: GPU Nuclear Corporation
N UC|ear Post Ollice Box 480
Route 441 South
Middletown, Pennsylvania 17057-0191
717 944.7621
TELEX 84.2386
Writer's Direct Dial Number:

(717) 948-8461

4410-87-L.-0051
Document 10 Ol136P

April 29, 1987

US Nuclear Regulatory Commission
ttn: Docum2nt Control Desk
Washing*on, DC 20555

Dear Sirs:

Three Mile Island Nuclear Station, Unit 2 (TMI-2)
Operating License No. DPR-73
Docket No. 50-320
Annual Update of the Defueling Water Cleanup System
Technical Evaluation Report

Pursuant to NRC Letter dated February 4, 1982, attached, for your information,
is the annual update to the Technical Evaluation Report for the Defueling
Water Cleanup System (DWCS). This wupdate primarily reflects previous
NRC-approved system modifications (e.g., wuse of charcoal filters,
deep-suction, use of filters in series, use of modified knockout canisters as
deep-bed filters). Additionmally, this revision updates the estimated man-rem
exposure from DWCS operations.

Sincerely,

Director, TMI-2
FRS/RDW/eml
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1 Revised to incorporate system design changes and commentﬁ o 1/85'
on Sevision 0. |
2 e
2 Revised to incorporate comments on Revision 1. = 1/85
O e et :
3 Revised to incorporate comments on Pevision 2. 1/85 i
4 Revised to reflect addition of relief valves at the s 4/8s !
out lets of the defueling filter canisters, delétion of |
fuel poul cleanup system borommeter and correction of |
minor typographical errors. i
5 Revised to correct and clurify description of low level A e 5/85!
alarm setpoints for fuel transfer canal. i
& Revised to reflect the potential for operation of A 6/851
portions of the BHC system prior to system being fully et i
operationy] and to incorporate minor editorial changes. i
Lp !
7 Revised to inrcorporate Dewatering System inputs to DHCS |~ 9/85 |
and provide a qgeneral uodate of the DWCS TEB. !
8 Pevised to refléct capability to bypass the filter e 12/85
canisters.,
a Pevised to clarify site dose assessment for fuel transfer] . -2 =< 1/86
canal/spent fucl pool cleanup system.
10 Pevised to incarporate system design changes ner ECAs ‘f, A 4/87 l
3575-8€-0313, 0328, 0356, 0377, 0388; 3255-86-0393;
3525-86-0395; 3255-86-0406; 3525-86-0416; 3255-86-0422; :
3525-86-0429, 0438; 3525-87-0434, 0450, 0451, €454, and l
0455. In addition. the following modifications were |
incorporated: 1) "deep suction,” 2) variable {
post-filter micron ratings., 3) use of organic loaded ion \
excharger, and 4) the use of deep bed filters (modified
¥nockout canisters). i
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1.0 INTRODUCTION

1A

1.2

General

The Defueling Water Cleanup (DWC) system is designed to remove organic
carbon, radioactive jons and particulate matter from the Fuel Transfer
Canal (FTC), Spent Fuel Pool (SPC) "A" and the Reactor Vessel (RV). The
majority of the particulate matter s removed by processing the water
through nominal 0.5 micron rated filter canisters. The low micron
rating of the filter canisters assures very low turbidity as well as
reduction of the particulate activity in the water. Cartridge type
filters with different particle size ratings may be used in place of the
filter canisters. In general, therefore, discussions concerning the

filter canisters are also applicable to cartridge filters when used as

replacements for filter canisters.

Removal of the radioactive ions (i.e., soluble fission products) and/or
organic carbon is performed by processing a portion of the filter output
through 4 x 4 liners (similar to those in use for EPICOR II) containing
zeolite or organic material, or the Submerged Demineralizer System (SDS).

The installation and operation of the DHC system will occur sequentially
such that portions of the system may be operated prior to completion of
the entire system. In addition, partial system operation may require
temporary interconnection(s) with other plant systems which are not
specifically described in this Technical Evaluation Report (TER). Any
such temporary modes of DWC system operation will be implemented in
accordance with the safety criteria for the complete DHC system and will
be bounded by the safety analyses described herein.

Scope

The scope of this document includes the operation of the DWC system, the
comporents of the DWC system and its interfaces to existing systems and
components. This TER also includes special modes of operation oi the
DHC system used to improve filtration operations. This TER is applic-
able only during the recovery mode as the DWC system is a temporary
system required to support recovery operations and will be removed or
reevaluated prior to plant restart. Evaluation of safety concerns
related to the filter canisters is not within the scope of this TER and
fs addressed in Reference B. Licensing of the fon exchangers for
off-site shipments is outside the scope of this TER.

2.0 SYSTEM DESCRIPTION

2.1

General

The DHC system is designed to process water from the RV, FTC, SFP, and
Dewatering System (DS) holdup tank DS-T-1. The system's major functions
are given below.

a. The DHC system filters the water to remove suspended solids down to

a nominal 0.5 micron rating. This §s done to maintain the clarity
of the water.

iRl Rev. 10/0136P
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b. The DHC system removes soluble fission products by demineralization

of the water using inorganic zeolites. This ts done to reduce the |

dose contribution from the water.

CH The DHC system removes organic carbon using specific resins o
activated charcoal.

The DHC system Is composed of two major subsystems which allow greater
processing flexibillty during post plenum removal operations. These two
subsystems are the RV clesnup system and the FTC/SFP cleanup system.
On-line sampling of both subsystems for pH is provided by the system
design. On-line sampling for boron concentration and turbidity s
provided for the RV cleanup system. Boron sampling for the FTC/SFP
cleanup system will be done according to approved procedures. The
detalled system description for the DWC RV cleanup system is provided in
Attachment 3. Attachment 2 provides the detailed system description for
the DHC FTC/SFP cleanup system. Also Included as Attachments 3 through
B are the following figures:

Attachment 3  Reactor Vessel Cleanup System, Piping and Instrument
Diagram

Attachment 4 Fuel Transfer Canal/Spent Fuel Pool Cleanup System,
Piping and Instrument Diagram

Attachment

(S 4]

Auxiliary Systems, Piping and Instrument Diagram
Attachment 6 Fuel Handling Building, General Arrangement

Attachment 7 Reactor Building, General Arrangement

Attachment 8 DWC System Filter-Aid Feed Piping. Schematic Diagram
Quality Classification

The quality classification of the DHC system with exception of the
filter canister units, which are not within the scope of this TER, is

Important to Safety. Important to Safety as used here i1s defined in the
TMI-2 Recovery Quality Classification List.

3.0 TECHNICAL EVALUATIONS

3.1

General

The DHC system s totally contained within areas that have controlled
ventilation and area isolation capability. This TImits the environ-
mental impact of the system during normal system operations, shutdown or
postulated accident conditions. The Impact of postulated DWC system
failures is provided below on a case-by-case basis.

The system failures evaluated were loss of power, loss of Instrumenta-
tion/instrument air, filter media rupture. and line breaks. The design
of the system is such that none of the events results in unacceptable
consequences. Other safety concerns evaluated with respect to operation
of the DWC system were decay heat removal, criticality, boron concentra-
tion control, heavy load drops, and radioactive releases. Several

-6- Rev. 10/0136P
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system modifications may be used to ensure efficient filtration opera-
tions. These system improvements were evaluated for safety concerns,
and the evaluations are summarized in Section 3.8. The interface of the
DHC system with defueling tools such as the abrasive water jet fs
addressed in Section 3.9. No unacceptable consequences were found to
result from operation of the DWC system provided that proper
administrative control is malintalned.

Postulated System Fallures
32l Reactor Vessel Cleanup System
.2.1.1 Loss of Power

A loss of power to the entire system would simply shut the
system down. A loss of power to the well pumps with an
additional fallure which results in simultaneous loss of level
control in the 1lon exchangers would result in a flow
mismatch. In this case, the system would be automatically
shut down until power ¥s restored. Loss of power to findivi-
dual components would place that component itn its safe mode.
An alr operated valve, for example, would fail to a position
that ensures no damage to other components.

Loss of power to the control panel would cause the loss of all
information and fail all control and solenold operated
valves. The system would be shutdown until power is restored.

3.2.1.2 Loss of Instrumentation/Instrument Alr

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 shutdown of the
affected portion of the system.

Loss of the internals indexing fixture (IIf) level findication
system (bubbler) will result in an erroneous level indication
which will be noted when compared with a redundant level
indication system. Since this system has no control features,
no adverse system conditions will result.

Loss of instrument alr will take the individual components to
thelr fail safe position. Flow mismatches induced by loss of
alr will result in automatic trips. Loss of air to the IIF
level monitoring system will initiate a 1low alr supply
pressure alarm.

3.2.1.3 Filter Media Rupture

A fallure of the filter media in the flilter canister could
potentially release fuel fines to the lon exchange portion of
the system. The post filter, located downstream of both
filter tralns in the line to the ion exchangers, will trap any
fuel flines which would be transported past the flilter
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canisters in the event of filter failure. The post filter is
sized to be critically safe. A gross rupture in a filter
canister may be detected by an fincrease in the post filter
differential pressure. Turbidity meters will aid in the
detection of gross filter media rupture by detecting changes
in water clarity.

Upon detection of a filter canister filter media rupture the
filter trains will be fisolated, including fisolation of water
supply lines to ex-vessel defueling (i.e., valves DWC-V-357,
358, 363, and 501) involved with the pressurizer defueling
system. The ruptured filter will be identified by observing
the differential pressure versus flow for each findividual
canister with flow being recirculated to the RV. A Ilower
differential pressure for a given flow will indicate which
fiiter is ruptured. The ruptured canister or canisters and
the post-filter cartridge would then be replaced as required
and the system restarted.

The DHC system may be operated in a mode that bypasses the
filter canisters. During this mode of operation the post
filters will be providing the required system filtration
upstream of the demineralizers. In order to preclude the
rupture of the post filter's filter media when it is providing
system filtration, if the post filter differential pressure
reaches 18 psi, further system operation will be prohibited.
The post filters are designed for a maximum differential
pressure of 45 psi. Even if a rupture of the post filter
media occurred, it is not expected that significant quantities
of fuel would accumulate downstream of the filter. This
conclusion is based on the following:

o The bypass filtration mode will be used only when the
turbidity s low or during ex-vessel operations as
required: therefore. it is not expected that significant
fuel fines will be suspended in solution during the
bypass operation. Consequently, it is not expected that
large amounts of fuel will normally be found in the post
filter.

0 The holding capacity of the post filter, prior to
reaching the maximum pressure differential, f{s small
(approximately S 1bs.).

o) The differential pressure, measured across the post
filter, can be used to detect a ruptured post filter
media, which would initiate operator action to prevent
further accumulation downstream.

o] If it is necessary to process the post filte: effluent
through the DWC ion exchangers, it will be done under the
control of a process control plan with adequate provi-
sions to accurately assess the quantity of fuel material
deposited on the ion exchange media.

-8~ Rev. 10/0136P
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Line Break

The principal consequence of any line. or hose break in the RV
cteanup system is a loss of RV inventory. The system fis
designed to mltigate the consequences of such an incident to
the extent possible.

In case of a hose rupture or line rupture downstream of the RV
pumps. the system will trip these pumps on IIF low level and
alarm at control panels in the control room and Fuel Handling
Bullding (FHB). This could dellver approxImately 500 to 1000
gallons of RV water to the area of the break. The potential
areas affected would be the Reactor Bullding (RB), the
annulus, and the FHB, each of which has sumps to contaln the
spill.

Siphoning of RV water could take place if any of the 1ines
connected to the well pump suction or return hoses, or if the
hoses themseives, are damaged or ruptured. The two, 4 f{inch
suction connections provided in the HWestinghouse work platform
will be provided with two, 3/4 inch holes, or in the case of
the 2 inch deep suction one 3/4 inch hole, drilled 18 inches
below the water level which will act as siphon breakers. The
three 2 1inch return lines will be equipped with spargers,
which are holes drilled into the pipes. The first holes are
drilled 18 finches below the water level which will act as
siphon breakers. The sample return line will terminate 18
inches below the water level. Also, isolation valves will be
provided in the Hestlnghouse supplied piping which could be
used to manually terminate the siphoning.  Therefore, a
maximum of approxImately 3000 gallons of RV water would spill
into the FTC following a hose rupture. Approximately half of
this water would be contalned in the New Fuel Pit.

The recovery from these events would be accomplished by
fsolating the ruptured section and replacing the ruptured
hose/pipe.

Fuel Transfer Canal/Spent Fuel Pool Cleanup System
Loss of Power

A loss of power to any portlon of the system would shut that
portion of the system down. Loss of power to individual
componants would place that component in its safe mode. An
air operated valve, for example. would fall to a position that
ensures no damage to other components.

Loss of Instrumentation/Instrument Alr

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 shutdown of the affected portion of the
system.
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Loss of either the SFP or FTC level monitoring system will be
noted when compared with the other. The readings should
normally be the same since both water bodies are in communica-
tion via the fuel transfer tubes. Neither system has control -
features.

Loss of instrument air will take the individual components to
their fail safe position. Flow mismatches induced by loss of
air will result in automatic trips. Loss of air to the IIF
level monitoring system (bubbler) will finitiate a low air
supply pressure alarm.

Filter Media Rupture

A failure of the filter media in the filter canister could
potentially release fuel fines to the ion exchange portion of
the system. Flow may be routed to DWHC fon exchanger K-2 or to
the SDS both of which have filters upstream to trap migrating
fuel fines.

Ion exchanger K-2 has a cartridge type post filter (F-B)
upstream of it which is in a critically safe canister and SDS
is equipped with two filters in series, both of which have
borosilicate glass to control reactivity (see Ref 2). Diffe-
rential pressure is measured across the filters to indicate
ruptured filter media. The SDS filter bypass is
administratively controlled to prevent inadvertent operation.

Upon detection of a filter media rupture in a filter canister
the filter trains will be fsolated and the ruptured filter
will be identified by observing the differential pressure
versus flow for each {individual canister with flow being
recirculated to the fuel pool. A lower differential pressure
for a given flow will indicate which filter is ruptured. The
affected canister or canisters and the SDS pre-filter vessel
or filter canister post filter cartridge would then be
replaced as required and the system restarted.

The DHC system may be operated in a mode that bypasses the
filter canisters. During this mode of operation the post
filters will be providing the required system filtration. In
order to preclude the rupture of the post filter's filter
media when it s providing system filtration, if the post
filter differential pressure reaches 18 psi, further system
operation will be prohibited. The post filters are designed
for a macimum differential pressure of 45 psi. Even if a
rupture of the post filter media occurred, it is not expected
that significant quantities of fuel would accumulate down-
stream of the filter. This conclusion s based on the
following:

0 Significant quantities of fuel are not expected to be
found in either the FTC or the SFP. therefore it is not
e«pected that large amounts of fuel will normally be
found in the post filter.
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o The holding capacity of the filter, prior to reaching the
maximum pressure differential, is small (approximately S
1bs.)

0 The differential pressure, measured across the post
filter, can be used to detect a ruptured post filter
media, which would initiate operator action to prevent
further accumulation downstream.

0 If effluent s to be processed through DWC fon
exchangers, it will be done under a process control plan
which adequately assesses the quantity of fuel material
deposited on the fon exchange media.

Line Break

If a rupture occurred fn the FTC/SFP cleanup system, the DHC
system SFP pumps could deliver FTC and/or SFP water to the RB,
the annulus. or the FHB. This action would lower the level in
the canal and the pool. A drop of one inch in canal/pool
level is approximately equivalent to 1250 gai. A level loss
would be detected by redundant level indicating systems, one
each for the FTC and SFP, which are provided with low level
alarms in the main control room. The jow level alarm wil}
actuate at El. 327'-1". Upon receipt of efther low level
alarm, the system will be manually shut down.

Process water hoses are émployed in three services in this
system; filter canister inlet/outlet, skimmers to well pumps,
and downstream of penetration R-539.

If a filter inlet/outlet hose ruptures, that filter will be
isolated and the hose replaced. Hoses connected to the filter
canisters are submerged in the SFP, this results in no net
water loss.

If a hose connecting the skimmer to the well pumps breaks,
then the ability to surface skim will be hampered or lost, but
pump capacity will not be diminished as the hose is routed
underwater to the pumps and a pump suction supply will
continue to be available.

If the hose on the FTC return |ine downstream of penetration
R-539 breaks. then process water will be lost to the RB sump.
The resulting loss in level would be detected and alarmed by
the canal/pool monitors. Check valves are provided to prevent
siphoning the FIC if the hose (or connecting line) breaks.
Furthermore, the normal return path is to the SFP; thus this
hose is not normally used. HWhen not in use this hose should
be isolated by closing valves to minimize the effect of a hose
break.

A break of the FTC pump discharge line which uses penetration
R-524 would cause process water to be lost to efther the RB or
the FHB. The water loss would be detected both by a decrease
in the monitored flowrate returned to the fuel pool or FTC and
also by the drop in fuel pool and/or transfer canal level.
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When the FTC pumps are not tn use, the discharge valves will
be closed. This will prevent a siphoning of the FTC when the
pumps are not in use.

Decay Heat Removal

Decay heat removal is currently performed by heat loss to amblent. No
change in this mode of operation is required to operate the DWC system.
The large exposed surface of the open RV and the FTC w~i11 significantly
enhance the removal of decay heat.

Criticality

Subcriticallty of the core is maintalned by a high concentration of
boron in the Reactor Coolant System (RCS). Subcrltlcallty of the fuel
within the flilter canister will be assured by design and is addressed in
Reference 8. The deslgn of the FTC/SFP pumps and the RV cleanup pumps
do not allow an accumulation of a significant quantity of fuel. The
system pliping and the post fllter have been designed to prevent a
possible critical configuration of fuel debris. This ts accomplished by
restricting the size and configuration of components. Furthermore, the
post fllter will not accumulate significant quantities of fuel uniess
filter canister filter media rupture occurs (see Sections 3.2.1.3 and
3.2.2.3). Other system components preclude fuel accumulation by the
filtration of the water, or the components will have critically safe
dimensions.

Boron Dilution

The only credibte means of attaining criticality of the fuel contalned
in the vessel is through deboration of the RCS water. The approach
described in References 6 and 7 for prevention of deboratlon will be
followed for operation of the DHWC system. Sgeclflc system evaluations
with respect to deboration control were performed prior to DWC system
operation. Boron dilution during defuellng has been addressed in the
"Hazards Analysis: Potentlal for Boron Dilution of Reactor Coolant
System" (Reference 9).

Heavy Load Drops

In-containinent 1oad handling will consist of the transfer of the OWC
filter canisters from the deep end of the FTC to the FHB via the fuel
transfer system. Load handling within the FHB wlll consist of the
movement of SDS fon exchange liners. the OWC system liners. the OWC
filter canlsters and transfer casks. The heavy load drop analysis for
the SDS casks fis glven in reference 3. The DWC system liners will be
moved using the existing casks for the EPICOR II system. The handling
of heavy loads 1in containment and In the FHB s addressed in
Reference 11.

The radiologlcal concerns assoclated with a load drop of the SDS lon
exchange lliners and the OWC system liners are bounded by the analysis in
Reference 4. The radiological concerns assoclated with a l1oad drop of a
filter canister are bounded by the acclident analysis in Reference 12.
These analyses show that the health and safety of public is not
endangered as a result of these hypothetical accidents.
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Radioactive Releases

The operation and design of the DWC system was reviewed with respect to
radicactive releases. Nc dfrect radioactive release paths to the
environment exists for the system. Local spillage of contaminated water
from the DWC system will result in a local contamination problem. Since
the specific activity of the water is essentialliy that of the FTC and
SFP, no significant radioactive releases above those from the open pcols
can occur when processing pcol water., Defueling activities have the
potenttal of significantly increasing the specific activity of the RV
water. To preclude any significant releases during these periods the
operating procedures associated with processing RV water shall include
requirements to ensure isolation of the system should a line break or
massive system leakage occur.

During shutdown of the DWC system filter trains, radiolytic decompo-
sition of the water in the post filters and filter canisters will cause
the production of hydrogen and oxygen. In order to prevent the over-
pressurization of the filter canisters, an ASME Section VIII pressure
relief valve is installed in the outlet pipe from each of the four DWC
system filter canisters. The valves provide pressure relief in the
event that the isolation valves in the DWC system filter inlet and
outlet pipes are closed and pressure builds up within the filter
canister as a result of radiolytic decomposition. Radiolytlc decompo-
sition of water in the post filters will be minimized by the limited
holding capacity of the filters. -

The filter canisters should not normally be 1isolated for extended
periods; however, if they were, the maximum rate of hydrogen and oxygen
generation within the canister based on conservative assumptions fis
estimated to be 0.029 scf/day. (Note: 1later analyses have resulted in
a maximum generation rate that is approximately a factor of 10
lower). At the higher calculated rate of gas generation, the pressure
inside the canister would not reach the canister design pressure (150
psig) for at least 90 days. The relief valve will release the pressure
buildup before this pressure is exceeded with approximately 0.3 scf of
hydrcgen and oxygen released from each canister. The relief valves will
continue to relieve pressure at about 15 day intervals, releasing a
maximum of about 0.3 scf hydrogen and oxygen per canister per relief.
The relief valves discharge to the open volume of the containment above
the FIC or to the operating level of the FHB. Since both of these areas
are continuously or reqularly vented and since the maximum volume of
hydrogen released fis small, a buildup of hydrogen to a combustible
concentration s not credible. Any particulate releases during the
operation of the relief valves would be bounded by the 1line breaks
discussed in sections 3.2.1.4 and 3.2.2.4.

Operational Improvements

The DWC system is intended to maintain RV water clsrity wusing the
filter canisters. During operation of the DHC system, unexpected
concentrations of suspended solids have blinded the filters and reduced
their performance. To alleviate this problem wvarious modifications may
be made to the system. Modiiications to the original DWC system
installed or planned finclude: wuse of filter-aids, use of coagulants.
use of cartridge filters, use of series filters and/or demineralizers,
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cross-connecting RV cleanup pumps and RV filter train inlets, the use of
modified knockout canisters as deep bed filters, and the installation of

suction

tubes taking suction much deeper than originally designed.

These modifications will be discussed in further detail in Attachment 1.

3.8.1

Filter Aid

Modifications to the DAC system may employ the use of a filter
aid material, which is added to the filter media in the filter
canister. The filter aid is intended to prolong the life of
the filter canisters by preventing small suspended solids from
reaching and plugging the filter media in the canisters.

The filter aid material is introduced as a low solids slurry
into the filter by two methods: Body feed method. which is a
continuous, low flow rate injection of the slurry into the
process water upstream of the filter canisters., or precoat
method, which consists of an initial batch of high flow rate
(accelerated) body feed delivered to the filter also by way of
the process stream. Continuous body feed may be used after
the initial precoat, or the two methods may be used indepen-
dentiy. The material currently considered for use as a filter
aid is diatomaceous earth.

The use of diatomaceous earth as the filter aid material in
the DWC system has been evaluated and the following safety
concerns were identified and are addressed below:

o] criticality control
o catalyst operation

Filter aid systems use water to form a slurry of the filter
aid material. The water used will have a minimum boron
concentration of 4350 ppm to prevent unacceptable dilution of
boron in the RV, and will come from SPC-T-4 or from the
effluent of DWC-F-5.

To determine the criticality safety consequences of wusing
diatomacecus earth as a filter aid material, an evaluation was
performed to assess the moderating ability of diatomaceous
earth. Diatcmaceous earth {is primarily S10, (approximately
90%). and its mcderating ability was found to be significantly
less than that of water. Based on this result, it was
concluded that the addition of diatomaceous earth to a
defueling canister does not present a criticality concern
during use, storage or shipment of the can'ster.

The results of the above evaluation are also applicable to the
situation where diatomaceous earth becomes intermixed with the
fuel within the RCS. That s, since diatomaceous earth is a
poor mederator, when compared to water, the addition of
diatemaceous earth to the RCS will not cause unacceptadle
increases to the RCS neutron multliplicatlon. Diatomaceous
earth has shown no propensity to remove or absorb boron during
previous reactor coolant filtration operations and will not,
therefore, cause a decrease in the reactor coolant boron
concentration.
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In the event of a filter canister rupture, the DWC system post
fllter will collect filtered material, diatomaceous earth, or
filter media that fs carried through the failed canister. The
post filter is inherently critically safe by design, thus no
criticality safety concern exists within the post filter.

The use of diatomaceous earth as a filter aid materfal will
not inhibit the performance of the catalyst in the defuellng
canisters. Diatomaceous earth is inert and thus would not
chemically react with the catalyst. Additiorally, the very
characteristics and consistency of diatomaceous earth which
make it an fideal filter aid material, that is, fits porosity
under wet and dry conditions, prevent it from isolating the
catalyst from generated hydrogen and oxygen, even {if the
diatomaceous earth were to settle on the catalyst retainer
screens or on the catalyst materfal.

Other materials may also be used as a filter aid. However,
prior to their use the materials will be reviewed to ensure
that there are no wunacceptable effects on the defuellng
canisters or the RCS.

Coagulants

The use of coagulants in the reactor coolant is intended to
prolong the operating 1ife of the filter canisters by coagqu-
lating the colloidal suspension in the water into larger
particles. The formation of these larger particles will allow
the materfal to be collected in the filter canister without
plugging the filter media, thereby prolonging the operating
life of the filter canisters. Coagulants may be added in the
process path upstream of the filters.

The specific chemicals to be wused for this option have
criterfa which must be met in order to be fintroduced to the
RCS and defueling canisters. The safety issues which must be
addressed before a coagulant can be used include as a minimum:

effect on neutron multiplication,

precipitation of soluble boron,

effect on boron detection capability,

adherence to technical specification requirements for RCS
water, and

0 effect on operability of the canister catalyst material.

OO0OO0OO

For the coagqulants used to date, References 13, 14, and 15
address the safety fssues identified above to show that thelir
use would not adversely impact previous evaluations or RCS
water specifications.

Cartridge Filters
If cartridge filters are used in the DWC system they will

serve as elther a replacement for or an enhancement to the
filter canisters.
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The cartridge filter to be used will have critically safe
dimensions (diameter <8 inches). A single cartridge filter
cannot ccnrtain a mass of fissile materfial in a critical
arrangement, hence neutron poison is not required in the
cartridge filters. Disposal of the cartridge filters will be
in accordaice with approved procedures.

Schematically, the cartridge filter would replace or be in
serfes with tne filter canisters. Cartridge filters may be
used in the RV Cleanup system and the FTC/SFP cleanup system.
Thus if the cartridge filter media faills, a filter located
downstream of the cartridge filter will trap fuel material
before it reaches the DWC system or SDS ion exchangers,
Cartridge filter failure will be detected and mitigated in the
same manner as a filter canister failure.

The PDWC system can be configured to bypass the ‘ton
exchangers. This would eliminate the safety concern associ-
ated with the transport of fuel to the post filter or the fon
exchangers, since the process water would be returned directly
to the RV or the FTC/SFP. However, filter media could in this
case be transported to the RV after a postulated gross filter
fallure. An earlier study (Reference 10) has demonstrated
that foreign material (e.g., cartridge filter media) which
cannot fintermix with the fuel in such a manner as to become
interstitially dispersed within the fuel, can be added to RY
without causing a criticality concern.

Series Filters

OHC RV manifold piping may be modified to allow the two
filters in the train to be used in-series with the required
instrumentation to monitor the 1{individual filters. This
modification would allow use of two different filters fin
serfes (i.¢., one as a "roughing" filter and the second as a
polishing filter).

Series Ion Exchangers

Piping in the FHB has been modified to allow series operation
of the two DWC RV cleanup ion exchangers. This modification
allows the water being processed to be demineralized by the
first fon exchanger to remove gross activity before passing
through the second organic carbon removing "ion exchanger."
The non-zeolite media will be tested prior to use, to ensure
it does not alter RCS grade specifications for water
chemistry. In -he case of activated carbon, the media fis
borated before placing in service to prevent its removing
boron frem the flowstream.

RV Filter frain Cross-Connects

This modification will allow use of either pump with either or
both filters trains, to increase system flexibility.
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3.8.7 Deep Suction

The suction tubes for both A and B pumps can be extended to
reach elevation 297' 1in the RV annulus, allowing better
circulation and filtration during RCS processing. Excessive
vessel drain-down is prevented by siphon breakers located 18"
below the water level (327'-6") as noted in 3.2.1.4. Boron
dilution concerns have been controlled administratively. Fuel
pickup has been limited by the installation of an 850 micron
screen and appropriate administrative controls.

3.8.8 Other Modifications

Other system modifications may be made to the DWC system
without revising this TER provided that the safety concerns
associated wlth the changes are bounded by approved licensing
documents.

Interface with Defueling Tools

The known chemistry and intended high quality (e.g., low turbidity and
isotopic concentrations) makes DWC system water ideal for use as process
water for some of the defueling tools. Additionally an operational
advantage for using the DWC system as-a source of process water is that
no new water will be introduced to the RV, thus. additional makeup and
letdown monitoring of the RV will not be required. Since the defueling
tools that will be connected to DRC system will not interface with other
sources of water, the potential for a boron dilction event to occur in
the RCS is not increased by the modifications. Additionally the ability
to detect a deboration event 1{§s not perturbed by the subject
modifications.

Presently, a number of tools have been identified which will use the DWC
system as a source of process water. The tools fidentified are the
abrasive water jet (ADMAC pump), the cavitating pulsating water Jet
system., and the multiple jet/vacuum retractor flushing pump. The DHWC
system will also be used to supply water to various ex-vessel defueling
operations, such as pressurizer defueling, and to filter the same water
as it returns to the RV. Other tools or uses may be identified in the
future which will use the DWC system as a process water source without
revising this TER, provided safety concerns are bounded by approved
licensing documents.

4.0 RADIOLOGICAL AND ENVIRONMENTAL ASSESSMENT

4.1

Off-Site Dose Assessment

Operation of the DWC system could reduce the off-site doses which would
result if the system were not available. HWithout operation of the DHWC
system specific activity of the water in the pools would slowly
increase. This could lead to an increase in the local airborne concen-
tration available for release via the plant ventilation system.
However, opera‘ion of the DWC system will maintain the reactor and fuel
pool water at very low specific activity, thereby minimizing this as a
potential release source. Since the source available for release from
the SDS during processing of accident water from the RB basement greatly

S\ Rev. 10/0136P




4.2

3525-015

exceeds that avallable from the DHC system, the off-site dose analysls
provided in the SDS TER (Ref. 4) bounds those of the DHC system.

On-Site Dose Assessment

4.2.1

Reactor Vessel Cleanup System

The potential exlists that defueling may significantly increase
the speciflic activity in the RV water. This could possibly
occur during defueling through disturbance of the core
debris. Material greater than nominal 0.5 microns would be
captured in the system fllters. The soluble fission products,
particularly cesium-137 and strontium-29, would be removed by
processing through the assoclated ion exchange media. The
filter canisters are located underwater at a depth greater
than four feet in the RB and, therefore, do not represent a
radiological problem. As indicated earller (see Sectlion
3.2.1.3 and 3.2.2.3) it is not expected that significant
quantities of fuel wlll accumulate fin the post flilters.
Consequently, the post fllters are not expected to be a
radlological hazard. However, if the dose rates from these
filters begin to Increase, appropriate measures (e.g.
shielding, personnel relocation) will be taken to ensure
acceptable dose rates to personnel. The water to be processed
is piped through a RB penetration to the ion exchange media at
20 to 60 gpm (max. 30 gpm/lon exchanger) depending on the
specific activity of the RV water, These process lines and
the 1liners for the 1lon excnange media represent potential
radlological hazards.

To assess the radlological hazards. the dose rates from DWC
system piping and components during operation were evaluated.
Sources fin the water were assumed to be fuel particles and
dissolved radioactive matertals. The design basis concentra-
tions of these sources are 1 ppm suspended solids and a
concentraticn of soluble materials equivalent in dose rate to
0.02 uCi/ml of cesium-137. DOuring operation at the design
basis concentrations, the dose rate from a long 3 dlameter
unshielded hose 1s 0.2 millirem/hour at a distance of 2 feet.

During defueling operations both the solubles and suspended
solids concentratlons in the water may fincrease. To assess
increases in dose rates during upset water conditions, a
combination of a 20 curle cesium-137 splke and an finstanta-
neous release of approximately 35 1b of suspendable fine
debris to the RV volume 1is postulated. A long 3" diameter
hose carrying water at the resulting concentrations would
result in a dose rate of 9 miilirem/hour 2 feet from the
hose. Process lines which are downstream of the filters do
not contain the suspended solids concentrations postulated for
the upset water conditions. A 3" dlameter hose downstream of
the filters would produce a dose rate of 2 mlllirem/hour at a
distance of 2 feet. due to the soluble radloactive materlials
remaining in the water.
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Shielding of - lines upstream of the filters may be used to
reduce dose rates tn areas of personnel occupancy.

Dose rates from solubles are based on the specific activity of
cesium-137. Other isotopes which may contribute significantly
to gamma dose rates are cesium-134 and antimony-125. The
cesium-134 concentration §s normally an &rder of magnitude
less than that of cesium-137. Antimony-125 is not removed by
the DWC system ion exchangers with a reliable decontamination
factor. KHowever, the dose rate for antimony-125 is less than
that of cesium-137 for a given concentration. If antimony-125
in the DHC system becomes a significant dose contributor to
workers, the reactor coolant may be processed through the
EPICOR Il system tn a batch processing mode. Batch processing
will be used because chemical adjustment of the coolant fis
required. EPICOR II will remove the antimony-125 with a
satisfactory decontamination factor.

Three zeolite fon exchangers are needed to handle the flow
from the DWC system. Two are needed for the RV cleanup system
to provide a 60 gpm flowrate through the ijon exchangers. One
is used for FTC/SFP cleanup SOS is also to be used for
FTC/SFP cleanup.

The shielding requirements for the DWC system liners were
based on a homogenized 500 curie source in a 4 x 4 liner,
similar in construction to those used for EPICOR II. Since
change-out of liners will be based on radiation level, and
since the 500 curie loading is conservatively high (actual
loading should be approximately 100 curies, see Section 4.3),
the calculated shielding requirement is considered acceptable.

The contact dose rate on the side of the liner for a homo-
genized 500 curie source is approximately 185 rem/hr. The
1inerrs are shielded to 1imit the shield contact dose rate at
the side and on top of the liner to a maximum of 5
millirem/hr. The concrete floor reduces the dose rates on
lower elevations to less than 5 millirem/hr. Shielded dose
rates represent an upper bound, and would not pose any undue.
operational constraints if actually attained.

Other DWC system components not specifically discussed above
will be shielded as necessary.

If hoses or piping in the DWC system break, water will be
released in the RB or the FHB. This water may contain
suspended fuel particles and dissolved radioactive materials.
The specific activity of the DWC system water will be main-
tained low enough that personnel access to the spitll area will
not be precluded. After the removal of the spilled water, the
arei may require decontamination to reduce lcose surface
contamination to acceptable levels. Thus there are no safety
concerns associated with the breakage of DHWC system hoses or
pipes.
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4.2.2 Fuel Transfer Canal/Spent Fuel Pool Cleanup System

The FTC/SFP cleanup system processes water through the DWC ion
exchanger K-2 or SDS. The water in the pools will be main-
talned by this system at .01 to .02 uCi/ml of equivalent
cesfum-137, excluding antimony. A flowpath to EPICOR II via
the RCBT's s provided to remove antimony-125 in the event
that high antimony-125 levels are encountered. These are
significantly lower concentrations than water processed by
S0S. The analysis provided in Section 4.2.1 for normal dose
rates from the RV cleanup system bounds the dose rates from
the FTC/SFP cleanup system during normal cperation.

The accident analysis provided in the SDS TER, Reference 4,
bound¢ the doses possible from the FTC/SFP cleanup system in
the event of an accident.

Occupational Exposures

Operation of the DWC system will reduce the occupational exposure during
defueling operations by maintaining low specific activities in the FTC,
SFP and RV. The DWC system f§s designed to maintain the maximum
cesium-137 concentration in the water to between .01 and .02 uCi/ml.
This will result in a contribution to general area dose rates of 10 to
20 mlllirem/hr from the water.

[t is estimated that approximately 42, 4x4 liners each loaded with 52
curies of cesium-137 will be required for the RV cleanup system. The
occupational dose to workers during each change-out is estimated to be
less 0.1 man-rem. Therefore the total accumulated dose for change out
of the estimated 42, 4x4 liners is 4.2 man-rem.

The following table provides an estimate of the man-hours and man-rem
associated with the installation. operation. maintenance, modifiation,
and removal of the in-containment and FHB portions of the DWC system.
These estimates are based upon current man-hour projections.

IN-CONTAINMENT

Activity Man-Hours Dose Rate (mR/hr) Man-Rem
Installation 2200 30 66
Operation 1200 30 36
Maintenance 85 30 285
Modifications 1600 20 48
Removal 1000 30 30

FUEL HANDLING BUILDING

Activity Man-Hours Dose Rate (mR/hr) Man-Rem
Installation 34,400 03 10.3
Operation 26,280 0.3 1.9
Maintenance 8.600 0.3 2.6
Removsa) 17,200 )] 5.2
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The current total man-rem attributable to the operation, maintenance,
and modification of the DWC system, as a whole, s approximately 208
man-rem. This fiqgure does nct include man-hour or man-rem values for
interface with defuellng tooling discussed in Sections 3.8 and 3.9.

5.0 SAFETY EVALUATION

5.1 Technical Specifications/Recovery Operations Plan

No additional Technical Specifications/Recovery Operations Plan changes
are required to install and operate the DWC system. \

5.2 Safety Questions (10 CFR 50.59)

10 CFR 50, Paragraph 50.59, permits the holder of an operating license
to make changes to the facility or perform a test or experiment,
provided the change, test, or experiment §s determined not to be an
unrevlewed safety question and does not finvolve a modification of the

plant technical specifications.

|

|

|

|

I

|

|

|

I

|

A proposed change involves an unrevlewed safety question if:

a. The possibility of occurrence or the consequences of an accident or
malfunction of equipment important to safety previously evaluated
in the safety analysis report may be increased; or

b. The possibility for an accident or malfunction of a different type
than any evaluated previously in the safety analysis report may be
created; or

c. The marygin of safety, as defined in the basis for any technical
specification, ts reduced.

The DWC system does not increase the probabllity of occurrence or the
consequences of an accident or malfunction of equipment important to
safety previously evaluated in a safety analysis report. The system
failures evaluated are presented in section 3.2 of this report. HMNo
failures of the DWC system were found which would increase the proba-
bility of occurrence or the consequences of an accident or malfunction
of equipment important to safety. In addition, operation of the DWC
system will be performed under strict administrative procedural control
to further ensure safe operation. The procedures used for operation of
the DHC system will be reviewed and approved prior to use in accordance
with Technical Specification 6.8.1.

The possibility of an accident or malfunction of a different type than
previously evaluated in the safety analysis report is not created by the
installation and operation of the DHC system. The DHC system is essen-
tially a liquid radwaste system utilized to maintain clarity and low
specific activity in the RY, FTC. and SFP water. As such, the possi-
bility of an accident or malfunction 1s of the same type as previously
evaluated for other liquid radwaste systems.
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Operation of the DwC system does not result in a reduction in the margin
of safety as defined in the bases for the Technical Specifications.
Liquid effluents will not be released to the environment directly from
DHC system operations. The effluents from operation of the DWC system
will be returned to the sources in order to maintain proper water
levels. Any gaseous effluents resulting from DWC system operations will
traverse existing gaseous effluent flow paths. The gaseous effluents
will be less than those generated during processing of the water from
the RB basement by SDS. The results of the radioactive release analysis
presented in the SDS TER therefore bound the releases from the ODWC
system. Since no change in the maximum permissible concentrations or
the instrument confiquration or setpoints specified in Appendix B of the
Technical Specifications was required for SDS operation, and since the
DHC system operation is bounded by the SDS operation, no changes are
required for DWC system operation.

Based on the above, the installation and operation of the DWC system
does not present an wunreviewed safety question as defined 1in
10 CFR 50.59.
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1.0 DESIGN DESCRIPTION

1.1

Summary

The Reactor Vessel (RV) cleanup system is a temporary 1liquid processing
system which is designed to process water contained in the RV. The
system's major functions are:

a. To filter the water contained in the RV to remuve suspended solids
above a nominal .5 micron rating. This is done to maintain the
clarify of the water.

b. To remove soluble fission products and organic carbon from the RV
by demineralization of the water. This is done to keec the equiva-
lent Cs-137 concentration less than .02 uCi/ml, excluzZing antimony
and, thus, reduce the dose rate controlled by batch processing of
RV water at the Reactor Coolant Bleed Tanks (RBCTs).

References

1. Planning Study, Defueling Hater Cleanup System, Document No.
TPO/TMI-046.

2. Technical Plan, Defueling Hater Cleanup System, Document No.
TPO/TMI-047.

3. Division I, System Design Description, Defueling Hater Cleanup
System, Document No. 2-R72-DWCOI.

4. Bechtel Drawing 2-M74-0OHCO1, Defuellng Water Cleanup (DHC) Reactor
Vessel Cleanup System.

5% Bechtel Drawing 2-M74-0HC02, Defueling Hater Cleanup (DHC) Fuel
Transfer Canal/Spent Fuel Pool Cleanup System.

6. Bechtel Drawing 2-M74-DWCO3, Defueling HWater Cleanup (DHC)
Auxiliary Systems.

e Bechtel Drawing 2-POA-6401, General Arrangement Fuel Handling
Building Plan E1. 347'-6".

8. Bechtel Drawing 2-POA-1303, General Arrangement Plenum Removal
Reactor Building.

9. Drawing Change Notice Nos. 2026-30-3 and 4, Flow Diagram Spent Fuel
Cooling and Decay Heat Removal.

10. Burns and Roe Drawing No. 2026, Flow Diagram Spent Fuel Cooling and
Decay Heat Removal.

11. Division System Design Description for Spent Fuel Pool/Fuel
Transfer Canal Cleanup System, Document No. SD DHCO2.

12. Instrument Index, Document No. 15737-2-J16-001.

13. Design Engineering Valve tist, Document No. 15737-2-P16-001.
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Standard for Piping Line Specifications for GPU Nuclear Corporation
TMI Unit 2 Standard 15737-2-P-001.

Mechanical Equipment List, Document No. 15737-2-M16-001.
Bechtel Piping Isometrics

a. 2-P60-DHC-01-DHCS - Pumps P-2A&B, P-3A%B, P-4A%B, and
Miscelianeous Detafls.

b. 2-P60-DHC02-DHCS - Reactor Vessel Filter Trains A & B - Inlet
Manifold Piping.

c. 2-P60-DHCO3-DHCS - Reactor Vessel Filter Trains A & B - OUtlet
Manifold Piping.

d. 2-P60-DHCO5-DHCS - Reactor Vessel Filter Train Sample Lines

e. 2-P60-DHCO6-DHCS - Discharge Piping from Sample Boxes No. 1
and No. 2 to Penetration R-537.

f. 2-P60-DHCO7-DHCS - Samples Lines Upstream and Downstream of
Ion Exchangers.

g. 2-P60-DHCO8-DHCS - Forwarding Pumps P-6 and P-7, Suction and !
Discharge Piping.

h.  2-P60-DHCO9-DHCS - Forwarding Pumps P-6 and P-7, Discharge |
Piping.

§.  2-P60-DHCI0-DHCS - Supply Piping to lon Exchangers K-1 and
K-2, Supply and Discharge Piping for Post Filter F-8.

j. 2-P60-DWC11-DHCS - Supply Piping to Ion Exchangers K-1, K-2
and K-3.

k. 2-P60-DHCI2-DHCS - Borated Water Flush Piping from SPC-T-4. '

1. 2-P60-DWCi5-DHCS - Nitrogen Supply Piping to SPC-T-4 and :
Drying Station.

m. 2-P60—DHCI7~DHC$ - Miscellaneous Piping Details.
n. 2-P60-DHC18-DHCS - Miscellaneous Piping Details.
0. 2-P60-DHCI9-DHCS - Sample Panel No. 1, Fuel Handling Building. !
p. 2-P60-DHC20-DHCS - Sample Box No. 2, Fuel Handling Building. :

q. 2-P60-DHC21-DHCS - Sample Panel No. 2, Drain and Return to |
Spent Fue! Pool A.

(25 2-P60-DHC22-DHCS - Afir Supply Piping Details. |

ECA No. 3525-84-0041, Definition of the Defueling Hater Cleanup
System.
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ECA No. 3245-84-0034, Defueling Hater Cleanup System Penetration
Modtfication.

ECA No. 3527-84-0042, SDS Tie-in to DHCS.
Bechtel Area Piping Drawings

a. 2-P70-DHCO2 - Instrument Air Manifolds and Hose Routings for
DWCS - Reactor and Fuel Handling Building.

b. 2-P70-DHCO3 - DHCS Hose Network Reactor Building Plan
E1. 347'-6".

C. 2-P70-DHCO4 - DHCS Hose Network Fuel Handling Building Plan
E1. 347'-6".

d. 2-P70-DHCOS - DWC System Hose Network Sections and Detalls.

e. 2-P70-DWCO6 - Process Hose Schedule - Reactor and Fuel
Handling Bullding.

f. 2-P70-DHCO7 - DWCS - Filter-Aid Feed Piping.
g. 2-P70-DHCO8 - DWCS - Filter Precoat Piping.

h. 2-P70-CLDOt - Canister Loading and Decontamination System,
Fuel Handling Building.

TER 3527-016 - TMI-2 Division Technical Evaluation Report for
Defuellng Canisters.

ECA No. 3525-85-0304, DHCS RV Filtration Manifold Modification.
ECA No. 3525-86-0313, Abrasive Hater Jet System Design.

ECA No. 3525-86-0328, DWCS Body Feed Tie-in Modification.

ECA No. 3575-86-0356, DHCS Filter-Aid Feed System.

ECA No. 3525-86-0377, DWHCS Filter-Afd Feed System Electrical
Additions in the Fuel Handling Building.

ECA No. 3525-86-0388, DWCS Filter-Aid Fesed Precoat System.
ECA No. 3255-86-0393, Pressurizer Spray Line Defueling Connections.

ECA No. 3525-86-0395, Tie-in of Cavitating/Pulsating Hater Jet
System Pump Suction DHWCS.

ECA No.  3255-86-0406, Pressurizer Defueling System Tie-in
Connections.

ECA No. 3525-86-0416, DHCS - DWC-K-1/DHC-K-3 Piping Modifications.

ECA No. 3255-86-0422, Pressurizer Defueling System Tie-in
Connections.
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ECA No. 3525-86-0429, DHC RV Filter Train 'A' Modifications.

ECA No. 3525-87-0444, Reactor Building and Fuel Handling Building
DHCS Armored Hose Replacement.

ECA No. 3525-B7-0450, DHWC Filter-Aid Modifications.
ECA No. 3525-87-0451, DHC RV Cleanup System Modifications.
ECA No. 3525-87-0454, Coagulant Addition to DWCS.

ECA No. 3525-87-0455, Use of DWCS Effluent Water for the Coagulant/
Filter-Aid Systems.

Design Criterfa, DC-3525-86-004, Processing Through DKWCS Using
Coagulants.

led System Description
Description

The RV cleanup system is a 1liquid processing system which will
process water from the RV. The system Is shown schematically
on Drawing  2-M74-DHCOf and its associated Drawings
2-M-74-DRCO2 and 2-M74-DWCO3. (NOTE: Some valves identified
herein have been given an instrument designator as well as a
valve number When this occurs, the instrument designator fis
shown in parentheses after the valve number.)

The system has two submersible type pumps (deep well pumps),
P-2A and 2B, which are housed in wells and located in the fuel
storage pit in the shallow end of the Fuel Transfer Canal
(FTC) in the Reactor Building (RB). Each pump has a 220 gpm
capaclty and will process 200 gpm from the RV and recirculate
20 :am. The suction from the RV is through the HWestinghouse
wor. platform via pipes which connect the nozzles provided on
the work platform to the wells.

The system has four particulate filters, F-1, 2, 3, and 4,
each capable of filtering a flow of 100 gpm. The fllters are
composed of sintered metal filter media which is contained in
modified fuel canisters. These filters are capable of
removing debris, mairly fuel fines (UOp) and core debris
(Zr0p). down to a 0.5 micron rating. Since the canisters
contain fuel fines. they are designed to prevent a criticality
condition from existing when they have been loaded. Also, the
filters are submersed in the transfer canal to provide the
appropriate radltlon shielding.

The two pumps and four filters (two trains of two filters
each) are cross-connected so that efther pump discharges to
either or both filter trains. The filtration portion of the
system is divided into two trains; each train contains two
filter canisters. This allows the system to filter 200 or 400
gpm from the RV. The two pump cross-connect allows for
greater flexibility in system operations and provides redun-
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dancy to allow system operation Jjuring maintenance. A coagu-
lant may be injected into the process flow by the STRANCO

unit/Moyno Pump (DWC-P-12/13) at efither pump discharge. The
pumps are connected to the filters trains by a length of 4"
hose which will allow the required contact time between
coagulant and the waste stream. Filter-aid may be injected at
the inlet to each individual filter canister.

A filter is used until the differential pressures reached a
predetermined setpoint. At this point, the system is shutdown
and then, after a waiting period (approximately 5 minutes), it
fs restarted. The differential pressure is noted and if it
returns to a low value, the system will be run again to the
pressure setpoint. This process is repeated until the diffe-
rential pressure at restart reaches a value near the shutdown
setpoint. HWhen this occurs within one hour, the train fis
shutdown and the filter(s) are replaced.

Loaded canisters are expected to generate small quantities of
oxygen and hydrogen gas due to radiolysis of water. Pressure
relief valves R-4, R-5, R-6, and R-7 are provided on the
filter canister outlet lines wupstream of their isolation
valves. Their purpose is to prevent overpressuring the filter
canisters when fisolated due to the small quantities of Hj;
and 0 produced (approximately 0.029 ft3/day).

Once the water has been filtered, all, or a portion of, the
flow can be returned to the RV. The amount of water returned
is controlled by remotely adjusted valves VOI5A and B (HV30A
and B). 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 lirm to maintain a positive
pressure in the attached hoses.

That portion of the flow not returned to the vessel can be
further processed to remove soluble fission products or
organic carbon. The flow from the pumgs, which passes through
a single 1linc to the fon exchangers, f§s automatically
controlled by remotely adjusted flcw control valve V084
(FV-10). There is a post filter, F-5, located in that line to
ensure that, in case of a failure of a filter canister,
significant quantity of fuel fines cannot reach the 1ion
exchangers. The loading on the post filter is expected to be
minimal and, as such, they will be standard disposable
cartridge type filters.

Bypass lines are installed on both filter trains. The bypass
line will allow the filter canisters in a train to be
bypassed, and allow direct routing of water to the post filter
and fon exchangers or recirculation of the RV without
filtration.

Two lon exchangers, K-1 and K-35 are dedicated for use in this
system. Each of these fon exc: “#ars can handle the normal 30
gpm flow. The fon exchange mec is a bed of zeolite resin
which will remove the Cs-137 an: 5r-90, or a media (possibly
organic) to remove organic carte Any media used will be
-7- Rev. 10/0136P
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tested to ensure it does not alter Reactor Coolant System
(RCS) cnemistry adversely. In the case of activated charcoal,
the media is boron saturated prior to placing the exchanger
in-service. Tre two ion exchangers provide flexibility in
operation so that one can be taken out of service without
Interruptlag normal flow. The fon exchange media is contained
fn a 4 x 4 High Integrity Container (HIC). The ion exchangers
may be operated independently singly or in parallel. or
dependently in series.

The level in each ion exchanger is maintained by regulating
the flow out of the ion exchanger to match the inflow. The
outflow is regulated by a throttling control valve V029 or
V266 (LV 45 or 72), which is located downstream of an air
driven reciprocating diaphragm pump P-6 or 8. This valve
automatically throttles in response to changing level in the
fon exchanger. The maximum system flow rate is 30 gpm per 4 x
4 liner. The pumps head-flow characteristics can be changed
by adjusting the air pressure to the pumps. Post filter F-6
fs located downstream of these pumps to prevent the migration
of any resin fines. The water is returned from here to the RV
via flexible hoses.

Sample points are provided upstream and downstream of each
filter train. These samples are routed to sample box 1, a
glove box located in the FHB. The glove box has a self
contained blower and HEPA filter which discharge to the FHB
ventilation system. Sample points are also provided down-
stream of 1lon exchangers K-1 and K-3 (upstream sample fs
filter effluent sample point). These outlet samples are
routed to sample box 2, a laboratory hood located in the Fuel
Handling Building (FHB). The hood fs connected to combination
blower/prefilter, HEPA filter package S-2 and discharges to
the FHB atmosphere. The S~2 inlet dampers should be adjusted
to maintain a 100 to 140 feet/minute face velocity at the
sample box 2 hood.

This system provides the operator with the capability to
periodically monitor the effectiveness of the system. Also,
the turbidity of the effluent from the filters Is constantly
monitored by nephelometers and displayed at the local control
panel. The radiation levels of the ion exchange influent and
the boron concentration and pH of the fon exchange effluent
are also constantly monitored and displayed at the 1local
control panel.

Several f{nlets have been provided on the Defueling HWater
System (DHC) system through which borated water can be gravity
fed from the standby reactor pressure control system storage
tank to operate the filter-aid and coagqulant systems, 1in
addition to filling and backflushing the system. The CLD
booster pump (CLD-P-i) may also be used as an aid in filling
and backflushing the system. The system will be backflushed
when radiation levels in the piping are determined to be
excesslve and prior to maintenance.
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A path to allow flow to the reactor coolant bleed tanks fs
provided to allow for system inventory reduction. Also, batch
processing to remove Sb-125 will be performed by EPICOR-II
from a RCBT as required. This flow path uses a portion of the
submerged demlnerallzer system. This path is located down-
stream of the DHC jon exchangers, and, as such, this flow does
not pass through the Submerged Demineralizer System (SDS) fon
exchange vessels.

System Components

P-2 A/B Reactor Vessel Cleanup Pumps

Type: Vertical Submersible Deep Well Pump

Model: Goulds VIS 9AHC/2

Materfal: Stainless Steel Bowl and shaft with a
bronze impeller

Motor: Franklin Electric 25 hp, 460 Volt, 3 phase

Rating: 264 FT TDH at 220 gpm

Minimum Flow: 20 gpm

F-1/2/3/4 Reactor Vessel Filters

Type: Pleated Sintered metal media

Model: Pall Trinity special product contained in a
critically safe canister

Rating: 0.5 micron Nominal Removal Rating

Flow: 100 gpm

F-5/6 Filter Canister Post Filter and DHC Post Filter

Type: Disposable Cartridge

Model: Fllterlte No. 921273 Type
18M503C-304-2-FADB-C150

Rating: 0.45 micron to 30 micron nominal removal rating

Flow: 20 to 60 gpm

K-1/3 Ion -

Type: 2eolite resin or other approved media contained
fn a 4'x4' HIC

Model: Nuclear Packaging 50 ft 3 Enviralloy
Demlnerallzer/HIC

Flow: 30 gpm

P-6/8 Forwarding Pumps

Type: Afir driven double diaphragm pump

Model: B.A. Bromley Heavey Metal Pump Model No. H25
Materfal: Stainless Steel with Viton diaphragms
Rating: 60 feet TCH at 60 gpm

PSV R-4, R-5, R-6, and R-7 Relief Valves

Model: Anderson Greenwood No. 83MS46-4L
Orifice Area: 0.049 1nl
Set Pressure: 130 pslg
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Sample Box 1

Type: Glove Box

Mfgr: Labccnco

Model: No. 50002, Radioisotope Glove Box

Material: Fiberglass-reinforced polyester

Built-in Blower: 115 volt, 1/15 HP, variable speed
Filters: Inlet Prefilter, outlet HEPA filter
Dimensions: SO" x 30" x 37"

sample Box 2

Type: Laboratory Hood

Mfgr: Labconco

Model: No. 47810, Radioisotope-47 Laboratory Hood
Materfal: 316 stainless steel

Dimensions: 47" x 29" x 59"

Recommended Face Velocity: 100-140 ft/min.

S-2 Sample Box 2 Filtration Module

Mfgr: General Dynamics Reactor Plant Services
Model: PFB(H)-1000

Filters: Prefilter and HEPA filter

Blower: 230 VAC, 5 HP, 20 AMP, 3450 rpm

Rated Capacity: 1000 CFM

DHC-P-12 . __ . _ . Unit

Mfgr: STRANCO
Model: Polyblend LO PB12-0.2
Capacity: 4 to 40 gph (diluted, activater polyner)

DWC-P-10A/B and DWC-P-13 Filter-Aid and Coauglant Booster Pumps

Type: Progressing Cavity Pump
Model: Moyno 6M2CDQAAA

Motor: 3/4 HP, 115/230 VAC
Capacity: 4 to 30 gph

DHC-U-32A/B, 33A/B, and 34A/B Static Mixers

Mfgr: Chemineer, Inc.
Model: Kenics 2.SKMS3 or 3KMS3
Materfal: 304 or 304L Stainless with 150# Flanged Connections

For Instrumentation, valves, piping, and equipment details,
see References 12, 13, 14 and 15 respectively.

System Performsnce Characteristics

The system is designed to function in any of the modes of operation
shown in Table 1.
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NOTE:  When wusing coagulant

accordingly.

and filter-aid,
generally limited to a maximum of 100 gpm per filter canister
in service and the above filter flows

FILTER FLOW (GPM) ION EXCHANGER FLOW (GPM)
(Return to (Return to
Reactor Vessel) Reactor Vessel)
400 (200) 0
400 (200) 30
400 (200) 60
0) 30
0) 60

flowrate

should be adjusted

(Numbers in brackets Indicéte flow 1f only one train is in operation.)
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The operational mode is determined by the particulate and radioactive
concentrations in the RV. If the visibility in the RV is sufficient to
allow defueling operations to continue, and the NTU level is below 5
(see Section 2.3), a train with a bypass line may be run at a reduced
flow to allow processing of the water through the ion exchangers (30 gpm
each) without using the filter canisters. The choice of one or both lon
exchangers is based on the equivalent C-137 concentration in the RV.

If the visibility deteriorates. such that defueling operations cannot
continue, or if the NTU level exceeds 5, processing through the ion
exchangers should be discontinued, and filtration through the filter
canisters should be initiated and continued until defueling operations
can resume and the NTU level is below 5. Filtration would be done by
efither adjusting the valve line-up in the bypassed train or by starting
the other train, or by performing both of the above.

As the filters load up, the pressure differential across the filter
train increases. As the differential pressure increases, the flow rate
may be maintained constant by manually adjusting remote valves VOIS5A and
VOtSB (HV-30A and 30B).

System Arrangement

Well pumps P-2A and 2B are located in the fuel storage pit of the Unit 2
Reactor Bldg. These pumps are housed in wells which are located in this
pit. The wells are connected by pipe to the HWestinghouse work plat-
form. The pump discharge is routed through a 4" hose to the filter
canisters via a skid mounted manifold which is located above the water
level of the canal. The filter tsolation valves are also located on the
skid. The filter canisters are in racks which are submerged in the fuel
transfer canal. The manifold is connected to the inlet and outlet of
the filters via coded hoses. The filter canister inlet hoses are
substantially longer than the outlet hoses to allow contact time between
the filter-aid and waste/coaqulant stream, if wused. The inlet and
outlet connections are coded to prevent mis-connection of the hoses.
The outlets from the filters return to the manifold from where the water
is routed back to the vessel or to the lon exchange system for further
processing.

The coagulant addition system, P-12 and P-13, are located on elevation
347'-6" of the RB, south of the fuel transfer canal. It is connected to
the system via hose attached to DWC-V-288A or B, the injection point on
the P-2A or B discharge. The filter-aid system is located on elevation
347'-6" of the RB near the incore instrument service area, and may be
connected to the individual finjection points at the manifold outlet
piping to each of the filter canisters via hoses.

The lon exchangers are located behind appropriate shielding in the FHB.
The water that has been demineralized is pumped back to its source or to
one of the RBCTs by air driven pumps which are located near the fon
exchangers.

Sample box 1 is at the southeast end of the spent fuel pool A. Sample
box 2 is on the DHC system platform near the DWC ton exchangers.
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The system uses the following existing penetrations which have been
modified for their temporary function.

Modified
Penetration No. Svstem Function
R-542 Decay Heat Backflush/Borated
HWater Supply
R-546 Radwaste Disposal Flow to Ion
Gas Exchangers
R-553 Radwaste Disposal Return from
Reactor Coolant Ion Exchangers
Liquid
R-537 R.B. Emergency Spray Sampling
and Core Flooding - Return
R-545B&C Spares Sampling
R-554D Instrument Afr Instrument Air
to LOCA Dampers Supply to DWC

For further location and arrangement information see References 7, 8 and
16.

Instrumentation and Control
1.6.1 Controls

The majority of system control Is handled remotely from two
(2) control panels which are located in the FHB. This is due
to the fact that much of the system is located in the RB which
has 1imited access. The RV cleanup pumps do have local hand
switches to shut the pumps down.

Filtered water flow back to the RV is monitored by the oper-
atorr and adjusted by remotely controlled valves VOI15A and
V0158 (HV30A and B). The flow to the fon exchangers fs
controlled automatically by flow control valve V084 (FV-10),
which seeks to maintain flow to the ion exchangers at the
selected setpoint.

Return flow to the RV from the fon exchangers is controlled
automatically by control valves V029 and V266 (LV 45 and 72).
Each valve responds to a changing level in its associated fon
exchanger, which s sensed by a “bubbler" type of level
measuring device. This level is maintained between a high and
low setpoint in the fon exchanger. The forwarding pumps'
head-flow characteristics can be changed as needed by manually
adjusting the air pressure to the pumps. This control scheme
maintains the inflow equal to the outflow in the lon exchanger.

For further information on the instrumentation, refer to the
Instrument Index (Reference 12).
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Power

The pump motors dre supplied with 480V power through a motor
control center which 1{is energized by an existing unit
substation located in the Auxiliary Building. 120 VAC power
will be supplied from the control panel or local sources.

Monitoring

Monitoring equipment §s provided to evaluate the performance
of the system and to aid in proper operation of the system.

The discharge pressure of the submersible well pumps s
monitored (PI-4A and 4B) to determine if the pump is operating
correctly and also to provide another indication that the pump
is operating.

In order to determine the degree of filter loading, the
primary filter canisters and the secondary post filters are
equipped with remote indication of differential pressure
across the filters (DPI-SA, 5B and 33). The differential
pressure across the canisters will be used to determine when
the filters are loaded to capacity.

Flow in the filter train and the fon exchanger loop is moni-
tored (FI-7A, 78 and 10) to ensure that inflow to the RV
equals the outflow. This is important to insure that the
level in the RV remains constant. Also, the flow to each lon
exchanger is integrated by a local device (FQI76 and 77) to
determine the loading on each ion exchanger.

The process fluid conditions are monitored to determine the
effectiveness of the system. The turbidity level in the fluid
fs monitored (Al 43A and 43B) prior to its return to the
source. Also, the capability to obtain grab samples of
process fluid has been provided for at several locations in
the system. The radiation ievels in the process fluid are
continuously monitored upstream of the ion exchangers (RE-9),
A high radiation alarm (RAH-9) is also provided. This will
alert the operator to the need of processing at a higher
rate. The pH and boron concentration are monitored downstream
of the fon exchangers (AE 11 and 17). This assures the
operator that the proper boron concentration is maintained in
the return flow.

The high and low level trip conditions in the fon exchangers
alarm to the local control panel located in the FHB. This is
done to ensure that the operator is aware of this condition so
that the proper evaluation of the system condition that caused
the level mismatch can be made. The operator will fisolate the
fon exchanger portion of the system during this event.

In line flow indicators are provided in the return line from
the Sample Boxes to the RV. Their purpose is to confirm that
flcw exists through the sample box piping and, therefore,
provide a means of assuring that a representative sample has
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been taken by showing that there has been flow long enough to
flush out the stagnant water.

Trips and Interlocks

The RV cleanup well pumps, P-2A/B, are provided with low level
setpolnt trips, and alarm LAL-2A, to ensure that the pumps do
not operate under potential cavitation conditions. Also, a
low level in an fon exchanger will trip its forwarding pump
and terminate flow from that lon exchanger. Additionally, a
high level in the fon exchanger would terminate flow to that
fon exchanger by closing fits inlet valve, and also would stop
its forwarding pump. These trips are taken from a conduc-
tivity level probe in the fon exchangers. A low level in the
Internals Indexing Fixture (IIF) will trip pumps P-2A and P-2B.

Locally mounted toggle switches are provided near the fon
exchanger to disable the level switches to allow for filling
and draining of the fon exchangers. An alarm at the local
control panel alerts the operator when the level switches are
disabled.

The RV cleanup well pumps, P-2A/B are equipped with interlocks
to prevent them from being started during a low level condi-
tion. Additionally, efther a high or a low level in the ion
exchangers prevents the valve upstream of the lon exchangers
from being opened and prevents the restart of the air driven
forwarding pumps. This will ensure that the exchangers are
not overfilled and also that any flow mismatch condition is
properly evaluated by the operator prior to restart of the
system.

For trip setpoints, see section 2.2.

1.7 System Interfaces

Those systems interfacing with the DWC are as follows:

d.

Standby Reactor Pressure Control System
Use: Provide a source of borated water for backflushing, filling
and the filter-aid/coagulant systems
Tie-in: A single connection from SPC-T-4 downstream of SPC-V-1 to
several points in system

Submerged Demineralizer System

Use: Provide a path to the reactor coolant bleed tanks

Tie-in: Downstream of CN-V-IX-32 near 1 1/2" jumper from
downstream of jon exchanger post filters.

Instrument Afr System
Use: Provide source of instrument air to equipment in the RB and
FHB.
Tie-in: From existing Instrument Afr supply to LOCA dampers or
Spent Fuel Pool Gate Seals.
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Service Afr System '

Use: Provide a source of service air to the Forwarding Pumps P-6
and P-8.

Tie-in: Service Station 87 plus another station if needed

FHB Ventilation System
Use: Receive sample box 1 ventilation
Tie-in: 4 inch diameter hose station at southeast end of FHB

Canister Loading and Decontamination System

Use: Provide borated water for surface decontamination of canisters
and pressure to deliver borated water for a. above.

Tie-in: At Valves DWC-V321, V322, and V323

Quality Assurance

The defuellng water cleanup system is classified according to the safety
functions of its parts. There are three classifications in this system:

a. Portions of the system associated with ion exchange processing are
considered to be a radioactive waste processing system; therefore,
these portions of the system shall be subject to the quality
assurance guidelines contained in NRC Requlatory Guide 1.143.

The filter canisters are classified as nuclear safety related and
are designed to prevent a condition that could result in a return
to nuclear criticality of the fuel retained in the filters.

The remaining portions of the system are subject to the BNAPC
non-safety-related quality assurance program.

The TMI-2 Recovery QA Plan will be applicable for work performed on site.
2.0 SYSTEM __SETPQINTS AND

2l timitations

The system is flow limited to 200 gpm through each filter train, 400 gpm
total, and 30 gpm through each lon exchanger, 60 gpm through the 1lon
exchanger loop.

The main filter canisters are limited to a maximum allowable psld which
is flowrate dependent as read on DPI-5A/B (see graph, Section 8.0).
This allows a maximum of 60 psi differential across the {ilter media
including friction losses in the piping and hoses at design flows.

At 55 psld, an alarm on the local control panel will alert the operator
to menitor filter pressure differential closely.

The filter canister post filter (F-5) is limited to 18 psid. At this
point, an alarm on the control panel will inform the operator to stop
the flow through the post filter and finvestigate. The ion exchanger
post filter (F-6) is limited to 45 psid.
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The ton exchanger post filter is considered full and ready for change
out when efther the maximum pressure differential is reached or when the
performance (flow) drops 20% below design flow.

Setpolnts
OPSH 5 A/B trips the alarm at 55 psid across the filter canisters.
ASL 17 trips the alarm at a low Boron concentration of 4850 ppm.

OPSH 33 trips the alarm at 18 psld across the filter canister post
filter.

RC-LIS 103 trips alarms and pumps at high IIF level of 327'-9" and a low
IIF level of 327'-3".

RIS-9 trips the alarm at a high radiation reading of 0.9 mR/hr.

LSL 37/71 and LSH 37/71 trip the jon exchange loops at + 3" from the

normal operating level. (NOTE: Low level is 10" from top of IX, High
level is 4" from top of IX.)

LIS 2A/B trips alarm LAL-2A when a decreasing level of 320‘'-6 1/2" fis
reached in the well, and trips pumps 2A/B when a decreasing level of
317'-6 1/2" is reached in the well. (The pumps are tripped when the
water is approximately 1'-0" above the pump suction).

For additional setpoint information, refer to Reference 12.
Precautions

Due to the number of quick disconnect couplings, extra care should be
taken to ensure that the couplings are properly connected and that they
are connected in the proper locations. This precaution will help
prevent a loss of RV inventory.

The portion of the startup procedures concerning the well pumps should
be strictly adhered to to prevent the rapid filling of an empty mani-
fold. This situation could cause a harmful pressure wave to develop
which has the potential to damage the filter media. Also, during
inftial startup, a siphon must be established in the suction of the well
pumps. This will be done by filling and venting the piping and by
slowly starting the system.

The filter canisters operate by a surface filtration method, and their
efficiency increases as a cake is built up on the surface of the media.
Therefore, the build up of this cake is an important part of the filtra-
tion process. The canister life expectancy may be increased by the
injection of a coagulant and/or filter-aid finto the waste stream
upstream of the filters. To prevent the migration of fines to the post
filter, the fon exchange portion of the system should not be started
until a cake has bequn to be formed on the media. This can be verified
by observing the turbidity of the filter effluent. HWhen the filter
train is started up, there will be an initial turbidity spike caused by
smaller particles passing through the media. As the cake is built,
these particles are stopped and the turbidity decreases. Once the
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turbidity reaches a level of 5 NTU or less, the ion exchange portion of
the system can be started. To prevent the breakdown of the cake, the
system should not be started or stopped unnecessarily.

Due to the radioactivity in the water, the system should be carefully
drained and flushed prior to any maintenance work.

Double isolation has been provided for in the system design to separate
borated and nonborated water supplies.

Periodically the face velocity across the sample box 2 hood should be
checked to verify it is within the range of 100 to 140 feet/minute. If
the face velocity is too low the S-2 inlet dampers should be readjusted
accordingly.

3.0 OPERATIONS

3.1

1))

Initial Fill

The system is filled initially by borated water from the standby reactor
coolant pressure system through the backflushing system provided (see
section 3.7). The filters are filled to the inlet and outlet manifolds
and the 1ion exchangers are filled until they reach their normal
operating level. The suction piping from the IIF to well pumps 2A/B
should be filled as much as possible.

To initially fill the DHC ion exchangers K-1 and K-3 the level switches
must be blocked out. This is accomplished by placing the block-out
toggle switch. for the ion exchanger to be filled, in the proper posi-
tion. This will allow isolation valve V025 or V260 to be opened. Once
the jon exchanger is filled to the operating level, the level switches
are returned to operation by returning the block out toggle switch to
fts original position. As a reminder to the operator, an alarm fs
activated at the control panel when the level switches are blocked out.

Startup

Prior to startup, valve alignment must be checked to verify that the
process water for each filter train and the ion exchanger loop is taken
from and returned to the RV. If coagulant and filter-aid are to be
used, the appropriate filter canister inlet and bypass valves are to be
opened and the respective filter canister outlet valves are to be
closed. The well pumps P-24/8 are fisolated by the remote isolation
valves VOO4A/B (HV27A/B) and manual isolation valves V370A/8., while the
manifold inlets are fisolated by manual fisolation wvalves V372A/8.
Therefore, the appropriate manual isolations must be opened. The fon
exchanger loop is isolated by the remote isolation valves V025 and V260,
and the control valves V029 and V266 (LV45 and LV72) in the ion
exchanger loop. The return lines to the source are isolated by the
remdte control valves VOIS5A/B (HV 30 A/B). For inftial startup, valves
V016 A/B should be closed. The well pumps are started and placed on
minimum recirculation flow. The pump isolation valve VOO4A or B (HV27A
or B) for one filter train is slowly opened to allow any trapped air to
escape through the automatic vent valves. Once the isolation valve fis
tully opened. the return wvalve V0I5 A/B (HY30A/B) s opened
approximately 85%. During initlal startup, the alobe valve V016 A/B fis
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opened slowly until 200 gpm through the train is obtained. Following
initial startup, valves VO16A/B will remain in these positions, and
startup will be initiated by slowly opening valve VOO4A/B (HV27A/B) with
valve VOI5A/B (HV 30A/B) approximately 8S%L open. Flow is then adjusted
to desired flowrate by adjusting valve VOI1SA/B (HV 30A/B). If coagulant
and filter-aid are being used, thelr injection is initiated followed by
the opening of the appropriate fllter canister outlet vailves and the
closing of the bypass valves.

The lon exchange system is brought into service only when the turbidity,
as monitored by the in 1line nephelometer, AE-43 A/B or by sample
results. reaches an acceptably low level (i.e. 5 NTU). The 1lon
exchanger(s) should always be brought to normal operating level prior to
operation of this portion of the system.

If the jon exchanger is at low level, it should be filled with borated
water from the back flush system (see Section 3.7). At this time, the
inlet isolation valve V025 or V260 is opened. The alr pressure to the
lon exchanger forwarding pump f§s manually adjusted to the pressure
required to maintaln the flow rate chosen, The alr supply solenold
valve V154 or V262 is then opened which will start the pump and lower
the level in the jon exchanger to the pcint where the level contro}l
valve will close. This level is above the isolation low level. Flow is
slowly started to the ion exchanger by opening the flow control valve
until the desired lon exchanger flow rate is obtalned. The proper flow
of water will be returned to the source automatically as the level
control for the lon exchanger adjusts the downstream control valve to
regqulate the outflow. :

The sample box 2 filtration module inlet dampers should be adjusted to
create a 140 feet per minute face velocity across sample box 2.

Normal Operation

Normal operation of the system is in one of the modes shown in Table 1
of Section 1.4. The mode of operation chosen is based on the particu-
late and radioactivity concentrations in the Reactor Vessel.

Shutdown

The steps to bring the system to a shutdown condition are basically the
reverse of the startup procedure. The 1on exchanger(s) flow would be
brought to zero slowly by remote operation of the upstream flow control
valve(s). As the level in the lon exchanger(s) drops, flow from the
forwarding pumps 1is terminated by the closure of the control valve
downstream of the pump. Elther (depending on system operation) of the
isolation valves from the filtration trains to the lon exchanger is then
closed, and the solenold valve for the air supply to the forwarding pump
is closed. The filtration tralns are shut down one at a time by
stopping coagulant/filter-ald injection, if applicable, and closing the
flow return control valve(s) and then shutting down the pump(s) and
closing the pump isolation valves.
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Draining

There is a low point drain which can drain both filtration train mani-
folds and part of the ijon exchange loops to the fuel transfer canal. A
manual block-out switch is provided which will deactivate the fon
exchanger level switches. This allows the ion exchangers to be pumped
out to the reactor coolant bleed tanks via the connection provided.

Refilling

The fully drained system can be refilled in the same manner that the
system was inftially filled. A partially drained system can be refilled
by using efther the back flush system (see section 3.7) or the well
pumps (see section 3.2).

Infrequent Operations

Flushing of the system may be performed when the internal contamination
levet gets high or prior to internal maintenance work. The system is
shutdown (see Section 3.4) prior to flushing.

One flushing option allows a gravity flush from SPC-T-4. Borated water
is stored in the charging water storage tank, SPC-T-4, located at the
347 ft. elevation in the FHB. This tank {is connected to the DHWC
system. If desired, the CLD booster pump (CLD-P-1) may be used to
assist in backflushing. Elther filter train may be flushed without
stopping flow through the other.

Flushing may be accomplished by opening one of the inlet valves from the
flushing system (depending on which portion of the system is to be
flushed) and then opening the drain valve to the fuel transfer canal.
After sufficient time has been allowed to flush the system, the drain
valve is closed and then the inlet valve is closed. The system is then
restarted following the procedures in Section 3.2.

The lon exchangers may be operated in series, with the first containing
the normal zeolite media for removal of cesium and strontium, while the
second s loaded with activated charcoal to remove organic carbon, or
some othes unspecified media. In the case of activated charcoal, the
media 1is borated prior to use to prevent deboration of processed
fluids. In the case of any other medias which may be used, testing will
be performed prior to use, to ensure these media have no adverse impact
on RCS chemistry or specifications.

System inventory can be decreased as needed by diverting the return flow
from the fon exchangers through the 1ines provided to the Reactor
Coolant Bleed Tanks. Also, the water can be routed to the RCBT as
required for processing through EPICOR to remove Sb-125 or other
contaminants not removed by DWC fon exchangers.

Transient Operations

The only effects of anticipated transients (e.g., loss of pumps, valve
misoperation, or loss of controls) are a mismatch of flows from and to
the RV. More water can be removed from the source than is replaced by a
faflure to control level in the ion exchangers. In the worst case where
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level control in the lon exchangers, while operating in parallel, is
lost, the source outflow will exceed the tnflow by a maximum of 60 gpm.
This situation can be detected by flow instrumentation in the return
line and by a decreasing level in the RV.

4.0 CASUALTY EVENTS AND RECOVERY PROCEDURES

4.1

4.2

4.3

Loss of Power

A loss of power to the entire system would simply shut the system down.
A loss of power to the well pumps with an additional failure which
results In simultaneous loss of level control in the ion exchangers
would result in a flow mismatch. In this case. the system would be
automatically shut down until power is restored.

Loss of power to individual components would place the component in fts
safe mode. An afir operated valve, for example, would fall to a position
that ensures no damage to other components.

Loss of power to the contro!l panel would cause the loss of all informa-
tion and fall all control and solenoid operated valves. The system
would be shutdown until power is restored.

Loss of Instrumentation/Instrument Afr

toss of finstrumentation would hamper operations but no adverse condi-
tions would result and the system could be safely shut down until the
problem is resolved.

Loss of a single instrument channel will result in the loss of .indica-
tion for that channel and, for those channels that have control
features, a flow mismatch. This flow mismatch will result in an
automatic shutdown of the affected portion of the system.

Loss of the ItF level Indication system (bubbler) will result in an
erroneous level f{indication which will be noted when compared with a
redundant level indication system. Since this system has no control
features, no adverse system conditions will result.

Loss of instrument air will take the individual components to their faill
safe position. Flow mismatches induced by loss of air will result in
automatic trips. Loss of air to the IIF level monitoring system will
fnitiate a low air supply pressure alarm.

On the loss of instrument air, level control in the ion exchangers would
be lost: however, the lon exchanger inlet fisolation valve (V025 and
V260) would fall to the closed position. Also, the level control
valves, V029 and V266 (LV45 and LV7Z), will fail to the closed position
to prevent siphoning of the lon exchanger.

Filter Media Rupture

A faflure of the filter media Yn the canister could potentially release
fuel fines to the lon exchange portlon of the system. A post fllter is
located downstream of both filter trains in the line to the 1lon
exchangers. This filter will trap any fuel fines which would be trans-
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ported past the filter canisters in the event of filter failure. The
post filter ts designed to be critically safe and is sized so that a
small accumulation of debris will increase the differential pressure to
the alarm setpoint. Also, the nephelometers in the return line would
alert the operator to a possible media rupture since the turbidity would
increase rapidly.

The recovery procedure is to isolate the filter trains and find the
ruptured filter by observing the differential pressure versus flow for
each individual canister. Lower differential pressure for a given flow
will indicate that this filter is ruptured. That canister or canisters
and the post filter cartridge would be replaced and the system restarted.

The system may be operated in a mode that bypasses the fiiter
canisters. During this mode of operation, the filter canister post
filter will be providing the required system filtration. In order to
preclude the rupture of the post filter's filter media during operation,
the maximum differential pressure that will be permitted across the post
filter will be 18 psid. The post filters are designed for a maximum
differential pressure of 45 psid.

Line and Hose Break

The consequences of any line and hose break fs a loss of RV inventory.
The system has been designed to mitigate the conseguences of such an
incident to the extent possible.

In case of a hose rupture or line rupture, downstream of the RV pumps,
P-2A and 2B, the system is equipped to trip these pumps on the IIF low
level and alarm to the control panel. This event could deliver approxi-
mately 500 to 1000 gallons of RV water to the area of the break. The
potential areas affected would be the RB and the FHB, each of which has
sumps or drains to the Auxiliary Building sumps to contain the spill.

If a suction pipe to the well pumps or a return hose to the RV should
rupture, a siphoning of RY water would take place. The two 4 inch
suction connections provided in the HWestinghouse work platform are
provided with two 3/4 inch holes, or .in the case of the 2 finch deep
suction, one 3/4 inch hole, drilled 18 inches below the water level
which will act as a siphon breaker(s). The three 2 inch return lines
are equipped with spargers, which are simply holes drilled into the
pipes. The first holes are drilled 18 finches below the water level
which will act as a siphon breaker. The sample return line fs
terminated 18 inches below the water level. Therefore, a maximum of
approximately 3000 gallons of RV water would spill into the fuel
transfer canal following a hose rupture. Approximately half of this
water would be contained in the New Fuel Pit.

The recovery frcin these events would be accomplished by isolating the
ruptured sectic 3nd replacing the ruptured hose/pipe.

SYSTEM MAINTENANCE

The maintenance procedures are the recommended practices and intervals as
described by the equipment vendors.
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TESTING

6.1 Hydrostatic Testing
Piping and hose will be hydrostatically pressure tested. Testing of
hose will be done after couplings have been attached. ripe will te
tested outside the buildings.

6.2 Leak Testing

All accessibi2 connections will be initial service leak tested after the
piping is assembled.

6.3 Instrument Testing

A1l finstruments will be calibrated by vendors. Complete electric/-
pneumatic loop verification will be done during start-up.

HUMAN FACTORS

Filter canister hoses are coded for quick identification of {inlet wversus
outlet.

Extensive use of hoses is made, especially in the RB, allowing quick installa-
tion and use of existing radiation shielding. Hoses which are expected to be
frequently disconnected are equipped with quick disconnect couplings for ease
of removal and replacement, and positive identification to preclude fincorrect
connections.

The following human factors guidelines have been incorporated into the design
of the DHC system control panel:

o The panel 1includes all controls and displays required for normal
operation.

o] Displays provide immediate feedback that the system has responded
appropriately to an operator's action.

o] Controls and displays are laid-out for a left to right flow path.

o Mimic 1ines are used to clarify flow paths.

o Control devices are mounted 3 to 6 feet above the floor.

o tach control device has a name plate.

o] Light bulbs are replaceable from the front of the panel.

o Re:grders are grouped on the right side of the panel away from the flow
path.

o Adjustments to recorders and controllers can be performed from the front

of the panel.
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8.0 MAXIMUM ALLOWABLE P AT GIVEN FLOHWRATES

Maximum Allowable AP at Given Flowrates

69

/B

s read on DWC-

67

66
BELTA-P(P

65
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DEFUELING WATER CLEANUP SYSTEM
FUEL TRANSFER CANAL/SPENT FUEL POOL CLEANUP SYSTEM
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1.0 DESIGN DESCRIPTION

e

2

Summary

The Fuel Transfer Canal (FTC)/Spent Fuel Pool (SFP) cleanup system is a
temporary liquid processing system which is designed to process water
contained in the SFP and/or the FTC. The system's major functions are:

a. To filter the water contained in the SFP and/or the 7 . to remove
suspended solids above a nominal .5 micron rating. This is done to
maintain the clarity of the water.

9. To remove soluble fission products from the SFP or the FTC by
demineralization of the water. This is done to keep the equivalent
Cs-137 concentration less than .02 uCi/ml, excluding antimony, and
thus reduce the dose rate contribution of the water. Also, a
flowpath to EPICOR II via the Reactor Coolant Bleed Tanks (RCBTs)
is provided to remove Sb-125 in the event that high Sb-125 levels
are encountered.

References

1. Planning Study. Defueling Hater Cleanup System Document No.
TPO/TMI-046.

2. Technical Plan, Defueling HWater Cleanup System Document No.
TPO/TMI-047.

3. Division I, System Design Description, Defueling Hater Cleanup
System Document No. 2-R72-DHCOI.

4. Bechtel Drawing 2-M74-DWCO1, Defueling Water Cleanup (DHC) Reactor
Vessel Cleanup System P&ID.

5. Bechtel Drawing 2-M74-DHC02, Defueling HWater Cleanup (DWC) Fuel
Transfer Canal/Spent Fuel Pool Cleanup System P&ID.

6. Bechtel Drawing 2-M74-DHCO3, Defueling HWater Cleanup (DHWC)
Auxiliary Systems P&ID.

7. Bechtel Drawing 2-POA-6401, General Arrangement Fuel Hand!ing
Building Plan El. 347'-6".

8. Bechtel Drawing 2-POA-1303, General Arrangement Plenum Removal
Reactor Building.

9. DCN No. 2026-30-2, Flow Diagram Spent Fuel Cooling and Decay Heat
Removal.

10. Burns and Roe Drawing No. 2026, Flow Diagram Spent Fuel Cooling and

1.

Decay Heat Removal.

GPU Nuctear Drawing No. 2R-950-21-001 P&ID Composite Submerged
Demineralizer System.
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TMI-2 Recovery Division System Design Description for Submerged
Demineralizer System, Document No. SD 3527-005.

Division System Design Description for Reactor Vessel Cleanup
System, Document No. 15737-2-M72-DHCOI.

Instrument Index, Document No. 15737-2-316-001.

Design Engineering Valve List, Document No. 15737-2-P16-001.
Mechanical Equipment List, Document No. 15737-2-M16-001.

Standard For Piping Line Specifications. Document No. 15737-2-P-001.
Bechtel Piping Isometrics

a. 2-P60-DHCO1-DHCS-Pumps P-2A%B, P-3A&B, P-4A&B, and
Miscellaneous Details.

b. 2-P60-DHWCO4-DWCS - Transfer Canal/Fuel Pool Filter Trains A &
B - Inlet Manifold Piping.

C. 2-P60-DWCO6-DHCS - Discharge Piping from Sample Boxes No. 1
and No. 2 to Penetration R-537.

d. 2-P60-DHCO7-DHCS - Samples Lines Upstream and Downstream of
Ion Exchangers.

e. 2-P60-DHCO8-DHCS - Forwarding Pumps P-6 and P-7, Suction and
Discharge Piping.

f.  2-P60-DWCO9-DHCS - Forwarding Pumps P-6 and P-7 Discharge
Piping.

g. 2-P60-DHCI0-DWCS - Supply Piping to Ion Exchangers K-1 and
K-2, Supply and Discharge Piping from Post Filter F-8.

h. 2-P60-DWCI1-DHCS - Supply Piping to lon Exchangers K-1, K-2,
and K-3.

i.  2-P60-DHC12-DWCS - Borated Water Flush Piping from SPC-T-4.

j. 2-P60-DWC13-DHCS - Transfer Canal/Fuel Pool Filter Trains “A"
and "B" Qutlet Manifold Piping.

k. 2-P60-DHC14-DHCS - Transfer Canal/Fuel Pool Filter Trains "“A"
and "8" Outlet Manifold Discharge Piping, Supply and Discharge
to Booster Pump P-5,

1. 2-P60-DHCI15-DHCS - Nitrogen Supply Piping to SPC-T-4 and
Drying Station.

m. 2-P60-DWC16-DHCS - Discharge Piping from DWC Booster Pump P-5.

n. 2-P60-DHCt7 DHC Miscellaneous Piping Detafls.
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0. 2-P60-DHC18 - DHCS - Miscellaneous Piping Detaills.

p. 2-P60-DHC19 - DHCS - Sample Panel No. 1, Fuel Handling
Building.

q. 2-P60-DKC20 - DHCS - Sample Box No. 2, Fuel Handling Building.

r. 2-P60-DHC2! - DHCS - Sample Panel No. 2 Drainm and Return to
Spent Fuel Pool A.

s. 2-P60-DHC22 - DHCS - Air Supply Piping Details.

ECA No. 3245-84-0034 - Defueling Hater Cleanup System Penetration
Modifications.

ECA No. 3525-84-0041 - Definition of the Defuellng Hater Cleanup
System (DHCS).

ECA No. 3527-84-0042 - SDS Tie-in to DHWCS.
Bechtel Area Piping Drawings

a. 2-P70-DHCO2 - Instrument Air Manifolds and Hose Routings for
DHCS - Reactor and Fuel Handling Building.

b. 2]P7g-9HC23 DHCS Hose Network Reactor Building Plan
El. 347'-6".

C. 2-P70-DHCO4 DWCS Hose Network Fuel Handling Building Plan
E1. 347'-6".

d. 2-P70-DHCOS - DWC System Hose Network Sections and Detalls.

e. 2-P70-DHCO6 - DHCS - Process Hose Schedule - Reactor and Fuel
Handling Building.

f. 2-P70-CLDO! - Canister Loading and Decontamination System,
Fuel Handling Building.

TER 3527-016, TMI-2 Division Technical Evaluation Report for
Defueling Canisters.

led System Description
Description

The FTC/SFP cleanup system is a liquid processing system which
can process water from the SFP and/or the FTC. Ffor the
corresponding P&ID's see references 4, 5, and 6. Some valves
identified herein have been given an instrumentation desig-
nator as well as a valve number. HWhen this occurs, the
instrument designator is shown in parentheses after the valve
number.

The SFP and the deep end of the FTC will be filled with water
to a level of 327'-3" + 8. A dam with top elevation 328'-2"
separates the shallow and deep ends of the FTC.
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Two vertical submersible well pumps. P-3A/B, are located in
the FTC. Each §s capable of pumping a net 200 gpm. A 20 gpm
continuous recycle protects the pump motor. P-3A/B take
suction from trough-type skimmer U-7 via a 6 finch flexible
hose. A secondary, 4 inch, subsurface inlet below the skimmer
will prevent pump starvation due to skimmer congestion.

Pumps P-3A/B discharge to the FTC/SFP filter canisters via
Reactor Building (RB) penetration R-524. The finternals of
check valve SF-V190 are removed to make use of existing piping
connected to R-524.

Two vertical submersible well pumps, P-4A/B, identical to P-3
A/B in the FTC, are located in the SFP. P-4A/B take suction
from trough-type skimmer, U-B, similar to U-7.

The system has four particulate filters, each capable of
filtering a flow of 100 gpm. The filters are contained in
modified fuel canisters submersed in the SFP to provide the
appropriate radiation shielding. These filters are capable of
removing debris, mainly fuel fines (UO;) and core debris
(Zr07), down to a 0.5 micron rating. Since the canisters
contain fuel fines, they are designed to prevent a criticality
condition from existing when they have been loaded.

The four pumps and four filters are normally manifolded so one
pump from each source discharges to one pair of filters.
Therefore, the filtration portion of the system is divided
into two trains. Train A contains pumps P-3A and P-4A and
filter canisters F-9 and F-10. Train B contains pumps P-38
and. P-48 and filter canisters F-11 and F-12. In the normal
mode the system filters 400 gpm from the FTC and returns the
filtrate to the SFP. The system can be manifolded to filter
200 gpm from the FTC and 200 gpm from the SFP or 400 gpm from
either source. This pump arrangement provides both flexi-
bility in operations and the redundancy to permit continued
operation during pump maintenance.

The system may also be configured to bypass a set of filter
canisters and to route water directly to the post filter and
fon exchanger. This may be done by disconnecting the inlet
and outlet hoses to one canister, from the manifold, inserting
a hose bypass plece between the inlet and outlet flanges on
the manifold for that canister position, and closing the
fsolation valves for the other canister in that train.

A filter canister is used until the differential pressure
reaches a set point (See section 2.2). At this point the
system is shutdown and then, after a waiting period of approx-
imately 5 minutes, it is restarted. The differential pressure
is noted and if it returns to a low value the system will be
run again to the pressure setpoint. This process is repeated
until the differential pressure at restart reaches a value
near the shutdown setpoint. Hhen this occurs within one hour
of restart, the train is shutdown and the filters are replaced.
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Loaded canisters are expected to generate small quantities of
oxygen and hydrogen gas dJue to radiolysls of water. Pressure
relief valves R-8, F 9, R-10 and R-11 are provided on the
filter canister outiet -1ines upstream of their isolation
valves. Their purpose is to prevent overpressuring the filter
canisters when isolated due to the small quantities of Hp
and 0, produced (approximately 0.029 ft3/day).

The filter canisters are connected to inlet and outlet mani-
folds via 2-1/2 inch flexible hoses with cam and groove
couplings.

Once the water has been filtered, all, or a portion of the
flow can be returned to its source (either the SFP or the
FTO). The amount of water pumped from fts source s
controlled by manually adjusting globe valves V097 A/B. The
return path to the FTC uses RB penetration R-539. At each
source the return path splits into two 2-inch returns to
provide back pressure to valves V097 A/B. One two inch return
fs used for 200 gpm operation; both are used for 400 gpm
operation.

A portion of the flow not returned directly to source can be
further processed through either the DWC jon exchanger K-2 or
the submerged demineralizer system (SDS). Routing to the SDS
fs provided as a backup to K-2 and to augment total processing
capability during times of high cesium concentration in efither
source. The DHC fon exchanger K-2 can process 30 gpm. The
fon exchange media is a bed of zeolite resin which will remove
Cs-137. The resin is contained in a 4 x 4 liner, similar to
those used in EPICOR II. K-2 influent is requlated by flow
control valve V085 (FV-15) while K-2 effluent is regulated by
level control valve V070 (LV-46). If efther high or low
levels occur in K-2, LSH-40 or LSL-40 will trip both isolation
valve V069, halting influent, and solenoid valve VI56,
shutting off air supply to DWC forwarding pump P-7, thus
halting effluent.

Two post filters are provided. Filter canister post filter
F-8 protects K-2 from suspended solids in the event of a
canister filter media rupture. DHWC post filter F-7 is located
downstream of the forwarding pump to prevent the migration of
resin fines. DHWC forwarding pump P-7, an air driven recipro-
cating diaphram pump, provides the head to return flow to
efther source.

The SDS can process 15 gpm. The DHC Booster Pump, P-5, is
provided to increase the pressure to 140 psig to overcome the
high SDS differential pressure. P-5 suction pressure will
vary inversely with pressure differential across the filter
canisters. HWhen the filter canisters are clean or bypassed,
P-5 will experience maximum suction pressure. Since P-5
outlet pressure is controlled, pump flowrate varies. Pressure
requlator V122 (PCV-26) controls SDS inlet pressure at 140
psig, bypassing excess flow past SDS. PSV R-1 is provided
downstream of the DHWC Booster Pump to prevent overpressuring
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the SDS due to V122 (PCV-26) fallure. From the SDS, flow is
routed to either the FTC or SFP.

In the event of high Sb-125 levels, the return flow from K-2
can be routed to the reactor coolant bleed tanks for batch
processing through EPICOR II.

Sample points are provided upstream and downstream of each
filter train. These samples are routed to sample box 1. a
glove box located in the FHB. The glove box has a self
contained blower and HEPA filter which discharge to the FHB
ventilation system. Sample points are also provided upstream
and downstream of jon exchanger K-2. These samples are routed
to sample box 2, a laboratory hood located in the FHB. The
hood is connected to combination blower/prefilter, HEPA filter
package S-2 and discharges to the FHB atmosphere. The S-2
inlet dampers should be adjusted to maintain a 100 to 140
feet/minute face velocity at the sample box 2 hood.

System Components

F-7/8 Filter Canister Post Filter and DHCS Post Filter

Type: Disposable Cartridge

Model: Fllterite No. 921273 Type 18M503C-304-2-FADB-C150
Rating: 0.45 to 30 micron nominal removal rating

Flow: 20 to 30 gpm

F-9, F-10, F-11, F-12 Fuel Transfer Canal/Spent Fuel Pool
Filters
Type: Pleated sintered metal media
Model: Pall Trinity special product contained in a
criticality safe canister
Rating: 0.5 micron Nominal Removal Rating
Flow: 100 gpm

K-2 Ion Exchanger

Type: Zeolite resin contained in a 4' x 4*' HIC

Model: Nuclear Packaging 50 ft3, Enviralloy,
Demineralizer/HIC

Flow: 30 gpm

P-3 A/8 Fuel Transfer Canal Pumps

Type: Vertical, 2 stage, submersible pump; Goulds model VIS,
size 9AHC, 5.56 in impeller

Metalurgy: Stainless steel bowl, bronze impeller, 416SS shaft

Motor: Franklln Electric 25 HP, 3550 rpm, 460V, 3 phase

Rating: 220 gpm at 264 ft

Shutoff head: 289 ft.

Min Flow: 20 gpm (recirculation)

P-4A/B Fuel Pool
Identical to P-3A/B
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P-5 DHC Booster Pump

Type: Regenerative turbine, 2 stage, SIHI model AEHY 3102 BN

112.42.4

Metalurgy: 316SS casing with 316SS shaft, impeller, and

internals
Motor: S HP, 1750 rpm
Rating: 15 gpm at 250 ft
Shutoff head: 390 ft (at min flow)
Min Flow: 5 gpm-

Seals: Mechanical, John Crane type 1 with tungsten carbide

seal faces

P-7 Forwarding Pump

Type: Air driven double diaphragm pump

Model: B.A. Bromley Heavy Metal Pump Model No. H25
Material: Stainless Steel with Viton diaphragms
Rating: 60 feet TDH at 60 gpm

PCV-26 Pressure requlator, SDS bypass
Capacity: 25 gpm
Mcdel: Fischer Controls No. 9BH

PSV R-1 Relief Valve

Model: Anderson Greenwood No. 81PS88-8
Capacity: 30 gpm

Orifice: Size E, 0.196 in2

Set Pressure: 150 psig

PSV R-B, R-9, R-10, R-11 Relief Valves
Model: Anderson Greenwood No. 83MS46-4L
Orifice: Area: 0.049 1n

Set Pressure: 130 psig

Sample Box |
Type: Glove Box

Mfgr: Labconco

Model: No. 50002, Radioisotope Glove Box

Material: Fiberglass-reinforced polyester

Built-in Blower: 115 volt, 1/15 HP, variable speed
Filters: Prefilter, HEPA filter

Dimensions: 50" x 30" x 37"

Sample Box 2
Type: Laboratory Hood

Mfgr: Labconco

Model: No. 47810, Radloisotope-47 Laboratory Hood
Material: 316SS

Dimensions: 47" x 29" x 59"

Recommended Face Velocity: 100-140 ft/min

S-2 Sample Box 2 Filtration Module

Mfgr: General Dynamics, Reactor Plant Services
Model: PFB(H)-1000

Filters: Prefilter and HEPA Filter

Blower: 230 VAC, S HP, 20 AMP, 3450 rpm

Rated Capacity: 1000 CFM

g 5 Rev.
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For further information on valves and instrumentation, refer to the
Valve List (Reference 15) and the Instrument Irdex (Reference 14). For
a listing of all equipment see the Mechanical Equipment List (Reference
16). For piping information see the Standard for Piping Line
Specifications (Reference 17).

System Performance Characteristics

The system is designed to function in any of the modes of operation
shown in Table 1.
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FUEL TRANSFER CANAL/SPENT FUEL POOL CLEANUP SYSTEM OPERATIONAL CONFIGURATIONS

Filter Flow (GPM)

SDS Flow (GPM)

K-2 Flow (GPM)

From FTC From SFP From FTC

400 ¢200» 0 0 0 0

400 ¢200> 0 0 0 0

400 ¢200» 0 0 0 30 0

400 <¢200> 0 15 0 30 0
0 400 (200) 0 0 0 0
0 400 (200) 0 15 0 0
0 400 (200) 0 0 0 30
0 400 (200) 0 15 0 30
200 200 0 0 0 0
200 200 15 0 0 0
200 200 0 15 0 0
200 200 0 0 30 0
200 200 0 0 0 30
200 200 15 0 0 30
200 200 0 15 30 0
0 0 15 0 0 0
0 0 0 15 0 0
0 0 0 0 30 0
0 0 0 0 0 30
0 0 15 0 30 0
0 0 0 15 0 30

(numbers in brackets indicate 1 pump operation)
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The operational mode is determined based upon which source needs to be
processed. Normally, 30 gpm from the FTC will be processed through the
fon exchanger and returned to the SFP (no filtration). During periods
of high Cs-137 loading, an additional 15 gpm could be processed through
the SDS, which would reduce the recovery time of the system. If the
visibility in either source becomes too poor for defuelling operations or
exceeds an NTU valve of S, processing should be discontinued until
visibility is restored and the NTU valve is below 5. This would be done
by flltering from the proper source, through the train without the
bypass hose pilece.

System Arrangement

References 7 and 8 present the positioning of equipment. Well pumps P-3
A/B, are submersed in 10 inch diameter wells in the north end of the FTC
in the RB. The wells are connected by a 6" flexible hose to skimmer U-7
located at the dam separating the deep and shallow ends of the FTC.
Well pumps P-4A/B are submersed in the northeast end of SFP "A" in the
Fuel Handling Building (FHB). These wells are connected by a 6" flex-
ible hose to skimmer U-B8 located at the south end of the SFP.

The discharge of pumps P-3A/B and P-4A/B 1§ routed to the filter
canisters inlet manifold near the northeast end of the SFP. The filter
isolation wvalves, wvent wvalves, and manual control valves V090A/B
(HV-64A/B) are also located there. The filter outlet manifold is
adjacent to the inlet manifold.

Filter canisters F-9, F-10, F-11, and F-12 are submersed in the SFP in
the north end of the dense pack fuel rack. They are connected to the
inlet and outlet manifolds by 2-1/2 inch flexible, coded hoses equipped
with cam and groove couplings. The coupling at the fuel canister fis
modified for long handled tool operation.

From the filter outlet manifold the water is routed efther directly back
to source or to the DWC 1{on exchanger K-2 or SDS for further.
processing. The DOHC 1fon exchangers are located behind appropriate
shielding in the northwest end of the FHB. The forwarding pump P-7 is
located near K-2.

Sample box 1 is located at the southeast end of the S¥P A and sample box
2 is on the DWCS platform near the DWC ton exchangers.

The system uses the following existing penetrations which have been
modified for their temporary function. Armored hose is used downstream
of penetration R-539 to the FTC.

Modified
Penetration No. . . Function
Spent Fuel Discharge from
Cooling Fuel Transfer
Canal Pumps
Decay Heat Closed Return to Fuel
Cooling Hater Transfer Canal
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Instrumentation and Control

Ve

1

6.1

.6.2

26%3

Controls

The components of this system are located in accessible areas
of the FHB and the RB. Hith the exceptlon of the DWHC fon
exchanger loop, valve alignment and adjustment is performed
manually to achieve the proper flows to and from the various
sources.

The flow to DHC fon exchanger K-2 is regulated automatically
bv flew control valve V08S (FV-15). K-2 effluent is regqulated
automatically by level control valve VO70 (LV-46).

Power

The pump motors are supplied with 480V power through a motor
control center which is energized by an existing unit substa-
tion located In the Auxiliary Building. A stepdown trans-
former will provide 120 VAC for valve operation and the
control panel.

Monitoring

Monitoring equipment is provided to evaiuate the performance
of the system and to aid in proper operation of the system.

PI-25 monitors the Booster Pump discharge pressure to verify
the correct operation of both the pump and the bypass pressure
reqgulator, V122 (PCV-26)

FI-15 and FQI-15 monitor the flowrate and total flow of
filtered water routed to DHC ion exchanger K-2

AE-16 monitors the pH in the water leaving K-2 and SDS to
verify this parameter was not altered during fon exchange

FI-23A and FQI-23A monitor the flowrate and total flow of
filtered water returned directly to the FTC

FI-23B and FQI-23B monitor the fiowrate and total flow of
filtered water returned directly to the SFP

FI-60 and FQI-60 monitor flowrate and total flow to the SDS
to measure system performance and to record water processed

DPI-22A/B monitor the differential pressure across the filter
canisters to determine degree of loading and therefore time of
replacement

LI-46 monitors the 1iquid level in DHC fon exchanger K-2

FCC-LI-102 and SF-LI-102 monitor the water level in the FTC
and SFP. They are panel mounted in the control room. The
level indication system is a bubbler type system. A high or
low level in the FTC will alarm FCC-LAHL-102 and a high or low
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level in the SFP will alarm SF-LAHL-102 at the panel in the
control room. Additionally, there is a joint FTC/SFP high-low
level alarm (FCC-LAHL-103) that is locally mounted and alarms
on a high or low level in the FTC or SFP.

PI-81 and PI-82 monitor the pressure in the two instrument air
manifolds in the FHB.

The process fluid conditions can be sampled to determine the
effectiveness of the system. The capabllity to obtain grab
samples of process fluid has been provided at the inlet and
outlet piping of the FTC/SFP Filter Trains A and B. Grab
samples may also be taken on the inlet/outlet 1ines to the DWC
fon exchanger as well as several points in the SDS.

In line flow indicators are provided in the return 1ines from
the Sample Boxes to SFP A. Their purpose is to confirm that
flow exists through the sample box piping, and therefore,
provide a means of assuring that a representative sample has
been taken by showing that there has been flow long enough to
flush out the stagnant water. -

Trips

Low or high 1iquid levels in DWC ion exchanger K-2 will
terminate flow to and from K-2. Both LSL-40 and LSH-40 trip
closed the inlet isolation valve V069 and P-7 air supply
isolation valve V156.

A locally mounted switch is provided at K-2 to override the
level trips to fill and drain the fon exchanger. A signal
alarm at the DWC control panel will notify the operator that
the override is engaged.

System Interfaces

Those systems interfacing with the DHC are as follows:

a.

Standby Reactor Pressure Control System

Use:

Provide a source of borated water for backflushlng and
filling system

Tie-in: A single connection from SPC-T-4 downstream of SPC-VI1 to

the inlet manifold piping for the FTC/SFP Filters, Trains
A and B

Submerged Demlnerallzer System

Use:

Provide a system for soluble fission product processing.

Tie-in: To downstream of pump WG-P-1 of SDS from downstream of

FTC/SFP Filters. From downstream of the SDS polishing
filter to downstream of the DWCS manual control valves
VO97A/8B.

Instrument Air System

Use:

Provide source of instrument air to equipment.

Tie-in: At existing valves AH-V220 and IA-VI7I
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d. Service Air System
Use: Provide a source of service air to the forwarding pump P-7.
Tie-in: Service Station B7 plus another station if needed

e. Dewatering System
Use: Allow perfodic use of DWC fon exchanger K-2 for the
Dewatering System.
Tie-in: Upstream of filter canister post filter F-B8.

f. Canister Loading and Decontamination System
Use: Provide borated water for surface decontamination of
canisters and provide pressure boost for (a) previous.
Tie-in: At Valves DWC-V321, V322, and V323.

Quality Assurance

The defueling water cleanup system is classified according to the safety
functions of its parts. There are three classifications in this system:

a. Portions of the system associated with fon exchange processing are
considered to be a radioactive waste processing system; therefore,
these portions of the system shall be subject to the quality
assurance guidelines contained in NRC Requlatory Guide 1.143.

bl The filter canisters are classified as nuclear safety related and
are designed to prevent a condition that could result in a return
to nuclear criticality of the fuel retained in the filters.

c. The remaining portions of the system are subject to the BNAPC
non-safety-related quality assurance program.

The TMI-2 Recovery QA Plan will be applicable for work performed on site.
AND PRECAUTIONS

22

1

Limitations

The system is flow limited to 200 gpm through each filter train, 15 gpm
through SDS and 30 gpm through the DWC fon exchanger K-2.

The main filter canisters are limited to 55 psid as read on DPI-22A/B.
This allows a 45 psi differential across the filter media, with 10 psi
of drop due to friction losses in the piping and hoses at design flow.

At this point an alarm on a local panel will inform the operator of the
need to stop and restart the system or to remove and replace the filter.

The filter canister post filter (F-B) is limited to 18 psid. The lon
exchanger post filter (F-7) is 1limited to 45 psid. Filters are

. considered full and ready for change out when either the maximum

pressure differential is reached or when the performance (flow) drops
20% below the design flow.

The system should not be started and stopped frequently since the
canister filter precoat is lost during a shutdown; thus it will be
necessary to reestablish a precoat on starting up before processing
through SOS or K-2.
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Setpoints

DPSH-22A or DPSH-22B Trips alarm at 55 psi pressure differential across
elther FTC/SFP filter train A or B.

LSL-40 and LSH-40 Trip alarm, trip closed inlet fisolation valve V069
and trip closed P-7 air supply valve VI56, shutting down P-7. Low level
set point is 10 inches below top of ion exchanger. High level set point
fs 4 inches below top of ion exchanger (i.e., &+ 3" from normal liquid
level).

PSV-R-1 Set to relieve at 150 psig with 10% overpressure to protect SDS.

PSV-h-8, R-9, R-10, and R-11 Set to relieve at 130 psig with 10%
overpressure to protect the filter canist -s from hydrogen/oxygen build
up.

PCV-26 Regulates upstream pressure (SDS inlet pressure) at 140 psig.

Level indicators FCC-LI-102 and SF-LI-102 for FTC and SFP "A" levels,
respectively, are located on control panel SPC-PNL-3 on the main control
panel. In addition, high-low alarms FCC-LAHL-102 and SF-LAHL-102 are
provided on SPC-PNL-3 for the FTC and SFP. High level setpoint is
327'-11" and low level set point is 327'-1".

Level indication switches SF-LIS-103 and FCC-LIS-103 actuate a common
alarm FCC-LAHL-t03 located on panel DHC-LCP1 on high or low levels in
the SFP or FTC. High level set point s 328'-1* and low leve! set point
fs 326'-11".

Precautions

Due to the use of quick disconnect couplings, extra care should be taken
to ensure that the couplings are properly connected and that they are
connected in the proper locations.

The filter canisters operate by a surface filtration method, and their
efficiency Increases as a cake s built up on the surface of the media.
Therefore, the build up of this cake is an important part of the filtra-
tion process. To prevent the migration of fines to the post filter, the
lon exchange portion of the system should not be started until a cake
has begun to be formed on the media. This can be verified by observing
the turbidity of the filter effluent. HWhen the filter train is started
up, there will be an initial turbidity spike caused by smaller particles
passing through the media. As the cake fis built, these particles are
stopped and the turbidity decreases. Once the turbidity reaches a level
of 5 NTU or less, the lon exchange portion of the system can be
started. Also, to prevent the breakdown of the cake, the system should
not be started or stopped unnecessarily.

Caution should be taken during a change of pump feeding a filter train.
The new pump should be started and put on line before shutting down the
existing pump to protect the filter cake. Note that outside of this
brief exception no more than one pump should feed one filter train.
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The portion of the startup procedures concerning the well pumps should
be strictly adhered in order to prevent the rapid filling of an empty
manifold. This situation could cause a harmful pressure wave to develop
which might damage the canister filter media.

The RB penetrations R-524 at elevation 293 ft-6 in and R-539 at eleva-
tion 320 ft are both below the water level of 327'-3" +8 -2. HWhen in
use the connecting piping/hose should be periodically checked since a
Iine break will cause water to be lost from the system. When not in
use, the hose should be fsolated by closing valves VI17A/B and V-099
(see discussicn in section 4.5).

Pericdically the face velocity across the sample box 2 hood should be
checked to verify it is within the range of 100 to 140 feet/min. If the
face velocity is too low the S-2 finlet dampers should be readjusted
accordingly.

3.0 OPERATIONS

3.

SK52

Inftial Fil]

To finftially fill the SFP and FTC borated water from the Spent Fuel
Cooling System may be pumped from the borated water storage tank,
DH-T-1, by the spent fuel cooling pumps, SF-P-1A/B. To fill the FTC the
water may be routed through penetration R-524 and into the FTC through
the 3 fnch fill line downstream of the P-3A discharge check valve. To
fil1) the SFP, VO87A/B and V0978 are opened and the borated water may be
routed through the filter canisters and through the normal return
process path to the SFP.

The system is filled initially by borated water from the standby reactor
coolant pressure system through the backflushing system provided (see
section 3.7). The filters are filled to the inlet and outlet manifolds.

To finftially fill the DWC ion exchanger K-2, the level switch LSL-40
must be overrode (see section 1.6.4) until low level is attained. At
this time the override switch should be returned to normal operation for
further filling.

Startup

Prior to starting the system, the suction valve alignment §s verified
for the mode of operation selected. The valves to the ion exchange
portions of the system are also verified- to be closed. The pump
discharge fsolation valves are closed and the cross-tie valves are
closed. The pump for one train is started and allowed to operate on
minimum recirculation flow. The isolation valve for this pump is slowly
opened. Then the hand control valve V090 A or B (HV-64 A or B) is
opened 10% and any trapped air vented through manual vent valves located
on the inlet and outlet manifolds. After venting, V090 (HV-64) fis
opened fully. Once this has been accomplished, the appropriate outiet
cross-tie valve(s) (V096 A/B and V095) are opened. Flow s started by
slowly opening the appropriate hand operated control valve (V097 A or B)
until the desired flow is obtained. Note that V097 A/B are provided for
flow control! of the system. Once one train has been started, the other
train, if desired, may be brought into service in the same manner.
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Filter performance will initially increase with time as a cake forms on
the filter surface. Therefore, the filtered water should be returned
directly to source without further processing until this cake forms, as
evidenced by a decrease in turbidity. A turbidity below S5 NTU is
sufficient to route to K-2 or SOS.

The DHWC fon exchanger K-2 should always be brought to normal operating
11quid level prior to operation of this portion of the system. Either
borated flush water or filtered water of less than 5 NTU can be used.
If the 1liquid level is below the low level trip, the level switch trip
override must be engaged until low level is established (see section
3.1). Once normal level is established, the air supply solenoid valve
v156 is opened. Pressure regulator V157 (PICY-58) is then manually
adjusted to the pressure required to maintain the desired flowrate.
Flow is slowly started to K-2 by opening flow control valve V085 (FV-15)
until the desired flowrate to K-2 is obtained. K-2 effluent is automa-
tically controlled by level control valve V070 (LV-46).

Processing water through the SDS requires opening the fisolation valves
for that portion of the system and starting the DHWC Booster pump. These
actions will allow 15 gpm to be processed through the SDS. For a
detailed description of the SDS see reference 12.

The sample box 2 filtration module inlet dampers should be adjusted to
create a 140 feet per minute face velocity across sample box 2.

Normal Operation

Normal operation of the system is in one of the modes shown in Table 1
of Section 1.4. The mode of operation is chosen based on what source is
to be processed and what the particulate and radioactivity
concentrations of the sources are.

Shutdown

The steps to bring the system to a shutdown condition are basically the
reverse of the startup procedure. The fon exchanger flow is brought to
zero gradually by remote operation of upstream control valve V085
(FV-15). Correspondingly, level control wvalve V070 (LV-46) will
gradually terminate flow from K-2. After termination of flow the inlet
fsolation valve V069 is closed and the P-7 air supply isolation valve is
closed. If the SOS is in use, the booster pump is switched off and
fsolation valves VI11, V139, and V102 are closed. Following this, the
well pumps are switched off and the pump fsolation valves and the
cross-tie valves are closed.

Draining

The majority of the system can be drained to the SFP. The filter
canisters can not be drained, since they are submerged in the SFP. The
piping to/from penetrations R-524 and R-539 must be drained to the
Auxiliary Bullding sump since the penetration elevation is below the SFP
water level. The DWC Jon exchanger K-2 can be pumped out to elther
source, FTC or SFP, or to the reactor coolant bleed tanks via a portion
of the SDS. A switch is provided to override the low level switch for
pumping out K-2.
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Refilling

The fully drained system may be refilled in the same manner that the
system was initially filled. A partially drained system may be refilled
by using either the back flush system (see section 3.7) or the well
pumps (see section 3.2).

Infrequent Operations

Flushing of the system may be performed when the internal contamination
level gets high or prior to internal maintenance work. The system is
shutdown (see Section 3.4) prior to flushing.

One flushing option is gravity flush from SPC-T-4. Borated water fis
stored in the charging water storage tank, SPC-T-4, located at the 347
ft. elevation in the FHB. This tank 1is connected to the DHWCS. If
desired, the CLD booster pump (CLD-P-1) may be wused to assist in
backflushing. Either filter train may be flushed without stopping flow
through the other.

Flushing may be accomplished by opening one of the inlet valves from the
flushing system (depending on which portion of the system is to be
flushed) and then routing the flow to the FTC or the SFP. After suffi-
clent time has been allowed to flush the system, the inlet valve from
the flushing system is closed, and the system is then restarted
following the procedures in Section 3.2.

Transient Operations

The results of loss of pumps or filter train misalignment are flows not
returning to the proper source. However, since this is the normal
operational mode of the system and since the sources are connected by
the fuel transfer tubes, the results of these transients are
negligible. Vent or drain valve misoperation would have the same effect
as a line break (see section 4.5) but could be more readily rectified.

4.0 CASUALTY EVENTS AND RECOVERY PROCEDURES

4.1

4.2

Loss of Power

A loss of power to any portion of the system would shut that portion of
the system down. No adverse condition: would result.

Loss of Instrumentation/Instrument Air

Loss of instrumentation would hamper operations due to 1loss of
monitoring capability but no adverse conditions would result and the
system could be safely shut down until the problem is resolved.

Loss of a single instrument channel will result in the loss of indica-
tion for that channel and, for those channels that have control features
a flow mismatch. This flow mismatch will result in an automatic shut-
down of the affected portion of the system.
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Loss of elther the SF? or FTC level monitoring system will be noted when
compared with the other. The readings should normally be the same since
both water bodies are in communication via the fuel transfer tubes.
Neither system has control features.

Loss of instrument air will take the individual components to their fail
safe position. Flow mismatches induced by loss of air will result fin
automatic trips.

On loss of instrument air, level control to the ifon exchanger would be
lost. But both the inlet isolation valve V069 and the outlet level
control valve V070 (LV-46) would fail closed isolating the ion exchanger.

Deieted
Filter Media Rupture

A fallure of the filter media in the canister could potentially release
fuel fines to the lon exchange portion of the system. The SDS s
equipped with a sand prefiliter which has borosilicate glass to ccntrol
reactivity (see ref. 12) and the DHC filter canister post fiiter
precedes DWC fon exchanger K-2. There are differential pressure gauges
supplied on the filters to determine if they are loading. Loading of
the SDS prefilter or the filter canister post filter could indicate
ruptured filter media.

The recovery procedure fs to isolate the filter trains and find the
ruptured filter by observing the differential pressure versus flow for
each individual canister. Lower differential pressure for a given flow
will indicate that this filter is ruptured. That canister or canisters
and the post filter cartridge and/or SDS sand filter would be replaced
and the system restarted.

The system may be operated in a mode that bypasses the filter
canisters. During this mode of operation, the filter canister post
filter will be providing the required system filtration. In order to
preclude the rupture of the post filter's filter media during operation,
the maximum differential pressure that will be permitted across the post
filter will be '8 psid. The post filters are designed for a maximum
differential pressure of 45 psid.

Line and Hose Break

If a rupture occurred in the system, the pumps could deliver FTC and/or
SFP water to the FHB or the RB. This action would lower the level in
the canal and the pool. A drop of one inch in canal/pool level is
approximately equivalent to 1250 gal. A level loss would be detected
and alarmed (see setpoints section 2.2) by at least one of the two
redundant level monitors provided for the canal/pool. The operator
would then shut the system down.

Process water hoses are employed in three services in this system;

filter canister inlet/outlet, skimmers to well pumps, and downstream of
penetration R-539.
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I[f a filter canister inlet/outlet hose ruptures, that canister will be
isolated and the hose replaced. Since these hoses are submerged in the
SFP., this results in no net water loss.

If a hose connecting the skimmer (U-7 or U-8) to the well pumps breake,
then the ability to surface skim wiil be hampered or lost, but pump
capacity will not be deminished nor will there be a loss of water.

If the hose cn the FTC return !lne downstream of penetration R-539
breaks, then process water will be lost to the RB sump. The resulting
ioss in level would be detected and alarmed by the canal/pool monitors.
Check valves V-235A/B are provided to prevent siphoning the FTC if the
hose (or connecting 1ine) breaks.

Furthermore, the normal! return path is to the SFP; thus this hose is not
normally used. HWhen not in use this hose will be isolated by closing
valves VI117A/B and V099 to minimize the effect of a hose break.

A break on the P-3A/B discharge line which uses penetration R-524 would
cause process water to be lost to either the RB or the FHB. The water
loss would be detected both by a decrease in the monltored flowrate
returned to the fuel pcol or FTC and also by the drop in fuel pool
and/or transfer canal level. When the FTC pumps, P-3A/B, are not in
use, the discharge valves V002A/B and valve SF-V103 should be closed.
This would prevent a syphoning of the FTC when the pumps are not in use.

5.0 SYSTEM MAINTENANCE

€.0

1.0

The maintenance procedures are the recommended practices and fintervals as
described by the equipment vendors.

TESTING

6.1 Hydrostatic Testing
All piping and hose will be hydrostafically pressure tested. Testing of
hose will be done after couplings have been attached. Plpe will be
tested outside the bufldings.

6.2 Leak Testlng

A1) accessible connections will be initial service ieak tested after the
piping 1s assembled.

6.3 Instrument Testing

All finstruments will be calibrated by vendors. Complete electrlc/-
pneumatic loop verification will be done during start-up.

i — e —————

Filter canister hoses are coded for quick fdentification 'of fnlet versus
outtet.
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Extensive use of hoses is made, especially in the RB, allowing quick installa-
tion and use of existing radiation shielding. Hoses expected to be frequently
disconnected are equipped with quick disconnect couplings for ease of removal
and replacement.

The following human factors guidelines have been incorporated into the design
of the DHCS control panel:

(¢}

The panel 1includes all controls and displays required for normal
operation.

Displays provide immediate feedback that the system has responded
aporopriately to an operator's action.

Controls and displays are laid-out for a left to right flow path.
Mimic lines are used to clarify flow paths.

Control devices are mounted to 3 to 6 feet above the floor.

Each control device has a nameplate.

Light bulbs are replaceable from the front of the panel.

Recorders are grouped on the right side of the panel away frcm the flow
path.

Adjustments to recorders and controllers can be performed from the front
of the panel.
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