed after 2 samgle has tesn
taken

¥ 5133



The entire sampling sequence i5 performed in shielded glove bores
to minim' ‘@ the possibility of inadvertent leakage and spread of

contaminat<on during routine operation.

3.4.5.1 Sampling System

3.4,

Sampling of the SDS process to monitor performance 15
accomplished from three shielded sampiing glove boses. One
glove box 15 For sampling the filtration system, the second §s
for sampling the feed and effluent for the first zeonlite bed
and the third from sampling the effluentsy of the remaining

Jenlite

ra

ce5s Radiation Monitoring System

The SDS i5 equipped with 4 process radiation monitoring svstem
which provides indication of the radicactivity concentratian
in the process flow stream a* the effluent point from the last

fon exchanger vessel. The purpose of this monitering system

<

Is to provide indication and alarm of radionuclide

breakthrough.



is

4.

-]

fon-Euchanger ang Fiit:r Vassa! Transfer in the Fuel Storage Pocl

Pricr to system operation, ion eschanger and fllter veszels are

placed instde tne containment hoees ang conne

disconnect couplings. When it 13 getermined that a wvesiel is

Inaded witn ractcactive contaminants to pregetermines limirs ag

wpecfieg in
flusned with low-agtivity processed water.  This procedure f
dwdy waterborne rigloactivity, thus minimizing. the poctential for
logs of contaminasts ints the gool water while decoupling vesials
Vesyet. dectupiing=is azporpiicnay-remotely.  Vessels are
transterred giing tra o s 1-2yal nangdling craneg _".is_"r's; i yosp
Attachea to a long zhart ine purpose <f this yohe-arm assemdiy

to prevent inacdvertent [ifting of the lon ss«crange ted or filter
vessel to a height greater tnan eight feet below the surface of the
water in the pool. This device Is a safety tool that will
mechanically prevent 1ifting a 1caded vessel out of the water

shieiging and preclude the possinility of acclidental exposure of

cperating pearsonngl.

The ion-eachanger vessals are arranged to provide serie: processing
through each of the beds; the influent waste water is treated by
the bed in position “A", than by the bed in position "B™. goes

thiough a bed =r jumper in position "C¥, and finally oy the sand

filter in position ©

(€
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Zealita Micturaes

The SOS fon gichangers «i1l contaln a uniform mixture of IONSIV-96 and
LINGE-A icn ;:;nanqer media, Thasa two zeolitas were selected for their
proven capabilitias while procasiicg Reactor Building Sump water to
remgve radionuctides. [ONSIY-96 o: imarily removes the isotepes of Casium

and LINCE-A removes the isotopes of Strentium,

The vatio of loading the two types of fon exchanger medta #ti1 be

determined by edperimantal data to detarmine the cptimum loading,

Perindtc iampling or the nrogess itream will be used to verify the
performinca of the ign acchange media. [f necassary, revisions will be
made to tne lcading ratios If conditions warrant to achieve the proper

dacontamination factors,

an

2



HAPTER 4

Radiation Protection

1.1 Ensuring Occupational Radiation E«posuras are ALARA

The sbjectives with respect to FCC pracesiing cperations are to

apsure that cperaticns conducted in supgort of the an

NG rurther, that operaticens assoclated «ith radiation

erposure will be approached from the standpoint of maintaining

radiation

to levels that are as low a3 reascnaply

achigvabla

During the operational pericd of the system the effactive contro
F vadiation asposure wiil be hased on the following considerat

1% Sound engineering dasign of the facilities and equipment

2 The use of proper radiation protecticn practices, including
work task planning for the proper use of the appropriate
equipment by qualified parsonnsl.

Chriet —_ : g s AP = et
i »trict adherence to the radiolcgical controls procedures as

tovaloped for TMI-2
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4:2.)

4.2.2

On Site Assessment

Operation of the SOS in.the FCC processing mode §5 e«pected to
require Intermitted processing of the FIC as required to maintain
water clarity and Gross By activity <1 « 10°* uCi/ml unti|

OWCS i5 fully cparational. Based on current experience with the
S0S this amount of processing i5 expected to result in a negligible

esposure for 50S operating area activities.

Off-site Radiological Exposures

Source Terms for Liguid Effiusnts

Liquid efflyent from tha system will be returned to station tankage
for further dispasition. Therefore, no ligquid source term is

tdentifiad for this evaluation.

The plant vent system is a potential pathway for carrying alrborne
radioactive material and release. Radionuclides in the gaseous
effluent arise from entrainment during transfer of contaminated
water to various tanks, filters, iom a«change units, and also from
water sampiing. For further information, see sactton 6.3.2 of the

SDS TER.

14 15187



Chapter 5
CONDUCT OF OPERATIONS

System Performance

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

the conditions imposed at ™I will perform in the intended manner.

The ion-exzhange proctess 15 a well understood procezs. The SGS has
demonstrated that nigh gecontamination factors can be acnleved by the use

of zeolite ion exchange media.

During FCC processing, the SOS 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 #ill not be jecpardized. Although
radionuclide breakthrough may occur sconer in the batch, it will progress
more slowly. This breakthrough will be allowed to occur to estend
reolite life (minimize wastes) since the affluent is routed back to the

Fuel Transfer Canal.

leolite media loading and dewatering can be accomplisned in the intended

manner and remote toois, necessary for the coupling and Jecoupling of the

vessels, operata in the intended manner.



m




Prior to FCC operation, forma! classroom instruction will be orovided to
systems operations personnel to 2nsure that adeguate knowledge is gained
to enable safe and efficiant oneration. During system operations
on-j0ing cperator evaluaticns will be conductad to ensura continuing safe

and efficient system cperation.

3 1518%
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Chapter 6

ADDITIONAL ACCIDENT SCENARIOS

Possible Accident Scenarios

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

contamination of reactor building surfaces.

6.1.2 Introduction of reactor building sump water into the fual transfar
canal would contaminate the canal and could result in a potential

criticality problem.
Design Features to Mitigate Effects of Casualty Events

G.E.i 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 macimum operating
pressure per ANSI B3l.l. To ensure pressure boundary integrity,

hoses are to be inspected prior to operation of the FCC canal drain

network .







3

SOS System Descripticn Appendic 13.
TM1-2 Ragiochemistry Summary Sheet, Sample No. 35-76377 gatad
May 29, 1935,

Bachtel Dwg. ho. 2-MI5-DuC04, Scnematic Diagram: [ntarim Fue

Transter Capal Processing Systam.
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nee
DESI

Introduction

The FTC Shallow End Drainage
(DHC-P=1) previously used as

the SDS Feed & Filtraticn subs

151 i systam and the Fuel T
End Drainage Sysitem daesign i

] capability to drain shal
tankage

2) as Independent from axis

2251505

See Chapter 4 of tha SUS

Chapter 2

3N CRITERIA

jstem. the Reactor

low end by transfer to deep end

ting plant system as poss

]
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guisti
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The goal i

shallow end of
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Chapter 3

STSTEM DESCRIPTION AND OPERATIONS

Introduction

The FTC Shallow End Dratnage System 135 dasignad to alidw gumping of water

from the snallow end back to the deenend or to the ACBT's for future

procassing as necessary.

3:1

e

The portions of the SDS used, consist of a llquia filtering system,
an of f gas syitem and 3 sampiing system. The liauld filtering
system if used removes sollds from the transfer stream. The off
gas system collacts, filters and absorbs radloactive gases produced
during sampling, dJewataring and yeszel venting. Tne samoling

syitem provides measurement; of ciiteatlon performance.

Interfacing Systems

Canal water is transferred from the shallow end using a
commerzially available submersinie pump. [his pump, CWC-P-1
(formerly the IIF processing pump) is installed on Elev, 303'-0"
and takes suction tn an a«isting 4" drain located in the New Fuel
Pit. A 1 142" ID rubber hose aith guick-disconnect two way

shut-of f fitting cornects the pump discharga to the FCC manifold.




The manifold server as a tie-in point for 4 systems; the RE Jet
Pump, the Fuel Transfer Canal Drain System (FCC), the DWCS-Reactor
Vessel Flltration System (Early Defueling) and the FTC Shallow End
Drainage System. Dcuble isolatlion of all other systems from the
Shallow End Drainage system is provided by manifold isolation
valves and the disconnecting of the SWS, FCC and ODWC hoses from the
manifold. From the manifold, the discharge hose is either routed
to the FIC deep end or through the existing flow path through RE

. penetration R-626 and FHB penetration 1551 to the RCS manifold at
SDS. Power for the pump is supplied from circuit 11 of
distribution panei POP-6-A. From the RCS manifold, flow may be
filtered through tne SDS Pre and Final Filters, or may bvpass the

filters. The receiving tank in either case is one of tha RCBT's.

The Fuel Handling, Auxiliary and Reactor Building's HVAC systems
provide tempered ventilating alr and contro'led air movement to
prevent the spread of airborne contamination within the plant or to
the environment The Nitrogen svstem provides N, 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 tran.fer canal shallow end drainage system is a temporary
modification in the reactor buiiding designed to pump water from
the shallow end of the canal and deliver the asater to the despend

of the canal or the rpactay ¢ int Blead tanks (REBTH!
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Alr-operated value FCC-Y303 i35 intarlocked «ith =he pump such that the

valye must be opened hefore the pumo will start.

A high level alarm 15 prostded at contral panel CN-PNL-1 %o inform the

operator to begin draining the pit. A low level alarm is also provided

at £N-PNL-1 to inform tha cperator to stop the pump. Tha 12w level alarm

#i1l not alarm when the pump is orf,

Shaliow Eng Flltration by SDS

3.4.

3.4

1

L

Fiitratiop

Two sand filtars are fnstaliad ta remove s0li1ds from the zanal
water prior fo storage in tan¥s for future processing. The filters
contain layers of varicusly sized sand uniformiy miced w#itn
borosilicate glass which is added to preclude criticality

concarns., The filters and ralated SDS subsystems are unchanged

from that discussed in previcus sections of this TER.

Leakage Detection and Processing
The fiiters are located inside submerged containment boves which

are monitored and recirculated through the SDS Leakage Containment
System which i5 unchanged from that discussed in previcus sections

of this TER.

Off-Gas and Liquid Seperation System
An off-gas and ligquid separaticn system collects gasecus and liguid

wastes resulting from the operaticn of the filtration svstem ang



1.4.4 Sampling System

Sampling of the filtration Influent and effluent to monitor filter

performance is accemplished using the shielde

Sample Glove Bor. This system is discussed in deatall elsewhara in
this TER.

3.4.5 Filter Vessel Transfer in
Prior to system cgeraticn, placed insigae the
containment boxes and connected to the system using
nuick=disconnect cotplings. “when 1L 15 determined thar & Filtar 1z
lcadad with solids (based on ap), the filter ts tluinsg 4bch
Icw=aCctIvity torage jocation i
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lant vent sv:tem i5 a potant

notild Ge significantiy Wgr than that fznge

1y of RB sump or al RCS 3s5ing fha 508 shielding
3 4 avels less than | meinr ysing 200 uCi/cc Cestum
teisting Plant iti
The ragiation grot i features for the avisting 3N
systems which intarface with the SDS are descriged tn “hapter B2
the [M[-2 FSAR
i mant

te Agsassment
paration aof the Si Fil n system in tha L A E % Fnn
ralnage mode may reguired ermittentiyv to drain the o]
end of the canal. Based on past SDS operating experience, the
saposure for perating area activities due to this cperation
14
Trsite Assessment

ca Tarms foe Llauid Effluents
A1) liquid effluant from the system will be in staticn
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Chapter 5
CONCUCT CF CRERATIONS

System Performa ce

Past processing a«perience i 2., filtering RB sump and Tank Farm water,

ajsures that the filtration syitem will perform in the intenday manner.

Dur ing Shallow End Dratoage Cparations, the flow rates thruugh the
fFiltars may approach 50 gpm. Filters «ill be taken Sut of service an
nigh aifferential pressuce. Fiiter changeout and dewatering can be

accomplished in the intended manner ysing remote long-handled tools.
System Testing

Prior to use. each S0S vessel will pe hydrostatically tested in
cenformance &ith the requirements of applicable porticns of the ASME
Boiler and Pressure Vesiel Code. Upon completion of construction, the
entire system wxs pneumatically tested to assure leak-fiee aperations.
Individual comparent and subsystem cperabllity was precperaticnally

testad catbsractorily In accorgance with apgroved procedures.

LR R T T A



tam Cperations

9
L]

Svstem cperations will be conducted in accordance with written and
approved procedures. These procedures will he applicable to normal
system cperations, emergency operations, and required maintena (e
evolutions. ODuring system onerations on-going ocperator tralning and
avaluation will be conducted to ensure continuing safe and efficient

svstem cperations,



Chapter &

ACCIDENT SCENARIOS

6.1 Casual*v Events
6.1.1 A breech of the system pressura boundary while removing water from
the shallow end of the fuel transfer canal could result in

additional contamination of reactor tuilding surfaces.

6.1.2 Introduction of this water into the fue! transfer canal

contaminatse the canai.

-

6.2 Design Features tn Mitigats Effects of

6.2.1 A hose or nipe break will result in 1oss of line pressure.
Pressure and flow indication are grovided at varisus locations an
the pump ditcharge flowpath. The piping and hoses are
hydrostatically tested to 1.5 times their ma«imum operating
pressure per ANSI B3i.1. 1o ensure pressure boundary integrity,
hoses are to be tnspected prior to cceratién of the canal thallow

end dratnage network.



("

fha fue! transfer canal and tne zhallow end drainage svstem branch
connections of the fuel canal drain manifold contain double
fsolatlon, which includes a cneck valve in eacn line. This is to
prevent ra2actor building sump and flush water from ceing delivered
into the canal. In additicn, the coupling comnecticns on the canal

¥

drain and shallow and drain lines of the manifold are 1 1/2-tnches
and incorporate a twc-way shut-off feature. All other manifold
coupling connections, including tha reactor building SWS system
connection, are l-inch diameter. This prevents connecting a

b 172-inch pump discharge hosa to the l-inch SHS svstem <onnegtion
which does not Include a check vaive. QC 13 to vesify thar #ach

nrose i5 connected to the proper manifold Grancn ccnnacticn oriar to

system turnover,

I
|
181 3%2 L0



Appendix Mo. 5

to

Submerged Demineralizer System

Technical Evaluation Report

TITLE
EARLY DEFUELING DWC REACTOR VESSEL FILTRATION SYSTEM

JUNE 1985



Chapter | Summary cf Treatment Plan

1.1 Project Scope

4

1.2 Current RCS Radionuciide Inventory and Chesistry

1.3 Early Defueling DRC Reactor Yess2] Filtration

Chapter 2 RV Filtration Processing Plan Design Criteria

a1 Introduction
2.2 Design Basis
2.3 &Y Filtration Processing Plan Goal
Chapter 3 System Osszcription and Operation:
3.1 [ntroduction
3.2 Reactor Yessel Fiiltration System Ogerati
3.2.1 Wormal Cperati

Infrequent Operations

[
T
r

3.3 Reactor Vessel Filtration System Instrumentation ang Control

Las
()

Controls

3.3.2 Paower
31.3.3 Monitoring
3.3.4 Trips and Interlocks

3.4 RV/IIF Processing by the Reactor Vessel Filtration System/SDS
3.4.1 Filtration

Demineralization

system Descripticn



CONTENTS (continued)

Chapter 4 Radiaticn Protecticn

4.

Ensuring Occupationa! Radiation Exposuras are ALARA

2

Cverall Palicy
S0S Design and Cperation

Existing Plant Considerations

Dose 2s53a53ment

On-5ite Assessment

Off-Site Assessment

Chapter 5 Conduct of Operaticns

b
502

5.

1

3

Systam Performanca

Systam Tasting

System Cperations

Chaptaer  Additicnal Accident Scenarios

6.

Possible Accident Scenarios and Design Features to Mitigate their
Effects.

2 2
6.1.
6.1,
6:115

!

3
-

Loss of Power
Loss of Instrumentation/Instrument Atr
Filter Media Rupture

Line and Hose Break



Chapter !

SUMMERY OF TREATMENT PLAN

Project Scope

During early defueling, after the removal of the [IF pump. Reactor Ves:zel
water clarity will be maintained using the Reactor Vessel Filtration
portion of the OWCS. Prior to the completicn of the remaining portions
of the DWCS. 1 capabliity of arocessing the RCS must be availabls to
maintain or dacrease activity levels in the water ang raspgective dose
rates to workars aver tne vessel. To achieve this, a slipstream from the
Reactor Vessal Filter Trains w#ill be routed through the Filter Canister
Post Filter and hosed to the existing FCC Drain Manifold/flow path to SDS
for demineralization. The effluent from SDS will be routed to a RCBT

while concurrantly making up tc the RCS from another RCST.

This report describes the post IIF pump removal processing of the RCS by
the Reactor Vessel Filtration System, SDS and other interfacing plant
systems for the maintanance of RCS water clarity and radionuc!ide

concentrations.

This report ts presented as an addendum to the previocusly submitted SGS
Technical Evaluation Report (TER) to provide greater detai! in those
aspects of system design and cperation which ave unigue the processing of

the RCS using the Earl, Dafueling DWC Reactor Yassal Filtration System.



1.2 Current RCS Radionuclide Inventory and Chemistry

Water samples are taken weekly from the RCS to identify radionuclide
concentrations and water chemistry. Current results are listed in

Table 1.1. RCS activity decreases due to decay. leakage and subsaquent
makeup, and RCS processing. RCS activity may increase due to leaching or
disturbance of core material. The RCS activity when the Reactor Vessel
Filtration System begins cperation i3 expected to be essentially the same

as listed in Table 1.1 (Antimony activity may increase by a factor of 2).

Early Defueling DHC Reactor Vessel Fiutraticn System Description

Figure 1.1 shows a block diagram of the Early Defueling DWC Reactor
Vessel Filtration System flowpath. RCS water is continuously filteres
through one or both filter trains and returned to the Reactor Vessel at a
rate of up to 200 gpm per filtration. If water reguires demineralization
due to increasing radionuclide concentration, a shipstream from the
filter train effluents may be processed through SDS at up to 15 gpm to a
RCBT while concurrently making up %' th RCS érade water to the RCS from

another RCBT.

The flow path from the filter train effluents passes through the filter
Train Postfilter and is hosed to the FCC Drain Manifoléd on to SDS and the
recelving RCBT. The raturn (makaup) flow path 15 identical to that used

during IIf processing and pre-hpadlitt processing,



The processing systam will use the a«isting ion exchangers and effluent
sand filters of the S0S. Existing sampling connections will be used on
the influent and effluent or all S05 filters and ion exchangers to
detarmine radionuclide and chemical composition of the process stream

before and after processing.

As described In the SOS TER, the sandfilters and ion e<changers, their
locaticns, operation and handling of, remain unchanged from the mode of
operation used for DF and pre headlift arocessing., Both traing of

lon-guchangers may be used.

S 15200/L0
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TABLE 1.1

RCS RADIONUCLIDE AND CHEMISTRY DATA
(Ch/17/85)

[SOTCPE RADICNUCLIDE CONCENTRATION
uCilece
H-3 0.07
Co-60 0.009
Sr-90 3.0
Sb-125 0.065
Cs-134 0.005
Cs-137 0.17
Gross By 3.0
CHEMISTRY
pH 7.56
Boron 5160 ppm
Na 14500 ppm
cl 1.85 ppm

Turb S5 NTU
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Chapter 2

RY_FILTRATION PROCESSING PLAN DESIGN CRITERIA

Introduction

The Early Defueling DWC Processing Plan is designed to use high capacity
submersible pumps (OWC-P-2A and 8) and two trains each consisting of two
filters. Additionally, portions of bath the SDS and e«isting plant
Liquid radwaste disposal systems are used to clarify and decontaminate
the RCS water. This will reduce radiation exposure to plant personnel
and will reduce the possibilities for off-site radiation esposures. The

design objectives of this processing pian are:

1 to filter the water in the Reactor Vessel and RCS to remcve
suspended solids and maintain water clarity at or below 1 HTU.

2) to remove soluble fission products from the water through
demineralization by batch processing through SDS to the RCBT's,
thus reducing the dose rate contribution of the water to defueling
personnel

Eh to use the SDS which has proven its performance In the
decontamination of RCS water.

4) to uza the proven reinjection pathway to the RCS previcusly used

during LIF and prehead Vift processing of tne RCS




2.2 Design Basis

ZiZ oS5
The design basis for the SDS is presented in detail in Chapter 4 of

the SDS TER.

2.2.2 Interfacing Systems

The interfacing systems with the RY Filtration System/SDS are:

1) Reactor Coolant Liquid Waste Train.
2)  Purification and Makeup System

RE) AFHB HVAC.

4) Nitrogen Supply System.

5)  HWaste Gas System.

6} SPC System,

n Instrument Air System.

8) Fuel Transfer Canal Drain System.

The Design Criteria for systems 1-5 and 7 above are presented in
Chapter 3 of the TMI-2 FSAR. System 6 is covered in the SPC System

Description. System 8 15 covered in the SDS System Description.



2.3 RV Filtration Processing Plan Goal

The goal of this system is to maintain reactor vessel water clarity at

1 HTY or less, and the concentraticns of Cs " and Sb ** less than or
equal to 0.02uCi/ml and 0.15uCi/ml respectively. [t should be noted
that Sb'"* will be limited by processing through EPICOR as necessary.

The RCS chemistry =ill be maintained as follows:

Chlorides < 5 ppm

nH » 7.5 but « 8.4

The filtering/processing of 3(S water by the RV riltration System/SDS
does not have any effect on the chemical characteristics of the RCS
water, The specified chemistry will ensure there are no adverse effects
on the SDS with respect to corrosion while 2nsuring boration sufficient

to maintain the core in a ncacritical safe condition.



3.1

Chapter 3

SYSTEM DESCRIPTION AND OPERATIONS

Introduction

The Early Defueiing OWC Reactor Yassel Filtration system 15 a temporary
Mauid processing system which i5 designed to process water contained in
the raactor vessal. The system i5 comprised of the filtraticn pertion of
the wactor Yasscal Claanup System, tha Sutmerged Demineralizar System
(505}, Reactor Coolant Blesa Tanks (RC3T) and tna return pathway from the
RCBT: to the reactor vessel used for the IIF Processing System. See
figure 1.1 for a compliefied diagram of the DWC RV Filtration System

Flowpath.

3.1.1 565
The 505 consist: of a liguid waste processing system, an off gas
system, a monitoring and sampling system, and solid waste hand!ing
system. The liquid waste processing system decontaminates the RCS
water by a grocess of flltration and demineralization. The off-gas
system collects, filters and absorbs radicactive gases produced
during processing, simpling, dewatering and spent SDS liner
venting. The sampling system provides measurements of process
performanca. The solldg waste nandling system i35 provided for
moving, dewatering, vacoum drytng, inertization, storage, and

1cading of filters and gemingrfMizer vesials into the shipping cask.

' 1520%/LE
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3.1.2 Interfacing Systems
The RCS water is transferred from the RY/IIF using two commercially
avallable submersible pumps (DWC-P-2 A/B). The water is filtered
by one or both of the RY Filtration System Filter trains and
returred to the RY/IIF. A slip stream from the filter tratn
effluents may be routed through the filter train postfilter and

hosed to the FCC Drain Manifold.

The manifold serves as a tie-in point for 4 systems. the Reactor
Bldg. Basement Pump system, the Fuel Transfer Canal Drain System,
the New Fuel Pit Drain System, and the Reactor Vessel Filtration
(CWC) System. Oouble isalation of the DHC system from the other
three is provided by alr cperated ball valve FCC-V003 and check
valve FCC-V0!6 in addition to manual valves and disconnected/capped
connactions located cu each of the other branches of the manifold.
From the manifold, the system uses an existing flow path through
Reactor Bullding penetration R-626, Fuel Handling Building

penetration 1551 to tie-in and Interface with the SDS system.

Subsequent makeup to the RV/IIF is accomplished by transferring
reactor coolant grade water frem RCBT-1A to the RV/IIF via a waste
transfer pump and an existing flow path through the WOL and MU

systems to a cold leg of the reactor coolant system.

The roies of the RCBT's (1A & IC) can be interchanged provided

valvas are propaily realigned and the tank used to fFil11 the [

IF

contains reactor coolant grade water




Flow From the RV/IIF may b2 manually throttled at valves CN-V-IX-25

and CN-V-1X-26 in SDS if desired. Flow to the RV/IIF may be
automatically controlled by valve MU-¥G based on RV/IIF water level
or manually controlled using WOL-V-167 and WDL-Y-362. Shutoff of
the RV/IIF supply (via WDL-V4D) is achieveg automatically in the
event of unacceptable water level in the !IF and may also be

manually accomplished at several locations.

The Fuel Handling Bullding, Ausiliary Builgding, and Reactor
Building KYAC systems provide tempered ventllating atr ang

nt 3jocread of aivdorre contaminction

controlled air movement t0 Or

o
o

with the plant and to the outsige envirgnment. The Nitragen Supply
system provides N: for blanketing the Reactor Coolant Bleed

Tanks. Reactor Coolant grade water currently contained in the
RCBT's provides borated water for injecticn into the RV/IIF for the
initial fill operation. The Waste Gas System processed the gases
from the vents from the RCBT's.

The Standby Pressure Control System, installed as a temporary TMI-Z
recovery system, will be used as a safety system tO ensure that a

second RCS injection path is avallable.

The principal components of the SOS are iocated in Spent Fuel Pool
“B". The pliping and components of the systems interfacing with the
SDS are located in the Fuei Handling and Ausiiiary Bulld'ngs

Tanks, pumps, val:es, piping, and instruments are located in

controlled access areas. Comgonents and piping contatning



significant radiaticn sources are located in shielded cubicles.
such as the Reactor Coolant Bleed Tanks and the Waste Transfer

pumps WOL-P-5A and WOL-P-5B.

3.2 Reactor Vesse! Filtration System Operations

3.2.1 Hormal Operations
Normal operaticn of the system is in one of the modes shown in
Table 1. The mode of operation chosen s based on the particulate

and radioactivity concentrations in the Reactor Vessel.

ragle |

Early Defueling DWC RY Filtration System Operational Configuraticns

FILTER FLOW (GPM) SDS FLOW (GPM)
Return to Reactor Vessel With Equlivalant Return to Reactor Yessel
400 (200 v}
Ja5 (1a% 15

(Numbers in brackets Indicate flow if only one train i5 in operaticn.)

The cperational mode |5 determined by the solids loading in the
reactor vessel, MNormally., 460 gpm from the reactor vessel is

filterad and 7 to 15 gpm of the filtrate s demineralized.

A the Filters load up, the pressure differential across the filter
traln increases. A5 the differential prassura increases, the flow
rate V¢ maintained constant by manually adiusting rancts valves

YOI5A and VOI5B (WY-304 and J0B) .



1.2.2 Infrequent Operations
Flushing of the system may be performed whan the internal
contamination level gets high or prior to internal maintanance

work, The system is shutdown prior to flushing.

One flushing cption allows a qravity flush from SPC-T-4. Borated
water is stored in the charqg'ng water storage tank, SPC-T-4,
located at the 347 ft. elevation in the Fue! Mandiing Building.
This tank 15 connacted to the Early Defueling DWC RY Flltration
System. Efither filter train may be fluthed without stopping flow

*hrough the other

Flushing may te accomplishad py opening cna of the inlet valves
from the flushing system (gepending on which portion of the system
Is to be flushed) and then opening the drain valve ta the fuel
transfer canal. After sufficient time has been allowed to flush
the system, the draln valve is closed ard then the Inlet valve is

closed. The system §s then restarted.

System inventory can be decreased or increased as needed by
mismatching flow routed ta/from the RCBT's. This may be done by
changing the set point on RC-LIC-102, Alsoc, the water can be

routad to the RCBT as required for processing to remove Sb-125.



3.3 Reactor Vessel Filtraticn System Instrumentation and Control

The majority of system control Is handled remotely from a control
panel which is located in the Fuel #andling Building. This is due
to the fact that much of the system is located in the Reactor
Bullding which nas limited access. The reactor vesse! cleanup

pumps do have local hand switches to shut the pumps 30wn.

Filtered water Flow back to the raactar vestel 15 monitored by the

operator and adjusted by ramotely cantrolizd vaives VOISR ana VOISE

(HY30ALB) .

On/off controls for the waste transfer pumps arve locatea on

radwaste panel 3018, and in the control room on control panel 9.

Valve WDL-40 has existing open/close controls lccated on radwasie
pangl 3018 and in the control room on control panel 3. Additicnal
open/close controls are located on SDS control panel CN-PNL-1.
WOL-V40 terminates flow in the event of high or low water level in
the 1IF, A block switch is located on CN-PNL-1 which can b2 useg
to block the low level trip to permit filling the [IF to the

desired level.

i
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3:3.2

3033

Water lavel is automatically maintained at a prescribed level
(approximately 327'-5") in the IIF by valve MU-V9. Section 2.2
documents the actua! set points. The control signal to valve MU-V9
is provided by the reactor water level monitoring system (bubbler?
through proportional controller RC-LIC-102 which is located on

control panel SPC-PNL-3.

Power

The pump motors are supplied with 480V power through a motor
control center (2-32C) which is energized by an existing unit
substaticn located in the Auwiltary Building. 120 VAC power will

be supplied from ing controi panel or lacal jources.

Monltoring

Monitoring equipment is provided to evaluate the performance of tha

system and to ald in proper operation of the system.

The discharge pressure of the submersible well pumps s monitored
(PI-4A % 4B) to determine 4f the pump 5 operating correctly and

also to provide another indication that the pump 15 operating,

In order to determine the degree of filter loading, the primary
filter canisters and the zecondary post filter are equipped with
remate indication of diffavential pressure across the fliters
(DP1-5A, OPI-58 and GPI-31? Thie differantial pressure across the
cantstoars will e used to detarmine when the filters are leaded to
fapactyy

15 P52us/1LC



The process fluid cenditions are monitorad to determine the

effectiveness of the system. The turpidity level in the fluid is
monitered (Al 43A 2 438) prior to its raturn to the source. Also,
the capability to obtain grab samples of process fluid has been

provided for at several location; in the system,

3.3.4 Trips and Interlocks

The reactor vessel cleanup well pumps, P-2A/B, are provided with
low level setpocint trips to ensure that the pumps 30 nrot operate
under potential cavitation ronditions. A loa lavel ta the [IF wil]

also trip pumps P-2A and P-28.

The reactor vessel cleanup wall pumps, P-2A/8 are equipped with
interlocks to prevent them from being stacted during a low lavel

condition.

Valve WDL-V40 will be trippad closed on tigh level in the IIF.

This prevents over filling of the IIF.

3.4 RY/LIF Processing by Reactor Vessel Filtration System/SOS

3.4.) Filtration
The system has two submersibla type pumps (deep well pumpt), P-IA
ind 2B, which are housad in wells and logated in the fuel storage

plt in the shallow end of the fuasi tranifer canai in tha Reactor



Bullding. The suction from the reactor vessel is through the
Hestinghouse work platform via hoses which connect the nozzles

provided on the work platform to the wells,

The system has four particulate filters, F-1, 2, 3 and 4. The
filters are composed of sintered filter media which is contained in
modified fuel canistars. These filters are capatle of removing
debris, mainly fuel fines (UD:) and core debris (2r0;}, cown to

3 0.5 micron rating.. Since the canisters contain fuel fines, they
are designed to prevent a criticality congition from 24isting when
they have been loaded. Also, the filters-are submersed in the

transfer canal to provide the appropriate radiation sntelding.

The two pumps and four Filters are arranged 30 that ore pump
discharges to two filters. Therefore, the filtraticn portion of
the system is divided into two trains, each train contains cne pump
which feeds two filter canisters. The i1wd pump arrangement 3llows

for greater fiexibility in system operations and provides

redundancy to allow system operation during maintenance.

A filter is used continucusly until the differential pressure

reaches a predetermined setpoint. At this point the system is
shutdown and then, after a waiting period tapprovimately 5 mip
it is restarted. The differential pressure 15 noted and i¥ it
returns to a lTow value the system will De run again to the pressure

setpolint Thig process 15 rapeated until the differential pressurs



it restart reachas 1 value nsar the shutdown setpoint. When this
occurs within cn2 hour, the tratn is shutdown and the filters are

replaced.

Loaded canisters are e«pected to generate small quantities of
o«ygen and hydrogen gas due to radiolysis of water. Pressure
relief valves R-4, R-5, R-H, and R-7 are provided on the filter
canister cutlet iines ug.tr2am of their tsolation valves., Their
purpose 15 to prevent averprassuring the filter canisters when
tsolatad due to the small guantities of H. and O, produced

{approeimataly 0.029 fr'fday

Once the water haji tean Filtered, all, or a portion of, the flow
can he returned to the Reactor Yessel. The amount of water
returned 13 controlled by remotely adjusted valves VOI5A & 8
(HV3IDALBY. Each of these lines will connect, via flexible hoses,
to the separate inlet nozzles on the work platform. A sparger has
been placed on each return line to maintain a positive pressure in

the attached hoses.

Sample polints are provided upstream and downstream of sach filter
tratn, Thesa samplas are routed to sample box 1, A glove pox
located In the FHB. The glove bor hat a self contained plower and

HEPA filter whicn discharge to the FHB ventilation system



3.4.2 Demineralization
To remove soluble fission products, filtrate not returned to the
reactor vessel, can be batcn processed through SDUS and then routed
to RCET-IC while concurrently raturning an equal amount of reactor
coolant grade water to the RY from RCBT-1A. A 1 1/2 inch hose,
equipped with “quick disconnect” two way shutoff fittings, connects
the Early Defuellng CWC RV Filtraticn System to the 505 v!a the

fuel transfer canal drain manifold.

The manifold serves as a tle-in point for 3 Gther svitems: tha
surface suction system (sump-sucker), the fusl tranifa spa ! drain
system, ang the IIF pracessing/zhallow end drainags systen. Doubla
isolation of the LIF processing/shallow end drainage system from
the other two is provided by ale operated ball valve FCC-V003 and
check valve FCC-VQ16 in addition to manual valves lecated on each
of the other oranches of the manifold. The Early Defueling DWC RY
Filtration System will use the same connectlons to the manifoid as

otherwise used by the fuel transfer canal drain system

From the manifold, the system uses an s«isting flow path through
Reactor Bullding penetration R-626 and fuel handling bulilding
penetration 1551 to 505 and then to RCBT IC. The SOS pre ard fipal
fiiters may be bypassed when processing using the tarly Dafualing

EHC Reactor Yessel Filtration system.

The roles of the RCBT's (1A % 17) can ke interchanged provided
valups are properly realigned and the tank used to fii] tha

yin ar Fave ¥ ¥ arads 1T e
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1.2 Oose Assessment

4.2.1 On Site Assessment

ra

re

Operatisn of the SOS in the RV/IIF processing mode i5 esphcted o
require 50,000 gallons of grocessing per week from instailation of
the Reactor Vessel Filtration system until the campietion of the
Defueling Water Cleanup Systsm. This amount of procsssing is
required to maintain Cs-137 concoantration at dess than O.F uwCiiml
in order to malntain radiaticn lavels in the rajctsr vessal head
arex as low As reasonaynly achleyaple gasad ¢n ert asperiencea
with the SDS this amount of progassing 1s asgected to resuit in an

exposure for SDS operating area activitie

Off-s1te Radiological Exposures

Source Terms for Liquid Effluents

Liquid effluent from the system will be returned to station tankage

for further disposition. Therefore, no Vigquid source term is

identified for this evaluation.
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Chapter %
CONCUCT OF OPERATIONS

System Performance

By procassing the Reacter Buiiding sump water and RCS successfully
as5surance has been granted that components developad scecifically to meat

the conditians imposed at TMI will pecform in the intended manmer.

The ion-sxchange procsis s 3 well understood nracass The 505 has
demcnstrated that nign deccntaminaticn factors can be acnieves by the use

of zeolite jon exchange media.

During RY/IIF processing, the SDS system flow rates will be higher than
during all previcus processing. An efght hour test was performed to
ssure that these increaseq ficwrates will not adversely affect zeolite
performance, Alio, ralculations have been performed by ORNL to
demonstrate that system performance will not be jeopardized. Although
radionuc!tde break throwgh may occur socner In the batch, It will
progress more ilawly.  This breakthrough will be allcwed to occur to
pxtand Zeolite 1ife {minimize wastes) cince the effluent 15 routed tack

to the RY/IILF.

Zeolite media loading and dewstaring can be accompiished in the intondod
manner and remote tools, neceszary For he coupling and de-coupting of

the yagsals, operate fn the intanded mynpss
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5.3

System Testing

Prior to use in the 505 sach vessel will be hydrostatically tested in
conformance with the requiraments of applicabla portions of the ASME
Boiler and Pressure Vesse!l Code. Upon completion of construction, the
entire system was pneumatically tested to assure !eak-free operations.
The system will be retested prior to IIF processing at the design

pressure.

Individual component cperability will be assured during the
preoperational testing. Hotor/pump rotaticn and, fontral schemes will be
verified. The leakage collection sub-system, a5 wall a5 the gas
collection sub-system, will be tasted to verify cperability, Filters for
the treatment of the collected gaseous waste will be tested prior to
inttial operation. System preoperational testing will be accomplished in

accordance with approved proceduras.

System (perations

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

evoluttions.






Chapter §

ADDITIONAL ACCIDENT SCENARIOS

6.1 Possible Accident Scenarios and Oasign Features to Mitigate their Effects

6.1.

h.1.

I

055 of Power

-

A loss of power to the entire system would simply shut the system
down. A lcss of power to tha well pumpsi would shutdown the

filtration portion of the system wnich would in turn cause ltevel

-102 to close Mu-¥I terminating flow foom the RCBT
Loss of power to individual components would place the component in
its safe mede. An air operated valve, for esxample, would fail to a

position that =»nsures no damage to other components.

Loss of power to the control pane! would cause the loss of all
information and fail all control and solenoid operated valves, The

system would be shutdaown until power is restored.

Lass of [nstrumentation/Instrument Air
Loss of instrumentation would hamper operations but no adverse
conditions would result and the <ystem could be safety shut down

intil the problem Is resolusd




6.).3

Loss of a single instrument channel will result In the loss of
indication for that channel and, for those channels that have
control features, a flow mismatch. This flow mismatch will result

in an automatic shutdcwn of the affected porticn of the system.

Loss of the intarnals inde«ing ficture (IIF) lavel indicaticn
system (bubbler) will result in an erronecus level indicaticn which
will be noted when compared with a redundant levei indication
system. Since this system has no control features, no adverse

system conditions will result.

Loss of instrument air will take the indivizual components to their
fall safe position. Flow mismatches induced by loss of alr will
result In automatic trips. Loss of air to the [1f level monitoring

system will initiate a low air supply pressure alarm.

Filter Media Rupture

A fallure of the fiiter media in the canister could potentially
release fuel fines to the SDS portion of the system. A post filter
Is located downstream of both filter trains in the line to the

SDS. This filter will trap any fuel fines w#hich would be
transported past the filter canisters in the event of filter
failure. The post filter |5 desligned to be criticaliity safe angd is
sized so that a small accumulation of debris will increase the
differential pressure o the alarm setpaint. Also, the
nephelometers in the reéturn line would alert the operator to a

possible medla rupture since tha turbidity would increase rapidily



6.1.4

The recovery procedure 15 to isglate the filter trains ang find the

ruptured filter by observing the differential pressure versus flow
for each ingividual canister Lower differential pressure for a
given flow will indicate that this fiiter is ruptured. That
canister or canisters and the post filter cartridge =ould be

replaced and the system restarted.

Line and Hose Break
The consequences of any line and hose break is a loss of reactor
vessel inventory. The system has been designed to mitigate the

iences of such an incigent to the astent ¢

To halp prevent a hose rupture, all process hoses are armorad. In
case of a hose rupture or line rupture, downstream of the reactor
vessel pumps, P-2A L 2B, the system is egquipped to trip these pumps
on the [IF low level and alarm to the control pane! Thiz event
could deliver approsimately 500 to 1000 gallons of rsactor vessel
water to the area cf the break. The potential areas affected acula
be the Reactor Building and the Fuel Handling Bullding, each of
which has sumps or drains to the &ux, Bldg. sumps to contain the
spiill,

If a4 suction hose to the well pumpe or a return hose to the reactor

vessel should rugture. a siphoning of reactor vesie! =ater mowuld
take place The two 4 inch suction connections moviged in the
westingrouse work platform are provided with two 374 inch hole

frilled 1R inches below the water level which will act as a siphon
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breaker. Tha three 2 inch return lines ares aquipped with spargers,

which are simply holes drilled into the pipes. The first holes are
drilled 18 inches below the water level which will act as a siphen
breaker. The sample return lire 15 terminatad 13 inches below the
water level. Therefore, a marimum of appro«imately 3000 gallons of
reactor vessel water would splil into the fuel transfer canal
following a hose ruptura. Approcimately ha f of this water would

te contained in the tiew Fuel Pit.

The reccvery from these events would be accomplished by fsolating

the ruptured saction and replacing the ruptured hasaipipe.

Deboration
Boron dilution of the Defueling Hater Cleanup System will be
addressed in Revision 2 of the GPU Nuclear TMI-2 Division “Hazards

Analysis Potential for Boron Dilution of RCS" (4430-R4-007R).
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